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DEFINATIONS AND ABREVIATIONS

Ac - Acetyl

Ac,0 - Acetic anhydride

AcOH - Acetic acid

Bu - Butyl

Cat. - Catalytic/catalyst

DCM - Dichloromethane

Conc. - Concentrated

DMP - 2,2’-Dimethoxypropane

DMF - N,N-Dimethylformamide

DMAP - N,N’-Dimethylaminopyridine
DMSO - Dimethyl sulfoxide

Et - Ethyl

Lig. - Liquid

m-CPBA - 3-Chloroperbenzoic acid

Me - Methyl

MIC - Minimum Inhibitory Concentration
NMR - Nuclear Magnetic Resonance

Py - Pyridine

p-TSA - para-Toluenesulfonic acid

Ph - Phenyl

i-PrOH - iso-Propanol

rt - Room temperature

Sat. - Saturated

TBAF - Tetra-n-butylammonium fluoride
THF - Tetrahydrofuran

TMSOTf Timethylsilyl trifluromethanesulfonate

Abbreviations used for NMR spectral informations:

br Broad q Quartet
d Doublet S Singlet
m Multiplet t Triplet



GENERAL REMARKS

e 'H NMR spectra were recorded on AV—200 MHz, AV-400 MHz, and DRX~
500 MHz spectrometer using tetramethylsilane (TMS) as an internal standard.
Chemical shifts have been expressed in ppm units downfield from TMS.

o *C NMR spectra were recorded on AV-50 MHz, AV-100 MHz, and DRX~
125 MHz spectrometer.

e EI Mass spectra were recorded on Finngan MAT-1020 spectrometer at 70 eV
using a direct inlet system.

e Infrared spectra were scanned on Shimadzu IR 470 and Perkin-Elmer 683 or
1310 spectrometers with sodium chloride optics and are measured in cm™.

e Optical rotations were measured with a JASCO DIP 370 digital polarimeter.

e All reactions are monitored by Thin Layer Chromatography (TLC) carried out
on 0.25 mm E-Merck silica gel plates (60F-254) with UV light, I, and
anisaldehyde in ethanol as developing agents.

e All reactions were carried out under nitrogen or argon atmosphere with dry,
freshly distilled solvents under anhydrous conditions unless otherwise
specified. Yields refer to chromatographically and spectroscopically
homogeneous materials unless otherwise stated.

e All evaporations were carried out under reduced pressure on Buchi rotary
evaporator below 45 °C unless otherwise specified.

e Silica gel (60-120), (100-200), and (230-400) mesh were used for column

chromatography.
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Abstract
The thesis entitled “Target cum Flexibility”: Towards the Synthesis of Spirocyclic
Nucleosides, Carbapenems, and Tri-/Tetracyclic Tetrahydroisoquinoline Alkaloids
is divided into four chapters dealing with - General Introduction (Chapter 1), the
synthesis of C(3)-spirocyclic nucleosides (Chapter 2), synthesis of trinems (Chapter 3)

and the synthesis of some tri-/tetracyclic tetrahydroisoquinoline alkaloids (Chapter 4).

Chapter I: Small Molecule Libraries Synthesis: In this chapter, various approaches
reported for the synthesis of focused small molecule libraries synthesis such as — 1i.
Diversity Oriented Synthesis (DOS), Biology Oriented Synthesis (Bios), Diverted Total
Synthesis (DTS) and Function Oriented Synthesis (FOS) etc have been described. In the
second part, a concept of Target cum Flexibility, which is funded upon the DOS and
BIOS, has been provided, along with the some recent developments on alkyne

cyclotrimeriation and the catalysts employed.

Chapter-11: Synthesis of C(3)-Spirocyclic Nucleosides

2.1 Introduction:

Access to collections of distinctive small molecules is an important aspect in the
realm of chemical genetics and for identifying new therapeutic candidates. However,
flexibility in modulating the structural characteristics is the cornerstone of a successful hit

to lead exploration. A strategy that integrates the conceptual advantages of DOS and the
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manipulation of chemical functionality at an advanced stage in a target oriented synthesis
could be a valuable tool in new drug discovery programs. This provision of
manipulation/substrate flexibility at the final/penultimate steps in the forward synthesis
should address the chemical functionality modulation. The objective of this thesis is to
develop such strategies for the synthesis the small molecules collections. The selection of

the targets was inspired either by the natural products or the new chemical entities.

2.2 Result and discussion:

Modification of the sugar back bone in nucleosides is an important therapeutic
approach for developing small molecules that control genetic disorders or infections.
There are several approaches for the modification of nucleosides. Spiroannulation on the
sugar backbone is one of the recent approaches for the modified nucleosides. Considering
the prevalence of the dihydroisobenzofuran structural unit in many of the naturally
occurring substances and drug candidates, our intention has been to spiro-annulate a
dihydroisobenzofuran unit on the nucleoside templates. The intended strategy is described

in Figure 1.
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Figure 1: The key [2+2+2] cyclotrimerization transform addressing the target complexity cum substrate

flexibilityat the penultimate step
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The key retrosynthetic disconnections for the synthesis of C(3)-spiroannulated
furano-/pyrano nuclesodies project a [2+2+2] co-cyclotrimerization for the isobenzofuran
ring construction. The corresponding key diynes could be derived from a common
intermediate 7 through selective trapping of the C(1)-aldehyde either as a furanoside or as

a pyranoside by protecting group manipulations at the C(5)-OH.

2.3 Synthesis of key diyens 1-6:

The synthesis of the key diynes 1-6 started with the addition of
ethynylmagnesium bromide to the ketone 7. Subsequently, propargylation of 3°-hydroxyl
gave the diyne intermediate (Scheme 1) 9. Compound 9 was converted to the
corresponding pivolate derivative 11 by deprotection of the TBS ether using TBAF in
THF and reprotection of the resulting alcohol 10 using pivoloyl chloride and Et;N.
Selective acetonide hydrolysis of compound 11 followed by acetylation (Ac,O/Et;N)
gave a 1:1 anomeric mixture of diacetates 12. The glycosidation of the anomeric mixture
12 was carried out under modified Vorbriiggen conditions employing uracil, thymine and
S5-fluorouracil as glycosylacceptors to afford the protected nucleosides 13-15,
respectively.

Subjecting 13-15 to Zemplen’s deacetylation afforded the furanose nucleosides
1-3, with the key diyne unit for the cycloisomerization reactions. Synthesis of the
pyranosyl nucleoside precursors 4—6 started with the global deprotection of 9 using acetic
acid followed by peracetylation, employing acetic anhydride and EtN in
dichloromethane to afford a exclusively pyranoside 16. Treating the compound 16 with
uracil, 5-fluorouracil and thymine under modified Vorbriiggen conditions followed by

deacetylation of the compounds 17—-19 gave the pyranose nucleosides 4—6.

il
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Scheme 1: Reagents and conditions: a) Mg, nBuCl, THF, acetylene, 0 °C; b) NaH, propargyl
bromide, THF, 0 °C - rt, 8 h; ¢c) TBAF. THF, rt, 8 h; d) PivCl, DMAP, CH,Cl,, rt, 6 h; ¢) i. 60% AcOH,
reflux, 2 h, ii. Ac,0, EtzN, DMAP, CH,Cl,, rt, 1 h; f) uracil/5-flurouracil/thymine N,O-bis(trimethylsilyl)-
acetamide (BSA), TMSOT{, CH;CN, 50 °C, 2 h; g) NaOMe, MeOH, rt, 20 min.

2.4 Syntheis of Spironucleosides:

With the fully elaborated diyne frameworks in place, the cyclotrimerization of 1-6 with
symmetric and unsymmetric alkynes has been attempted. The trimerization reactions with
the acetylene proceeded effectively with Wilkinson’s catalyst at 80 °C in a sealed tube to
afford the corresponding products 20-25 respectively from 1-6. The diacetate of 2-
butyne-1,4-diol, bis-(trimethylsilyl)acetylene and dimethyl acetylenedicarboxylate were
explored as the representative symmetric disubstituted alkynes for the trimerization
reactions. Amongst the three, the trimerization of 1-6 with the diacetate of 2-butyne-1,4-

diol gave the corresponding isobenzofurannulated nucleosides 26—31 in good yields.

v
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R —;Q R
= RhCI(PPhs)s (5mol%) _
H + o] _— -
= toluene-ethanol (5:1) R 0

R 80°C,6-8 h

o} HC o

20 R=R'=H (79%) 21R=R'=H (77%) 22R=R'= H (75%)
26 R = R' = CH,0AC (83%) 27 R =R' = CH,OAc (85%) 28 R = R' = CH,0AC (82%)
32 RorR'= CsHq4 (80%) 33 RorR'=CsHqq (81%) 34 R or R'= CgHqq (79%)
HsC
O 3 o
o /
NH

(@) N\‘(
O

~_“OH

R
R
23R=R'=H (71%) 24R =R =H (69%) 25R =R’ = H (73%)
29 R = R’ = CH,0AC (78%) 30 R = R' = CH,0AC (74%) 31 R = R' = CH,0AGC (80%)
35 R or R' = CgHy (81%) 36 R or R' = CsHyy (86%) 37 Ror R' = CgHyq (79%)

Scheme 2: Representative C(3)-spiroisobenzofurannulated nucleosides

Formation of either self dimerization products or a complex mixture was noticed with the
other two alkynes. The cyclotrimerization reactions of 1-6 with the terminal alkyne 1-
heptyne, in general are clean and the yields are good. However, the reaction gave
inseparable regiomeric mixtures. A similar lack of regioselectivity was observed when
phenyl acetylene and N-propargyl pthalimide were employed as the substrates in the
cyclotrimerization of 1 and 4. Changing to the catalysts Cp*RuCl(cod) and
[Rh(cod),]BF4/(R)-BINAP for cyclotrimerization with the terminal alkynes did not result
in any improvement in the regioselectivity.

The regioselectivity is the critical limitation with the [2+2+2]-cyclotrimerization
reactions, which has been addressed to some extent by the placement of a substituent on
one of the alkynes of the diyne unit. A systematic exploration of this aspect, along with
the manipulation of OH-protecting groups has been undertaken. Synthesis of the diynes
38 — 40 (figure 2) has been planned in this context.

The synthesis of the diynes 38 — 40 started with the reaction of ketone 7 with
alkynylmagnesium chloride (prepared by Grignard exchange between the corresponding

alkyne and n-butylmagnesium chloride) followed by propargylation of 3°-hydroxyl in the
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resulting alkynols 41, 42 to obtain the diyne intermediates 43 and 44 respectively. The
compounds 43 and 44 are then converted to the corresponding pivolate derivatives 47 and
48 followed by a sequence of TBS deprotection and pivaloylation reactions. Subsequent
acetonide hydrolysis of 45 and 46, acetylation (Ac,O/Et;N) and the N-glycosidation with
uracil, and final saponification under Zemplen’s conditions yielded the furanose
nucleosides 38 and 39. Further, deprotection of 43 using acetic acid followed by
peracetylation, N-glycosidation with uracil and deacetylation gave the pyranosyl

nucleoside 40.

TBSO TBSO o TBSO HO
N e VPR e
0 R c;< RQ‘? o R )<
“o E ~ 6 ©
o HO \/O \/

H
™SO )
e
Ph 10 AcO" AcO" “0 \
=L — 2%° =5 00
e = O /
Y Z Z /
41 53 (75%) 54 (79%) 40 (93%)

41R = Ph (83%)
42 R = CgHy3 (88%)

43 R = Ph (94%)
44 R = CgHy; (90%)

45R = Ph (89%)
46 R = CgHy3 (92%)

o

o H o H PivO o PivO o
N .
HO N PivO Y n R OAc R 10
(0] N q) o} N ) = =
R = Res T . A OAc ~ £ ©
TS D —., X _O ~_O
S Z ‘OH o z OAc
X _O ~_O
38 R = Ph (92%) 51 R =Ph (81%) 49R = Ph (78%) 47 R = Ph (93%)
39 R = CgH13 (89%) 52 R = CgHy3 (78%) 50 R = CgHi3 (79%) 48 R = CgHy3 (91%)

Scheme 3: Reagents and Conditions: a) n-BuMgCl, phenyl acetylene/1-octyne, 0 °C 1 h; b) NaH, THF, 0

°C -1t, 3 h; ¢) TBAF, THF, 1t, 8 h; d) PivCl, DMAP, CH,Cl,, 0

°C-rt, 6 h; e) i. 60% AcOH, reflux, 2 h; ii.

Ac,O, EtN, DMAP, CH,Cl,, rt, 1 h; f) uracil/5-flurouracil/thymine N,O-bis(trimethylsilyl)-acetamide
(BSA), TMSOTT, CH;CN, 50 °C, 2 h; g) NaOMe, MeOH, rt, 20 min.

vi
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2.5 [2+2+2]-cyclotrimerisation of diynes “38 — 40”:
The furanoside diynes 38 — 39 and pyranoside diyne 40 were subjected to the
cyclotrimerisation reaction in the presence of catalyst Cp*RuCl(cod) and a mixture DCE-

ethanol (5:1) solvents system at room temperature.

H R
e Cp*RuCl(cod) (5mol%)

I - ©° DCE-ethanol (5 :1) %

R = / 1, 3-5h R

R'=Ph/ nCeH13 R'=Ph/ nCeH13

Scheme 4: Cyclotrimarization of diynes 38 — 40

Table 2 describes the scope of the cyclotrimerization reaction with the diynes 38—
40. A variety of terminal alkynes have been employed for cyclotrimerization with the
diyne 38. The regioselectivity was excellent and various functional groups were found to
be tolerant under these conditions. A similar regioselectivity was observed with the
furanose diyne 39 too. However, for the case of the pyranose diyne 40, its
cyclotrimerization with phenyl acetylene gave a 7:1 regiomeric mixture, with the 1,3-
product being the major one. On the other hand, in the case of other three alkynes
employed, the 1,3-products were seen to be formed exclusively. The amine group
present in the products 60 and the chloro functional group present in the products and 56,

64, and 68 provide a suitable handle for further diversification.

55 R = -Ph (85%)

56 R = -"CgHy3 (78%) 61 R = -Ph (78%) 65 R = -Ph (83%, dr = 7:1)
57 R = -"CyqHg3 (87%) 62 R = -"CgHq3 (74%) 66 R = -"CgHq3 (77%)

58 R = -(CH,)3Cl (83%) 63 R = -"CpqHy3 (73%) 67 R = -"Cp4Hy3 (81%)

59 R = -CH,NPht (80%) 64 R = -(CH,)3Cl (78%) 68 R = -(CH,)3Cl (79%)

60 R = m-(Ar-NH,) (85%)

Table 2: Scope of the cyclotrimerization reaction of diynes 38 — 40

vil
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2.6 Conclusion:

In conclusion, a simple protocol comprising the [2+2+2]-cyclotrimerisation of the
fully deprotected nucleoside diynes as the last step of the process has been developed for
a rapid access to C(3")-dihydroisobenzofuran spiroannulated nucleosides. During the
synthesis of the penultimate furanose-nucleoside diynes, we have shown that, proceeding
with ribofuranose intermediates having a pivaloyl protection at C(5)-OH is a reliable
approach to avoiding unwanted pyranose formation during the hydrolysis and

peracetylation.

viii
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Chapter-111: Flexible Synthesis of Trinems.

3.1 Introduction:

Tricyclic B-lactam antibiotics or trinems are a new class of synthetic antibacterial
agents having good resistance to B-lactamase and dehydropeptidase. Due to their
biological and medicinal importance, synthesis of trinems has lately grabbed the attention
of the scientific community. The challenges involved in the synthesis of tricyclic -
lactam antibiotics and the need for new methods has propelled us to find effective routes

in this direction.

3.2 Results and discussions:

As a continuation of our Target cum Flexibility approach for the synthesis of
focused small molecule libraries, the idea of implementing the cyclotrimerization
reaction for the construction of tricyclic carbapenem framework was conceived.

Visualizing the possibility of synthesizing the 4/5/6 tricyclic framework similar to
6-(1-hydroxyethyl)cyclonocardicins A reported by Christensen et al. from Merck which
show activity against a wide range of pathogens including both Gram positive ( S.
aureus, Strep. Pyogenes, B. subtilis) and Gram negative (E. coli, Pseudomonas, Proteus

morgani etc.), we sketched our strategy as shown in figure 3.

OH
on R
H
N
o
OH
o}
A
on R OH R\
H D H F +
AN —> _— Ry O
N R, N\/
o
F2.A F2.B
Figure 3

Keeping the substrate flexibility at the penultimate stages, the central trinem
skeleton F2.A has been disconnected by employing the trimerization transform leading to
the intermediates F2.B. Since the trimerization will be the final reaction, the fact that

various alkynes are commercially available and also easy to synthesize, indicates that this

X



Abstract

approach will lead to the synthesis of trinems library rapidly. Considering the
regioselectivity issues with a diyne having both the terminal alkynes, we have directly
selected the diynes 69 and 70, having one internal alkyne, as the suitable penultimate

substrates in this context.

3.3 Synthesis if diyens 69 and 70:

The synthesis of diynes 69 and 70 started with the Grignard reaction of 2-
azitidinone 71 to access the alkyne addition products 72—-73 in good yields. The N-
propargylation of compound 72 and 73 with propargyl bromide under phase-transfer
conditions gave the dialkyne products 74-75. Finally, the deprotection of OTBS group
gave required hydroxy dialkyne product 69 and 70.

OTBS OTBS OTBS
OAC /&‘/ ) /&/ /&/

72 R = Ph (89%) 74 R = Ph (77%) 69 R = Ph (89%)
73 R = n-CgHy3 (83%) 75R = n- C5H13 (75%) 70 R = n-CgHq3 (78%)

Scheme 5: Reagents and conditions: (a) n-BuMgCl, R(Phenylacetylene/1-octyne), THF,0 °C; (b) propargyl
bromide, KOH, Buy,NI, THF, 0 °C; (¢)TBAF, THF.

3.4 Cyclotrimerization of diynes 69 and 70:

Having synthesized the key diynes 69 and 70, our next objective was to explore
their cyclotrimerization with terminal alkynes. As our initial attempts using Wilkinson
catalyst were unsuccessful, various catalysts reported for the alkyne cyclotrimerization
have been explored in this context (See Table 3) which revealed that depending upon the
alkyne substrate employed either [Rh(cod),]BF4/(R)-BINAP (A) or Cp*RuCIl(COD) (B)
can be chosen. Table 4 reveals the scope of the trimerization reaction of diynes 69 and 70
with various terminal and internal alkynes using either A or B catalysts. In all the cases,
the regioselectivity was excellent with the diyne 69 trimerizations. In case of diyne 70,
along with the anticipated 1,3-regiomer,the 1,2-isomer was also obtained as a minor
product. A variety of terminal alkynes have been employed for the cyclotrimerization

with diyne 70. Various functional groups are tolerant under the reaction conditions. The
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products 85 and 89 obtained from the cyclotrimerization of diyne 69 with 5-chloropent-1-
yne and 3-ethynylaniline are quite attractive, as these products provide a suitable
functional group handle for further diversification with simple chemical maneuvering. In
case of sterically crowded alkynes like diphenyl acetylene and bis-(trimethylsilyl)-

acetylene we observed the dimerised products of diyne.

Catalyst and Conditions:

A) Cp*RuCl(cod), CH,Cl,
B) Rh(cod),BF 4-(R)-BINAP, CH,Cl,
C) Rh(PPh;)sCl, toluene-EtOH

69 R =Ph 76 (R=R"=Ph,R'= H)
70R = CeH1s 78 (R= "CgH3, R = H, R" = Ph)
Entry Diyne R= Method Time/temp | Product(s) ab Yield
1 69 Ph A /4 h 76 - 81%
2 69 Ph B 7 h 76 -~ 80%
3 69 Ph C 80°C/24 h 76 = No reaction
4 70 n-CgH1a A /4 h 77 B -
5 70 n-CeHz B w7 h 77 - 78%
6 70 n-CgHi3 C 80 °C/18 h 77 - No reaction
Table 3

X1
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Conditions:

A) Rh(cod),BF ;~(R)-BINAP,
CH,Cly, 1t,6-8h

B) Cp*RuCl(cod), CH,Cl,,
rnt,3-5h

0
76 (A, 81%) 80 (B, 71%) 84 (B, 86%)
(3:1)
Ph Ph
Mo Ph
N
o]
77 (A 78%) 85 (B, 79%) © 89 (8, 83%)
6:1)
oy Cetlis
HH
N
o
78 (B, 83%) 82 (A 71%) 86 (B, 53%) 90 (B, 69%)
(9:1)
Table 4

3.5 Conclusion:

In conclusion, a [2+2+2] alkyne cyclotrimerization reaction was employed
successfully to construct the central 4/5/6 tricyclic framework of 6-(1-hydroxyethyl)-
cyclonocardicin trinems. Introduction of different substituents to the structure was
achieved easily by simply employing a suitable alkyne at the final event of bicyclo-
annulation, and thus a focussed library of trinem like small molecules has been

constructed easily.
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Chapter-1V: [2+2+2]-Cyclotrimerisation approach towards the synthesis of tri-

[tetracyclic tetrahydroisoquinoline alkaloids.

4.1 Introduction:

Indole and tetrahydroisoquinoline skeletons are the commonly encountered sub-
structural units present in a variety of alkaloids and pharmaceutical drugs. The alkaloids
having both these units integrated, such as indolinoisoquinoline are also present in natural
products such as Cryptausoline. In continuation of our program on the synthesis of
focused small molecule libraries, the indolinoisoquinoline skeleton has attracted our
attention as there are relatively few reports on the synthesis of indolo[1,2-b]isoquinoline
framework and also on their biological activity. Considering this, we have taken up this
skeleton as a target for applying the cycloisomerization reaction and focused small
molecule library synthesis. As shown in figure 4, the intended strategy comprises overall
of three steps and projects two sequential catalytic transformations — namely the Friedel-
Craft type C2 alkylation of C3-substituted indole having a pendant alkyne on the ring
nitrogen and then the cyclotrimerization. The synthesis of propargyl alcohols is a
straightforward proposition from the Grignard reaction of the arylaldehydes. The diynes

91 and 92 have been selected as the model substrates in this context.

substrate flexibility R
. Cu " O
' N

Catalyst I I

=_

91R=H
92 R = OMe

3 C-C bonds,
two rings at final step

Me
OH
R
H + =——MgBr {———— R + /
A N
MeO
MeO

{—

% 93

R=H/OMe 94R=H ( ’\
95 R = OMe

Intermediate flexibility

Figure 4: Retrosynthetic plan
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4.2 Synthesis of diyne 91 and 92:

The synthesis of diynes 91 and 92 started with the addition of acetylene Grignard
(prepared by Grignard exchange between the corresponding alkyne and n-
butylmagnesium chloride) to aldehydes S6.A and S6.B to afford the alkynols 94 and 95.
The alkynols 94 and 95 were then used as the substrates for the Friedel-Craft alkylation
of N-propargyl-3-methylindol using p-TSA as the catalyst and CH,Cl, as the solvent. The
alkylation reactions proceeded smoothly and provided the diynes products 91 and 92 in

very good yields.

Me

o o
ol O

Me R

— = ¢

MeO MeO

A\
N \\
S6.AR=H 94R=H \\\
S6.B R = OMe 95 R = OMe 91R=H
92R = OMe

Scheme 6: Reagents and conditions: a) n-BuMgCl, acetylene, THF, 0 °C; b) 93, PTSA, CH,Cl,, tt, 15
min.

4.3 Cyclotrimerization of diynes 91 and 92:
Having both the requisite diynes in hand the stage was set for their trimerization.
The optimization reactions have been carried out by employing acetylene as the substrate.

Unlike both the previous systems (nucleosides and beta-lactams), in the present case,

both the Ru- and Rh-catalysts were found to be ineffective. The CpCo(CO), catalyst was

OMe

91R=H R =H or OMe
92 R = OMe

Scheme 7: Reagents and conditions: CpCo(CO), (20 mol%), 1,4-dioxane, PPh;, 130 °C, 12h.
found to be the best for this purpose. The optimized conditions involve heating a mixture

of diyne and alkyne and 20 mol% catalyst CpCo(CO); in 1,4-dioxane in the presence of

X1V



Abstract

TPP (PPhs) at 130 °C for about 12 h. With propargyl alcohol, the cyclotrimerization of
diyne 91 and 92 provided the requisite indolo[1,2-b]isoquinoline in 103 and 104
respectively. Table 4 shows the generality of this reaction with various internal and

terminal alkynes.

100 (82%) 101 R = OMe (81%) 102 (78%) 103 R = H (86%)
104 R = OMe (74%)

Table 4: Scope of cyclotrimerization on diynes 91 and 92.

The 2-butyne-1,4-diol, 4-octyne, diphenyl acetylene, dimethyl butyne
dicarboxylate, and 2,5-dimethyl-hex-3-yne-2,5-diol, were explored as the representative
symmetric disubstituted alkynes for the trimerization reactions, which gave the
corresponding tricyclic-tetrahydroisoquinoline alkaloids 96-104 in good yields.

4.4 Conclusion:

In conclusion, a [2+2+2]-alkyne cyclotrimerization reaction was employed
successfully to construct the indolo[1,2-bJisoquinoline core. The Introduction of different
substituents to the structure was achieved easily by simply employing a suitable alkyne at
the final event of bicyclo-annulation, and thus allowed the preparation of focused library

of tetrahydroisoquinoline alkaloids like small molecules very easily.
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1.1 Introduction

It is indisputable that advances in the central disciplines of chemistry are
essential in amalgamating chemistry, biology, material science and medicine to
contribute to human progress. Organic synthesis is definitely an indispensable tool to
develop the molecules with the properties desired. The continuing evolution of
organic synthesis depends heavily on the design/discovery of reactions and the
development of concise strategies that would allow the synthesis of natural products
of varying complexity. Retrosynthetic analysis gifted the synthetic community with a
unified language to foresee/explain the synthetic strategies and was recognized in
1990 by a Nobel Prize given to E.J. Corey. This has greatly contributed to the success
of chemical synthesis by providing certain guidelines and principles for dissecting the
target molecules that have been identified either from natural sources or from

intuitional exercises to deliver either function or properties.

1.2 Part A: Small Molecule library Synthesis

“Total Synthesis™ that has been rechristened as “Target Oriented Synthesis
(TOS)” continues to be a valuable source for new developments and discoveries. In
the words of Robert Woodward, “in chemistry, one’s ideas, however beautiful,
logical, elegant, imaginative they may be in their own right, are simply without value
unless they are actually applicable to one physical environment we have”. This
insightful observation is particularly appropriate when applied to the field of total
synthesis in the realm of the present notions: “chemical space & small-molecule
probes & chemical genetics”. As expressed by Schreiber, the aims of these particular
TOS exercises are confined to a precise region of chemical space which is defined by
complex natural products known to have a useful function. The combinatorial
chemical approach for molecular libraries synthesis, conceptualized in the early 90’s
of the last century and practiced until recently, has been recognized as a versatile
handle to populate the chemical space. However, despite the rapid speed of synthesis,
no combinatorial magic bullet has been delivered. Although the reasons for this

apparent lack of productivity remain unclear, it has been attributed in part to the
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molecular simplicity and to too much similarity within the library. This shifted the
field slowly from the numbers game to focused, biologically relevant libraries,
admitting the complexity and diversity in nature’s small-molecules. Several efforts to
identify planning concepts for syntheses of small-molecules, inspired by structural
complexity, have been reported recently.! These strategies include, among others,
diversity oriented synthesis (DOS, Schreiber),” biology oriented synthesis (BIOS
Waldmann),” “molecular editing” or “diverted total synthesis” (DTS, Danishefsky),*

and “libraries-from-libraries” (Houghten)”.

Primary

skeletol & stereo-
chemical selection Analogs
m o7

o L7

Natural

_ R —— <—— Biosynthesis
>Append|ng E> D Synthesis | Product
Process
Advanced
Combichem Intermediate
Aan
-Analogs
DTS

Secondary
Screen

s

Diverted Total Synthesis

@%%
gxc%g@@
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T 3-5steps Optimized
Small Molecule
Simple starting materials I for Desired Biological . . . .
u z Function < Diversity Oriented Synthesis

Figure 1. DOS & DTS Approaches for Small Molecules Library Synthesis

Function Oriented Design and Synthesis (FOS): Most synthetic studies these days
are directed at targets that have interesting structural and, often even more
importantly, functional properties, like biological activity or the value as a catalyst,
probe, sensor or imaging agent. Phorbol, a structurally fascinating and synthetically
daunting challenge, has been one of the most studied molecules of the last century in
part because of its exceptional activity (function). By studying the structure of
phorbol and molecules with similar function like DAG using computer modeling, our
group has been proposed a simpler FOS target. Significantly, the designed FOS target
exhibited the function (activity) of phorbol. This represents a powerful strategy to

achieve step economy by designing targets that have function of interest but that
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could be made in a practical fashion that allows synthetic innovation. Other examples
of step economy achieved through function oriented design and synthesis appear

below (see Bryostatin and designed bryologs).®

FOS Target Phorbol Ester DAG
Figure 2: Biology-Oriented Synthesis (BIOS): (From Natural Product to New Therapeutics)

The structural classification of natural products (SCONP) and its extension to
non-natural products and PSSC provide two complementary approaches for the
identification of biologically relevant compound classes in the vast chemical space.
Either applied alone or in a synergistic fashion, they define the underlying reasoning
of an approach we term “biology-oriented synthesis”. In BIOS, biological relevance
is the prime criterion for the selection of compound classes and scaffolds that inspire
the synthesis of compound collections enriched in bioactivity. BIOS-based compound
libraries are typically not, and do not have to be large. Their synthesis, however, may
require the application of elaborate chemistry methods and demanding multistep
sequences, in particular if libraries inspired by natural products have to be
synthesized. However, this investment in chemical development is well-balanced by
the smaller library size needed. In a sense, BIOS offers relevant compounds, but

demands more of chemistry.
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Exploring the BIOS concept for medicinal chemistry and chemical biology
research requires the synthesis of compound collections based on biologically
relevant structural frameworks. Natural products represent a major source of
bioactive molecules. However, the limited accessibility of these molecules from
natural sources and/or by synthetic or semi synthetic methods often limits their
further exploration in the biological sciences. This generates the need to synthesize
complex natural product like molecules in sufficient amounts and numbers, and calls
for the development of new strategies and methods amenable to the formats of
compound library synthesis. A synergistic approach that utilizes the power of
contemporary organic synthesis and the technology of combinatorial and parallel
synthesis is required in order to synthesize focused libraries based on the core

frameworks of natural products and other biologically relevant chemo types.

The synthesis of natural product inspired compound collections frequently
requires multistep synthesis sequences in order to generate the natural product like
structural complexity. This demand often hinders the synthesis of medium-sized or

large libraries and calls for the development of complexity generating reactions that
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rapidly and efficiently generate complex molecular skeletons based on natural

products.

Diversity Oriented synthesis (DOS) and Diverted Total Synthesis (DTS):

There have been certain notable discoveries recently, wherein the natural
products have served as templates for drug discoveries en route to new chemical
entities (NCEs). In such instances, the synthesis of congeners with appropriate
molecular editing of SMNPs has been integrated in parallel with the discovery total
synthesis programs, thus providing molecular editing en route to accessing to the
natural product-like small-molecule libraries with improved structural characteristics
(recognized as diverted total synthesis, DTS). While DTS has high probability in
providing potential leads for drug discovery, it is confined to improving the
performance level of a natural product inspired drug by structural alterations, which,
in general, need a series of long reaction sequences as the skeletal complexity
Increases.

Diversity oriented synthesis (DOS) conceptualized by Schreiber has certainly
provided an impetus to rapidly accessing the complex small-molecule libraries.
Though DTS and DOS share the aim of accessing complex structures, however, a
fundamental difference is that DTS works in the backward direction to identify
critical retrons/synthons for projected total synthesis and molecular editing at
advanced stages, whereas DOS moves in the forward direction by identifying a set of
complexity generating reactions and selection of substrates in such a way that
products of each step will be the reactants for the next reaction. Moreover, the
structural complexity, the function of natural products and, more importantly, the

biological target have minimal role in the design of DOS libraries.’

As described above, though the DTS approach has the high probability to
provide potential leads for drug discovery, however, structural alterations need a
series of long reaction sequences as the skeletal complexity increases, or in essence,
result in a parallel total synthesis with limited library size. DOS has an edge over the
DTS approach, especially on the size of the library, as it seeks a vigorous substrate

design for the follow up complex transforms that employ easily available or
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Figure 4. Transform Oriented Flexible Synthesis

sometimes even commercial substrates thus providing enormous flexibility at each
stage. By combining the themes of DTS & DOS, i.e. parallel total synthesis and the
flexibility at the advanced stage, we propose a new approach for high throughput
synthesis of Natural Product-like Small-molecules (NPLSM). The underlying motive
of our approach will be the identification of complexity generating transform(s) that
should address the critical skeletal construction at an advanced stage and be flexible
for employing the simple, inexpensive, easily available materials so as to create
natural product-like small-molecule libraries rapidly. In essence, this approach could
be identified as “Target cum Flexibility Oriented Synthesis” (TCFOS).

Synthesis of Focused Small-Molecule Libraries by Target cum Flexibility
Oriented Synthesis (TCFOS) Approach

The focus of this thesis work is to develop strategies that aim to build small-
molecule libraries which are designed around a target which is of natural or
pharmaceutically relevance. The present approach, which we have labeled as the
Target cum Flexibility Oriented Synthesis (TCFOS) approach, integrates the
flexibility of the Diversity Oriented Synthesis (DOS) approach and the molecular
editing of the Diverted Total Synthesis (DTS). A judicious selection of targets
inspired by their biological activity, followed by appropriate substrate design and
identification of suitable late stage complexity generating transformation(s) that can

also address the flexibility to incorporate various physical properties like aqueous
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solubility, chemical stability, and cell permeability will be the critical issues of the
present approach. Some of the specific synthetic tactics to be employed have their
foundation in a couple of efficient synthetic strategies developed recently in our
laboratory. One amongst them is the ‘alkyne trimerization” for linear and bridged
bezannulated tri- and tetracyclic systems. The present focus of this thesis will be the
construction of the small molecule libraries focusing mainly on (1) nucleosides (2) -
lactams and (3) indoloisoquinoline alkaloids. These developed small-molecule
libraries will be screened for the projected biological activities through the
established collaborations. Though the initial emphasis will be on biological targets
relevant to diseases like viral infections, cancer, and antibacterial, the present

program can also be extended to a number of other biological targets.

Complexity Transforms: Coming to the skeletal construct transforms, apart from the
complexity, they should also address the essential requirement, i.e. flexibility, in
order to incorporate various physical properties such as aqueous solubility, chemical
stability and cell permeability, which may or may not be present in the natural
product. This will entail either an intermolecular coupling of two or more functional
units forming more than one bond’ or ‘pair-wise coupling of two functional units in
intermolecular fashion followed by inter molecular cyclization’ (Figure 3). At least

one functional unit should be sufficiently simple and diverse.

Building Blocks: Like DOS, substrate design at various stages is another important
exercise in our approach. The pre-qualification for the functional unit present in the
penultimate advanced intermediates is its suitability for branching at the next stage
with a provision to access substrates for the other skeletal constructs in order to bring

in skeletal diversity in the synthesized libraries.

Following are the key steps that form the action plan of the present proposal
(as explained, the identification of key skeletal constructs and that of suitable
substrates for molecular alterations and also particular natural product targets will be

carried out so as to complement each other):
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1.  targets selection and prioritization,
identification of advanced intermediates,
retrosynthetic disconnections,

execution of identified target synthesis,

A

small-molecule library synthesis and
Target cum Flexibility: Some Recent Examples from Our Group:

A Flexible Approach for Total Synthesis of Bruguierol and Related Small Molecules:

We have already established the feasibility of the alkyne trimerization approach for
bridged bicyclic systems by taking bruguierol A as the target for total synthesis.® We
have executed the total synthesis of the enantiomer of bruguierol A and established its
relative and absolute stereochemistry. This approach has been extended to access
about 20 small-molecules having the bruguierol skeleton. These compounds were
tested for anti-mycobacterial activity. None of the compounds was found to be active
enough. The initial lack of activity was attributed to the absolute configuration which

is opposite to the natural compound. So we synthesized the natural bruguierol A and
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Figure 5. Novel approach for benzene fused [3.2.1]bicyclooctane skeletonsTotal Synthesis of
Bruiguierol A & Subsequent [2+2+2]cycloisomerization Transform Oriented Flexible Synthesis of
bruguierol like small molecular libraries
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also some of the related small-molecules by using nitriles and isocyanates as alkyne
surrogates for making aza-analogues of bruguierols (unpublished). The biological
assay of these libraries against the M. bovis BCG strain has been carried out.
Interestingly, one of the pyridine derivatives was found to inhibit the growth of M.

bovis BCG at sub micro molar concentrations.

In essence, our approach for bruguierol clarifies and qualifies the definition of
“Target cum Flexibility Oriented Synthesis™ for natural product-like small-molecule
libraries synthesis. The key complexity transform is characterized by the formation of
three alternative C-C bonds and two rings and provides the central tricyclic

framework of bruguierol and is amicable for enormous substrate flexibility.

A Simple Access to Tricyclic Sugar Derivatives: We have demonstrated the

application of the [2+2+2]-cyclotrimerization reaction to the synthesis of enantiopure
tricyclic systems comprising the isochroman or dihydroisobenzofuran units integrated

with a sugar ring’. The alkyne cylotrimerization reaction has been employed with
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Figure 6: Flexibility in construction of isochroman and dihydroisobezofuran units

easily accessible sugar diynes which were the substrates for the key bicyclic ring
construction and thus a provision to alter the functional groups on the newly formed
aromatic rings with flexibility of various alkynes. The reaction between diynes
F12.A-F12.D and alkynes in the presence of Wilkinson’s catalyst afforded the
corresponding products in moderate yields (scheme 2). These were modified, using

simple synthetic steps, to give tricyclic nucleosides which are of interest for several
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pharmaceutical applications (e.g., antiviral, antisense therapeutic and diagnostic

agents).

In this respect, cycloaddition reactions particularly [2+2+2]-alkyne-
cyclotrimerization reaction in presence of a transition metal catalyst on sugar
templates have been studied and considered to be strategically useful for synthesizing
library of small molecules. The unique characteristic property of [2+2+2]-alkyne-
cyclotrimerization is its high synthetic efficiency (with the formation of several C-C
and/or C-heteroatom bonds in a single step), complete atom-economy, and the
availability of a wide range of -catalysts that can tolerate a myriad of

protecting/functional groups.

1.3 Part B: Introduction to Cyclotrimerization.

Designing effective routes to construct complex cyclic structures through
organo-transition metal catalyzed reactions has been recognized as an attractive
strategy for delivering molecular diversity. More specifically, the use of carbon-
carbon bond formation reactions to generate new ring systems is a key part of
contemporary organic synthesis. In this respect, cycloaddition reactions are
considered to be strategically useful where more than one carbon-carbon or carbon-
heteroatom bonds are formed. With this as a goal, several researchers have developed
new reaction pathways aimed towards the synthesis of complex organic molecules
with cycloaddition reaction as the key skeletal construct. Novel catalysts and new
reaction conditions addressing the chemo- and regioselectivity aspects of various
types of cycloaddition reactions have been disclosed.

The [2+2+2]-cyclotrimerization of alkynes into benzene derivatives is a
powerful tool for the construction of polysubstituted aromatic compounds. Compared
to traditional methods for preparing substituted benzenes, e.g. electrophilic aromatic
substitution or ortho-metallation, the [2+2+2] cyclotrimerization can offer a more
flexible approach limited solely by alkyne synthesis. In a single operation, multiple

rings and three new carbon-carbon bonds can be formed." [2+2+2]-cycloaddition

10
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involving alkynes to generate annulated benzene derivatives is one of the more
elegant methods for the construction of polycyclic aromatics.

Discovered by Berthelot in 1866, the first known cyclotrimerization reaction
produced benzene from acetylene at ~400 °C (without the need of any metal
catalyst)."' Such high temperatures essentially preclude the thermal [2+2+2]
cyclotrimerization from synthetic utility despite the reaction being exothermic in
nature. A major advance came in the late 1940’s when Reppe et al.'? reported the first
transition metal catalyzed [2+2+2] cyclotrimerization reaction in which acetylene was
converted into benzene in the presence of (PPh3),Ni(CO),. Despite the formation of
cyclooctatetraene as the major product, the discovery that under certain conditions
transition metals could mediate the [2+2+2]-cyclotrimerization of alkynes opened the
door for the reaction to become synthetically wuseful. Since then, the
cyclotrimerization reaction has attracted considerable attention by virtue of its
intrinsic atom economy, as well as the importance of substituted and annulated
benzenes as synthetic intermediates. Various transition metal catalysts based on Ni,
Co, Pd, Cr, Rh, Ru, Fe, Zr, Nb, Ir, and Ta have been developed for the trimerization
reaction involving alkynes. In addition to the alkynes, other unsaturated functional
groups such as nitriles, isocyanates, olefins, carbonyl compounds, imines, and
diimides have been shown to participate in cyclotrimerizations with alkynes to deliver
useful end products. The application of the alkyne trimerization reaction for the
construction of new carbo- and heterocyclic frameworks useful in the synthesis of
natural products and complex polycyclic aromatic compounds have been documented
recently."

Cyclotrimerization of alkynes can be classified into three types,
intermolecular (type A), partially intramolecular (type B) and totally intramolecular
(type C) [2+2+2]-cyclotrimerization reactions (Figure 2), giving substituted benzene

derivatives A—C respectively.
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Type |
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Figure 7: Three types of cyclotrimerization reactions of alkynes
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For a long time the regioselectivity of the product was a primary concern for
this type of reactions,'* but little success was achieved despite enormous efforts to
control regioselectivity. In general, these reactions can be performed in common
organic solvents at temperatures ranging from room temperature upwards. Due to its
operational simplicity, and ability to provide complex molecular structures, the
transition metal catalyzed [2+2+2] alkyne cyclotrimerization has become an integral
component in the armory of organic synthetic methods and has been reviewed

thoroughly."

[2+2+2]-cyclotrimerization in recent Organic Synthesis and Development of
catalyst:

Transition metal-catalyzed [2+2+2] cyclizations of three nonconjugated =-
systems exemplify synthetic organic processes that would have been considered
extraordinary not all that long ago. Along with other remarkable transformations
mediated by transition metals, such as cross couplings and olefin metathesis, these
ring-forming reactions have rapidly become valuable synthetic tools, able to
accomplish chemistry in a single step that often would have required tedious and low-
yielding multistep strategies. A great variety of such transition metalcatalyzed
[2+2+2] cyclizations are now well-established using a variety of metals, and these
have proven to be particularly effective at producing highly substituted aromatic and

nonaromatic rings.
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Cobalt mediated cyclotrimerisation (\Vollhardt trimerisation)

The transition metal-catalyzed [2+2+2] cycloaddition reaction is an expedient
way to prepare six-membered ring systems, such as benzenes, pyridines, and
cyclohexadienes, starting from alkynes, nitriles, and alkenes. In this context, cobalt
complexes are widely used as catalysts, which provide extensive levels of chemo-,
regio-, and diastereoselectivity. Among the commercially available cyclopentadienyl
catalysts, [CpCo(CO);] is probably the most widely used. Its activation usually
requires heat and/or visible light. The use of [CpCo(cod)] (cod = 1,5-cyclooctadiene),
which has been used mostly for the preparation of pyridines, also requires high
temperatures and/or light. Conversely, [CpCo(C,Hy),], which is also employed
frequently, is active at room temperature or lower. However, these very efficient
catalysts are all very sensitive to air and require the use of distilled and thoroughly

degassed solvents.

[2+2+2]-Cyclotrimerization in Organic Synthesis

Groth and co-workers reported stereo-selective total synthesis of the natural
antibiotic  (—)-8-O-methyltetrangomycin (MM 47755).'"® The cobalt-mediated
[2+2+2]-cyclotrimerization reaction of the triyne S1.C, prepared from geraniol, in
diethyl ether at —78 °C to r.t. led to a benz[a]anthracene system S1.A (Scheme 1),
which was oxidized with Ag(Py),MnQy4 to a benz[a]anthraquinone. Deprotection with

aq. HF in acetonitrile and photo-oxidation afforded the desired natural product.

CHO
X + (. G
v Yor
e
TMS OMe \\

S1.A

Me, 0oTBS

S1.B TMS

‘ 'OH ‘”‘OTBS
s (TS
OMe

OMe O
(-)-8- O-Methyltetrangomycin S$1.D

Scheme 1: Reagents and conditions: (i) n-BuLi, Et,0, —78 °C, 3 h, BF;.Et,0, Et,0, -78 °C, 2
h, 70%. (ii) K,CO;, MeOH, tt., 6 h, 90%. (iii) CpCo(C,H,),, Et,0, —78 °C to rt., 4 h, then cat. AcOH,
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80%. (iv) Ag(Py);MnOy, SiO,, CH,CL, tt., 7 h, 65%. (v) aq. HF, CH;CN, 50 °C, 5 h, 98%. (vi) hv,
air, CHCL;, t., 1 h, 58%.

Frechet and co-workers reported synthesis of novel benzene-core dendrimers
via alkyne cyclotrimerization.'” The substituted alkynes S2.Aa—d were synthesized
by the Williamson ether coupling of 2-butyne-1,4-diol with appropriate polybenzyl
ether-type dendritic bromides. The trimerization reaction of S2.Aa—d was carried out
in refluxing toluene using dicobalt octacarbonyl as the catalyst to afford novel

structures S2.Ba—d (Scheme 2).

RO

_ OR
N Co,(CO)
H H = 28
R—Br (6] (0] /T \ RO
RO OR OR
50 °C, DMF 111°C
toluene R
© OR
O3Bn
S2.Aa: R =Bn (62%) S$2.Ba: R = Bn (83%)
R= S$2.Ab: R = G1 (62%) S$2.Bb: R = G1 (80%)
oLBn S2.Ac: R = G2 (50%) S$2.Bc: R = G2 (50%)
n S2.Ad: R = G3 (41%) S$2.Bd: R = G3 (36%)
Gn (n =0-3)

Scheme 2: Synthesis of dendritric assemblies

Dionicio Siegel and co-workers'® reported successful synthesis of
complanadine-A, two late-stage Co(I)-mediated [2+2+2] cycloadditions with good to
excellent regioselectivities. The first [2+2+2]-cycloaddition of alkyne-nitrile S3.A
and bis(trimethylsilyl) butadiyne S3.B proceeded smoothly under thermal conditions
using CpCo(CO),, providing the [2+2+2] cycloadduct S3.C as the major regioisomer
(25:1, S3.C:S3.D). It was discovered that a remarkable switch in regioselectivity,
providing 53 as the major isomer (1:3, S3.H:S3.1), was possible by the addition of an
excess PPh; to the reaction using the formyl derivative S3.G (Scheme 3) in the

second [2+2+2] cycloaddition.
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Me,,, T™MS
Il CpCo(CO
R (
N \CN ‘ ‘ dioxane, 140 °C
X o
Bn ™S 82%
S3.A S3.B
™S
Me,,
Me,, (
/ CN
VN
( tho  s36 o HN
NN CpCo(CO),, X | B Ve
Bn X ! dioxane, 140 °C _ °
X Me N
R R

complanadine A

TBAF, THF ~s3.Cc, R, R'=TMS )

66 °C, 85% >~ S3.E,R,R'=H ) LIHMDS, TMSCI,
S3.F,R=TMS,R'=H < THF, 23 °C, 90%

S3.1
with 8 eq. PPhj ratio = 1:3, 56% yield

Scheme 3

OH
)
a) n

X

N b
H,CO =—TMS ) N | _N
o) H,CO
S4.A S4.B

Scheme 4: a) CpCo(CO),, MW, xylene; b) KF, MW, H,O/THF

Alexander Deiters'” has developed an expedient route to tricyclic alkaloid core
structures by using the CpCo(CO), catalyst and conducting a microwave-mediated
[2+2+2]-cyclotrimerization/intramolecular nucleophilic substitution/reduction

sequence.
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Nickel mediated cyclotrimerisation (Reppe trimerisation)

In the late 1940’s when Von Walter Reppe et al. reported the first transition
metal catalyzed [2+2+2] cyclotrimerization reaction in which acetylene was
converted into benzene in the presence of (PPh;3),Ni(CO)s.

Yamamoto and co-workers® have described a useful process involving
nickel-catalyzed regioselective cyclotrimerization of 1-perfluoroalkylenynes. The
(E)-perfluorohexyl-enyne derivative F5.A, for example, was cyclotrimerized in the
presence of 10 mol-% Ni(PPhs)s, prepared from Ni(cod), and PPhs, to produce the
1,2,4-trisubstitutedbenzene derivative F5.B in good yield (Scheme 5)

nCeF13
X
CF ™ nCsF13
X NCeF 13 a)
=z v
F5.A N F5.B
nCeF 13

Scheme 5: a) 10 mol%, Ni(cod),, 40 mol% PPhs, toluene, 65%

Sato et al.”' have investigated Ni- and Zn-promoted [2+2+2] cycloadditions of
diynes with a,B-enones to give aromatic compounds directly in good yields. Under
these conditions cyclic enones also cyclize with diynes. As shown in Scheme 6, a
dialkyne S6.A can undergo a [2+2+2] cycloaddition reaction with an a,B-enone S6.B
in the presence of NiCl,/Zn/ZnCl,/Et 3N in acetonitrile to provide the co-trimerized

product S6.C in good yield.

EtO,C /—— o 1
X + a) EtO,C H
EtO,C — H ———
- | Et0,C
S6.A S6.8 S6.C

Scheme 6: a) NiCl,/Zn, ZnCl,, Et;N, MeCN reflux, 77%

Cheng and co-workers™ have recently reported nickel-catalyzed regio- and
chemoselective [2+2+2] cycloadditions between electron-deficient diynes and
allenes. The diyne S7.A for example, was treated with the unsymmetrical allene S7.B

in the presence of Ni(dppe)Br,/Zn in acetonitrile to give the cyclized product S7.D,
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presumably via compound S7.C, in excellent yields and with good regioselectivity

(Scheme 7).
CO,Me CO,Me
=—CO,Me Ph
< 2 + a) Z “Ph 90% Ph
=—CO,Me - -
CO,Me CO,Me
S7.A S7.B §7.C S7.D

Scheme 7: a) 10 mol%, Ni(cod),, 40 mol% PPhs, toluene, 65%

Several 6-aryl purines have been prepared by co-trimerization of 6-
alkynylpurines S8.A with diynes such as S8.B. The key co-trimerization reaction was
catalyzed by Ni or Rh or Co-phosphane derived catalysts. The choice of the catalyst

depends on the substitution patterns of both dialkyne and mono-alkyne (Scheme 8).%

e}
Ph
H Ph
NN = NN N
DRI ST
\Bn \Bn
S8.A S8.B $8.C

Scheme 8: a) NiBr,(dppe)Zn

[2+2+2]-Cyclotrimerizations can also be used to construct polycyclic aromatic
hydrocarbons. Deiters and co-workers™ reported the cyclotrimerization of 2,2'-
diethynylbiphenyl S9.A and alkynes or nitriles to give triphenylenes S9.B and
azatriphenylenes S9.C, respectively (Scheme 9). Both reactions were conducted

under microwave irradiation and provided the polycyclic aromatic products in good
to excellent yields.

® re=r [ ®
/ T Ri A~ Ra
=z — LN or \
=z N
or b) R,
Ry—=N

S9.A S9.B S9.C

Scheme 9: a) Ni(CO)(PPhs),, 63-94%; b) CpCo(CO),, 69-100%.
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Iwayama and Sato” have reported the synthesis of isoquinoline derivatives
involving the reaction between a 3,4-pyridyne S10.B, generated in situ from a silyl
triflate precursor, and a tethered diyne S10.A in the presence of a nickel catalyst to

afford isoquinoline derivative S10.C in moderate to good yields (Scheme 10).

_— R
— 5 0 R
Z + L . b4 )
= ~N _N
S10.A S10.B S$10.C

Scheme 10: a) [Ni(cod),]PPhs, synthesis of isoquinolene derivatives by reaction between pyridyne
and tethered diyne, R = Me or COEt,; Z = CH,, NTs or C(CO,Me,)

Rhodium or Rhuthenium mediated cyclotrimerisation:

An enantioselective synthesis of the tetracyclic benzo[d]xanthene core of anti-
influenza natural products has recently been reported by Cramer and co-workers.*®
Because of the growing resistance to anti-influenza agents, these sesquiterpenes and
analogues are of great interest. The authors demonstrated a ruthenium-catalyzed
[2+2+42]-cyclotrimerization reaction of alkyne S11.A and diyne S11.B, depicted in

(Scheme 11), which could be used to access more substituted derivatives.

Ts

/

S11.A S11.B $11.C

Scheme 11: a) [Cp*Ru(cod)Cl], 78%.

Witulski and co-workers reported the first total synthesis of the marine
illudalane sesquiterpenoid alcyopterosins M and L through a concise ABC ring-
formation strategy wusing a rhodium (I)-catalysed intramolecular alkyne
cyclotrimerization as the key connection.”’ Treatment of S12.C with 10 mol%
RhCI(PPh3);Cl in DCM at 40 °C gave S12.D as a single product in 69% yield.

Finally, the synthesis of alcyopterosin M and alcyopterosin L were completed by
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nucleophilic displacement of the tosyl protective group against nitrate ester

functionality and chlorine respectively (Scheme 12).

Ol
{_OTs
% H OMOM
H OMOM H,c — _ S 2
% R)-S$12.B R .
' ® /H:xC CHa\ 0 b) ACHs ~  alcyopterosin M
= A N —_— | ., —_— = i
NS A —— . — > alcyopteosin L
HsC CH3 CO,H @)

HSC%QH

S12.A si2zc  O'®

Scheme 12: Reagents and conditions: a) DCC, DMAP, CH,Cl,, —78 °C to r.t.,, 65%. b) 10 mol%
[RhCI(PPh3);Cl], CH,Cl,, 40 °C, 69%.

K. C. Nicolaou et al.” recently reported the stereocontrolled total synthesis of
sporolide B designed strategy that also delivered 9-episporolide B the efficient
synthesis of the [2+2+2] fusion of acetylenic fragments S13.A and S13.B under the
influence of Cp*RuCl(COD) catalyst was expected to proceed regioselectively
toward the desired meta-substituted chlorobenzyl alcohol system S13.C (Scheme 13).
Further, a stereocontrolled total synthesis of sporolide B has been achieved through a

designed strategy that also delivered 9-episporolide B from S11.C.

AcO

AcO >\
>\O OAc OBn d (@] Cl OAc
° 0 v o a) o O’ OBn
= Me -0 .
Me : 0 7 bss OBn OMe  OH
OBn OMe  OH n Hue TBSO
S13.A S13.B s13.C

$13.C —

9-episporolide B sporolide B

Scheme 13: Ru-Catalyzed [2+2+2]-Cyclization a) Cp*Ru(cod)CL.

Teske and Alexander Deiters™ reported the synthesis of three members of the
cannabinoid class, cannabinol, cannabinol methyl ether, and cannabinodiol, using a
microwave-mediated [2+2+2]-cyclotrimerization reaction as the key step. This
approach provides a high level of synthetic flexibility allowing for the facile synthesis

of cannabinoid analogues. Treatment of S14.B through an efficient and regioselective
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Cp*Ru(cod)Cl catalyzed [2+2+2]-cyclotrimerization reaction with
propargyltrimethylsilane under microwave irradiation delivered the pyran S14.C in
88% yield as a single regioisomer. Finally, synthesis of cannabinol methyl ether,

cannabinol, and cannabinodiol was completed (Scheme 14).

™S
OCHj3 OCH3

/
CHO Z
B —  —
CgHy1 O/\ CsHi1 O/\ T™MS

S14.A S14.B S14.C
CHs CHs
)

—_—
®
CsH (0]
CSHll (@) C5H11 sH CH3

S14.D cannabinol methyl ether cannabinol cannabinodiol

Scheme 14: Reagents and conditions: (a) n-BuLi, TMSCHN,, THF, 71%. (b) Propargyl TMS,
Cp*Ru(cod)Cl, toluene, MW 300W, 10 min, 88%. (c) Bu,N'F, THF/DMF, MW 300W, 2 min, 96%.

More recently, Tanaka and colleagues® reported the methodology in the
synthesis of fused benzofuran derivatives. The reactions were again performed with
perfect regioselectivity, albeit in moderate yields. Tanaka and co-workers also
reported a similar methodology utilizing a different leaving group. This was achieved
via a decarboxylative [2+2+2] cyclotrimerization between tethered alkynes S15.A
and vinylene carbonate S15.B using the same catalyst system (Scheme 15). An
interesting feature of this reaction is that it employs compound S15.C as a synthetic
equivalent of the unstable hydroxyacetylene. Zhang and Louie®' extended this
approach to the synthesis of anilines S15.E using 2-oxazolone S15.D, which can be
used as an alternative for ynamides (Scheme 15). They also demonstrated that the
reaction proceeds with full regioselectivity when two different R groups are used
(e.g., H, Me). The sole regioisomer formed has the amino group in the ortho-position

with respect to the larger R group.
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,/——R lo) a) OH
7 + [ =0 —
=R o 14-88%
R
S15.A S15.B s15.C
R
——R 0 a) NH,
Z + [ >:O —_—
=R N 30-99%
H
R
S15.A $15.D S15.E

Scheme 15: Decarboxylative [2+2+2]-cyclotrimerization reaction towards substituted benzenes.
a) [Ru(cod),]/BF,, Rac-BINAP, R =H, Me, Et or Ph; Z = O, NTs, NAc, (CH,),, C(CH,OMe),,
CACZ, C(COzMe)zor [C(COzEt)z]Q

Nissen and Detert’> used the trimerization reaction in the total synthesis of
lavendamycin (S17.C, Scheme 17). In this case, 2 mol% of Yamamoto’s catalyst was
sufficient to afford the [2+2+2]-cyclocotrimerization product S17.B in excellent yield

as a single regioisomer.

OMe
Me
=
4 NO2 92%
N OMe
Ts

S17.A

lavendamycine

Scheme 17: [Cp*RuCl(cod)], mol%, NC-CO,Me, CH,Cl,, t,

Ken Tanaka and co-worker” reported the substituted azatriphenylene
synthesis, as shown in Scheme 18. The reaction of the terminal diyne S18.A and
acetonitrile S18.B proceeded at room temperature in the presence of the cationic
rhodium(I)/BINAP complex (5 mol %) to give the corresponding azatriphenylene
S18.C in good yield. Both primary and secondary aliphatic nitriles could also
participate in this reaction. Not only aliphatic nitriles but also aromatic nitriles
reacted with S18.A at room temperature to give the corresponding conjugated

azatriphenylenes in good yields.
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S

S18.A S$18.B $18.C

Scheme 18: a) [Rh(cod),BF,] 5 mol%, BINAP(CH,CI), rt or 80 °C, 16-72 h

In the following chapters, we summarize a simple and efficient protocol for
the synthesis of small molecule libraries built around either pharmaceutically or
naturally important scaffolds. Three diverse scaffolds, namely nucleosides, beta-
lactams and indoloisoquinolines have been selected as representative platforms to
examine the feasibility of the late-stage alkyne cyclotrimerization and its suitability
for developing related small molecule libraries. The scaffolds that we selected have
been already established as important leads for targeting life-threatening diseases
such as cancer, HIV and bacterial infections. The expertise that we have already
gained during the last seven years at NCL in different spheres of the field of target
oriented synthesis (TOS) and our initial success that forms the foundation of our
present proposal gives us confidence in believing that we will achieve the objectives

that we have laid out and synthesize the varied targets that we have proposed.
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2.1 Introduction

Nucleosides are glycosylamines consisting of a nucleobase bonded to a ribose
or deoxyribose sugar. Nucleosides can be phosphorylated by specific kinases in the
cell on the sugar’s primary alcohol group, producing nucleotides, which are the
molecular building block of DNA and RNA. In medicine, several natural nucleosides
and their analogs are used as antiviral or anticancer agents. Natural nucleosides are of
great biological importance in metabolic pathways.'

For many years, D-ribose or D-deoxyribose have been recognized as the only
two typical sugar moieties that are connected by a B-glycosyl linkage to different
heterocyclic bases such as thymine, uracil, cytosine, adenine and guanine. However, n
1950, Bergmann et al. reported the isolation of spongouridine and spongothymidine
(figure 1) from marine Caribbean sponges Cryptotheca crypta, which had D-
arabinose as the sugar moiety.” In 1958, Y. Yonehara et al. reported the discovery of a
metabolite of Streptomyces griseochromogenes, Blasticidin S,> which controls rice
blast Pyricularia oryzae.* In 1978, K. Suetomi et al. reported the isolation of

antifungal mildiomycin from a culture of Streptoverticillium rimofaciens.’

NH
H,N 2
(0]
R
| /’K’ (k/& H2N NH o
N / O
O
HO
HO  OH 4 |
Spongouridine (R = H) Blasticidin S mildiomycin

Spongothymidine (R = Me)

Figure 1: Natural Nucleosides having other than ribo sugar part

The isolation of these nucleosides having the sugar unit other than the ribose
or the deoxyribose has indeed provided the foundations for the anti-viral research by
use of modified nucleosides. For example, Vidarabine or 9-B-D-
arabinofuranosyladenine (ara-A), is an antiviral drug which is active against herpes
simplex and varicella zoster viruses, has been synthesized by Baker in 1960 as a
potential anticancer agent. However, its first clinical application has been showed by
Whitely in 1976, as an antiviral agent. Cytarabine was one of the early examples of

the modified nucleoside that has entered the market. Cytarabine or cytosine
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arabinoside (Cytosar-U or Depocyt) was first synthesized in 1959 by Richard
Walwick, Walden Roberts, and Charles Dekker. In 1969, it has been approved by US
FDA for the treatment of cancers of white blood cells such as acute myeloid leukemia

(AML) and non-Hodgkin lymphoma. It kills cancer cells by interfering with DNA

synthesis.
NH. 0
NH, 2 NH, e
H;C Ne 3 | NH
N
4
J x ¢ * o
o}
o ﬁ o~
Ns
Vidarabine Cytarabine d4T Abacavir AZT

Figure 2: Structures of medicinally important modified nucleosides

These discoveries led to a large number of nucleoside analogues that were
tested for the treatment of viral diseases.” Among the US FDA approved compounds
used in the treatment of acquired immunodeficiency syndrome (AIDS), the 2',3'-
didehydro-3'-deoxythymidine daT,”™ the carbocyclic 2-amino-6-

10,11

cyclopropylaminopurine analogue Abacavir and AZT and showed potent anti-

human immunodeficiency virus (HIV) activity (Figure. 1.5). However, side effects
and drug-resistant variants remained a problem with these antiviral agen‘[s.lz_14
Moreover, the introduction of the 2',3'-double bond in compound d4T resulted in an
increased lipophilicity compared to the corresponding natural and saturated 2'3'-
dideoxynucleoside series but decreased the chemical stability in acidic medium.

In the course of the search for new antiviral agents with a higher therapeutic
index, the obvious emphasis was on the design of drugs with potent activity, high
stability, low cytotoxicity, minimal side effects. Christopher Len and co-workers
reported the synthesis of pyrimidine nucleoside analogues of d4T based on the 1,3-
dihydrobenzo[c]furan core (Figure 2).'>'® This class of nucleoside with a modified
glycan part was attractive because: (i) it retained the phosphorylation site; (ii) the
presence of the benzene ring as electron-withdrawing group stabilized the glycosidic
bond compared to the olefinic analogue: 2',3'-didehydro-2',3'-dideoxynucleoside; (iii)
the introduction of the aromatic residue increased the lipophilicity compared to d4t."

In an attempt to expand the variety of nucleoside antiviral drugs, a novel range of
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unsaturated nucleoside analogues of d4T were synthesized to explore their potential

as antiviral drugs.

O (6]
HacﬁNH HackaH
Py K
O (0]

Figure 3: Modified nucleosides having Isobenzofuran and isochroman

The synthesis of structurally modified nucleosides has been emerging as an
important area of research because some members show biological activities of
medicinal interest.'"® The term spironucleoside was introduced in 1990 to designate a
class of spiranic sugar derivatives in which the anomeric carbon belongs to both the
sugar ring and to a heterocyclic base. Data on this type of compound were reported
before 1990 but only recently, the term spironucleoside has been used. Of the
different classes of nucleosides, the spironucleosides are probably the least well
known. However, the isolation from Streptomyces hygroscopicus, in 1991, of (+)-
hydantocidin (figure 4), the first natural spironucleoside'’, and later the discovery of
its potent herbicidal and regulatory plant growth activities™ and its low mammalian
toxicity, have resulted in great interest in the chemistry of spironucleosides. Since
then, there have been notable contributions from Miyasaka’s and Paquette’s groups in
addition to others, to synthesize 1'-spiro-, 2'-spiro-, 3'-spiro- and 4'-spironucleoside

. . 21 . .
derivatives™ as conformationally restricted analogues.

0
HO o N~
HO & : ”/

OH O

Figure 4: naturally occurring spironucleoside hydantocidin
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The isolation of hydantocidin stimulated the synthesis of anomeric spiro
nucleosides. Hiromichi Tanaka®” prepared 6-bromovinyl derivatives of 1-(2-deoxy-D-
erythro-pent-1-enofuranosyl)-uracils S20.A and developed new method for the
synthesis of anomeric spiro nucleosides S20.B by vinyl radical-mediated reactions
(Scheme 1). Later number of groups synthesized anomeric spiro nucleosides by using

. . . . . 23
radical intermediate cyclizations.

TBDMSO
T N

TBDMSO R~ HO O)\H °
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MOMO H | NH
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H OTBS H OH e
o —= [ >
OH OH
S21.D

Scheme 2: Synthesis of syn, anti-oxaspiro[4.4]nonalyl mimic and carbaspironucleosides.

Paquette and co-workers developed spirocyclic nucleosides with different
modifications on sugar ring. In 2001, this group reported the synthesis of syn and anti-
oxaspiro[4.4]nonalyl mimics (S21.A),% (S21.B)* respectively and later in a couple of
years made their carbocyclic analogues (SZl.C),27 (SZl.D)28 (Scheme 2).

Recently, the attention has been shifted towards the synthesis of C-4'-
spiroalkylated nucleosides having hetero atoms like sulfur and nitrogen been
incorporated. The rapidity with which 2',3'-dideoxy-3'-thiacytidine was adopted for

clinical use in the treatment of AIDS,” and the high-level antiviral and anticancer
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potency of several sulfur mimics having the heteroatom at the apex position®® has
ignited research in this area from several directions. Paquette’s and Mandal’s groups

reported the new sulfur containing derivatives of spironucleosides (Figure 5).

Jesper Wangel and co-workers in 2003 first time reported the synthesis of
bicyclic C-2' spiro ribo and arabinonucleosides via C-2' —allyl nucleosides as key
intermediates.”’ As per our knowledge, except Nielsen in 1996 no report is available

towards the synthesis of C-3' spiro nucleosides. An attempt to expand the variety of

ReR, (B) ReR ()
R2 R R 2,11 2,R1
o L
gt =
— HO HO OH
F7.A F7.B F7.C F7.D

Ry = OH/H, X =O/SICH,
R, = OH/H, X = O/SICH,

X = NH/S/O

Figure 5: Some structurally unique spironucleosides

nucleoside as an antiviral drugs, a novel range of unsaturated, conformationally
restricted, tricyclic nucleosides containing isochromane unit and C-3' spironucleosides
containing isobenzofuran system were synthesized to explore their potential as
antiviral drugs.

To impart some degree of conformational restriction to the natural
nucleosides, several possibilities have been suggested. These include (i) synthesis of
locked bicyclic and tricyclic nucleoside analogues by inserting an extra ring fused to
the furanose moiety, (ii) synthesis of spironucleosides and (iii) synthesis of
nucleosides of varied ring structures. Mainly researchers have reported the synthesis
of fused bicyclic, tricyclic nucleosides and C-4' spiroannulated nucleosides, but the
synthesis of C-3' spiroannulated nucleosides has attempted only by Nielsen and co-
workers in 1996.%* We have therefore taken up a scheme to synthesize new classes of
tricyclic nucleosides containing isochromane annulated unit and C-3' spiroannulated

nucleosides.
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2.2 Present Work

Considering the prevalence of the dihydroisobenzofuran structural unit in
many of the naturally occurring substances, and drug candidates, our intention has
been to spiro-annulate a dihydroisobenzofuran unit on the nucleoside ‘[emplates.32 We
have recently documented™ the feasibility of cyclotrimerization of sugar derived
diyens and shown that the resultant product can be transformed to the tricyclic and
C(3’)-spirobenzoisofuran-annulated nucleosides following the sequence of chemical
transformations (Scheme 3). However, the spiro-annulated nucleosides reported
contain a pentopyranose unit (6-membered sugar unit). Also, this strategy is not
sufficiently effective as the number of compounds to be accessed is restricted by the
limited number of nucleobases available which are introduced at the penultimate step
of the synthesis. In addition, it may require additional steps if one intends to place
sensitive functional groups on the isobenzopfuran ring. This has prompted us to look
for an alternative approach which can effectively address the library size and the ease
of alternation of the functional groups on the isobenzofuran ring. This has led us into
the exploration of the key C(3’)-spiroannulation as the final step of [2+2+2]-
cyclotrimerization of completely free nucleoside-diynes with alkynes which is the
main theme of the present work and also we address the selective synthesis of

spiroannulated nucleosides having the furanoside ring also.

Scheme 3: a) RhCI(PPh3)3 (5 mol%), toluene/ethanol (4:1), 80 °C, 8 h

As mentioned earlier, the previously reported approaches for spironucleosides,
have in general been executed in a target oriented way (one scheme one nucleoside).
This causes a serious limitation in the collection of spironucleosides as each
modification needs to be attended separately from the beginning of the synthesis.
Considering the importance of the modified nucleosides in the area of anti-viral and
anti-cancer drug discovery programs and as a part of our program to provide flexible
methods for the synthesis of biologically active small molecules, we have identified

that cyclotrimerization on sugar templates and glycosidation could be combined
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effectively to address the synthesis of either conformationally restricted or

spiroannulated nucleosides libraries rapidly.
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Figure 6: The key [2+2+2] cyclotrimerization transform addressing the target complexity cum
substrate flexibility at the penultimate step

Figure 6, reveals our intended approach in this regard. The key
cyclotrimerization reaction has been planned on a fully deprotected nucleoside diynes
1-6. We have selected three furanosyl nucleosides and 1-3 and three pyranosyl
nucleosides 4-6 having uracil, thymidine and 5-flurourancil units. We planned to
introduce the nucleobase at an advanced stage so as one have the flexibility in terms
of the nucleobase to be placed (apart from the 5 parent nucleobases several of their
analogues and various other nitrogen containing heterocycles could be employed as
glycosyl acceptors). The proposal of keeping the cyclotrimerization on a free
nucleoside is challenging and provides an opportunity to employ a wide range of
easily accessible substrates (commercial availability of hundreds of alkynes and

through easy synthesis).

2.2.1 Synthesis of glycosyl donors 1 — 6.

The synthesis of the nucleoside diynes 1-6 has been planned from the
advanced intermediate 10 having the preinstalled diyne unit and free C5-OH for
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further manipulation to arrive at either pyranosyl or furanosyl units. The synthesis of
key intermediate 10 started from the known xylosed derived ketone 7.* The ketone 7
was prepared from D- xylose following a sequence of 4 reported steps. The addition
of ethynylmagnesium chloride prepared by Grignard exchange with n-
butylmagnesium chloride at 0 °C to the ketone 7 and consequently propargylation of
3°-hydroxyl of obtained Grignard product afforded diyne 8 (Scheme 4). Diyne 9 was
fully characterized by spectral and analytical data. In the 1H NMR spectrum of
compound 9, the characteristic alkyne protons resonated at 6 2.44 as a triplet with J =
2.4 Hz and at & 2.66 as a singlet. In the >C NMR spectrum, the alkyne carbons and
quaternary carbon C(3) showed singlets at 74.5, 77.8, 79.4, 79.5 and 80.6 ppm. The
acetylenic C—H stretching frequency was appeared at 3307 cm ' and C=C stretching

frequency at 2110 cm ' in the IR spectrum of compound 9.

TBSO HO

D-Xylose " = h
< T3% X

o © HO O

7 8

HO TBSO
OS50 °) OS50 b)
= - =
i -,,O)< 5% -,,O)f 95%
0 _©

10 9

Scheme 4: Reagents and Conditions: a) Mg, n-BuCl, THF, acetylene, 0°C;
b) NaH, propargyl bromide, THF, 0°C — rt, 8h; ¢) TBAF,THF, rt, 8 h.

Having the key intermediate 10 in hands our next objective was its conversion
to a suitable furanosyl derivative with anomeric —OH being protected as an acetate so
as it can be directly employed as a substrate for the N-glycosidation with the
nucleobases. Our earlier observations have revealed that the peracetylation of fully
deprotected furanose derivatives leads mainly to the formation of pyranosyl
derivatives. Considering this, we have opted for suitable protecting group at C5—-OH
which can survive during the acid-mediated 1,2-acetonide hydrolysis as well as to the
peracetylation conditions. To this end, we have selected a pivoloyl protecting group as
a viable handle. The work in this direction started with the preparation of pivolate
derivative 11 by treating 10 with pivaloyl chloride in the presence of DMAP and Et;N

in dichloromethane (scheme 5). The selective acetonide hydrolysis of compound 11
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followed by acetylation (Ac,O/EtsN) gave a 1:1 anomeric mixture of diacetates 12
(inseparable on silica gel column).

Mixtures of diacetate 12 derivatives were characterized by spectral and
analytical data. In the "H NMR spectrum of compound 12 the appearance of the nine
carbon singlet at 1.20 ppm indicated that the pivaloyl group indeed was intact. The
appearance of the anomeric protons at downfield (two doublets at § 6.12 and 6.42
with 1.5 and 4.4 Hz coupling constants respectively) indicated the presence of a
furanose unit and 7:3 a:B ratio ratio has been determined based upon the relative 'H
NMR integrations for these two signals. In the ?C NMR spectrum of 12, six carbonyl
carbons resonated at 169.1, 169.2 (2C), 169.3, 177.9, and 178.0 ppm and four methyl
carbons of acetyl resonated at 20.5, 20.6, 20.9, and 21.0 ppm.

HO o PivO o PivO
a b
S O)< 73% N 5"'0)< 87% ~ & OAc
X0 Y X0
10 1 12

Scheme 5: Reagents and Conditions: a) PivCl, DMAP, CH,Cly, rt, 6 h; b) i. 60%
AcOH, reflux, 2 h; ii. Ac,0, Et;N, DMAP, CH,Cl,, rt, 1 h.

Having the key furanosyl intermediate 12 in hand the stage was next set for its
glycosidation. The glycosidation of the anomeric mixture 12 was carried out under
modified Vorbriiggen34 conditions [refluxing the diacetate with BSA N,O-bis(trimethil
silyl) acetamide and base in acetonitrile, then after, adition of TMSOTT and heating at
50 °C for 2 h]. When uracil was employed as a base, the corresponding protected
nucleoside 13 was obtained as a single anomer in 75% yield. Subjecting 13to

Zemplen’s deacetylation [NaOMe in methanol] afforded the free nucleoside diyne 1

(Scheme 6).
o o
NH NH
S

PivO PivO N o N o
O ~OAc  a) Uracil 0 b) 0
I 75% R 78% I
> 70 OAc X0 O
12 13 1

Scheme 6: Reagents and Conditions: a) uracil, N,O-bis(trimethylsilyl)-acetamide
(BSA), TMSOT, CH;CN, 50 °C, 2 h; b) NaOMe, MeOH, rt, 20 min
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The constitution as well as the configuration of the anomeric center in the
compound 13 was determined with the help of extensive NMR spectral data analysis.
For example, in the "H NMR spectrum of compound 13, the anomeric—H and C(2)-H
resonated at & 6.05 and 5.40 respectively as a doublets with a characterist coupling
constant J = 3.8 Hz which is indicative of a B-configutration. The olefinic C3'-H of
uracil displayed a doublet of doublet at 6 5.76 with J = 1.9, 8.2 Hz and C2'-H
resonated at down field & 7.62 with J = 8.2 Hz. The amide N-H of 13 showed a broad
singlet at & 9.15. In the >C NMR spectrum of compound 13, the anomeric—C
appeared at 8 6.05 as a doublet with J = 3.8 Hz, and that of the olefinic carbons C2’
and C3' resonated at 139.2 ppm and 102.5 ppm respectively. The spectral data of the
free nucleoside diyne 1 was in accordance with the assigned structure. For example,
the disappearance of characteristic peaks of pivaloyl, acetyl methyl group in "H-NMR

was in supportive of the assigned structures of 1.

s B

> 85.76(dd, J=1.9, 8.2 Hz)

67A62(d,J=8.2Hz)k H o
H—"

—
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5247, J=25Hy) H — : = HY— 5606 (d,J=38 H)
O OAc

H
$5.40 (d, J = 3.8 Hz)

L J

Figure 7: Selected 1H NMR chemical shifts and coupling constants in compound 13

Having been successfully synthesized the penultimate intermediate 1, we next
proceeded for the synthesis of other key nucleoside diynes 2 and 3. The synthesis of 2
and 3 followed a similar sequence of synthetic operations as established in the
preparation of 1. As shown in Scheme 26, the glycosidation of acetates 12 with
thymine followed by the saponification of the resulting compound 14 under Zemplen
conditions gave the nucleosidediyne 2. Similarly, nucleosidediyne 3 was prepared in
an overall yield of 67% by subjecting acetates 12 for glycosidation with 5-flurouracil
followed by the saponification. The spectral data of compounds 14/15 and of 2/3 are
comparable with that of compounds 13/1.
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Scheme 7: Reagents and Conditions: a) uracil, N,O-bis(trimethylsilyl)-acetamide
(BSA), TMSOTf, CH;CN, 50 °C, 2 h; b) NaOMe, MeOH, rt, 20 min.

Having synthesized key diyne building blocks 1-3 embedded on a furanosyl
nucleoside, we next focussed our attention on the synthesis of the corresponding
pyranosyl nucleosides 4-6. In our previous studies, as mentioned above, we have
realized that the hydrolysis of a furanoside 1,2-acetonides having the C5-OH free
followed by acetylation leads mainly to the peracetylated pyranosides. To encash in
this direction, the intermediate acetonide 10 was subjected directly for the acid
hydrolysis and then for peracetylation employing acetic anhydride and Et;N in

dichloromethane to afford the corresponding -anomer 16 exclusively (scheme 8).
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Scheme 8: Reagents and Conditions: a) i. 60% AcOH, reflux, 2 h;
ii. Ac,0, Et;N, DMAP, CH,Cl,, t, 1 h;

The constitution and the configuration of the triacetate derivative 16 was
established by spectroscopic and analytical data. In the "H NMR spectrum of 16, there
was only a single peak for anomeric proton which appeared as doublet at 6 5.92 with
7.2 Hz coupling constant. In *C NMR spectrum of 16 three carbonyl carbons
resonated at 169.0 (2C), and 169.4 ppm, three methyl carbons of acetyl resonated at
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20.5, 20.6, and 20.8 ppm. Carbonyl stretching frequency of acetates gave strong
absorption peak at 1752 cm ' in IR spectrum.
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Scheme 9: Reagents and Conditions: a) N,O-bis(trimethylsilyl)-acetamide (BSA),
TMSOTT, CH;CN, 50 °C, 2 h; ¢) NaOMe, MeOH, rt, 20 min.

The N-glycosidation of 16 with uracil, 5-fluorouracil and thymine under
modified Vorbriiggen conditions followed by deacetylation of the resulting
compounds 17-19 gave the pyranose nucleosides 4-6. Diacetate derivatives of
nucleosides 17-19 were characterized by spectroscopic and analytical data. Methyl
protons of thymine resonated at & 2.14 as a singlet, anomeric proton resonated at 6
6.05 with coupling constant 9.4 Hz in the '"H NMR spectrum of 18. In the °C NMR
spectrum of 18, two triplets for methylene carbon atoms resonated at 56.5 and 63.0
ppm. Mass spectrum and elemental analysis were in well agreement with proposed
structure. B-configuration of compound 18 was further confirmed with the help of
coupling constants of anomeric protons. Amide hydrogen of 18 showed a broad
singlet at ¢ 8.56. Subjecting 17-19 to Zemplen’s deacetylation [NaOMe in methanol]
afforded the free hydroxyl diyne spironucleosides 4-6 (Scheme 9). Pyranose
nucleosides data.

4-6 were characterized by spectrometric and analytical
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Disappearance of characteristic peaks of acetyl methyl group in 'H-NMR was in

supportive of the assigned structures of 4-6.
2.2.2 Syntheis of Spironucleosides:

With the fully elaborated diyne frameworks in place, we attempted the
cyclotrimerization of 1-6 with symmetric and unsymmetric alkynes. The trimerization
reactions with the acetylene proceeded effectively with Wilkinson’s catalyst at 80 °C
in a sealed tube to afford the corresponding products 20-25 respectively from 1-6
(scheme 10). In the "H NMR spectrum of 20, the characteristic C(1)-H and C(2)-H of
the furanose ring appeared at 6 5.91 (d) and 4.45 (d) respectively with J;, = 8.2 Hz.
The C(4)-H appeared as a dd (& 4.07 ppm, J = 1.2, 2.8 Hz) and the benzylic
methylene hydrogens appeared at & 5.03 (d) and 5.05 (d) respectively with J = 12.7
Hz. In the °C NMR spectrum of 20 two methylene carbons appeared as triplet at
6 60.4 and 72.2 ppm.

The diacetate of 2-butyne-1,4-diol, bis-(trimethylsilyl)acetylene and dimethyl
acetylenedicarboxylate were explored as the representative symmetric disubstituted
alkynes for the trimerization reactions. Amongst the three, the trimerization of 1-6
with the diacetate of 2-butyne-1,4-diol gave the corresponding isobenzofurannulated
nucleosides 26—-31 in good yields (table 1). Synthesized spirocyclic-nucleosides were
characterized by extensive NMR spectroscopy. The anomeric proton of 26 resonated
at & 5.95 with coupling constant J = 8.2 Hz in 'H NMR spectrum. C(2)-H showed
doublet at 4.57 (J = 8.2 Hz), olefinic C3'-H proton of uracil displayed double at o
5.71 with J = 8.2 Hz and C2'-H proton resonated at down field 6 8.09 with J = 8.2 Hz.
Acetate methyls appeared at 6 2.02 (s) and 2.04 (s), methylene carbon resonated at
63.4 (t), 64.1 (t), ppm and methyl carbon resonated at 20.8 (t) ppm in B3C NMR
spectrum of compound 26. Formation of either self dimerization products or a

complex mixture was noticed with the other two alkynes.
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i ZQ RhCI(PPhs)s (5mol%

I+ > (PPh3)3 (5mol%)

= toluene-ethanol (5 :1) R
R 80 °C, 6-8 h
Scheme 10: Cyclotrimerization of diyne 1 — 6
Alkyne/diyne Acetylene Diacetoxy-2-butyne- Hexyne
1,4-diol

HC o

25 (73%)

31 (80%)

37 (19%)

Table 1: Representative ¢(3)-spiroisobenzofurannulated nucleosides
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The cyclotrimerization reactions of 1-6 with the terminal alkyne 1-heptyne in
general are clean and gave the corresponding isobenzofurannulated nucleosides 26—-31
in good yields (table 1). However, gave inseparable regiomeric mixtures. With the
catalysts Cp”‘RuCl(cod)35 and [Rh(cod)z]BF4/(R)—BINAP,36 the reactions do not
resulting any improvement in the regioselectivity. Synthesized spirocyclic-
nucleosides were characterized by extensive NMR spectroscopy. The anomeric proton
of 26 resonated at & 6.01 with coupling constant J = 8.1 Hz in '"H NMR spectrum.
Benzylic methylene protons resonated as doublet at 6 5.12 and 5.16 with coupling
constant 12.6 Hz in "H NMR spectrum of 26. Methylene carbon resonated at 63.4 (t),
64.1 (t), ppm and methyl carbon resonated at 20.8 (q) ppm in °C NMR spectrum of
compound 26. Formation of either self dimerization products or a complex mixture
was noticed with the other two alkynes.

2.2.3 Synthesis of substituted diyens 38-40: The regioselectivity is the
critical limitation with the [2+2+2]-cyclotrimerization reactions, which has been
addressed to some extent in the present invention by the placement of a substituent on
any of the alkynes of the diyne unit. In personification of the present work,

cyclotrimerization of diynes 38—40 with the terminal alkynes is carried out to

TBSO TBSO TBSO

o i) R e}
K;J 3( . jo e — = / )<
o R « = O
0 HO x_0
7 41R = Ph (83%) 43 R = Ph (94%)
42 R = CgHy3 (88%) 44 R = CgHy3 (90%)

Scheme 11: Reagents and Conditions a) n-BuMgCl, phenyl acetylene/1-octyne, 0 °C 1 h; b)
propargyl bromide, NaH, THF, 0 °C - rt, 3 h;

determine the regioselectivity. Accordingly, ketone 7°7 is reacted with
alkynylmagnesium chloride (prepared by Grignard exchange between the
corresponding alkyne i.e. phenylacetylene and 1-octyne respectively with n-
butylmagnesium chloride) to gave alkynols 41 and 42 respectively 37a (scheme 11).
The resonance of aliphatic protons of 42 in up-field region in '"H-NMR spectrum and
presence of two acetylenic singlet carbons at 76.8 and 88.3 ppm in *C-NMR were in
accordance with structure 42. The presence of aromatic protons in the region 7.29—
7.45 ppm in '"H-NMR and two singlets carbons at 85.7 and 87.8 ppm in C-NMR
approved the structure of 41. Propargylation of 3°-hydroxyl by using propargyl
bromide and sodium hydride in dry THF to obtain the diyne intermediates 43 and 44
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respectively in good yields. Appearance of additional triplets at 2.46 and 2.41 ppm
with coupling constant 2.4 Hz for the propargylic proton in the intermediates 41 and
44 respectively in '"H-NMR and additional triplet at 63.3 and 63.4 ppm in *C-NMR
accounted for newly introduced alkyne in compound 43 and 44 respectively.

The deprotection of -OTBS group of diyne 43 and 44 by TBAF in THF
furnished free hydroxyl diyne substrates 45 and 46 respectively in good yields.
Disappearance of characteristic peaks of TBS group in 'H-NMR was in supportive of
the assigned structures of 45 and 46 respectively. Mass [m/z 351.47 for (M+Na)'] for
the 45 and Mass [m/z 375.42 for (M+Na)'] for the compound 46 and elemental
analysis further confirmed the structures. Primary hydroxyls of 45 and 46 were
protected with pivaloyl group by using pivaloyl chloride and DMAP to afford
pivaloyl derivatives 45 and 46 in good yields respectively. A surge in the number of
protons at & 1.20 (s, 9H) and 1.27 (s, 9H) acknowledged the presence of pivaloyl
group in products 47 and 48 respectively (scheme 12).
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Scheme 12: Reagents and Conditions: a) TBAF,THF, rt, 8 h;
b) PivCl, DMAP, CH,Cl,, rt, 6 h.

The pivaloyl diyne derivative 47 and 48 were subjected to acid catalyzed
acetonide hydrolysis to deprotect the acetonide group. Thus heating compound 47 or
48 in 60% acetic acid at reflux temperature for two hours gave the corresponding
lactols. Acetylation of these lactols by using acetic anhydride and Et;N in
dichloromethane afforded anomeric mixture of diacetates 49 (inseparable on silica gel
column) and single isomer of 50 in 78% and 79% yields over two steps respectively
(Scheme 13). Mixtures of diacetate 49 and 50 derivatives were characterized by
spectral and analytical data. The 'H-NMR spectrum of 49 showed two peaks for
anomeric proton at & 6.18 as doublet with 1.4 Hz coupling constant and at & 6.53 as
doublet with 4.7 Hz coupling constant in 2:3 ratio. By comparing the integrations for
two isomers, a:p ratio of diacetates is 2:3. In the *C-NMR spectrum of 49 four
carbonyl carbons resonated at 169.0 (s), 169.2 (s) and 169.3 (s, 2C) ppm, four methyl
carbons resonated at 20.5, 20.6, 20.8 and 20.9 ppm. Carbonyl stretching frequency of
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acetates gave strong absorption peak at 1741 cm™' in IR spectrum. In case of 50
exclusively single i.e.  isomer. The 'H NMR spectrum of 50 showed single peak for
anomeric proton at 6 6.38 as a doublet with 4.3 Hz coupling constant and C(2)-H
showed doublet at 6 5.40 as a doublet with 4.3 Hz coupling constant. The BC.NMR
spectrum of 50 two acetyl methyl carbons resonated at 20.6 and 20.9 ppm.

PivO . H
fo) PivO o ) O\\]‘/N o
R o) a) RQJWOAC b) PivO \//v/
= . = O N
- ., — ’ — R —
\/é ° NV : “OAc w
0 ~ - TOAc
O
47R=Ph 49 R = Ph (78%) 51 R = Ph (81%)
48 R = CgHys 50 R = CgHy3 (79%) 52 R = CgHy3 (78%)

Scheme 13: Reagents and Conditions a) i. 60% AcOH, reflux, 2 h; ii. Ac,0, Et;N, DMAP,
CH,Cly, rt, 1 h; b) uracil, N,O-bis(trimethylsilyl)-acetamide (BSA), TMSOTf, CH;CN, 50 °C, 2 h;
Treatment of anomeric mixture of diacetate 49 and 50 with uracil under

modified Vorbriiggen conditions [refluxing the diacetate with BSA N,O-
bis(trimethylsilyl)acetamide and base in acetonitrile, then after adition of TMSOTTf
and heating at 50 °C for 2 h] afforded the protected nucleosides 51 and 52
respectively in good yields (Scheme 10). Synthesized protected nucleosides 51 and 52
were characterized by extensive NMR spectroscopy. The anomeric proton of 51
resonated as doublet at & 6.08 with coupling constant J = 3.2 Hz in the "H-NMR
spectrum. The C(2)-H showed doublet at 5.47 (J = 3.2 Hz), olefinic C3'-H proton of
uracil displayed double at 6 5.65 with J = 8.2 Hz and C2'-H proton resonated at
down field 6 7.71 with J = 8.2 Hz. Olefinic C3'-H carbon resonated at 102.3 ppm and
C2'-H carbon resonated at 139.1 ppm in the BC.NMR spectrum of compound 51.
Similarly in the anomeric proton of 50 resonated as doublet at & 5.98 with coupling
constant J = 3.0 Hz in the '"H-NMR spectrum. The C(2)-H showed doublet at 5.30 (J
= 3.0 Hz), olefinic C3'-H proton of uracil displayed double at § 5.71 with J = 8.2 Hz
and C2'-H proton resonated at down field & 7.65 with J = 8.2 Hz. Olefinic C3'-H
carbon resonated at 101.9 ppm and C2'—H carbon resonated at 139.4 ppm in the '°C-
NMR spectrum of compound 50.
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H
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51R=Ph 38 R = Ph (92%)

52 R = CgHi3 39 R = CgHy3 (89%)

Scheme 14: a) NaOMe, MeOH, rt, 20 min

Subjecting 51 and 52 to Zemplen’s deacetylation afforded the free hydroxy
diyne spironucleosides 38 and 39 respectively in good yields (Scheme 14). Furanose
nucleosides 38 and 39 were characterized by spectrometric and analytical data.
Disappearance of characteristic peaks of pivaloyl, acetyl methyls in "H-NMR was in
supportive of the assigned structures of 38 and 39. Mass [m/z 405.48 for (M+Na)'] for
the 36 and Mass [m/z 413.07 for (M+Na)'] for the compound 39 and elemental

analysis further confirmed the structures.

0. .OAc
TBSO o
e)
o AcO 7, . 'OAc
Ph% 3< - o0
- FCS) Ph /
x_0 4
43 53 (75%)

Scheme 15: Reagents and Conditions: a) i. 60% AcOH, reflux, 2 h; ii. Ac,O, Et;N, DMAP,
CHQClz, 1t, 1 h,

Synthesis of the pyranosyl nucleoside precursors 40 started with the global
deprotection of 43 subjected to acid catalyzed acetonide hydrolysis to deprotect the
acetonide and TBS groups. Thus heating compound 43 in 60% acetic acid at reflux
temperature for two hours gave the corresponding lactols. Acetylation of these lactols
by using acetic anhydride and Et;N in dichloromethane afforded anomeric mixture of

pyranosyl triacetate 53 (inseparable on silica gel column) derivatives in 75% yield

over two steps respectively (Scheme 15).

OYN o
0._.OAc o) N\/j

o > o”’OAc a) AcO" > O"’OAc
& -

Ph/ Ph/
& Z

53 54 (79%)

Scheme 16: a) uracil, N,O-bis(trimethylsilyl)-acetamide (BSA), TMSOTf, CH;CN, 50 °C, 2 h;
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Mixture of triacetate 53 derivatives was characterized by spectral and
analytical data. The "H-NMR spectrum of 53 showed two peaks for anomeric proton
at 6 6.08 as doublet with coupling constant 2.6 Hz and at 6 6.15 as doublet with 9.5
Hz coupling constant in 1:1 ratio, Observation of large coupling constants indicated
the formation of pyranoside framework after hydrolysis of 1,2-acetonide and
deprotection of TBS ether of compound 53. C(2)-H showed two peaks at 6 5.69 as
doublet with coupling constant 8.2 Hz and at 6 5.79 as doublet with 8.1 Hz coupling
constant in 1:1 ratio. By comparing the integrations for two isomers, a:p ratio of
diacetates is 1:1. In the *C-NMR spectrum of 53 six carbonyl carbons resonated at
163.1, 163.3, 169.0, 169.2, 169.4 and 170.4 ppm and prapagylic methylene carbons
resonated at 55.5 and 56.1 ppm. Carbonyl stretching frequency of acetates gave strong
absorption peak at 1753 cm ' in IR spectrum. Mass [m/z 437.27 for (M+Na)'] for the
53 and elemental analysis further confirmed the structures.

Treatment of anomeric mixture of triacetate 53 with uracil under modified

o H o o H o)
o N\/j a) Y N\/j
7 "OAc H
/
54

E—
cO" HO" > "0
Z 9 Z 9

A
Ph Ph

pZ /

40 (93%)
Scheme 17: a) NaOMe, MeOH, rt, 20 min.

Vorbriiggen conditions [refluxing the diacetate with BSA N,O-bis(trimethylsilyl)-
acetamide and base in acetonitrile, then after adition of TMSOTT and heating at 50 °C
for 2 h] afforded the protected nucleoside 54 in good yield (Scheme 16). Synthesized
protected nucleoside 54 was characterized by extensive NMR spectroscopy. The
anomeric proton of 54 resonated as doublet at d 6.13 with coupling constant 9.4 Hz in
the '"H-NMR spectrum. The C(2)-H showed doublet at 5.25 (J = 9.4 Hz), olefinic
C3'-H proton of uracil displayed double at & 5.76 with J = 8.2 Hz. Olefinic C3'-H
carbon resonated at 103.2 ppm and C2'-H carbon resonated at 139.6 ppm in the *C-
NMR spectrum of compound 54.
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Subjecting 54 to Zemplen’s deacetylation afforded the free hydroxy diyne
pyranose spironucleosides 40 in good yield (Scheme 17). Pyranose nucleoside 40 was
characterized by spectrometric and analytical data. Disappearance of characteristic
peaks of acetyl methyls in 'H-NMR was in supportive of the assigned structures of
40. Mass [m/z 489.50 for (M+Na)'] for the compound 40 and elemental analysis

further confirmed the structures

O

ﬁNH
N/&O
o)

7 "OH
/

o)

(0]
HO HO
o N~ ~O o N~ ~O .
Ph = CeH13 = HO¢
Ph

X0 ©H X0 ©H =

38 39

Fiaure 9: Divnes 38 — 40.
With the fully elaborated diyne frameworks in place (figure 9), using 1-octyne

as a substrate the feasibility of cyclotrimerization of the diynes 38—40 has been
examined by screening available Rh- and Ru-based catalysts. With Wilkinson
catalyst, the cyclotrimerization of the diynes 38—40 with l-octyne are not facile.
When the catalysts Cp*RuCl(cod) and [Rh(cod),|]BF4/(R)-BINAP were employed, the
reactions proceeded smoothly at rt and gave the corresponding nucleosides (Figure 3)
in good yields and with compelete regioselectivity. The regioselectivity noticed with
the trimerization of diynes 38—40 endorse them for further exploration in constructing
the spiro-nucleosides library.

Next, the cyclotrimerization reactions of 38—40 with symmetrically disubstituted
alkynes such as bis-(trimethylsilyl)acetylene, dimethyl acetylenedicarboxylate and
diphenyl acetylene was attempted. The reactions are sluggish and did not proceed at
different temperatures under atmospheric pressure, and the starting material was
intact. The scope of the cyclotrimerization reactions with the diynes 3840 was
explored. A variety of terminal alkynes have been employed for the
cyclotrimerization with the diyne 38. The regioselectivity was excellent and various
functional groups are tolerant under these conditions. A similar regioselectivity was
observed with the furanose diyne 39 too. However, for the case of the pyranose diyne
40, its cyclotrimerization with phenyl acetylene gave a 7:1 regiomeric mixture, with
the 1,3-product being the major one. On the other hand, in the case of other three

alkynes employed, the 1,3-products were seen to be formed exclusively.

46



Chapter 11

Present work

Alkyne / Diyne 38

~

=

CsHi1

=

CaoHaz
CI\/\/

CEfN//

NPht

HzN\©///

60 (85%)

65 (83%)

O, H (o}
Yj
O N~

- 'OH

66 (77%)
H
O_N__o
Yj
O N~
"'OH

HO" S
o)

19
67 (81%)

H
OYN o
oS
“'OH

o

HO'

64 (78%) 68 (79%)

Table 2: Scope of the cyclotrimerization reaction of diynes 38 — 40.
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The amine group present in the products 60 and the chloro functional group present in

the products and 58, 64, and 68 provide a suitable handle for further diversification.

2.2.4 Conclusion:

To conclude, a simple approach with enormous flexibility for the synthesis of
spiro-tricyclic nucleosides through the [2+2+2]-cyclotrimerization on sugar templates
has been developed. Considering the importance of modified nucleosides as antiviral
and anti-cancer agents and as potential antisense therapeutic and diagnostic agents,
the results from the present investigation could be further explored for a strategic
construction of these molecular skeletons. Work in this direction is ongoing in our
laboratory. Also, incorporation of the spirocyclic-nucleoside monomers into

oligodeoxy-nucleosides and their biological evaluation is presently progressing in our

lab.

48



Chapter 11 Experimental

2.3 Experimental:

General Methods: Air and/or moisture sensitive reactions were carried out in
anhydrous solvents under an argon atmosphere in oven-dried glassware. All
anhydrous solvents were distilled prior to use: Toluene from Na and benzophenone;
CH,Cl, and DMF from CaH,; MeOH and EtOH from Mg cake. Commercial reagents
were used without purification. Column chromatography was carried out by using
Spectrochem silica gel (100-200 mesh). Optical rotations were determined on a Jasco
DIP-370 digital polarimeter. Specific optical rotations [a]p> are given in 10" deg
cm’ g . 'H and ">C NMR spectroscopy measurements were carried out on Bruker AC
200 MHz or Bruker DRX 400 MHz spectrometers, and TMS was used as internal
standard. The 'H and C NMR chemical shifts are reported in ppm downfield from
tetramethylsilane and the coupling constants (J) are reported in Hertz (Hz). The
following abbreviations are used to designate signal multiplicity: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, br = broad. The multiplicity of the *C
NMR signals was assigned with the help of DEPT spectra and the terms s = singlet, d
= doublet, t = triplet and q = quartet represent C (quaternary), CH, CH, and CHj3
respectively. Mass spectroscopy was carried out on an API QStar Pulsar (Hybrid
Quadrupole-TOF LC/MS/MS) spectrometer. Elemental analysis data were obtained
on a Thermo Finnigan Flash EA 1112 Series CHNS Analyzer.

1,2-O-Isopropylidene-3-C-ethynyl-3-O-(2-propynyl)-a-D-ribofuranose (10):
To a cooled solution of 9 (12 g, 0.032 mol) in THF (350 ml) was
added tetra-butyl ammonium fluoride (16.7 g 0.064 mol) and stirred

at rt 2 h. The reaction was patronized in water and ethyl acetate,
aqueous layer was extracted with ethyl acetate. The combined extract as dried over
Na,SOy, filtered, and concentrated under reduced pressure. The purification of residue
by silica gel column chromatography afforded compound 10 (8.0 g, 98% yield) as a
white solid; mp: 142—143 °C; [a]p> +62.8 (¢ 1.1, CHCls); IR (CHCLs) v: 3304, 3019,
2400, 1522, 1422, 1217, 1021, 928, 757, 668 cm'; 'H NMR (CDCls, 200 MHz): &
1.34 (s, 3H), 1.58 (s, 3H), 2.47 (br.t, J=2.4 Hz, 1H), 2.73 (s, 1H), 3.92 (t, J = 4.7 Hz,
2H), 4.20 (t, J = 5.5 Hz, 1H), 4.32 (dd, J = 2.4, 14.6 Hz, 1H), 4.45 (dd, J = 2.4, 14.6
Hz, 1H), 4.63 (d, J = 3.6 Hz, 1H), 5.85 (d, J = 3.6 Hz, 1H); °C NMR (CDCls, 50
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MHz): 6 26.7 (q), 26.8 (q), 54.6 (1), 62.1(t), 74.8 (d), 77.5 (s), 79.2 (s), 80.0 (d), 80.5
(s), 80.7 (d), 82.7 (d), 104.4 (d), 114.0 (s) ppm; ESI-MS (m/z): 2753 (100%,
[M+Na]"), 291.3 (5%, [M+K]"); Anal. Calcd for C;3H;s0s: C, 61.90; H, 6.39%;
Found: C, 61.77; H, 6.52%.

1,2-O-Isopropylidene-3-C-ethynyl-3-O-(2-propynyl)-5-O-pivaloyl-a-D-ribofuranose
(11):

At 0 °C, a solution of compound 10 (7.5 g, 29.0 mmol), TEA (8.3
ml, 60.0 mmol) and catalytic DMAP in dry DCM (100 ml) was
treated with pivoloyl chloride (5.35 ml, 44.0 mmol) stirred at rt for 3

h. The reaction mixture was cooled to 0 °C and quenched with water and extracted
with DCM. Combined organic phase washed with sat NaHCO3; and water, dried over
Na,SQO,, filtered and concentrated under reduced pressure. Purification of the residue
by silica gel column chromatography gave compound 11 (8.09 g, 81% yield) as a
white solid; mp: 125-127 °C; [a]p”’ +4.5 (¢ 1.0, CHCl3); IR (CHCl3) v: 3305, 3019,
2083, 2933, 2872, 2400, 1726, 1523, 1480, 1215, 1165, 669, 628 cm '; 'H NMR
(CDCls, 200 MHz): 6 1.19 (s, 9H), 1.35 (s, 3H), 1.58 (s, 3H), 2.46 (t, J = 2.4 Hz, 1H),
2.71 (s, 1H), 4.27-4.39 (m, 3H), 4.33 (dd, J = 2.4, 14.6 Hz, 1H), 4.46 (dd, J = 2.4,
14.6 Hz, 1H), 4.63 (d, J= 3.7 Hz, 1H), 5.86 (d, J = 3.7 Hz, 1H); °*C NMR (CDCls, 50
MHz): 6 26.7 (q), 26.8 (q), 27.0 (q, 3C), 38.6 (s), 54.5 (t), 63.5 (1), 74.8 (d), 77.1 (s),
78.5 (d), 79.1 (s), 80.1 (d), 80.6 (s), 82.2 (d), 104.6 (d), 113.8 (s), 178.1 (s) ppm; ESI-
MS (m/z): 359.1 (100%, [M+Na]"), 375.1 (17%, [M+K]"); Anal. Calcd for C;sH24Os:
C, 64.27; H, 7.19%; Found: C, 64.14; H, 7.21%.

Acetyl-2-O-acetyl-3-C-ethynyl-3-O-(2-propynyl)-5-O-pivaloyl- o/ f-D-ribofuranoside
(12):

Compound 11 (8.0 g, 0.024 mol) in 60% acetic acid (50 mL) was [ g0

heated under reflux for 2 h. The reaction mixture was neutralized = OAc

by slow addition of solid K,COs and extracted in ethyl acetate. \/5 ‘OAc

Combined ethyl acetate extracts were dried (Na;SO4) and concentrated under reduced
pressure. The crude diol were dissolved in dry CH,Cl, (30 mL). TEA (8 mL) and
catalytic DMAP were added and the mixture was cooled to 0 °C. To this, acetic
anhydride (6.8 mL, 0.072 mol) was added and the contents were stirred at 0 °C for 1 h
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and then at room temperature for 1 h. The reaction mixture was quenched with cold 2
N HCI and extracted in CH,Cl,. Combined organic phase was washed with aq.
NaHCOj; and water, dried over Na,SOy, and filtered and concentrated under reduced
pressure. Purification of the residue by silica gel column chromatography gave a
mixture of diacetates 12 (7.87 g, 87% yield) as a yellowish oil, IR (CHCIl;) v: 3305,
3021, 2977, 2874, 2401, 2119, 1753, 1523, 1480, 1460, 1372, 1216, 1126, 1033, 757
cm '; "H NMR (CDCls, 200 MHz): 6 1.20, 1.21 (2s, 9H), 2.07, 2.10 (2s, 3H), 2.18 (s,
3H), 2.43, 2.44 (2t, J = 2.4 Hz, 1H), 2.79, 2.83 (2s, 1H), 4.22 (dd, J= 2.4, 15.1 Hz,
1H), 4.31-4.38 (m, 3H), 4.41 (dd, J = 2.4, 15.1 Hz, 1H), 5.47,5.49 (2d,J=1.5, 4.4
Hz, 1H), 6.12, 6.42 (2d, J= 1.5, 4.4 Hz, 1H); *C NMR (CDCls, 50 MHz): 6 20.5 (q),
20.6 (q), 20.9 (q), 21.0 (q), 27.2 (q, 6C), 38.6 (s), 38.7 (s), 55.1 (t, 2C), 63.5 (t), 64.2
(t), 74.7 (d), 74.8 (d), 75.0 (d), 75.5 (s), 76.1(s), 77.9 (d), 78.5 (s, 2C), 78.9 (s), 79.2
(s), 80.3 (s), 80.8 (s), 82.0 (d), 82.7 (d), 94.1 (d), 98.9 (d), 169.1 (s), 169.2 (s, 2C),
169.3 (s), 177.9 (s), 178.0 (s) ppm; ESI-MS (m/z): 403.1 (100%, [M+Na]"), 419.1
(25%, [M+K]"); Anal. Caled for C1oH2405: C, 59.99; H, 6.36%; Found: C, 58.11; H,
6.23%.

1-[2-O-Acetyl-3-C-ethynyl-3-O-(2-propynyl)-5-O-pivaloyl-#-D-ribo-

pentofuranosyl]uracil (13):

A solution of acetates 12 (2.0 g, 5.3 mmol), uracil (1.12 g, 10.5
mmol), and N,O-bis(trimethylsilyl) acetamide (2.44 mL, 26.3
mmol) in anhydrous CH3CN (5 mL) was heated to reflux for 15
min. The reaction mixture was cooled to 0 °C and TMSOTT (4.52

mL, 0.015 mol) was added. The reaction mixture was stirred at 50 °C for 2 h,
quenched with cold aq. NaHCO3, and extracted with EtOAc. The combined organic
layer was washed with water, dried over Na,SOs, and filtered and concentrated under
reduced pressure. Purification of the residue by silica gel column chromatography
afforded the protected nucleoside 13 (1.7 g, 75% yield) as a white solid, mp: 174—176
°C; [a]p> +63.4 (¢ 1.0, CHCly); IR (CHCL3) v: 3302, 3019, 2975, 2929, 2400, 1753,
1695, 1634, 1519, 1479, 1425, 1375, 1279, 1159, 1083, 1059, 928 cm'; '"H NMR
(CDCl3, 200 MHz): 6 1.22 (s, 9H), 2.18 (s, 3H), 2.47 (t, J = 2.5 Hz, 1H), 2.86 (s, 1H),
4.25 (dd, J = 2.5, 15.1 Hz, 1H), 4.39 (dd, J = 2.6, 7.5 Hz, 2H), 4.42 (dd, J= 2.4, 15.1
Hz, 1H), 4.55 (dd, J= 5.5, 11.2 Hz, 1H), 5.40 (d, J = 3.8 Hz, 1H), 5.76 (dd, J = 1.9,
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8.2 Hz, 1H), 6.05 (d, J = 3.8 Hz, 1H), 7.62 (d, J = 8.2 Hz, 1H), 9.15 (br.s, 1H); °C
NMR (CDCls, 50 MHz): 6 20.6 (q), 27.2 (q, 3C), 38.8 (s), 55.8 (1), 63.3 (1), 75.2 (d),
75.8 (s), 77.8 (2d, 2C), 78.8 (s), 81.8 (s), 82.0 (d), 87.5 (d), 102.5 (d), 139.2 (d), 150.0
(s), 162.9 (s), 169.3 (s), 178.0 (s) ppm; ESI-MS (m/z): 433.4 (3%, [M+H]"), 455.4
(100%, [M+Na]"), 471.4 (12%, [M+K]"); Anal. Caled for C2;Hx4N,Os: C, 58.33; H,
5.59; N, 6.48%; Found: C, 58.13; H, 5.72; N, 6.36%.

1-[2-O-Acetyl-3-C-ethynyl-3-O-(2-propynyl)-5-O-pivaloyl-#-D-ribo-
pentofuranosyl|thymine (14):

Following the above procedure, the glycosylation of acetates 12 (2.3 [ o |
g, 6.0 mmol) with thymine (1.26 g, 12.1 mmol) gave 14 (1.85 g, 79% Hscfi“
yield) as a white solid, mp: 192194 °C; [a]p> +41.6 (¢ 1.0, CHCL3);
IR (CHClL) v: 3390, 3302, 3020, 2400, 1754, 1696, 1523, 1478, |5 O
1372, 1280, 1216, 1132, 924, 849, 757 cm '; 'H NMR (CDCLs, 200
MHz): § 1.22 (s, 9H), 1.92 (d, J = 1.2 Hz, 3H), 2.17 (s, 3H), 2.47 (t, J = 2.4 Hz, 1H),
2.86 (s, 1H), 4.28 (dd, J = 2.5, 15.2 Hz, 1H), 4.29-4.37 (ddd, J = 2.4, 4.5, 13.3 Hz,
2H), 4.43 (dd, J = 2.4, 15.2 Hz, 1H), 4.55 (dd, J = 7.2, 13.3 Hz, 1H), 5.37 (d, J = 4.5
Hz, 1H), 6.12 (d, J = 4.5 Hz, 1H), 7.40 (d, J = 1.2 Hz, 1H), 9.06 (br.s, 1H); *C NMR
(CDCls, 100 MHz): 6 12.5 (q), 20.6 (q), 27.2 (q, 3C), 38.8 (5), 55.7 (1), 63.2 (t), 75.2
(d), 76.0 (d), 77.2 (s), 77.7 (d), 77.8 (s), 78.9 (s), 81.8 (d), 86.6 (d), 111.3 (s), 134.7
(d), 150.3 (s), 163.5 (s), 169.5 (s), 178.0 (s) ppm; ESI-MS (m/z): 447.5 (5%, [M+H]"),
469.4 (100%, [M+Na]), 485.4 (5.2%, [M+K]"); Anal. Caled for CyHyN,Os: C,
59.19; H, 5.87; N, 6.27%; Found: C, 59.04; H, 5.98; N, 6.10%.

1-[2-O-Acetyl-3-C-ethynyl-3-O-(2-propynyl)-5-O-pivaloyl-FD-ribo-

pentofuranosyl]5-fluorouracil (15):

Following the procedure used for the preparation of 14, glycosylation
of acetates 12 (2.0 g, 5.2 mol) with 5-fluorouracil (1.3 g, 10.5 mol)
gave the nucleoside 15 (1.91 g, 81% yield) as a white solid, mp:
191-192 °C; [a]p> +8.1 (¢ 1.0,CHCls); IR (CHCL3) v: 3309, 3019,
2400, 1748, 1600, 1522, 1475, 1423, 1216, 1019, 928, 757, 668 cm'; '"H NMR
(CDCls, 200 MHz): 6 1.24 (s, 9H), 2.18 (s, 3H), 2.49 (t, J = 2.4 Hz, 1H), 2.89 (s, 1H),
4.31(dd,J=2.5,15.2 Hz, 1H), 4.33 (dd, J = 2.6, 12.1 Hz, 1H), 4.43 (dd, J= 2.6, 12.1
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Hz, 1H), 4.45 (dd, J = 2.5, 15.2 Hz, 1H), 4.58 (dd, J= 5.5, 12.1 Hz, 1H), 5.40 (d, J =
4.5 Hz, 1H), 6.07 (dd, J = 1.6, 4.5 Hz, 1H), 7.73 (d, J = 6.1 Hz, 1H), 8.94 (br.s, 1H);
C NMR (CDCls, 50 MHz): 6 20.6 (q), 27.2 (g, 3C), 38.8 (s), 55.7 (t), 63.3 (t), 75.3
(s), 75.7 (s), 77.9 (d), 78.8 (s), 81.7 (d), 82.4 (d), 87.2 (d), 123.1 (d), 123.8 (d), 124.2
(s), 148.7 (s), 169.5 (s), 169.6 (s), 178.0 (s) ppm; ESI-MS (m/z): 451.5 (5%, [M+H]"),
473.4 (100%, [M+Na]"), 489.4 (10%, [M+K]"); Anal. Calcd for Cy;H,3FN,Og: C,
56.00; H, 5.15; N, 6.22%; Found: C, 56.19; H, 5.10; N, 6.12%.

1-[3-C-ethynyl-3-O-(2-propynyl)-f-D-ribo-pentofuranosyluracil (01):

A solution of 13 (500 mg, 1.15 mmol) and catalytic NaOMe in
methanol (10 mL) was stirred at room temperature for 20 min. The

reaction mixture was concentrated under reduced pressure and the

crude was purified by silica gel column chromatography to afford the
compound 1 (276 mg, 78% yield) as White solid, mp: 114—145 °C; [a]p® +28.7 (¢
0.5, MeOH); IR (CHCly)v: 3684, 3308, 3019, 2399, 1598, 1216, 928, 770, 667 cm ;
'"H NMR (CDCl3:CD;0D; 3:1, 500 MHz): 6 2.45 (t, J = 2.4 Hz, 1H), 2.85 (s, 1H),
3.76 (dd, J = 3.0, 12.4 Hz, 1H), 4.82 (dd, J = 4.1, 12.4 Hz, 1H), 4.22 (t, J = 3.4 Hz,
1H), 4.31 (d,J= 6.3 Hz, 1H), 4.33 (dd, /= 2.4, 15.4 Hz, 1H), 4.40 (dd, J=2.4, 15.4
Hz, 1H), 5.61 (d, /= 8.2 Hz, 1H), 5.82 (d, J = 6.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H);
C NMR (CDCl3:CD;0D; 3:1, 125 MHz): 0 54.2 (1), 61.6 (1), 74.9 (d), 76.6 (s), 79.0
(d), 79.2 (s), 79.3 (s), 80.2 (d), 84.3 (d), 88.5 (d), 102.1 (d), 141.0 (d), 151.0 (s), 164.0
(s) ppm; ESI-MS (m/z): 307.3 (21%, [M+H]"), 329.3 (100%, [M+Na]"), 345.3 (27%,
[M+K]"); Anal. Caled for C14H14N,O¢: C, 54.90; H, 4.61; N, 9.15%; Found: C, 54.72;
H, 4.80; N, 9.04%.

1-[3-C-ethynyl-3-O-(2-propynyl)-D-ribo-pentofuranosyl]thymine

Deprotection of 14 (500 mg, 1.12 mmol), as followed in the
preparation of 1, afforded compound 2, (269 mg, 75% yield) White
solid, mp: 106—107 °C, [a]p® +13.4 (¢ 1.0, MeOH); IR (CHCl;) v:
3684, 3303, 3019, 2400, 1693, 1600, 1521, 1476, 1423, 1216, 1018,
928, 669 cm'; "H NMR (CDCl5:CD;0D; 3:1, 500 MHz): 6 1.83 (s, 3H), 2.50 (t, J =
2.4 Hz, 1H), 2.88 (s, 1H), 3.84 (dd, /= 2.7, 12.6 Hz, 1H), 3.90 (dd, J = 3.9, 12.6 Hz,
1H), 4.28 (t, J= 3.1 Hz, 1H), 4.39 (ddd, /= 0.7, 2.4, 15.4 Hz, 2H), 4.41(br.d, J = 1.0,
2.4 Hz, 1H), 4.46 (ddd, J = 1.0, 2.4, 15.4 Hz, 1H), 5.85 (d, J = 6.6 Hz, 1H), 7.57 (s,
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1H); *C NMR (CDCl5:CD;0D, 3:1, 125 MHz): § 11.7 (q), 54.0 (t), 61.5 (t), 74.7 (s),
76.6 (s), 78.7 (d), 79.0 (d), 79.3 (s), 79.9 (d), 84.1 (d), 87.8 (d), 110.6 (s), 136.7 (d),
151.1 (s), 164.4 (s) ppm; ESI-MS (m/z): 321.3 (9.3%, [M+H]"), 343.3 (100%,
[M+Na]"), 359.4 (11.7%, [M+K]"); Anal. Calcd for C;sHisN2Og: C, 56.25; H, 5.04;
N, 8.75%; Found: C, 56.02; H, 5.32; N, 8.51%

1-[3-C-Ethynyl-3-O-(2-propynyl)-3-D-ribo-pentofuranosyl]5-flurouracil (03):

The deprotection of compound 15 (400 mg, 0.89 mmol) was carried [ o |
out according to the procedure used for the preparation of 1, to F\fi’t‘
procure nucleoside 3 (240 mg, 83% yield) as a white solid, mp: \Qﬁ
109-111 °C; [a]p™ +29.3 (c 1.4, MeOH); IR (CHCL3) v: 3683, 3304, |6 oH
3019, 2399, 1600, 1522, 1475, 1423, 1612, 1019, 928, 757, 668 cm™';
'H NMR (CDCl5:CD;0D, 3:1, 500 MHz): 6 2.50 (t, J = 2.4 Hz, 1H), 2.90 (s, 1H),
3.84 (dd, J = 2.9, 12.3 Hz, 1H), 3.91 (dd, J = 3.3, 12.3 Hz, 1H), 4.29 (t, J = 3.1 Hz,
1H), 4.35 (d, /= 6.4 Hz, 1H), 4.39 (dd, J=2.4, 15.4 Hz, 1H), 4.46 (dd, J=2.4, 154
Hz, 1H), 5.92 (dd, J = 1.5, 6.4 Hz, 1H), 8.07 (d, J = 6.5 Hz, 1H); >C NMR (CD;0D,
125 MHz): 6 55.t (t), 62.8 (t), 76.1 (s), 78.1 (d), 80.5 (d), 81.1 (s), 81.7 (d), 86.2 (d),
88.8 (d), 126.35 (d, J= 35 Hz), 141.2 (d, J= 234 Hz), 151.4 (s), 159.43 (d, J = 26 Hz)
ppm; ESI-MS (m/z): 325.3 (9%, [M+H]"), 347.3 (100%, [M+Na]"), 363.3 (25%,
[M+K]"); Anal. Calcd for C;4H;3FN,Og: C, 51.86; H, 4.04; N, 8.64%; Found: C,
51.92; H, 4.36; N, 8.43%.

3-C-Ethynyl-3-O-(2-propynyl)-2,4,5-Tri-O-acetyl- o/ -D-ribopyranose (16):

Global deprotection and acetylation of 9 (8 g, 0.22 mol), as followed
in the preparation of 12, gave triacetate 16 (7.38 g, 81% yield). Yellow
oil, IR (CHCls) v: 3022, 1752, 1374, 1217, 1154, 1071, 756, 668 cm ';
'H NMR (CDCl3, 200 MHz): 6 2.06 (s, 3H), 2.12, 2.13, 2.15, 2.16 (4s,
6H), 2.43 (t,J=2.4 Hz, 1H), 2.63 (s, 1H), 3.89 (dd, J = 8.5, 11.5 Hz, 1H), 3.95 (dd, J
= 5.3, 11.5 Hz, 1H), 4.49 (dd, J = 2.5, 15.4 Hz, 2H), 5.15 (dd, J = 5.3, 8.5 Hz, 1H),
5.18 (d,J=7.2 Hz, 1H), 5.92 (d, J = 7.2 Hz, 1H); >C NMR (CDCls, 50 MHz): 6 20.5
(q9), 20.6 (q), 20.8 (q), 55.7 (1), 61.7 (t), 71.2 (d), 71.9 (d), 74.1 (d), 74.7 (s), 76.2 (d),
78.5 (s), 79.8 (d), 90.5 (s), 169.0 (s, 2C), 169.4 (s) ppm; ESI-MS (m/z): 361.8 (100%,
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[M+Na]+), 377.3 (0.8%, [M+K]+); Anal. Calcd for CigH;gOs: C, 56.80; H, 5.3%;
Found: C, 56.91; H, 5.19%.

1-[3-C-Ethynyl-3-O-(2-propynyl)-2,4,5-tri-O-acetyl- f-D-ribopyranosyl] uracil (17):

Following the procedure for the preparation of 13, the o B o
glycosylation of acetates 16 (1.0 g, 2.9 mol) with uracil (0.734 g, o T\/j
5.9 mmol) gave 17 (0.911 g, 79% yield). White solid, mp: |aco™ >z “oac
189-190 °C; [a]p® +31.2 (¢ 0.6, MeOH); IR (CHCls) v: 3394, ////o
3306, 3020, 2400, 1755, 1698, 1637, 1520, 1305, 1263, 1216,

1073, 929 cm'; "TH NMR (CDCls, 200 MHz): 6 2.08 (s, 3H), 2.14 (s, 3H), 2.50 (t, J =
2.4, 1H), 2.62 (s, 1H), 3.86-4.02 (m, 2H), 4.59 (d, /= 2.4 Hz, 2H), 5.14 (2dd, J=6.1,
9.6 Hz, 2H), 5.75 (dd, J = 2.2, 8.2 Hz, 1H), 6.06 (d, /= 9.4 Hz, 1H), 7.31 (d, J = 8.2
Hz, 1H), 8.63 (br.s, 1H); °C NMR (CDCls, 50 MHz): 6 20.3 (q), 20.6 (q), 56.5 (%),
63.1 (t), 71.6 (d), 72.3 (d), 74.5 (s), 75.7 (d), 75.8 (d), 78.2 (d), 78.6 (s), 79.8 (s),
103.2 (d), 139.6 (d), 150.1 (s), 162.3 (s), 169.3 (s), 169.5 (s) ppm; ESI-MS (m/z):
391.3 (2.3%, [M+1]"), 413.3 (100%, [M+Na]"), 429.3 (14%, [M+K]"); Anal. Calcd
for CigHsN,Og: C, 55.39; H, 4.65; N, 7.18%; Found: C, 55.20; H, 4.76; N, 7.21%.

1-[3-C-Ethynyl-3-O-(2-propynyl)-2,4,5-tri-O-acetyl- /-D-ribopyranosyl|thymine (18):

Following the procedure used for the preparation of 14, OYH 5
glycosylation of acetates 16 (1.0 g, 2.9 mmol) with thymine o N\/ICH3
(0.757 g, 5.9 mmol) gave the nucleoside 18 (0.932 g, 80% yield). Accyj’

White solid, mp: 185-186 °C; [a]p —1.6 (¢ 1.0, MeOH); IR 7

(CHCI3) v: 3672, 3305, 3448, 3020, 1742, 1693, 1216, 1073, 757, 669 cm'; '"H NMR
(CDCls, 400 MHz): 6 1.91 (d, J = 1.1 Hz, 3H), 2.07 (s, 3H), 2.14 (s, 3H), 2.49 (t, J =
2.4 Hz, 1H), 2.62 (s, 1H), 3.88-3.99 (m, 2H), 4.58 (d, J = 2.4 Hz, 2H), 5.13-5.18 (m,
2H), 6.05 (d, J = 9.4 Hz, 1H), 7.14 (d, J = 1.1 Hz, 1H), 8.56 (br.s, 1H); *C NMR
(CDCls, 100 MHz): 6 12.4 (q), 20.4 (q), 20.6 (q), 56.5 (t), 63.0 (t), 71.6 (d), 72.3 (d),
74.5 (s), 75.7 (s), 75.7 (d), 77.2 (s), 78.5 (d), 79.8 (d), 111.6 (s), 135.2 (d), 150.3 (s),
163.2 (s), 169.3 (s) 169.5 (s) ppm; ESI-MS (m/2): 405 (6.7%, [M+H]"), 427.6 (100%,
[M+Na]"), 443.5 (26.7%, [M+K]"); Anal. Calcd for CioH,0N,Og: C, 56.43; H, 4.99;
N, 6.93%; Found: C, 56.18; H, 5.10; N, 6.79%.

o) OAc
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1-[3-C-Ethynyl-3-O-(2-propynyl)-2,4,5-tri-O-acetyl- /-D-ribopyranosyl]5-flurouracil
(19):

By following the procedure used for the preparation of 15, the o

N (0]
glycosylation of acetates 16 (1.0 g, 2.9 mmol) with 5-fluorouracil }O),N\/IF
AcO" >

2

"OAc

(780 mg, 5.9 mmol) gave 19 (977 mg, 81% yield) as white solid,

mp: 169-171 °C; [a]p> +26.7 (¢ 0.8, MeOH); IR (CHCI;) v: //
3304, 3020, 1744, 1728, 1704, 1475, 1372, 1306, 1267, 1240, 1216, 1156, 1110,
1062, 928, 757, 670, 597 cm™'; 'TH NMR (CDCls, 200 MHz): 6 2.06 (s, 3H), 2.11 (s,
3H), 2.47 (t, J = 2.4 Hz, 1H), 2.64 (s, 1H), 3.89-3.99 (m, 2H), 4.54 (d, J = 2.4 Hz,
2H), 5.09 (d, /= 9.3 Hz, 1H), 5.12 (d, /= 8.1 Hz, 1H), 5.99 (d, /= 9.2 Hz, 1H), 7.42
(d, J = 5.9 Hz, 1H); °C NMR (CDCl;:CD;0D; 3:1, 100 MHz): § 20.1 (q), 20.4 (q),
56.3 (t), 62.8 (1), 71.4 (d), 72.2 (d), 74.4 (s), 75.5 (s), 78.3 (d), 78.8 (s), 79.6 (d), 87.6
(d), 124.0 (d, J = 35 Hz), 140.0 (d, J = 238 Hz), 149.2 (s), 157.3 (d, /=26 Hz), 169.5
(s), 169.7 (s) ppm; ESI-MS (m/z): 409 (8%, [M+H]"), 431.2 (100%, [M+Na]"); Anal.
Calcd for CigH17FN,Og: C, 52.94; H, 4.20; N, 6.86%; Found: C, 52.73; H, 4.35; N,
6.72%.

1[3-C-Ethynyl-3-O-(2-propynyl)- f-D-ribopyranosyl]uracil (04):

Deacetylation of 17 (500 mg, 1.28 mmol), as followed in the [ o
preparation of 1, gave nucleoside 4 (306 mg, 79% yield), White solid, H\ /NC
mp: 133-135 °C; [a]p> +18.9 (¢ 0.3, MeOH); IR (CHCl) v: 3609, o °
3302, 3319, 2401, 2253, 2072, 1688, 1456, 1392, 1216, 1118, 1076, H‘%"’OH
974, 909, 759, 669, 650 cm '; '"H NMR (CDCl;:CD;0D, 3:1, 200 ///
MHz): d 2.44 (t, J= 2.4 Hz, 1H), 2.69 (s, 1H), 3.55 (d, /= 9.3 Hz, 1H), 3.66—3.73 (m,
3H), 4.56 (d, J = 2.4 Hz, 2H), 5.60 (d, J = 8.0 Hz, 1H), 5.61 (d, J= 9.3 Hz, 1H), 7.23
(d, J= 8.0 Hz, 1H) ppm; °C NMR (CDCl3:CD;0D, 3:1, 50 MHz): §56.5 (t), 65.8 (1),
71.5 (d), 73.2 (d), 74.5 (s), 77.6 (s), 78.0 (d), 78.3 (s), 80.3 (d), 80.6 (d), 102.6 (d),
140.3 (d), 151.0 (s), 163.9 (s) ppm; ESI-MS (m/z): 307.2 (16%, [M+H]"), 329.2
(100%, [M+Na]"), 345.2 (20%, [M+K]"); Anal. Calcd for C;4H;4N,Og: C, 54.90; H,
4.61; N, 9.15% Found: C, 54.78; H, 4.69; N, 9.01%.
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1[3-C-Ethynyl-3-O-(2-propynyl)- #-D-ribopyranosyl|thymine (05):

Deacetylation of 18 (480 mg, 1.19 mmol), as followed in the preparation of 1, gave
nucleoside 5 (285 mg, 78% yield), White solid, mp: 121-123 °C; [a]p> —15.3 (¢ 0.2,
MeOH); IR (CHCIs) v: 3302, 3319, 2401, 2253, 2072, 1688, 1456, 1392, 1216, 1118,
1076, 974 cm™'; 'TH NMR (CDCl3:CD;0D; 3:1, 200 MHz): 6 1.79 (d, [ o
J=1.1 Hz, 3H), 2.47 (t, J = 2.4 Hz, 1H), 2.72 (s, 1H), 3.57 (m, 1H), HSC\“\);IEO
3.70-3.83 (m, 3H), 4.59 (2d, J = 12.5 Hz, 2H), 5.62 (d, J = 9.4 Hz, o
1H), 7.07 (d, J = 1.1 Hz, 1H); C NMR (CDCl;:CD;0D; 3:1, 50 H% OH
MHz): 6 11.1 (q), 55.9 (1), 65.3 (1), 71.2 (d), 72.4 (d), 73.7 (d), 76.4 ///
(s), 77.2 (s), 77.9 (s), 79.8 (d), 80.0 (d), 110.4 (s), 135.9 (d), 151.9 (s), 164.2 (s) ppm;
ESI-MS (m/z): 321.2 (7%, [M+H]"), 343.3 (100%, [M+Na]’); Anal. Calcd for
CisHi6N2Og: C, 56.25; H, 5.04; N, 8.75%; Found: C, 56.09; H, 5.15; N, 8.62%.

1[3-C-Ethynyl-3-0-(2-propynyl)- #-D-ribopyranosyl]5-flurouracil (06):

The deacetylation of compound 19 (487 mg, 1.19 mmol) was carried 0
out according to the procedure used for the preparation of 1, to procure r\ﬁt’to
nucleoside 6 (321 mg, 81% yield). White solid, mp: 197-198 °C; o
[a]p® +6.6 (¢ 0.3, MeOH); IR (CHCLs) v: 3675, 3302, 3319, 2401, Hc;/‘}j,o"m
2253, 2072, 1688, 1456, 1392, 1216, 1118, 1076, 974, 909 em™; 'H | 2~
NMR (CDCl5:CD;0OD; 3:1, 200 MHz): 6 2.39 (t, J = 2.4 Hz, 1H), 2.67 (s, 1H), 3.46
(d, J=9.4 Hz, 1H), 3.57-3.69 (m, 3H), 4.49 (s, 1H), 4.50 (s, 1H), 5.55 (dd, J = 1.7,
9.4 Hz, 1H), 7.33 (d, J = 6.2 Hz, 1H); °C NMR (CDCl3:CD;0D; 3:1, 125 MHz): §
56.5 (t), 65.8 (t), 71.4 (d), 73.1 (d), 74.3 (d), 77.4 (d), 77.9 (s), 78.2 (s), 80.2 (s), 80.7
(d), 124.1 (d, J=26 Hz), 140.0 (d, J =237), 149.7 (s), 157.5 (d, J = 26 Hz) ppm; ESI-
MS (m/z): 3252 (7.1%, [M+H]"), 347.2 [M+Na]"), 363.2 (2.2%, [M+K]"); Anal.
Calcd for C14H13FN,Og: C, 51.86; H, 4.04; N, 8.64%; Found: C, 51.76; H, 4.15; N,
8.71%.

Representative procedures for the [2+2+2]-cyclotrimerization reactions of

diynes:

Procedure A: A solution of diyne 1 (0.5 mmol) and alkyne (1.5 mmol) in 4:1
toluene/ethanol (12 mL) was degassed with dry argon for 20 min. To this,
Wilkinson’s catalyst [RhCI(PPh;);] (0.03 mmol) was added, and the mixture was
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heated at 80 °C for 6 h and then allowed to cool to room temperature. The solvent was
evaporated under reduced pressure. The residue was purified by silica gel

chromatography to procure the cyclotrimerization product.

Procedure B: A solution of diyne 1 (0.5 mmol) in toluene/ethanol (12 and 3 mL,
respectively) in a long glass tube was degassed with dry acetylene for 20 min; then,
Wilkinson’s catalyst [RhCI(PPhs);] (0.03 mmol) was introduced into the mixture. The
reaction mixture was cooled to —78 °C, and acetylene gas was condensed by
continuous bubbling for 25 min. and the tube sealed by fusion. The sealed tube was
transferred into steel bomb, heated at 80 °C for 6 h. After cooling to room
temperature, the tube was broken and the mixture was transferred into a round-bottom
flask and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (ethyl acetate in petroleum ether) to afford the cyclotrimerized

product.

Procedure C: A solution of diyne 1 (0.5 mmol) and alkyne (0.5 mmol) in DCE (5
mL) was degassed with dry argon for 20 min. To this, Cp*RuCl(cod) catalyst (0.03
mmol) was added, and the mixture was stired for 4-6 h at room temperature. The
solvent evaporated under reduced pressure. The residue was purified by silica gel

chromatography to procure the cyclotrimerization product.
1-[3-C,3-O-(o-Phenylenemethylene)- f-D-ribofuranosyl]uracil (20):

Following procedure B, using diyne 1 (100 mg, 0.33 mmol) and
acetylene gas were used to get a compound 20 (86 mg, 79% yield) as
a white solid, mp: 234-236 °C; [a]p” +14.3 (c 0.3, MeOH); IR
(CHCl3): 3630, 3371, 3018, 1728, 1522, 1421, 1375, 1216, 1120,
1048, 975, 757 cm™'; '"H NMR (CDCl3:CD;0D; 3:1, 500 MHz): §
3.38 (dd, J=1.2, 12.1 Hz, 1H), 3.64 (dd, /= 2.8, 12.1 Hz, 1H), 4.07 (dd, J=1.2, 2.8
Hz, 1H), 4.45 (d, J = 8.2 Hz, 1H), 5.03 (d, J = 12.7 Hz, 1H), 5.05 (d, J = 12.7 Hz,
1H), 5.60 (d, J = 8.2 Hz, 1H), 591 (d, J = 8.2 Hz, 1H), 7.08-7.10 (m, 1H), 7.17-7.19
(m, 2H), 7.62 (dd, J = 1.9, 6.8 Hz, 1H), 8.07 (d, J = 8.2 Hz, 1H); >C NMR
(CDCl5:CDs0D; 3:1, 125 MHz): 6 60.4 (t), 72.2 (t), 78.1 (d), 86.0 (d), 87.7 (d), 94.8
(s), 102.2 (d), 120.6 (d), 123.1 (d), 127.6 (d), 128.6 (d), 134.9 (s), 140.9 (s), 142.0 (d),
151.3 (s), 164.3 (s) ppm; ESI-MS (m/z): 333.4 (18%, [M+H]"), 355.3 (100%,
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[M+Na]"), 371.3 (32%, [M+K]"); Anal. Calcd for C;H;sN,Os: C, 57.83; H, 5.85; N,
8.43%; Found: C, 57.51; H, 5.99; N, 8.21%.

1-[3-C,3-O-(o-Phenylenemethylene)- f-D-ribofuranosyl|thymine
(21):

Procedure B was followed. Diyne 2 (50 mg, 0.163 mmol) and
acetylene gas were used to afford compound 21 (41.6 mg, 77%
yield). White solid, mp: 262—163 °C; [o]p> +4.4 (¢ 1.1 MeOH); IR
(CHCL3) v: 3421, 3019, 1660, 1404, 1216, 1035, 758, 668 cm'; 'H NMR
(CDClI3:CDsOD; 3:1, 400 MHz): 6 1.21 (s, 3H), 3.53 (d, /= 11.8 Hz, 1H), 3.80 (dd, J
=3.0, 11.8 Hz, 1H), 4.20 (d, J = 2.4 Hz, 1H), 4.52 (d, J= 8.1 Hz, 1H), 5.16 (d, J =
12.6 Hz, 1H), 5.20 (d, J = 12.6 Hz, 1H), 6.11 (d, J = 8.1 Hz, 1H), 7.23 (dd, J = 3.0,
8.0 Hz, 1H), 7.29-7.34 (m, 2H), 7.37-7.38 (m, 1H), 7.76 (dd, J = 2.5, 7.1 Hz, 1H),
8.58 (d, J = 6.4 Hz, 1H); *C NMR (CDCl;:CD;0D; 3:1, 100 MHz): d 13.7 (q), 60.3
(), 72.2 (t), 78.5 (d), 85.9 (d), 87.0 (d), 94.9 (s), 120.6 (d), 123.1 (d), 125.4 (s), 125.7
(d), 127.6 (d), 128.6 (d), 134.7 (s), 141.0 (s), 149.9 (s), 157.8 (s) ppm; ESI-MS (m/z):
369.3 (100%, [M+Na]"); Anal. Calcd for C17H sN,Og: C, 58.96; H, 5.24; N, 8.09%;
Found: C, 58.71; H, 5.39; N, 8.01%.

1-[3-C,3-0-(o-Phenylenemethylene)- #D-ribofuranosyl]5-flurouracil (22):

General procedure B was followed. Diyne 3 (110 mg, 0.34 mmol) 0

F
and acetylene gas were used to afford compound 22 (118 mg, 75% o \fkjﬁ
N (6]
yield). White solid, mp: 262 °C; [a]p> +11.6 (¢ 0.2, MeOH); IR °
(CHCIl3) v: 3684, 3621, 3019, 2975, 2927, 2400, 1609, 520, 1476, % oH

1423, 1215, 1031, 928 cm™'; 'H NMR (CDCL:CD;0D; 3:1, 400 MHz): 6 3.53 (dd, J
=12, 11.8 Hz, 1H), 3.80 (dd, J = 3.0, 11.8 Hz, 1H), 4.20 (dd, J = 1.2, 2.8 Hz, 1H),
452 (d, J = 8.1 Hz, 1H), 5.16 (d, J = 12.5 Hz, 1H), 5.20 (d, J = 12.5 Hz, 1H), 6.12
(dd, J=1.7, 8.1 Hz, 1H), 7.22 (dd, J = 2.6, 7.1 Hz, 1H), 7.28-7.37 (m, 2H), 7.73-7.81
(m, 1H), 8.60 (d, J = 6.5 Hz, 1H); *C NMR (CDCl5:CD;OD; 3:1, 100 MHz): § 60.3
(1), 72.2 (1), 78.4 (d), 85.9 (d), 87.0 (d), 94.9 (s), 120.5 (d), 123.1 (d), 125.3 (s), 125.5
(d, J =34 Hz), 125.7 (d), 127.5 (d), 128.6 (d), 134.7 (s), 140.4 (d, J= 234 Hz,), 140.9
(s), 150.0 (s), 157.9 (d, J = 26 Hz) ppm; ESI-MS (m/2): 350.3 (3.7%, [M+H]"), 373.2
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(100%, [M+Na]"), 389.2 (18%, [M+K]"); Anal. Calcd for C;¢H;5sFN,O¢: C, 54.86; H,
4.32; N, 8.00%; Found: C, 54.68; H, 4.40; N, 7.92%.

1-[3-C,3-O-(o-Phenylenemethylene)- #D-ribopyranosyl]uracil (23):

By following procedure B, cycloaddition of the diyne 4 (100 mg,
0.55 mmol) with acetylene gave compound 23 (77 mg, 71% yield) as
a white solid. mp: 138140 °C; [a]p” +56.5 (¢ 0.4, MeOH); IR
(nujol) v: 3393, 3018, 2961, 2854, 1679, 1459, 1377, 1243, 1062 cm™
' TH NMR (CD;0D, 400 MHz): & 3.85 (t, J = 10.8 Hz, 1H), 3.94
(dd, J=5.4, 10.8 Hz, 1H), 4.03 (dd, J = 5.4, 10.8 Hz, 1H), 4.06 (d, J = 9.5 Hz, 1H),
522 (d,J=11.8 Hz, 1H), 5.27 (d,J=11.8 Hz, 1H), 5.73 (d, /= 8.1 Hz, 1H), 5.86 (d,
J=9.5 Hz, 1H), 7.25 (dd, J = 6.1, 1.55 Hz, 1H), 7.30-7.35 (m, 2H), 7.38-7.40 (m,
1H), 7.79 (d, J= 8.1 Hz, 1H); °C NMR (CD;0D, 100 MHz): 6 68.8 (t), 71.4 (d), 72.7
(d), 75.8 (t), 83.7 (d), 93.9 (s), 103.2 (d), 121.8 (d), 122.3 (d), 128.6 (d), 129.4 (d),
139.5 (s), 142.9 (d), 143.0 (s), 152.9 (s), 166.1 (s) ppm; ESI-MS (m/z): 333.60
(19.12%, [M+17"), 355.60 (100%, [M+Na]"), 371.57 (11.03%, [M+K]"); Anal. Calcd
for Ci¢H¢N2Og: C, 57.83; H, 4.85; N, 8.43%; Found: C, 57.95; H, 4.98; N, 8.56%.

1-[3-C,3-O-(o-Phenylenemethylene)- 4-D-ribopyranosyl|thymine (24):

Cycloaddition of diyne 5 (130 mg, 0.40 mmol) and acetylene gas, ([ o
following procedure B gave compound 24 (97 mg, 69% yield) as a H3C\ft’£
white solid. mp: 116118 °C; [a]p> +30.0 (¢ 0.8, MeOH); IR (nujol)
vi 3371, 3017, 2925, 2855, 1653, 1463, 1377, 1064, 762 cm '; 'H
NMR (Acetone—Dg, 200 MHz): 6 1.85 (d, J= 1.1 Hz, 3H), 3.83 (t,J =
10.7 Hz, 1H), 3.91 (m, 1H), 3.93 (dd, J = 5.5, 10.7 Hz, 1H), 4.05-4.11 (m, 1H), 4.17
(d, J=9.1 Hz, 1H), 4.23 (dd, J = 8.8, 9.5 Hz, 1H), 5.24 (d, /= 11.7 Hz, 1H), 5.29 (d,
J=11.7 Hz, 1H), 5.90 (d, J = 9.5 Hz, 1H), 7.27-7.28 (m, 1H), 7.30~7.35 (m, 2H),
7.40-7.42 (m, 1H), 7.63 (q, J= 1.1 Hz, 1H), 10.12 (br.s, 1H); *C NMR (Acetone—Ds,
50 MHz): 6 12.3 (q), 68.5 (t), 71.1 (d), 72.2 (d), 75.3 (t), 82.8 (d), 93.5 (s), 110.8 (s),
121.4 (d), 122.0 (d), 127.9 (d), 128.7 (d), 137.1 (d), 139.7 (s), 142.5 (s), 152.0 (s),
164.2 (s) ppm; ESI-MS (m/z): 369.03 (100%, [M+Na]"), 385.99 (70%, [M+K]");
Anal. Caled for C17H1gN,O¢: C, 58.96; H, 5.24; N, 8.09%; Found: C, 59.10; H, 5.06;
N, 7.97%.
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1-[3-C,3-O-(o-Phenylenemethylene)- #-D-ribopyranosyl]5-flurouracil (25):

General procedure B was followed. Diyne 6 (110 mg, 0.34 mmol) and
acetylene gas were used to afford compound 25 (86.7 mg, 73% yield)
as a white solid. mp: 153-155 °C; [o]p> +44.0 (¢ 0.7, MeOH); IR
(nujol) v: 3387, 3021, 2920, 2854, 1698, 1666, 1461, 1377, 1284, 1245,
1063, 914, 756 cm'; "H NMR (CDsOD, 200 MHz): § 3.85 (t, J = 10.9
Hz, 1H), 3.95 (dd, J = 5.3, 10.7 Hz, 1H), 3.99—4.04 (m, 2H), 5.22 (d, J = 11.9 Hz,
1H), 5.26 (d, J = 11.9 Hz, 1H), 5.84 (dd, J = 1.5, 9.5 Hz, 1H), 7.23—7.25 (m, 1H),
7.29-7.38 (m, 3H), 7.94 (d, J = 6.5 Hz, 1H); °C NMR (CD;0D, 50 MHz): §68.5 (t),
71.0 (d), 72.5 (d), 75.6 (t), 83.6 (d), 93.5 (s), 121.7 (d, J = 36 Hz), 126.1 (d), 126.5
(d), 128.4 (d), 129.2 (d), 139.0 (s), 142.5 (s), 142.7 (d, J = 234 Hz), 151.2 (s), 159.1
(d, J = 26 Hz) ppm; ESI-MS (m/z): 351.5 (18%, [M+H]"), 373.5 (100%, [M+Na]");
Anal. Calced for C;¢HsFN,Oq: C, 54.86; H, 4.32; N, 8.0%; Found: C, 54.71; H, 4.48;
N, 8.13%.

1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene} - 5-D-

ribofuranosyl]uracil (26):

General procedure A was followed. Diyne 1 (100 mg, 0.33 o
mmol) and 1,4-diacetoxy-2-butyne (0.24 mL, 1.63 mmol) oH (Lr
were used to afford compound 26 (129 mg, 83% yield) as a | AcoH,C

white solid. mp: 181-183 °C; [a]p> +25.0 (¢ 0.5, MeOH); IR | AcOHC o o
(CHCls) v: 3683, 3304, 3019, 2400, 1749, 1600, 1422, 1478, 1424, 1372, 1216, 1030,
928 c¢m'; '"H NMR (CDCl3:CD;0D; 3:1, 500 MHz): § 2.02 (s, 3H), 2.04 (s, 3H),
3.45 (dd, J= 1.0, 11.8 Hz, 1H), 3.77 (dd, J = 2.9, 12.0 Hz, 1H), 4.16 (dd, J=1.1, 2.7
Hz, 1H), 4.57 (d, J=8.2 Hz, 1H), 5.11 (d, J=12.7 Hz, 1H), 5.13 (d, J = 2.4, 12.7 Hz,
1H), 5.15-5.17 (m, 4H), 5.16 (d, /= 12.4 Hz, 1H), 5.71 (d, J = 8.1 Hz, 1H), 5.95 (d, J
= 8.2 Hz, 1H), 7.78 (s, 1H), 8.09 (d, J = 8.2 Hz, 1H); °C NMR (CDCl;:CD;0OD; 3:1,
125 MHz): ¢ 20.8 (q, 2C) 60.6 (t), 63.4 (1), 64.1 (t), 72.3 (1), 78.2 (d), 86.0 (d), 88.3
(d), 95.1 (s), 102.7 (d), 122.1 (d), 125.5 (d), 134.1 (s), 135.7 (s), 135.8 (s), 142.0 (s),
142.1 (d), 151.3 (s), 164.0 (s), 170.9 (s), 171.3 (s) ppm; ESI-MS (m/z): 477.4 (5.3%,
[M+H]), 499.3 (100%, [M+Na]’), 515.5 (3.5%, [M+K]"); Anal. Calcd for
CyHauN,Oy: C, 55.46; H, 5.08; N, 5.88%; Found: C, 55.30; H, 5.21; N, 5.93%.
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1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene } - #-D-
ribofuranosyl]thymine (27):

General procedure A was followed. Diyne 2 (100 mg, 0.31 5
mmol) and 1,4-diacetoxy-2-butyne (0.23 mL, 1.56 mmol) ::C\fl\/t*
were used to afford a compound 27 (92 mg, 85% yield) as a | x.on,c og
white solid. mp: 228-230 °C; IR (CHCIls) v: 3685, 3019, | acom,c 5 o

2400, 1734, 1215, 1020, 928, 849, 765, 699 cm™'; 'H NMR (CDCl;:CD;0D; 3:1, 200
MHz): 6 1.91 (s, 3H), 2.06, 2.08 (2s, 6H), 3.50 (dd, /= 1.2, 12.1 Hz, 1H), 3.78 (dd, J
=209, 12.1 Hz, 1H), 4.17 (dd, J = 1.2, 2.8 Hz, 1H), 4.58 (d, J = 8.2 Hz, 1H), 5.15-
5.24 (m, 6H), 5.99 (d, J = 8.2 Hz, 1H), 7.29 (s, 1H), 7.85 (s, 1H), 8.02 (s, 1H); °C
NMR (CDCl5:CD;0D; 3:1, 100 MHz): 6 12.4 (q), 20.9 (q, 2C), 61.0 (t), 63.4 (1),
64.2 (1), 72.4 (1), 77.2 (d), 86.0 (d), 90.0 (d), 95.0 (s), 111.2 (s), 122.1 (d), 125.8 (d),
134.4 (s), 135.7 (s), 136.0 (s), 138.3 (d), 141.9 (s), 151.2 (s), 163.8 (s), 170.8 (s),
171.2 (s) ppm; ESI-MS (m/z): 503.4 (100%, [M+Na]"); Anal. Calcd for C3H6N,01:
C, 56.32; H, 5.34; N, 5.71%; Found: C, 56.29; H, 5.46; N, 5.76%.

1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene} - /-D-ribofuranosyl]5-
flurouracil (28):

By following procedure A, cycloaddition of the diyne 3 (150 o
mg, 0.46 mmol) with 1,4-Diacetoxy-2-butyne (0.35 mlL, OHF\ﬁL/NC
2.31mmol) gave compound 28 (187 mg, 82% yield) as a | AcoHC

white solid. mp: 132—134 °C; [a]p” +25.9 (¢ 0.5, MeOH); IR [ AcoHC o on
(CHCIls) v: 3684, 3532, 3019, 1681, 2400, 2236, 1521, 1476, 1215, 1117, 1029, 972,
849, 770 cm™'; "TH NMR (CDCl3:CD;0D; 3:1, 500 MHz): §2.14, 2.15 (2s, 6H), 3.60
(dd, J=1.4,12.1, 1H), 3.84 (dd, J= 3.1, 12.1 Hz, 1H), 4.24 (dd, J = 1.4, 2.8 Hz, 1H),
4.52 (br.s, 1H), 5.21 (d, J = 12.7 Hz, 1H), 5.24 (d, J = 12.7 Hz, 1H), 5.26-5.30 (m,
4H), 6.19 (dd, J = 1.6, 8.1 Hz, 1H), 7.45 (s, 1H), 7.91 (s, 1H), 8.67 (d, J = 6.7 Hz,
1H); *C NMR (CDCl3:DMSO0-D6; 3:1, 125 MHz): § 20.9 (q), 21.00 (q), 61.4 (t),
64.3 (1), 64.7 (1), 73.1 (1), 79.7 (d), 87.0 (d), 87.2 (d), 96.2 (s), 101.0 (s), 123.0 (d),
125.6 (d), 126.18 (d, J = 35 Hz), 135.5 (s), 136.8 (s), 137.4 (s), 141.65 (d, J = 233
Hz), 143.6 (s), 151.1 (s), 158.5 (d, J = 26 Hz), 171.7 (2s) ppm; ESI-MS (m/z): 517.5
(100%, [M+Na]"), 533.5 (43%, [M+K]"); Anal. Calcd for C3H23FN,O0: C, 53.44; H,
4.69; N, 5.67%; Found: C, 53.35; H, 4.74; N, 5.63%.
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1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene } - #-D-
ribopyranosylJuracil (29):

Cycloaddition of diyne 4 (130 mg, 0.42 mmol) and 1,4-
Diacetoxy-2-butyne (0.32 mL, 2.12 mmol) following procedure
B gave compound 29 (164 mg, 81% yield) as a colorless liquid,
[a]p> +15.9 (¢ 0.4, MeOH); IR (CHCl3) v: 3687, 3650, 3567, |Aconc
3019, 2930, 2400, 1732, 1693, 1612, 1517, 1474, 1423, 1386, (L AcOH,C
1216, 1075, 1028, 961, 928 cm™'; "H NMR (CDCl3:CD;0D; 3:1, 400 MHz): 6 1.87
(s, 6H), 3.62 (t, J = 12.5 Hz, 2H), 3.67 (d, /= 9.4 Hz, 1H), 3.75 (dd, /= 1.8, 5.3 Hz,
1H), 3.78 (dd, J = 1.8, 5.3 Hz, 1H), 4.99 (s, 2H), 5.00 (s, 2H), 5.52 (d, J = 8.1 Hz,
1H), 5.59 (d, J = 9.4 Hz, 1H), 7.08 (s, 1H), 7.12 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H); °C
NMR (CDCl;5:CDs0D; 3:1, 100 MHz): 6 20.2 (q), 20.3 (q), 63.3 (t), 63.7 (1), 67.2 (1),
69.7 (d), 71.5 (d), 74.2 (t), 82.0 (d), 92.1 (s), 102.1 (d), 121.9 (d), 122.1 (d), 133.7 (s),
134.9 (s), 138.1 (s), 140.4 (d), 141.8 (s), 151.0 (s), 163.9 (s), 170.9 (s), 171.1 (s) ppm;
ESI-MS (m/z): 4779 (0.8%, [M+H]"), 499.9 (100%, [M+Na]’), 515.9 (1.3%,
[M+K]"); Anal. Caled for C2Hp4N2Oy0: C, 55.46; H, 5.88; N, 5.88%; Found: C,
55.39; H, 5.96; N, 5.78%.

1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene} - 5-D-
ribopyranosyl]thymine (30):

General procedure A was followed. Diyne 5 (120 mg, 0.37
mmol) and 1,4-Diacetoxy-2-butyne (0.28 mL, 1.9 mmol) were
used to afford compound 30 (136 mg, 74% yield) as a colorless
gum. [a]p> +14.8 (¢ 0.5, MeOH); IR (CHCls) v: 3686, 3650, |Acomc
3020, 2930, 2400, 1731, 1723, 1694, 1602, 1519, 1475, 1422, [_AcOH,C
1215, 1028, 928, 849 cm'; 'H NMR (CDCls, 200 MHz): 6 1.91 (d, J = 1.1 Hz, 3H),
2.09 (2s, 6H), 3.29 (d, J = 10.7 Hz, 1H), 3.75 (d, /= 6.9 Hz, 1H), 3.82 (d, J=10.7
Hz, 1H), 3.97-4.11 (m, 2H), 5.17 (d, J = 12.8 Hz, 1H), 5.20 (br.s, 2H), 5.23 (d, J =
12.8 Hz, 1H), 5.27 (d, J = 12.7 Hz, 1H), 5.43 (d, J = 12.7 Hz, 1H), 5.82 (d, /= 9.3
HZ, 1H), 7.20 (d, J = 1.1 Hz, 1H), 7.33 (2s, 2H), 8.99 (br.s, 1H); *C NMR (CDCls,
100 MHz): 6 12.4 (q), 20.9 (q), 21.1 (q), 63.5 (1), 63.7 (t), 67.7 (t), 70.3 (d), 73.4 (d),
75.1 (1), 82.0 (d), 92.5 (s), 111.6 (s), 122.5 (d), 122.6 (d), 134.6 (s), 135.3 (d), 135.8
(s), 137.6 (s), 141.4 (s), 151.3 (s), 163.6 (s), 170.7 (s), 170.8 (s) ppm; ESI-MS (m/z):
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491.89 (0.6%, [M+H]"), 513.97 (100%, [M+Na]"), 529.96 (2.7%, [M+K]"); Anal.
Calcd for Co3Ho6N>Oqo: C, 56.32; H, 5.34; N, 5.71%; Found: C, 56.18; H, 5.32; N,
5.52%.

1-[3-C,3-0-{0-(3,4-Di-acetyloxymethyl)phenylenemethylene} - /~-D-ribopyranosyl]5-
flurouracil (31):

General procedure A was followed. Diyne 6 (100 mg, 0.31
mmol) and 1,4-Diacetoxy-2-butyne (0.234 mL, 1.54 mmol)
were used to procure compound 31 (122 mg, 80% yield) as a
white gum. [G]D25 +134.1 (¢ 0.2, MeOH) ; IR (CHCI;) v: 3686, |AcoHC
3019, 2927, 2855, 2400, 1731, 1601, 1519, 1471, 1417, 1215, [ AcOH,C
1021, 928 cm'; '"H NMR (CDCl;3:CD;0D; 3:1, 400 MHz): 6 1.84 (2s, 6H), 3.56—
3.65 (m, 2H), 3.71-3.77 (m, 2H), 4.96 (s, 2H), 4.98 (s, 2H), 5.00-5.08 (m, 2H), 5.56
(dd, J = 1.4, 9.4 Hz, 1H), 7.06 (s, 1H), 7.12 (s, 1H), 7.47 (d, J = 6.3 Hz, 1H); °C
NMR (CDCl;3:CD;0D; 3:1, 100 MHz): 6 20.1 (q, 2C), 63.3 (t), 63.6 (t), 67.1 (t), 69.5
(d), 71.3 (d), 74.1 (t), 82.1 (d), 92.0 (s), 121.8 (d), 122.2 (d), 124.3 (d, J = 35 Hz),
133.6 (s), 134.8 (s), 138.1 (s), 140.3 (d, J =236 Hz), 141.8 (s), 149.7 (s), 157.5 (d, J =
27 Hz), 170.8 (s), 171.1 (s) ppm; ESI-MS (m/z): 517.4 (100%, [M+Na]"); Anal. Calcd
for CuH23FN»O)0: C, 53.44; H, 4.69; N, 5.67%; Found: C, 53.24; H, 4.95; N, 5.45%.

1-[3-C,3-0-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribofuranosyl]uracil (32):

General procedure A was followed. Diyne 1 (120 mg, 0.39 Q

mmol) and 1-heptyne (0.26 mL, 1.96 mmol) were used to afford OH f:jj‘:
(0]
a 1:1 mixture of compounds 32 (126 mg, 80% yield) as a white N ©
CsHirg- P
solid, IR (CHCl3) v: 3683, 3019, 2400, 1695, 1522, 1476, 1424, =0 ©H

1416, 1021, 908 cm™'; '"H NMR (CDCl3:CD;0D; 3:1, 400 MHz): 6 0.85 (t, J = 6.5
Hz, 3H), 1.27-1.29 (m, 6H), 1.56 (br.s, 3H), 2.57 (dd, J = 7.6, 15.4 Hz, 2H), 3.54 (d, J
=12.1 Hz, 1H), 3.76 (dd, J=3.0, 12.1 Hz, 1H), 4.18 (m, 1H), 4.57 (t, J = 8.5 Hz, 1H),
5.12 (d, J= 12.6 Hz, 1H), 5.16 (d, J = 12.6 Hz, 1H), 5.72 (d, J = 8.1 Hz, 1H), 6.01 (d,
J = 8.1 Hz, 1H), 7.03-7.15 (m, 2H), 7.56-7.64 (m, 1H), 8.18 (dd, J = 1.3, 8.2 Hz,
1H); *C NMR (CDCl3:CD;0D; 3:1, 100 MHz): § 13.6 (q), 22.2 (t), 31.0 (1), 31.2 (t),
35.5 (1), 35.6 (1), 60.5 (t), 72.1 (t), 72.2 (1), 77.3 (s), 77.9 (s), 78.0 (d), 86.0 (2d), 88.0
(d), 88.1 (d), 94.7 (s), 102.2 (d), 120.3 (s), 120.4 (d), 122.9 (d), 128.0 (d), 128.9 (d),
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132.1 (s), 135.0 (s), 138.2 (s), 141.1 (s), 142.1 (2d), 142.7 (d), 143.8 (s), 151.3 (s),
164.3 (s) ppm; ESI-MS (m/z): 403.2 (2.4%, [M+H]"), 425.3 (100%, [M+Na]"), 441.2
(4.5%, [M+K]"); Anal. Calcd for C;1H2¢N,Os: C, 62.67; H, 6.51; N, 6.96%; Found: C,
62.58; H, 6.60; N, 7.03%.

1-[3-C,3-0-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribofuranosyl]thymine (33):

By following procedure A, cycloaddition of the diyne 2 (100 0
mg, 0.31 mmol) with 1-heptyne (0.20 mL, 1.56 mmol) gave a ::C\f'\j“:o
1:1 mixture of compounds 33 (105 mg, 81% yield) as a white N ;O ]
solid. mp: 210—212 °C; IR (CHCls) v: 3685, 3308, 3020, 2400, o ©H

1521, 1476, 1423, 1385, 1215, 1100, 1068, 1044, 909, 770, 669, 651, 626 cm™'; 'H
NMR (CDCl3:CD;0D, 3:1, 400 MHz): 6 0.85 (t, J = 6.1 Hz, 3H), 1.21-1.29 (m, 4H),
1.57 (br.s, 3H), 1.88 (s, 3H), 2.59 (dd, J = 7.6, 15.4 Hz, 2H), 3.52 (d, J = 12.1 Hz,
1H), 3.75 (d, J = 12.1 Hz, 1H), 3.92 (br.s, 1H), 4.61 (t, J= 6.8 Hz, 1H), 5.13 (2d, J =
12.6 Hz, 2H), 5.94 (d, J = 7.8 Hz, 1H), 7.02-7.12 (m, 2H), 7.46-7.65 (m, 2H), 7.90
(s, 1H); *C NMR (CDCl5:CD;0D, 3:1, 100 MHz): § 11.9 (q), 13.6 (q), 22.2 (t), 31.0
(t), 31.2 (t, 2C), 35.5 (1), 35.6 (t), 60.5 (1), 72.1 (t), 72.2 (s), 77.2 (s), 77.9 (s), 78.0 (d),
86.0 (2d), 88.0 (d), 88.1 (d), 94.7 (s), 102.2 (d), 120.3 (s), 120.4 (d), 122.9 (d), 128.0
(d), 128.9 (d), 132.1 (s), 135.0 (s), 138.2 (s), 141.1 (s), 142.1 (2d), 142.7 (s), 143.8 (5),
1513 (s), 164.3 (s) ppm; ESI-MS (m/z): 417.4 (39%, [M+H]"), 439.4 (100%,
[M+Na]"), 455.2 (9%, [M+K]"); Anal. Calcd for C,,HxN,O¢: C, 63.45; H, 6.78; N,
6.73%; Found: C, 63.37; H, 6.83; N, 6.82%.

1-[3-C,3-0-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribofuranosyl]5-flurouracil
(34):

Cycloaddition of diyne 3 (130 mg, 0.40 mmol) and 1-heptyne o
(0.26 mL, 2.0 mmol) following procedure A gave a 1:1 mixture OHF\KLNH
of compounds 34 (133 mg, 79% yield) as a white solid. IR e NS
(CHCly) v: 3685, 3020, 2400, 1709, 1523, 1425, 1216, 929, 909 "=\ o o
cm '; '"H NMR (CDCl5:CDs0D; 3:1, 500 MHz): 6 0.87 (t, J = 6.9 Hz, 3H), 1.28—1.34
(m, 6H), 1.55-1.61 (m, 2H), 2.58-2.63 (m, 3H), 3.53 (d, /= 11.7 Hz, 1H), 3.77 (dd, J
=2.5,11.7 Hz, 1H), 4.17 (m, 1H), 4.55 (t, /= 8.1 Hz, 1H), 5.12 (d, /= 12.6 Hz, 1H),
5.16 (d, J=12.6 Hz, 1H), 6.07 (d, /= 7.9 Hz, 1H), 7.04—7.16 (m, 2H), 7.55-7.57 (m,
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1H), 8.32 (d, J = 6.3 Hz, 1H); *C NMR (CDCl;5:CD;0D; 3:1, 100 MHz): J 13.3 (2q),
21.9 (1), 22.0 (1), 28.7 (t), 29.0 (t), 30.7 (t), 30.9 (t, 2C), 31.3 (1), 35.1 (t), 35.3 (t), 60.2
(t), 71.7 (2t), 77.2 (d), 77.9 (d, 2C), 85.5 (2d), 87.3 (d), 94.6 (s), 99.4 (s), 119.9 (d),
120.0 (d), 122.7 (d), 124.4 (d, J = 35 Hz), 127.6 (d), 128.5 (d), 130.5 (s), 132.3 (s),
135.1 (s), 138.0 (s), 139.9 (d, J = 139 Hz), 140.9 (s), 142.2 (s), 143.3 (s), 153.8 (s)
ppm; ESI-MS (m/z): 443.33 (100%, [M+Na]+); Anal. Calcd for Cy1Hy5FN>Og: C,
59.99; H, 5.99; N, 6.66%; Found: C, 59.80; H, 6.11; N, 6.72%.

1-[3-C,3-0-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribopyranosyl]Juracil (35):

General procedure A was followed. Diyne 4 (120 mg, 0.39 mmol)
I-heptyne (0.28 mL, 1.95 mmol) were used to afford a 1:1
mixture of compounds 35 (112 mg, 81% yield) as a colorless
gum. IR (CHCI3) v: 3672, 3565, 3020, 2929, 2400, 1696, 1634,
1539, 1403, 1215, 105, 1029, 929 cm; 'H NMR
(CDCl5:CDs0OD; 3:1, 400 MHz): 6 0.82 (t, J = 6.4 Hz, 3H), 1.22-1.32 (m, 6H), 2.51—
2.61 (m, 2H), 3.70-3.83 (m, 2H), 3.85-4.98 (m, 2H), 5.17 (d, J = 12.1 Hz, 1H), 5.27
(d, J=12.1 Hz, 1H), 5.65 (dt, J=1.9, 8.2 Hz, 1H), 5.79 (d, /= 9.3 Hz, 1H), 7.00 (d, J
= 4.0 Hz, 1H), 7.09-7.11 (m, 2H), 7.33 (dd, J = 1.9, 8.2 Hz, 1H), 9.68 (br.s, 1H); °C
NMR (CDCl;5:CD;0D; 3:1, 100 MHz): 6 13.9 (q), 14.0 (q), 22.3 (t), 22.5 (1), 22.6 (1),
29.2 (t), 31.1 (2t), 31.2 (t), 31.5 (), 31.7 (1), 35.8 (1), 35.7 (t), 51.0 (1), 67.8 (t), 70.1
(d), 70.2 (d), 72.6 (d), 72.7 (d), 74.9 (t), 77.2 (d), 82.2 (d), 92.0 (s), 102.8 (d), 120.3
(d), 120.4 (d), 120.5 (d), 120.7 (d), 128.1 (d), 128.9 (d), 134.4 (s), 137.3 (s), 138.1 (s),
139.6 (d), 141.0 (s), 142.7 (s), 143.6 (s), 151.0 (s), 163.0 (s) ppm; ESI-MS (m/z):
403.3 (9%, [M+H]"), 425.4 (100%, [M+Na]"), 471.5 (18%, [M+K]"); Anal. Calcd for
C21H26N2Og: C, 62.67; H, 6.51; N, 6.96%; Found: C, 62.76; H, 6.49; N, 6.82%.

1-[3-C,3-0O-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribopyranosyl]thymine (36):

General procedure A was followed. Diyne 5 (130 mg, 0.41 mmol)
and 1-heptyne (0.27 mL, 2.0 mmol) were used to afford 1:1
mixture of compounds 36 (145 mg, 86% yield) as a colorless gum.
IR (CHCI5) v: 3747, 3673, 3647, 3196, 1690, 1646, 1539, 1506,
1403, 1219, 1046, 929, 771, 669 cm™'; '"H NMR (CDCl;:CD;0D;
3:1, 400 MHz): ¢ 0.87 (t, J = 6.1 Hz, 3H), 1.27-1.40 (m, 6H), 1.85 (d, J = 3.1 Hz,
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3H), 2.57 (t, J = 6.8 Hz, 1H), 2.59 (t, J = 6.8 Hz, 1H), 3.68-3.83 (m, 2H), 3.93—4.05
(m, 2H), 4.17 (t, J=13.3 Hz, 1H), 5.24 (J=12.1 Hz, 1H), 5.50 (d, /= 12.1 Hz, 1H),
5.85 (2d, J = 4.6 Hz, 1H), 7.05 (d, J = 19.1 Hz, 1H), 7.38-7.49 (m, 2H), 7.61-7.65
(m, 2H), 9.78 (br.s, 1H); *C NMR (CDCl3:CD;0D; 3:1, 100 MHz): 6 12.3 (q), 12.4
(q), 14.1 (q), 22.5 (1), 29.7 (t), 31.1 (t), 31.2 (1), 31.6 (1), 31.6 (1), 31.9 (1), 35.8 (s),
35.9 (v), 67.6 (1), 67.7 (t), 70.3 (s), 70.4 (d), 73.7 (d), 75.1 (t), 77.3 (s), 82.0 (d), 92.3
(2s), 111.3 (s), 111.4 (s), 120.5 (d), 120.7 (d), 120.8 (d), 128.4 (2d), 128.5 (d), 129.2
(d), 131.8 (s), 132.0 (d), 132.1 (d), 132.8 (s), 134.0 (s), 135.1 (s), 135.2 (d), 136.7 (s),
137.8 (s), 140.7 (s), 143.1 (s), 142.0 (s), 151.2 (s), 151.3 (s), 163.7 (s) ppm; ESI-MS
(m/z): 439.5 (100%, [M+Na]"); Anal. Calcd for C»HsN2Og: C, 63.45; H, 6.78; N,
6.73%; Found: C, 63.52; H, 6.75; N, 6.81%.

1-[3-C,3-0-{0-(3/4-"Pentyl)phenylenemethylene} - f-D-ribopyranosyl]5-flurouracil
(37):

General procedure A was followed. Diyne 6 (90 mg, 0.28 mmol)
and 1-heptyne (0.18 mL, 1.39 mmol) were used to afford 1:1
mixture of compounds 37 (92 mg, 79% yield) as a White gummy
solid, [a]p®® +54.8 (¢ 0.3, MeOH); IR (CHCL) v: 3647, 3565,
3120, 3019, 2400, 1793, 1696, 1403, 1215, 1072, 928, 771, 669
cm '; "H NMR (CDCl3:CD;0D, 3:1, 400 MHz): 6 0.87 (t, J = 6.6 Hz, 3H), 1.28—1.38
(m, 6H), 2.58 (t, J = 7.8 Hz, 1H), 2.61 (d, J = 7.8 Hz, 1H), 3.68-3.77 (m, 2H),
3.92-4.05 (m, 2H), 4.19-4.20 (m, 1H), 5.25 (d, J = 12.1 Hz, 1H), 5.51 (d, J = 12.1
Hz, 1H), 5.83 (d, /= 9.4 Hz, 1H), 7.05 (d, J = 13.1 Hz, 1H), 7.11-7.16 (m, 2H), 7.39
(dd, J=2.7, 5.8 Hz, 1H), 10.11 (br.s, 1H); *C NMR (CDCl5:CD;0D; 3:1, 100 MHz):
0 14.0 (q), 14.1 (q), 14.2 (q), 22.5 (1), 22.7 (1), 29.7 (1), 31.1 (t), 31.2 (1), 31.6 (2t),
35.8 (2t), 51.1 (s), 60.4 (s), 67.6 (1), 70.3 (2d), 73.7 (d), 75.3 (1), 82.3 (d), 92.2 (2s),
120.5 (d), 120.8 (d), 120.9 (d), 127.8 (d, J = 38 Hz), 128.5 (d), 129.4 (d), 133.6 (s),
136.5 (s), 137.7 (s), 140.1 (d, J = 241 Hz), 143.3 (s), 144.2 (s), 149.7 (s), 156.7 (d, J =
26 Hz), 171.2 (s) ppm; ESI-MS (m/z): 421.5 (6%, [M+H]"), 443.4 (100%, [M+Na]");
Anal. Calcd for C;1H5FN,Og: C, 59.99; H, 5.99; N, 6.66%; Found: C, 59.80; H, 5.87;
N, 6.81%.

1,2-O-Isopropylidene-5-O-(tert-butyldimethylsilyl)-3-C-phenylethynyl-3-O-(2-
propynyl)-a-D-ribofuranose (43):
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To a suspension of alcohol 41 (8.0 g, 0.02 mol), NaH (0.96 g, 0.04
mol) in DMF (60 mL), propargyl bromide (2.66 mL, 0.03 mmol)

was added drop-wise at 0 °C. The reaction mixture was allowed to
warm to room temperature, stirred for 2 hours, quenched with slow addition of cold
water at 0 °C and extracted with ethyl acetate. The combined organic layer was
washed with water, dried over Na,SQOy4, concentrated and purified to give compound
43 (8.2 g, 94%) as a colorless gum. [a]p> +27.0 (¢ 1.0, CHCls); IR (CHCI;) v: 3310,
3020, 2930, 2225, 1680, 1491, 1463, 1385, 1216, 1166, 1049, 880, 669 cm'; 'H
NMR (CDCl3, 200 MHz): 6 0.08 (s, 6H), 0.89 (s, 9H), 1.36 (s, 3H), 1.61 (s, 3H), 2.46
(t, J=2.4 Hz, 1H), 3.94 (dd, J = 6.8, 11.2 Hz, 1H), 4.01 (dd, J = 4.0, 11.2 Hz, 1H),
4.24 (dd, J=4.0, 6.8 Hz, 1H), 4.40 (dd, J=2.4, 14.9 Hz, 1H), 4.52 (dd, J = 2.4, 14.8
Hz, 1H), 4.70 (d, J = 3.6 Hz, 1H), 5.88 (d, J = 3.6 Hz, 1H), 7.30-7.37 (m, 3H),
7.41-7.47 (m, 2H); °C NMR (CDCls, 50 MHz): 0 —5.3 (q), —5.2 (q), 18.4 (s), 25.9
(3C, q), 26.9 (q), 26.9 (q), 54.6 (1), 63.3 (1), 74.4 (s), 79.9 (s), 81.3 (s), 82.1 (d), 82.8
(s), 83.1 (d), 91.2 (s), 104.4 (d), 113.6 (s), 121.4 (s), 128.4 (2C, d), 129.2 (d), 131.8
(2C, d) ppm; ESI-MS (m/z): 465.77 (100%, [M+Na]"); Anal. Calcd for CysH3405Si:
C, 67.84; H, 7.74; Found: C, 67.79; H, 7.63%.

1,2-O-Isopropylidene-5-O-(tert-butyldimethylsilyl)-3-C-(1-octynyl)-3-O-(2-
propynyl)-a-D-ribofuranose (44):

Following the above procedure, the propargylation of 42 (5.0 g,

TBSO

0.012 mol) gave compound 44 (4.9 g, 90% yield) as a white solid. CWBQOJ'"O
mp: 113-115 °C; [a]p™ +19.7 (¢ 0.5, CHCL); IR (CHCI3) v: S_o ©
3313, 3020, 2927, 2238, 1385, 1216, 1094, 1022, 929, 669 cm ';

'H NMR (CDCls, 200 MHz): 6 0.05 (s, 6H), 0.87 (s, 9H), 0.90 (t, J = 6.8 Hz, 3H),
1.20—1.28 (m, 4H), 1.32 (s, 3H), 1.40—1.47 (m, 4H), 1.56 (s, 3H), 2.23 (t, /= 6.8 Hz,
2H), 2.41 (t, J= 2.4 Hz, 1H), 3.77-3.93 (m, 2H), 4.28 (dd, J = 2.4, 14.9 Hz, 1H), 4.41
(dd, J=2.4, 14.9 Hz, 2H), 5.52 (d, J = 3.6 Hz, 1H), 5.77 (d, J= 3.6 Hz,1H); °C NMR
(CDCls, 50 MHz): 6 —=5.4 (q), —5.3 (q), 13.9 (q), 18.6 (1), 25.9 (3C, q), 22.4 (1), 26.8
(q), 28.2 (1), 28.4 (q), 28.4 (1), 31.2 (s), 54.1 (1), 63.4 (1), 73.9 (s), 74.1 (s), 80.0 (d),
80.8 (s), 81.9 (s), 83.1 (d), 92.5 (s), 104.3 (d), 113.4 (s), 178.2 (s); ESI-MS (m/z):
453.67 (100%, [M+Na]"), 459.63 (10%, [M+K]"); Anal. Calcd for CpsH405Si: C,
66.62; H, 9.39%; Found: C, 66.58; H, 9.28%
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1,2-O-Isopropylidene-3-C-phenylethynyl-3-O-(2-propynyl)-a-D-ribofuranose (45):

The deprotection of compound 43 (4.0 g, 9.0 mmol) was carried Ho
out according to the procedure used for the preparation of 10, Phgﬁ?{"'o
giving compound 45 (2.64 g, 89% yield) as a white solid. mp: S0 ©
113115 °C; [o]p” +48.7 (¢ 1.1, CHCl); IR (CHCls) v: 3309, 3020, 2933, 2220,
1681, 1491, 1385, 1216, 1132, 1020, 878, 669 cm'; '"H NMR (CDCl3, 200 MHz): §
1.37 (s, 3H), 1.61 (s, 3H), 2.48 (t, J = 4.5 Hz, 1H), 3.41 (d, J= 5.6 Hz, 2H), 4.29 (t, J
= 5.6 Hz, 1H), 4.39 (dd, J = 2.5, 14.8 Hz, 1H), 4.53 (dd, J = 2.5, 14.8 Hz, 1H), 4.72
(d, J=3.6 Hz, 1H), 5.90 (d, J = 3.6 Hz, 1H), 7.32-7.38 (m, 2H), 7.41-7.47 (m, 3H);
C NMR (CDCls, 50 MHz): 6 26.7 (q), 26.8 (q), 54.6 (1), 62.4 (1), 74.7 (s), 79.5 (s),
81.0 (s), 81.1 (d), 82.4 (s), 82.8 (d), 91.6 (s), 104.5 (d), 113.8 (s), 121.0 (s), 128.4 (2C,
d), 129.3 (d), 131.9 (2C, d) ppm; ESI-MS (m/z): 351.47 (100%, [M+Na]"); Anal.
Calcd for C19H,00s5: C, 69.50; H, 6.14%; Found: C, 69.45; H, 6.07%.

1,2-O-Isopropylidene-3-C-(1-octynyl)-3-O-(2-propynyl)-a-D-ribofuranose (46):

The desilylation of compound 44 (7.0 g, 0.016 mol) was carried 0o
out according to the procedure used for the preparation of 10, CG“BQ_E"'O
giving compound 46 (4.8 g, 92% yield) as a colorless liquid. S0 °
[a]p® +39.9 (¢ 1.3, CHCLy); IR (CHCI3) v: 3309, 3020, 2933, 2231, 1733, 1457, 1385,
1216, 1166, 1086, 1023, 874, 669 cm'; 'H NMR (CDCls, 400 MHz): § 0.87 (t, J =
6.7 Hz, 3H), 1.21-1.24 (m, 4H), 1.33 (s, 3H), 1.35-1.40 (m, 2H), 1.51 (quint, J = 7.2
Hz, 2H), 1.57 (s, 3H), 2.24 (t, J = 7.2 Hz, 2H), 2.44 (t, J= 2.3 Hz, 1H), 3.39 (d, J =
5.5 Hz, 2H), 4.17 (t, J = 5.5 Hz, 1H), 4.29 (dd, J = 2.3, 14.8 Hz, 1H), 4.41 (dd, J =
2.3, 14.8 Hz, 1H), 4.56 (d, J = 3.5 Hz, 1H), 5.80 (d, J = 3.5 Hz,1H); °C NMR
(CDCl3, 100 MHz): 0 14.0 (q), 18.7 (1), 22.5 (t), 26.8 (q), 26.8 (q), 28.2 (t), 28.5 (1),
31.2 (t), 54.2 (1), 62.4 (t), 73.6 (s), 74.5 (s), 79.7 (s), 80.7 (d), 80.8 (d), 83.0 (s), 93.3
(s), 104.5 (d), 113.7 (s); ESI-MS (m/z): 359.39 (100%, [M+Na]"), 375.42 (0.9%,
[M+K]"); Anal. Calcd for C1oH530s: C, 67.83; H, 8.39%; Found: C, 67.71; H, 8.30%

1,2-O-Isopropylidene-3-C-phenylethynyl-3-O-(2-propynyl)-5-O-pivaloyl-a-D-

ribofuranose (47):
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The pivoloyl protection of compound 45 (2.0 g, 6.1 mmol) was

carried out according to the procedure used for the preparation of

11, giving a compound 47 (2.5 g, 93% yield) as a white solid. mp:
103105 °C; [a]p> +24.6 (¢ 0.4, CHCly); IR (CHCI3) v: 3308, 3020, 2214, 1727,
1385, 1216, 1057, 669 cm™'; '"H NMR (CDCls, 200 MHz): ¢ 1.20 (s, 9H), 1.37 (s,
3H), 1.60 (s, 3H), 2.47 (t, J = 2.5 Hz, 1H), 4.35 (d, /= 7.3 Hz, 1H), 438 (t,J=17.3
Hz, 1H), 4.39 (dd, J = 2.5, 14.7 Hz, 1H), 4.49 (d, J = 7.3 Hz, 1H), 4.53 (dd, J = 2.5,
14.7 Hz, 1H), 4.71 (d, J = 3.6 Hz, 1H), 5.91 (d, J = 3.6 Hz, 1H), 7.28-7.37 (m, 3H),
7.43—7.47 (m, 2H); *C NMR (CDCls;, 50 MHz): 6 26.8 (q), 27.0 (q), 27.1 (3C, q),
38.7 (s), 54.6 (1), 63.9 (1), 74.7 (s), 79.1 (d), 79.5 (s), 81.2 (s), 81.9 (s), 82.5 (d),
91.6 (s), 104.8 (d), 113.8 (s), 121.0 (s), 128.4 (2C, d), 129.4 (d), 131.9 (2C, d),
178.3 (s) ppm; ESI-MS (m/z): 435.43 (100%, [M+Na]"); Anal. Calcd for Co4H,506:
C, 69.88; H, 6.84%; Found: C, 69.76; H, 6.79%.

1,2-O-Isopropylidene-3-C-(1-octynyl)-3-O-(2-propynyl)-5-O-pivaloyl-a-D-

ribofuranose (48):

The pivoloyl protection of compound 46 (2.0 g, 6.1 mmol) was oo
carried out according to the procedure used for the preparation of |“sHi~~ _ "
11, giving compound 48 (2.27 g, 91% yield) as a white solid. mp: S8
94-96 °C; [a]p> +16.7 (¢ 0.5, CHCLy); IR (CHCl3) v: 3313, 3020, 2929, 1725, 1385,
1216, 1094, 1022, 929, 669 cm™'; 'H NMR (CDCls, 200 MHz): § 0.86 (t, J = 6.5 Hz,
3H), 1.27 (s, 9H), 1.19-1.28 (m, 6H), 1.32 (s, 3H), 1.38—1.50 (m, 2H), 1.55 (s, 3H),
2.22 (t,J= 6.8 Hz, 2H), 2.42 (t, /= 2.5 Hz, 1H), 4.17-4.24 (m, 2H), 4.30 (dd, /= 3.4,
5.8 Hz, 2H), 4.40 (dd, J = 2.3, 14.8 Hz, 1H), 5.54 (d, /= 3.6 Hz, 1H), 5.80 (d, J= 3.6
Hz,1H) ppm'*C NMR (CDCls, 50 MHz): d 13.9 (q), 18.6 (t), 22.4 (t), 26.7 (q), 26.8
(q), 26.9 (q), 27.1 (3C, q), 28.2 (t), 28.4 (), 31.1 (s), 54.2 (1), 64.1 (1), 73.2 (s), 74.4
(s), 78.8 (d), 79.6 (s), 80.8 (s), 82.6 (d), 93.2 (s), 104.7 (d), 113.6 (s), 178.2 (s); ESI-
MS (m/z): 453.67 (100%, [M+Na]"), 459.63 (10%, [M+K]"); Anal. Calcd for
C24H3604: C, 68.54; H, 8.63%; Found: C, 68.40; H, 8.58%

8 o

Acetyl-2-O-acetyl-3-C-phenylethynyl-3-O-(2-propynyl)-5-O-pivaloyl-a/ #-D-
ribofuranoside (49):
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Deprotection of acetonide and acetylation of 47 (1.8 g, 4.4 mmol),
as followed in the preparation of 12, gave compound 49 (1.55 g,
78% yield) as a colorless liquid. IR (CHCIl3) v: 3310, 3020, 2930,
1741, 1733, 1473, 1433, 1394, 1216, 1118, 1053, 930, 879, 669 cm '; 'H NMR
(CDClIs, 200 MHz): 6 1.21 (s, 5.5H), 1.22 (s, 3.5H), 2.04 (s, 1.3H), 2.12 (s, 1.7H),
2.21 (s, 3H), 2.47 (t, J = 2.5 Hz, 0.4H), 2.48(t, J = 2.5 Hz, 0.6H), 4.26—4.65 (m, 5H),
5.56 (d, J=1.4 Hz, 0.4H), 5.59 (d, /= 4.4 Hz, 0.6H), 6.18 (d, /= 1.4 Hz, 0.4H), 6.49
(d, J = 4.4 Hz, 0.6H), 7.31-7.40 (m, 3H), 7.44-7.49 (m, 2H); *C NMR (CDCls, 50
MHz): ¢ 20.5 (q), 20.6 (q), 20.8 (q), 20.9 (q), 27.0 (q), 38.6 (s), 38.6 (s), 55.0 (t), 55.1
(1), 63.7 (t), 64.4 (1), 74.6 (s), 74.7 (s), 75.2 (d), 78.0 (d), 79.1 (s), 79.2 (s), 79.5 (s),
80.4 (s), 80.8 (s), 82.3 (d), 82.9 (d), 91.7 (s), 92.3 (s), 94.3 (d), 98.9 (d), 120.6 (s),
120.9 (s), 128.4 (d), 128.4 (d), 129.4 (d), 129.4 (d), 131.7 (d), 131.9 (d), 169.0 (s),
169.2 (s), 169.3 (s), 169.3 (s), 177.9 (s), 178.0 (s); ESI-MS (m/z): 479.56 (100%,
[M+Na]+); Anal. Calcd for CysHpsOg: C, 65.78; H, 6.18%; Found: C, 65.70; H,
6.03%.

Acetyl-2-O-acetyl-3-C-(1-octynyl)-3-O-(2-propynyl)-5-O-pivaloyl-o/ -D-
ribofuranoside (50):

Deprotection of acetonide and acetylation of 48 (2.0 g, 4.7 PO

mmol), as followed in the preparation of 12, gave compound 50 | .o oA
(1.74 g, 79% yield) as a colorless liquid. IR (CHCI3) v: 3310, S0
3020, 2930, 1740, 1735, 1394, 1216, 1118, 1053, 930, 879, 669 cm '; 'H NMR
(CDClIs, 200 MHz): ¢ 0.85 (t, J = 6.6 Hz,3H), 1.18 (s, 9H), 1.21-1.38 (m, 6H),
1.43-1.57 (m, 2H), 2.07 (s, 3H), 2.12 (s, 3H), 2.23 (t, J = 7.0 Hz, 2H), 2.39 (t, J= 2.5
Hz, 1H), 4.21 (dd, J= 6.3, 11.9 Hz, 1H), 4.24 (dd, J = 2.5, 15.4 Hz, 1H), 4.29 (dd, J
=11.9, 15.4 Hz, 1H), 4.37 (dd, J= 2.5, 15.4 Hz, 1H), 4.44 (dd, 3.4, 6.4 Hz, 1H), 5.40
(d, J=4.3 Hz, 1H), 6.38 (d, J = 4.3 Hz, 1H); >C NMR (CDCls, 50 MHz): J 13.9 (q),
18.7 (1), 20.6 (q), 20.9 (q), 22.4 (1), 27.1 (3C, q), 28.1 (t), 28.5 (), 31.1 (1), 38.7 (s),
54.7 (t), 63.9 (t), 72.2 (s), 74.3 (s), 75.0 (d), 78.9 (s), 79.6 (s), 81.8 (d), 93.8 (s), 94.5
(d), 169.4 (2C, s), 178.0 (s); ESI-MS (m/z): 487.71 (100%, [M+Na]"); Anal. Calcd for
Cy5H3605: C, 64.64; H, 7.81%; Found: C, 64.50; H, 7.97%

“0Ac

1-[2-O-Acetyl-3-C-phenylethynyl-3-O-(2-propynyl)-5-O-pivaloyl- #D-ribo-
pentofuranosyl]uracil (51):
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Following the procedure used for the preparation of 13, [ o |
glycosylation of 49 (1.0 g, 2.2 mmol) with uracil (493 mg, 4.4 fL /“C
mmol) gave the compound 51 (1.11 g, 81% yield) as a colorless
liquid. [a]p® +65.4 (¢ 1.9, CHCl;); IR (CHCls) v: 3488, 3020, 2931, Q\/é “oAc
1733, 1698, 1473, 1433, 1385, 1216, 669 cm '; 'H NMR (CDCl;,
200 MHz): 6 1.19 (s, 9H), 2.20 (s, 3H), 2.47 (t,J=2.4 Hz, 1H), 4.27 (dd, J=2.4, 14.1
Hz, 1H), 4.37-4.47 (m, 2H), (dd, 4.46 (dd, J = 2.4, 15.1 Hz, 1H), 4.63 (dd, J = 7.8,
13.2 Hz, 1H), 5.47 (d, J = 3.2 Hz, 1H), 5.65 (d, J = 8.2 Hz, 1H), 6.08 (d, J = 3.2 Hz,
1H), 7.32-740 (m 5H), 7.71 (d, J = 8.2 Hz, 1H) ppm; *C NMR (CDCls;, 50 MHz): §
20.6 (q), 27.1 (3C, q), 38.7 (s), 55.7 (t), 63.4 (t), 75.0 (s), 78.0 (d), 78.3 (s), 79.1 (s),
80.5 (s), 82.3 (d), 87.9 (d), 93.5 (s), 102.3 (d), 120.0 (s), 128.6 (2C, d), 130.0 (d),
131.9 (2C, d), 139.1 (d), 150.2 (s), 163.2 (s), 169.3 (s), 178.1 (s); ESI-MS (m/2):
530.42 (100%, [M+Na]"); Anal. Calcd for C,7H,7N,Ox: C, 63.90; H, 5.36; N, 5.52%;
Found: C, 63.85; H, 5.45; N, 5.45%

1-[2-O-Acetyl-3-C-(1-octynyl)-3-O-(2-propynyl)-5-O-pivaloyl- #-D-ribo-
pentofuranosyl]uracil (52):

Following the procedure used for the preparation of 13, )
glycosylation of 50 (1.1 g, 2.4 mmol) with uracil (89 mg, 4.7 _ fLNH
mmol) gave the compound 52 (95 mg, 78% yield) as a colorless CGH:VO of °
liquid. [a]p® +130.9 (¢ 1.3, CHCL); IR (CHCI;) v: 3309, 3020, N6 one
2934, 1694, 1457, 1384, 1216, 1163, 1062, 928, 669 cm '; 'H

NMR (CDCl;, 200 MHz): 6 0.85 (t, J = 6.5 Hz, 3H), 1.20 (s, 9H), 1.25-1.35(m, 6H),
1.47 (quin, J = 7.0 Hz, 2H), 2.16 (s, 3H), 2.19 (t, J= 7.0 Hz, 2H), 2.42 (t, /= 2.4 Hz,
1H), 4.14 (dd, J = 2.4, 15.0 Hz, 1H), 4.25-4.32 (m, 2H), 4.34 (dd, , /= 2.4, 15.0 Hz,
1H), 4.51 (dd, J = 7.6, 12.6 Hz, 1H), 5.30 (d, J = 3.0 Hz, 1H), 5.71 (d, J = 8.2 Hz,
1H), 5.98 (d, J= 3.0 Hz, 1H), 7.65 (d, J = 8.2 Hz, 1H); °*C NMR (CDCl;, 50 MHz): §
13.9 (q), 18.7 (1), 20.6 (q), 22.4 (1), 27.1 (3C, q), 28.0 (1), 28.5 (1), 31.0 (t), 38.7 (s),
55.3 (), 63.5 (1), 72.1 (s), 74.7 (s), 77.9 (s), 78.1 (d), 79.2 (s), 82.1 (d), 88.0 (d), 95.4
(s), 101.9 (d), 139.4 (d), 150.1 (s), 163.3 (s), 169.3 (s), 178.1 (s); ESI-MS (m/z):
538.61 (100%, [M+Na]"); Anal. Calcd for C,7H3sN,Og: C, 62.90; H, 6.84; N, Found:
C, 62.75; H, 6.97; N, 5.53%

1-[3-C-Phenylethynyl-3-O-(2-propynyl)-#-D-ribo-pentofuranosyl]uracil (38):

72



Chapter 11 Experimental

Deprotection of 51 (480 mg, 0.94 mmol), as followed in the )
preparation of 1, gave compound 38 (332 mg, 92% yield) as a white fL/’LH
HO N [e)

solid. mp: 206—208 °C; [a]p® +3.6 (¢ 0.7, CHCL); IR (CHCl;) v: Phgi\/’
3020, 2923, 2236, 1697, 1385, 1216, 928, 879, 669 cm '; 'HNMR | x5 o+
(CDCls, 200 MHz): & 2.46 (t, J = 2.5 Hz, 1H), 3.78-3.84 (m, 1H),
4.30 (dd, J=3.3, 4.3 Hz, 1H), 4.37 (d, J = 5.5 Hz, 1H), 4.42 (dd, J = 1.0, 2.5 Hz, 2H),
5.55(d, J=8.1 Hz, 1H), 5.85 (d, J= 5.5 Hz, 1H), 7.21-7.35 (m, 5H), 7.82 (d, J = 8.1
Hz, 1H); *C NMR (CDCls, 50 MHz): 6 54.1 (t), 61.7 (t), 74.8 (s), 79.0 (d), 79.5 (s),
81.7 (s), 84.6 (d), 89.0 (d), 91.7 (s), 101.8 (d), 120.8 (s), 128.2 (2C, d), 129.2 (d),
131.6 (2C, d), 140.8 (d), 150.9 (s), 155.4 (s), 164.1 (s); ESI-MS (m/z): 405.48 (100%,
[M+Na]"); Anal. Calcd for CyHisN2Og: C, 62.82; H, 4.74; N, 7.33%; Found: C,
62.73; H, 4.82; N, 7.42%;

1-[3-C-(1-Octynyl)-3-O-(2-propynyl)- f-D-ribo-pentofuranosyl]uracil (39):

The hydrolysis of compound 52 (400 mg, 0.77 mmol) was carried o
out according to the procedure used for the preparation of 1, o fi’t‘
giving compound 39 (269 mg, 89% yield) as a white solid. mp: CGHBQJON °
157-159 °C; [a]p® +20.7 (¢ 0.7, CHCL); IR (CHCls) v: 3488, N6 o

3020, 2931, 1733, 1694, 1473, 1433, 1394, 1216, 1118, 1053,

930, 879, 669 cm'; 'H NMR (CDCls, 500 MHz): § 0.73 (t, J = 6.8 Hz, 3H),
1.21-1.25 (m, 6H), 1.37 (quin, J = 7.2 Hz, 2H), 2.11 (t, J = 7.2 Hz, 2H), 2.41 (t, J =
2.4 Hz, 1H), 3.72 (dd, J= 3.1, 12.3 Hz, 1H), 3.74 (dd, J = 5.0, 12.3 Hz, 1H), 4.14 (dd,
J=3.1,5.0 Hz, 1H), 4.16 (d, J = 5.0 Hz, 1H), 4.25 (dd, J = 2.4, 15.4 Hz, 1H), 4.30
(dd, J=2.4, 15.4 Hz, 1H), 5.55 (d, J= 8.2 Hz, 1H), 5.73 (d,J=5.0 Hz, 1H), 7.73 (d,
J =182 Hz, 1H); °C NMR (CDCL, 125 MHz): 6 13.6 (q), 18.4 (1), 22.2 (1), 27.9 (t),
28.3 (1), 30.9 (t), 53.7 (1), 61.8 (1), 72.9 (s), 74.6 (), 79.0 (d), 79.1 (s), 79.5 (s), 84.3
(d), 89.2 (d), 93.6 (s), 101.5 (d), 140.8 (d), 150.8 (s), 164.2 (s) ppm; ESI-MS (m/z):
413.07 (100%, [M+Na]"); Anal. Calcd for C,0H,5N2O¢: C, 61.68; H, 6.47; N, 7.19%;
Found: C, 51.55; H, 6.59; N, 7.25%.

1-[3-C-phenylethynyl-3-O-(2-propynyl)-4,5-di-O-acetyl--D- ribopyranosyl]uracil
(54):
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Following the procedure used for the preparation of 13, Q
glycosylation of triacetates 53 (2.5 g, 6.0 mmol) with uracil (1.35 g, fLNH

O

12.1 mmol) gave the product 54 (2.22 g, 79% yield) as a colorless }Oj
liquid. [o]n® +11.9 (¢ 0.6, CHCLy); IR (CHCL) v: 668, 874, 1020, P‘h‘@)f"“
1131, 1214, 1283, 1384, 1451, 1480, 1725, 1745, 2219, 2861, 2933, — 2
3021, 3300 cm™'; "TH NMR (CDCls, 200 MHz): 6 2.09 (s, 3H), 2.15 (s, 3H), 2.51 (t, J
= 2.4 Hz, 1H), 3.94—4.03 (m, 2H), 4.64 (d, J = 2.4 Hz, 2H), 5.24 (dd, J = 5.4, 10.3 Hz,
1H), 5.25 (d, J = 9.4 Hz, 1H), 5.76 (d, J = 8.2 Hz, 1H), 6.13 (d, J = 9.4 Hz, 1H),
7.30~7.39 (m, 6H), 9.20 (br.s, 1H); >C NMR (CDCls, 50 MHz): 6 20.4 (q), 20.7 (q),
56.4 (t), 63.2 (), 71.7 (d), 72.5 (d), 74.3 (5), 78.2 (d), 80.2 (s), 80.6 (s), 90.2 (s), 103.2
(d), 120.8 (s), 128.5 (d, 2C), 129.5 (d), 131.8 (d, 2C), 139.6 (d), 150.3 (s), 162.8 (s),
169.3 (s), 169.6 (s) ppm; ESI-MS (m/z): 489.50 (100%, [M+Na]"); Anal. Calcd for
Ca4H2N>04: C, 61.80; H, 4.75; N, 6.01 %; Found: C, 61.71; H, 4.87; N, 6.24%

1-[3-C-Phenylethynyl-3-O-(2-propynyl)-#D-ribopyranosyl]uracil (40):

The deprotection of compound 54 (360 mg, 0.87 mmol) was carried ——————(5
out according to the procedure used for the preparation of 1, giving [ N
compound 40 (252 mg, 93% yield) as a White solid, mp: 170—172 o °

°C; [a]p® +15.8 (¢ 0.7, CHCL3); IR (CHCIs) v: 3309, 3020, 2933, O > o
2862, 2220, 1725, 1481, 1457, 1385, 1284, 1216, 1131, 1022, 874, | //
669 cm™'; "TH NMR (CDCls, 200 MHz): & 2.60 (t, J = 2.3 Hz, 1H), 3.70-3.84 (m, 4H),
4.80 (d, J=2.3 Hz, 2H), 5.74 (d, J= 7.7 Hz, 1H), 5.79 (d, J= 9.2 Hz, 1H), 7.23 (d, J
= 7.7 Hz, 1H), 7.31-7.39 (m, 3H), 7.50-5.56 (m, 2H); *C NMR (CDCl;, 50 MHz): §
57.0 (t), 66.4 (t), 71.5 (d), 74.3 (d), 75.3 (d), 79.3 (s), 80.6 (s), 81.1 (d), 83.6 (s), 89.5
(s), 102.8 (d), 121.4 (s), 128.5 (2C, d), 129.3 (d), 131.9 (2C, d), 140.1 (d), 151.1 (s),
164.0 (s) ppm; ESI-MS (m/2): 405.54 (100%, [M+Na]"); Anal. Calcd for CooH;gN,Og:

C, 62.82; H, 4.74; N, 7.33%; Found: C, 62.71; H, 4.87; N, 7.44%

1-[3-C,3-0-{0-(2,4-Diphenyl)phenylenemethylene} - f-D-ribofuranosyl]uracil (55):

By following procedure C, cycloaddition of the diyne 38 (20 mg, o
0.052 mmol) with phenyl acetylene (5 mmL, 0.052 mmol) gave o f:/t'o
compound 55 (22 mg, 85%) as a white solid. mp: 270-272 °C; PN
[a]p® +35.0 (¢ 0.3, CHCL); IR (CHCl;) v: 3020, 2925, 1694, [en o ‘on
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1526, 1046, 929, 669 cm '; '"H NMR (CDCl3+CD;0D, 400 MHz): 6 3.29 (dd, J = 6.6,
12.1 Hz,1H), 3.35 (dd, J=4.0, 12.1 Hz, 1H), 4.20 (dd, J = 4.2, 6.4 Hz, 1H), 4.47 (d, J
=8.2 Hz, 1H), 5.25 (s, 2H), 5.58 (d, /= 8.2 Hz, 1H), 6.07 (d, J = 8.1 Hz, 1H), 6.85 (d,
J = 82 Hz, 1H), 7.36-7.51 (m, 10H), 7.60 (dd, J = 1.2, 7.3 Hz, 2H); >C NMR
(CDCl15+CDs0OD, 100 MHz): 6 61.8 (t), 70.4 (), 76.4 (d), 85.4 (d), 86.6 (d), 93.1 (s),
102.7 (d), 118.8 (d), 127.0 (3C, d), 127.8 (d), 128.0 (d), 128.3 (d), 128.7 (2C, d),
129.4 (2C, d), 130.0 (s), 130.8 (d), 138.5 (s), 139.5 (s), 139.8 (s), 139.8 (d), 142.0 (s),
142.9 (s), 151.0 (s), 163.7 (s) ppm; ESI-MS (m/z): 507.02 (70%, [M+Na]"), 522.97
(100%, [M+K]"); Anal. Calcd for CysH24N,Os: C, 69.41; H, 4.99; N, 5.78%; Found:
C, 69.30; H, 5.18; N, 5.87%;

1-[3-C,3-0-{0-(2-Phenyl-4-"hexyl)phenylenemethylene} - f-D-ribofuranosyl]uracil
(56):

Procedure C was followed. Diyne 38 (20 mg, 0.052 mmol) 5

and l-octyne (7.67 mmL, 0.052 mmol) were used to afford ﬁL NH
compound 56 (19.7 mg, 52%) as a colorless gu., [a]p> +29.3 Ph C o
(c 0.4, CHCIy); IR (CHCIl3) v: 2924, 2853, 1686, 1466, 1385, CBHlﬁ/éaOJlOH
1046, 929, 669 cm'; '"H NMR (CDCls, 400 MHz): § 0.87 (t, J = 6.5 Hz, 3H),
1.29-1.39 (m, 6H), 1.57-1.63 (m, 2H), 2.63 (t, J = 7.9 Hz, 2H), 3.09-3.36 (m, 3H),
4.10 (t, J = 4.5 Hz, 1H), 4.50 (dd, J = 8.0, 10.9 Hz, 1H), 5.13 (s, 2H), 5.57 (d, J = 8.1
Hz, 1H), 6.08 (d, J = 8.1 Hz, 1H), 6.97 (s, 1H), 7.06 (d, J = 2.8, 8.0 Hz, 1H), 7.09 (s,
1H), 7.41-7.49 (m, 5H), 8.54 (br s, 1H) ppm; *C NMR (CDCls;, 100 MHz): § 14.1
(q), 22.5 (1), 29.0 (t), 31.3 (t), 31.6 (t), 35.5 (t), 61.8 (t), 70.3 (t), 84.6 (d), 87.2 (d),
93.8 (s), 103.0 (d), 120.5 (d), 127.2 (d), 127.9 (d), 128.3 (d), 128.7 (s), 128.7 (2C, d),
129.3 (2C, d), 131.5 (d), 138.1 (s), 140.0 (d), 142.5 (s), 144.6 (s), 150.7 (s), 162.7 (s);
ESI-MS (m/z): 531.04 (100%, [M+K]"); Anal. Caled for CpsH3N,Oq: C, 68.28; H,
6.55; N, 5.69%; Found: C, 68.31; H, 6.63; N, 5.78%;

1-[3-C,3-0-{0-(2-Phenyl-4-"henicosyl)phenylenemethylene } - f-D-ribofuranosyl]uracil
(57):

General procedure C was followed. Diyne 38 (20 mg, 0.052 0

mmol) and 1-tricosyne (15.9 mg, 0.052 mmol) were used to oH |N/'\J‘\\HO

afford compound 57 (32 mg, 87% yield) as a colorless gum. TN
C21Ha3 b 'I/OH
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[a]p? +26.9 (¢ 0.3, CHCly); IR (CHCls) v: 2924, 2853, 1686, 1466, 1385, 1046, 929,
669 cm'; "H NMR (CDCls, 200 MHz): 6 0.86 (t, J = 6.4 Hz, 3H), 1.24 (m, 36H),
1.52-1.70 (m, 2H), 2.62 (t, J = 7.7 Hz, 2H), 3.28 (d, J = 2.8 Hz, 2H), (m, 3H), 4.10 (t,
J=4.5 Hz, 1H), 4.50 (dd, J = 8.1, 10.5 Hz, 1H), 5.13 (s, 2H), 5.57 (dd, J = 1.9, 8.1
Hz, 1H), 6.08 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 1.2 Hz, 1H), 7.04 (d, 8.0 Hz, 1H), 7.09
(d, J= 1.2 Hz, 1H), 7.41-7.49 (m, 5H); *C NMR (CDCl;, 100 MHz): J 14.1 (q), 22.7
(t), 29.3 (2C, 1), 29.4 (1), 29.6 (1), 29.7 (12C, t), 31.3 (1), 31.9 (1), 35.5 (1), 61.8 (1), 70.3
(t), 77.2 (s), 76.8 (d), 84.6 (d), 87.2 (d), 93.7 (s), 103.0 (d), 120.5 (d), 128.3 (d), 128.7
(2C, d), 129.3 (2C, d), 131.4 (d), 138.1 (s), 140.0 (s), 140.1 (d), 142.5 (s), 144.5 (s),
150.8 (s), 162.9 (s); ESI-MS (m/z): 725.3 (80%, [M+Na]),741.20 (100%, [M+K]");
Anal. Calced for C43HgpN>Og: C, 73.47; H, 8.89; N, 3.99%; Found: C, 73.38; H, 8.97;
N, 4.10%.

1-[3-C,3-0-{0-(2-Phenyl-4-chloropropyl)phenylenemethylene } - /-D-

ribofuranosylJuracil (58):

Procedure C was followed. Diyne 38 (20 mg, 0.052 mmol) and o)
1-chloro-4-pentyne (5.33 mmL, 0.052 mmol) were used to afford on ﬁro
compound 58 (21.0 mg, 83% yield) as a white solid. mp: PhN©
172-174 °C; [a]p® +12.7 (¢ 0.7, CHCl3); IR (CHCI3) v: 3020, “ o oH

2925, 1694, 1462, 1385, 1216, 1046, 929, 669 cm'; "H NMR (CDCl;, 400 MHz): §
2.08 (quin, J = 6.8 Hz, 2H), 2.82 (t,J=7.5 Hz, 2H), 3.23 (dd, /= 5.8, 12.1 Hz, 1H),
3.30 (dd, J = 3.3, 12.1 Hz, 1H), 3.53 (t, J = 6.3 Hz, 2H), 3.70 (d, J = 8.9 Hz, 1H),
4.11 (t, J=4.5 Hz, 1H), 4.47 (br t,J = 7.4 Hz, 1H), 5.12 (s, 2H), 5.55 (d, J = 8.0 Hz,
1H), 6.06 (d, J = 8.0 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 6.96 (s, 1H), 7.10 (s, 1H),
7.36-7.48 (m, 5H), 9.45 (br s, 1H); >C NMR (CDCls, 100 MHz): d 32.2 (t), 33.7 (1),
44.1 (1), 61.9 (1), 70.3 (t), 77.2 (s), 84.9 (d), 87.0 (d), 93.5 (s), 103.0 (d), 120.6 (d),
128.3 (d), 128.6 (2C, d), 129.4 (2C, d), 129.5 (d), 131.4 (d), 138.4 (s), 139.8 (s), 140.0
(d), 142.1 (s), 142.7 (s), 151.0 (s), 163.2 (s); ESI-MS (m/z): 507.09 (100%, [M+Na]");
Anal. Calcd for CysH,sCIN,Og: C, 61.92; H, 5.20; Cl, 7.31; N, 5.78%; Found: C,
61.82; H, 5.34; N, 5.88%;

1-[3-C,3-0-{0-(2-Phenyl-4-phthalimidomethyl)phenylenemethylene } - /-D-
ribofuranosyl]uracil (59):
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General procedure C was followed. Diyne 38 (20 mg, o
0.052 mmol) and N-propargyl pthalimide (9.4 mg, 0.052 on f:/t'o
mmol) were used to afford compound 59 (23.7 mg, 80% Q;(O Ph? éoj
yield) as a white solid. mp: 196—198 °C; [a]p® +8.2 (c 1.6, J N o oH
CHCl3); IR (CHCl3) v: 3393, 3020, 2929, 1771, 1717,

1469, 1394, 1346, 1216, 1107, 1047, 947, 929, 669 cm'; '"H NMR (CDCls, 200
MHz): 6 3.15-3.33 (m, 2H), 3.48 (br s, 1H), 4.07 (t, /= 4.9 Hz, 1H), 4.44 (br s, 1H),
4.82 (d, J=15.0 Hz, 1H), 4.89 (d, J = 15.0 Hz, 1H), 5.09(s, 2H), 5.52 (d, J = 8.1 Hz,
1H), 6.02 (d, /= 8.0 Hz, 1H), 6.94 (d, J= 8.1 Hz, 1H), 7.20 (d, /= 1.3 Hz, 1H), 7.33
(d, J= 1.3 Hz, 1H), 7.36—7.49 (m, 5H), 7.66-7.75 (m, 2H), 7.79-7.88 (m, 2H), 9.15
(brs, 1H); *C NMR (CDCls, 50 MHz): 6 40.9 (t), 61.7 (t), 70.2 (t), 76.6 (s), 84.7 (d),
87.0 (d), 93.6 (s), 103.0 (d), 120.7 (d), 123.5 (3C, d), 128.4 (d), 128.7 (2C, d), 129.4
(2C, d), 131.3 (d), 131.9 (s), 134.2 (3C, d), 137.5 (s), 138.7 (s), 139.4 (s), 140.0 (s),
143.1 (s), 150.9 (s), 163.0 (s), 168.0 (2C, s); ESI-MS (m/z): 589.98 (40%, [M+Na]"),
605.94 (100%, [M+K]"); Anal. Calcd for C3;HysN3Og: C, 65.60; H, 4.44; N, 7.40%;
Found: C, 65.51; H, 4.59; N, 7.31%

1-[3-C,3-0-{0-(2-Phenyl-4-(3-aminophenyl))phenylenemethylene } - 5-D-
ribofuranosyl]uracil (60):

By following procedure C, cycloaddition of the diyne 38
(20 mg, 0.052 mmol) with 3-amino phenyl acetylene (3.77
uL, 0.052 mmol) gave compound 60 (22.2 mg, 85% yield)
as a yellowish liquid. [a]p+15.8 (¢ 0.5, CHCl;); IR
(CHCIs) v: 3437, 3020, 2925, 1695, 1524, 1385, 1217,
1018, 929, 669 cm™'; 'H NMR (CDCl;+CD;0D, 400 MHz): § 3.07 (dd, J= 7.3, 11.9
Hz, 1H), 3.14 (dd, /= 4.2, 11.9 Hz 1H), 4.04 (dd, J = 4.2, 7.3 Hz, 1H), 428 (d, J =
8.2 Hz, 1H), 5.04 (d, J = 13.0 Hz, 1H), 5.08 (d, J = 13.0 Hz, 1H), 5.09 (s, 2H), 5.40
(d, J=28.1 Hz, 1H), 5.90 (d, J= 8.2 Hz, 1H), 6.58 (dd, J= 1.8, 8.2 Hz, 1H), 6.60 (d, J
= 1.3, 8.1 Hz, 1H), 6.80 (s, 1H), 6.84 (d, J = 7.8 Hz, 1H), 7.05 (t, J = 7.8 Hz, 1H),
7.16 (s, 1H), 7.30 (s, 6H); °C NMR (CDCl5+CD;0D, 100 MHz): 6 61.7 (t), 70.2 (t),
76.2 (d), 85.5 (d), 86.3 (d), 92.7 (s), 102.4 (d), 113.9 (d), 114.9 (d), 117.5 (d), 118.5
(d), 127.7 (d), 129.0 (2C, d), 129.3 (2C, d), 129.4 (d), 129.6 (d), 130.7 (s), 138.1 (s),
139.7 (d), 139.7 (s), 140.5 (s), 141.9 (s), 142.6 (s), 146.3 (s), 150.9 (s), 163.8 (s); ESI-
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MS (m/z): 522.01 (20%, [M+Na]"), 537.98 (100%, [M+K]"); Anal. Calcd for :
C,3H,5N30¢: C, 67.33; H, 5.04; N, 8.41%; Found: C, 67.31; H, 5.17; N, 8.53%

1-[3-C,3-0-{0-(2-"Hexyl-4-phenyl)phenylenemethylene } - f-D-ribofuranosyl]uracil
(61):

Procedure C was followed. Diyne 39 (50 mg, 0.128 mmol) and 0
phenyl acetylene (13.1 uL, 0.128 mmol) were used to afford OH f‘\/’to
compound 61 (49.2 mg, 78% yield) as a white solid. mp: CoiN® '
143-145 °C; [a]p® +20.9 (¢ 0.5, CHCL3); IR (CHCL) v: 2924, (en o on
2853, 1686, 1466, 1385, 1045, 929, 669 cm™'; 'H NMR (CDCls, 200 MHz): 6 0.88 (t,
J=6.5 Hz, 3H), 1.26—1.47 (m, 6H), 1.56—1.76 (m, 2H), 2.65-2.89 (m, 2H), 3.51 (dd,
J=13.9 Hz, 2H), 3.81 (dd, J = 7.5, 12.1 Hz, 1H), 4.38 (dd, J = 3.9, 7.2 Hz, 1H), 4.62
(d, J=8.1 Hz, 1H), 5.14 (d, J=12.7 Hz, 1H), 5.22 (d, J=12.7 Hz, 1H), 5.80 (dd, J=
1.5, 8.1 Hz, 1H), 5.91 (d, J = 8.0 Hz, 1H), 7.37-7.57 (m, 7H), 9.33 (br s, 1H) ppm;
C NMR (CDCls, 50 MHz): 6 14.1 (q), 22.6 (t), 29.7 (t), 31.7 (t), 31.9 (t), 33.5 (%),
61.7 (1), 72.0 (t), 76.4 (d), 86.5 (d), 89.2(d), 92.3 (s), 103.2 (d), 117.5 (d), 127.2 (2C,
d), 127.7 (d), 128.6 (d), 128.8 (2C, d), 132.3 (s), 138.0 (s), 140.3 (s), 140.4 (d), 141.6
(s), 142.6 (s), 150.8 (s), 163.0 (s); ESI-MS (m/z): 515.07 (40%, [M+Na]"), 531.03
(100%, [M+K]"); Anal. Caled for C3sH3,N,04: C, 68.28; H, 6.55; N, 5.69%; Found:
C,68.17; H, 6.67,N, 5.73%

1-[3-C,3-0-{0-(2- "Hexyl-4- "hexyl)phenylenemethylene}-S-D-ribofuranosyl] uracil
(62):

General procedure C was followed. Diyne 39 (20 mg, 0.051 5
mmol) and 1-octyne (7.5 uL, 0.051 mmol) were used to afford a oH ﬁ:ﬁo
compound 62 (19.2 mg, 75% yield) as a colorless liquid. [a]p> CeilHl éo }
+4.4 (c 0.5, CHCly); IR (CHCI3) v: 3020, 2930, 2858, 1698, [(Ceis o on
1521, 1462, 1385, 1216, 1045, 929, 669 cm™'; '"H NMR (CDCls, 400 MHz): § 0.87 (t,
J = 6.4 Hz, 3H), 0.88 (t, J = 6.4 Hz, 3H), 1.26—1.38 (m, 12H), 1.53—1.71 (m, 4H),
247 (dd, J = 7.7, 8.1 Hz, 2H), 2.60—2.66 (m, 1H), 2.72-2.74 (m, 1H), 3.43 (dd, J =
3.8,12.0 Hz, 1H), 3.75 (dd, J = 7.6, 12.0 Hz, 1H), 4.32 (dd, J= 3.8, 7.6 Hz, 1H), 4.56

(t,J = 7.8 Hz, 1H), 5.05 (d, J = 12.4 Hz, 1H), 5.12 (d, J = 12.4 Hz, 1H), 5.76 (d, J =
8.0 Hz, 1H), 5.87 (d, J = 8.0 Hz, 1H), 6.85 (s, 1H), 6.95 (s, 1H), 7.45 (d, 8.0 Hz, 1H),
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9.25 (br s, 1H); *C NMR (CDCls, 100 MHz): § 14.1 (q), 14.2 (q), 22.6 (t), 22.6 (t),
29.0 (1), 29.7 (1), 31.4 (t), 31.6 (1), 31.7 (t), 31.9 (1), 33.4 (t), 35.6 (1), 61.8 (1), 72.0 (1),
76.3 (d), 86.5 (d), 89.2 (d), 92.1 (s), 103.2 (d), 118.7 (d), 129.7 (d), 130.4 (s), 137.2
(s), 140.3 (d), 140.8 (s), 144.4 (s), 150.7 (s), 162.9 (s) ESI-MS (m/z): 523.11 (100%,
[M+Na]"), 539.08 (90%, [M+K]"); Anal. Calcd for : CosH4N,O¢: C, 67.18; H, 8.05;
N, 5.60%; Found: C, 67.06; H, 8.17; N, 5.71%;

1-[3-C,3-0-{0-(2- "Hexyl-4- "henicosyl)-phenylenemethylene} - f-D-ribo-
furanosyl]uracil (63):

Procedure C was followed. Diyne 39 (50 mg, 0.138 mmol) 0
and 1-tricosyne (42.3 mg, 0.138 mmol) were used to afford on EIL /'K‘

compound 63 (66.5 mg, 73% yield) as a colorless liquid.
[a]p® +1.9 (¢ 0.2, CHCl3); IR (CHCls) v: 3020, 2930, 2858, | CaHad" b oH
1698, 1521, 1462, 1385, 1216, 1045, 929, 669 cm '; " NMR (CDCls;, 200 MHz): §
0.86 (t, J = 6.5 Hz, 3H), 0.88 (t, J = 6.5 Hz, 3H), 1.24 (s, 36H), 1.30-1.36 (m, 8H),
2.57 (t, J= 7.7 Hz, 2H), 2.60-2.66 (m, 1H), 2.70-2.79 (m, 1H), 3.33 (br s, 1H), 3.44
(dd, J=4.0, 12.1 Hz, 1H), 3.75 (dd, J = 7.7, 12.1 Hz, 1H), 4.32 (dd, J = 4.0, 7.1 Hz,
1H), 4.59 (t, J = 7.8 Hz, 1H), 5.07 (d, J = 12.1 Hz, 1H), 5.13 (d, J = 12.1 Hz, 1H),
5.29 (s, 1H), 5.78 (d, J = 8.1 Hz, 1H), 5.85 (d, J = 8.1 Hz, 1H), 6.86 (s, 1H), 6.96 (s,
1H), 7.44 (d, J= 8.0 Hz, 1H), 8.94 (br s, 1H); *C NMR (CDCls, 50 MHz): 6 14.0 (q),
14.1 (q), 22.6 (1), 22.7 (t), 29.3 (1), 29.5 (1), 29.6 (1), 29.7 (13C, t), 31.4 (1), 31.7 (1),
31.9 (t), 31.9 (t), 33.4 (1), 35.6 (1), 53.4 (1), 61.8 (t), 72.0 (t), 76.2 (d), 86.4 (d), 89.3
(d), 92.1 (s), 103.2 (d), 118.7 (d), 129.7 (d), 130.3 (s), 137.3 (s), 140.4 (d), 140.8 (s),
144.5 (s), 150.6 (s), 162.7 (s) ppm; ESI-MS (m/z): 733.51 (10%, [M+Na]"); Anal.
Calcd for C43H70N>Og: C, 72.64; H, 9.92; N, 3.94; Found: C, 72.51; H, 9.97; N,
4.01%.

1-[3-C,3-0-{0-(2-"Hexyl-4-chloropropyl)phenylenemethylene } -3-D-

ribofuranosyl]uracil (64):

General procedure C was followed. Diyne 39 (20 mg, 0.051 9
NH
mmol) and 1-chloro-4-pentyne (4.67 mmL, 0.051 mmol) were oH fi&o
used to afford 64 (19.7 mg, 78% yield) as a colorless liquid. CoPN©
Cl z
O OH

[o]p> +5.7 (¢ 0.3, CHCL); IR (CHCly) v: 3020, 2929, 1698,
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1385, 1216, 1046, 929, 669 cm™'; 'H NMR (CDCls, 400 MHz): § 0.87 (t, J = 6.8 Hz,
3H), 1.24-1.37 (m, 6H), 1.53—-1.66 (m, 2H), 2.05 (quint, J = 7.3 Hz, 2H), 2.59-2.66
(m, 1H), 2.75 (t, J = 7.3 Hz, 3H), 3.43 (dd, J = 3.3, 12.1 Hz, 1H), 3.51 (t, J= 6.3 Hz,
3H), 3.75 (dd, J = 7.5, 12.1 Hz, 1H), 4.33 (dd, J = 3.3, 7.3 Hz, 1H), 4.56 (t, J = 8.2
Hz, 1H), 5.06 (d, J = 12.3 Hz, 1H), 5.13 (d, J = 12.3 Hz, 1H), 5.78 (d, J = 8.1 Hz,
1H), 5.87 (d, J= 8.1 Hz, 1H), 6.88 (s, 1H), 6.98 (s, 1H), 7.45 (d, J = 8.2 Hz, 1H), 9.40
(br s, 1H) ppm; *C NMR (CDCls, 100 MHz): § 14.1 (q), 22.6 (t), 29.7 (t), 31.7 (%),
31.9 (1), 32.3 (t), 33.4 (1), 33.8 (1), 44.1 (1), 61.7 (1), 71.9 (1), 76.3 (d), 86.5 (d), 89.0
(d), 92.1 (s), 103.2 (d), 118.9 (d), 129.8 (d), 131.1 (s), 137.7 (s), 140.4 (d), 141.2 (s),
142.1 (s), 150.7 (s), 163.0 (s); ESI-MS (m/z): 515.03 (82%, [M+Na]"), 531.00 (100%,
[M+K]"); Anal. Calcd for C,sH33CIN,Os: C, 60.91; H, 6.75; Cl, 7.19%; Found: C,
61.09; H, 6.61; N, 7.07%.

1-[3-C,3-0-{0-(2,4-Diphenyl)phenylenemethylene} - f-D-ribopyranosylJuracil (65):

By following procedure C, cycloaddition of the diyne 40 (20 mg,
0.052 mmol) with phenyl acetylene (5 mmL, 0.052 mmol) gave a
regiomeric mixture of compound 65 (7:1) (21.0 mg, 83% yield)
colorless liquid. [a]p™ +117.5 (¢ 1.3, CHCls); IR (CHCI3) v: 3020,
2025, 1694, 1526, 1046, 929, 669 cm'; 'H NMR
(CDCI3+CDs0D, 400 MHz): 6 3.24 (d, J = 9.4 Hz, 0.3H), 3.37 (d,
J=9.4 Hz, 0.7H), 3.64 (dd, J = 5.8, 10.2 Hz, 1H), 3.69-3.77 (m, 2H), 5.29 (d, J =
10.1 Hz, 1H), 5.30 (s, 1H), 5.60 (d, J= 8.1 Hz, 0.3H), 5.63 (d, J= 8.1 Hz, 0.7H), 5.68
(d, J=9.4 Hz, 0.3H), 5.71 (d, J = 9.4 Hz, 0.7H), 6.66 (d, J= 8.1 Hz, 0.3H), 6.77 (d, J
= 8.1 Hz, 0.7H), 7.03—-7.43 (m, 11H), 7.55 (d, J = 7.3 Hz, 1H); *C NMR (CDClLs, 100
MHz): 6 66.8 (), 66.9 (t), 69.4 (d), 70.4 (d), 71.2 (d), 73.4 (t), 73.7 (t), 77.2 (s), 81.5
(d), 81.6 (d), 92.8 (s), 93.2 (s), 102.4 (d), 102.5 (d), 118.3 (d), 118.5 (s), 119.7 (d),
126.0 (d), 126.8 (d), 127.1 (d), 127.3 (d), 127.4 (d), 127.7 (d), 127.8 (d), 128.0 (d),
128.3 (d), 128.4 (s), 128.5 (s), 128.8 (s), 129.4 (s), 129.5 (s), 130.2 (d), 130.3 (d),
130.3 (d), 132.5 (s), 133.9 (s), 135.6 (s), 137.1 (s), 137.6 (s), 139.1 (s), 139.2 (d),
139.3 (d), 140.0 (s), 140.5 (s), 140.7 (s), 141.3 (s), 141.4 (s), 142.4 (s), 151.0 (s),
163.8 (s); ESI-MS (m/z): 506.99 (25%, [M+Na]"), 522.96 (100%, [M+K]"); Anal.
Calcd for CgHsN7Og: C, 69.41; H, 4.99; N, 5.78%; Found: C, 69.35; H, 5.15; N,
5.98%;
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1-[3-C,3-0-{0-(2-phenyl-4-"hexyl)phenylenemethylene} - f-D-ribopyranosyljuracil
(66):

By following procedure C, cycloaddition of the diyne 40 (25 mg, [ o
0.065 mmol) with 1-octyne (7.2 mmL, 0.065 mmol) gave compound
65 (24.8 mg, 77% yield) as a white solid. mp: 124-126 °C; [a]p>
+85.4 (c 1.1, CHCL); IR (CHCI3) v: 2924, 2853, 1686, 1466, 1385,
1046, 929, 669 cm'; '"H NMR (CDCls, 400 MHz): & 0.87 (t, J = 6.6
Hz, 3H), 1.27-1.40 (m, 6H), 1.60 (quint, J = 7.8, 2H), 2.60 (t, /= 7.8
Hz, 2H), 3.48 (br s, 1H), 3.58 (br s, 1H), 3.65 (t, /= 10.5 Hz, 1H), 3.71 (dd, J = 5.6,
10.5 Hz, 1H), 5.23 (d, J=12.3 Hz, 1H), 5.45 (d, /= 12.3 Hz, 1H), 5.61 (d, /= 8.2 Hz,
1H), 5.74 (d, J = 9.3 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 6.94 (s, 1H), 7.03 (s, 1H),
7.32—7.43 (m, 5H), 9.58 (s, 1H); *C NMR (CDCls;, 100 MHz): § 14.1 (q), 22.5 (%),
22.7 (1), 31.3 (t), 31.6 (1), 35.6 (1), 67.0 (t), 69.4 (d), 73.0 (d), 74.3 (1), 81.8 (d), 93.3
(s), 103.2 (d), 119.9 (d), 128.0 (3C, d), 129.2 (2C, d), 130.1 (d), 130.1 (s), 137.5 (s),
139.0 (d), 139.3 (s), 141.3 (s), 143.7 (s), 151.1 (s), 163.0 (s); ESI-MS (m/z): 515.08
(75%, [M+Na]"), 531.02 (100%, [M+K]"); Anal. Calcd for CosH3,N,Oq: C, 68.28; H,
6.55; N, 5.69; Found: C, 68.31; H, 6.60; N, 5.76;

1-[3-C,3-0-{0-(2-phenyl-4-"henicosyl)phenylenemethylene} - 5-D-
ribopyranosyl]uracil (67):

Procedure C was followed. Diyne 40 (30 mg, 0.078 mmol) and 1- [ o
tricoxyne (24 mg, 0.078 mmol) were used to afford compound 67 ((/'L”

(31.3 mg, 81% yield) as a white solid. mp: 102—104 °C; [o]p>> +55.3
(c 0.8, CHCl3); IR (CHCIl3) v: 2924, 2853, 1686, 1466, 1385, 1046,
929, 669 cm'; "H NMR (CDCls, 400 MHz): 6 0.87 (t, J = 6.4 Hz,
3H), 1.24 (s, 36H), 1.45-1.64 (m, 2H), 2.61 (t, J = 7.7 Hz, 2H),
3.48-3.75 (m, 5H), 5.23 (d, J=12.3 Hz, 1H), 5.45 (d, J=12.3 Hz, 1H), 5.62 (dd, J =
1.8, 8.2 Hz, 1H), 5.64 (d, /= 8.9 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H), 6.95 (s, 1H), 7.04
(s, 1H), 7.34-7.47 (m, 5H), 9.36 (br s, 1H); °*C NMR (CDCls, 100 MHz): § 14.1 (q),
22.7 (), 29.3 (1), 29.5 (1), 29.7 (14C, t), 31.4 (1), 31.9 (1), 35.7 (1), 67.0 (t), 69.4 (d),

Ca1Hyz
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73.1 (d), 74.4 (1), 81.8 (d), 93.2 (s), 103.2 (d), 119.6 (d), 128.0 (2C, d), 129.2 (3C, d),
130.0 (s), 130.2 (d), 137.5 (s), 138.9 (d), 139.2 (s), 141.2 (s), 143.8 (s), 151.0 (s),
162.8 (s); ESI-MS (m/z): 741.16 (100%, [M+K]"); Anal. Calcd for C43HsN2Og: C,
73.47; H, 8.89; N, 3.99%; Found: C, 73.31; H, 8.97; N, 4.07%;

1-[3-C,3-0-{0-(2-phenyl-4-chloropropyl)phenylenemethylene} - #D-
ribopyranosylJuracil (68):

General procedure C was followed. Diyne 40 (20 mg, 0.052 mmol)
and 1-chloro-4-pentyne (5.51 mmL, 0.052 mmol) were used to
afford compound 68 (20 mg, 79% yield) as a white solid. mp:
176-178 °C; [a]p® +114.2 (¢ 0.5, CHCL); IR (CHCls) v: 3020,
2925, 1694, 1462, 1385, 1215, 1046, 929, 669 cm '; 'H NMR
(CDCI;CDsOD, 500 MHz): 6 1.98 (quint, J = 7.5 Hz, 2H), 2.70 (t,
J=17.5Hz, 2H), 3.24 (d, J = 9.5 Hz, 1H), 3.45 (t,J = 6.4 Hz, 2H), 3.51 (t, /= 8.3 Hz,
1H), 3.61 (d, J=12.1 Hz, 1H), 3.65 (d, J=12.1 Hz, 1H), 5.14 (s, 2H), 6.55 (d, J=8.2
Hz, 1H), 5.60 (d, J = 9.5 Hz, 1H), 6.67 ( d, J= 8.2 Hz, 1H), 6.85 (s, 1H), 6.98 (s, 1H),
7.24-7.33 (m, 5H); >C NMR (CDCl+CDs0D, 125 MHz): 6 32.2 (t), 33.7 (t), 44.0
(1), 66.9 (1), 69.4 (d), 71.4 (d), 73.8 (1), 81.6 (d), 92.8 (s), 102.7 (d), 119.9 (d), 127.7
(2C, d), 127.8 (d), 128.8 (2C, d), 129.7 (d), 131.3 (d), 137.4 (s), 139.1 (s), 139.3 (s),
141.0 (s), 141.9 (s), 151.1 (s), 163.7 (s); ESI-MS (m/z): 506.98 (60%, [M+Na]"),
522.94 (100%, [M+K]"); Anal. Caled for C,sHysCIN,Og: C, 61.92; H, 5.20; Cl, 7.31;
N, 5.78% Found: C, 61.88; H, 5.09; Cl, 7.47; N, 5.81%.
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Spectra

[ ion Time (sec) 3.6351 | Comment mangesh d [ Date 22/01/2009 19:03:04 |
| Frequency (MHz) 500.13 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |
Temperature (grad C) 0.000
Chloroform-d
©o o oo ag SooNDSaNd DO NN 2 0w
BR 8 25 88 BRAEESIVIIIRR 2 9%
NN & 88 88 B T & NN
[} (S L 0 A s H
0N~
— .
~— 5 OH
//
—
]
'
1
TMS
1.00 0.951.00 113 116 0.92 0.94
u U U ulu U u u
o e e e ey
9.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00
[ Time (sec) 1.0486 | Date 27/01/2009 15:57:08 Frequency (MHz) 125.76 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 | Temperature (grad c) 0.000 |
Chioroform-d
< o = o 4
3 8 5 B sNoSLRSdS o o o
3 3 3 o S8852838G03 g 3 =
2 2 g g SIoPoERGY a I 0=
g 2 3 S SISRIREEN 3 3 2
LRELLS o P
Chioroform-d
2
g
2
T T T T T T T
81 80 79 78 77 76 75
I
I
W L L
) | . A W Jerhnle ) Bekeonlrormmssmsthessk
sastaaany T T T T T T T 7 T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 1 in CDCl;

83



Chapter II Spectra

[ ion Time (sec) 3.6351 | Comment Mangesh [ Date 15/01/2009 15:46:50 |
| Frequency (MHz) 50013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |

Temperature (grad C) 0.000

~ r 0y PVNOVEIVIRW DD « 22 «
3 & BD A RA LR ] 33 ]
~ ~ & TYYYYYITRO000 o o =

1.00 1.00 3.36 1.09 097 109 331
U U —u L u ] ]
LR AR L AN S LA AR LR AR L AR R ML B L R LS R LR SRS AR AR LA AR RN LA AR MR RSN LR LRSS RARARRARAA RARRS RN RRARE}
9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 10 05 0.0

'H NMR Spectrum of 2 in CDCl,

[ i Time (sec) 1.0486 | Date 22/01/2009 16:49:08 [ Frequency (MH2) 12576 | Nucleus 13C |
[‘original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 [T e (grad C) 0.000 |
Chioroform-d
o © © o '
2 8 8 3 suroeDVooo @ © w P
3 o o S SEISESOR < e @ e
2 3 8 £l R I S s @ E]
g E g b= EIRRRREEN 3 8 2 o
RN .
Chioroform-d (0]
°
8
2 _
CH3
w °
3 528 3
3 ® R R T
2 o 2] |,
= &% b
>
i
S
T T T T
90 85 80 75
o
||
T I Al J o o ' 1 | e
R o e e L e A L L e R A R s A LA AR A AR RS A SRR s AR R
180 170 160 150 140 130 120 110 100 an a0 70 &0 50 a0 an 20 10 0

3C NMR Spectrum of 2 in CDCl;

84



Chapter II

Spectra

[ Time (sec) 3.6351 | Comment mangesh d [ Date 22/01/2009 19:14:42
| Frequency (MHz) 500.13 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42
Temperature (grad C) 0.000
Chioroform-d ™S
so 0 S wyoowgoooans® ° s o
58 { 8§85 23238383833 8 22 3
% ~ P FYYTYYTos o a @ S FIN
(i (&S] LI IIT a2 i, 7
0]
E
1.09 1.05 1.28 1.26 099 100
1 1 [T uu 1 ]
e T T P T e
85 8.0 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0
[ Time (sec) 1.0486 | Date 08/06/2009 16:25:04 [ Frequency (MHz) 12576 | Nucleus 13C
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) __ 31250.00 Temperature (grad C) 0.000
Methanol-D4
o -3 - wn Q '
& 3 58 2 ~Nyogmom @ s o
b o 29 b KyR83o8 2 3 2
8 ® 35 g gegggre § g 3
0 TIELF00 T T
(0]
HO
E
—— 5
e - 4
o OH
//
—
@
3 e 2 2 3
IS b S8 © 3 8
s 8 58S o
8 & o 9
T 2 }
T
T T T T T T T T T T T T T T T
0 85 80 75 70 65 60 55
I 1!
I
|
! |
I
(| LL L L L bk J LA Ll 1

3C NMR Spectrum of 3 in CDCl;

85




Chapter II

Spectra

Time (sec) 7.9167 | Comment

08/01/2009 14:53:04

[ Frequency (MHz) 20013 | Nucleus

Mangesh [ Date
|

1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07

Chlorq’olm-d

. caa se cnozenD A -
9q 298 58 oNR28LR Y 2932
N~ W6 w < BB mmm | INEENENEN]
& Ly g GRS RS [N
Hol\‘
o
o 23
3 8 &P
H 7
115 111
| | —
‘ ‘ ‘
5.60

L It
217 115 2.07 3.00 100 117
u Ui U Uy U u
T T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 1.0 05 0.0
Time (sec) 2.7329 | Comment Mangesh Date 18/01/2009 07:05:34 |
[ Frequency (MHz) 5032 | Nucleus 13C Original Points Count 32768 | Points Count 2768 | Sweep Width (Hz) 11990.41 |
Chioroform-d
< o @ @ '
3 8 8 3 NEYDowoNoe o o o
s = S o GHR8BSH]Y & & @
2 b g B SoeerRT N B @ @
K A 3 S SePERENRY 8 2
AN
Chioroform-d
s
Q
2
IS
T T T T T T T T T T T T
81 80 79 78 7 76 75 74 73 72 71
I
I
I
I
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 4 in CDCl;

86



Chapter II

Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date 16/02/2009 18:12:10 |
[ Frequency (MHz) 20013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Chioroform-d ™S

o wsg so arwTNoBON N oene so E
8§55 83 233 SREIRNRE3H Nese 8R !
LN w6 ¥ % @ mmoma ENEENENEN] R <
Py & & T LS N 3
|
I
1.00 1.00 2.00 3.07 0.95 0.95 1.08 3.02
u u LJu U u u
T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 1.0 05 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 18/02/2009 01:52:10 |
[Frequency (MHz) 5032 | Nucleus 13C Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Chioroform-d
@ = w0 < !
kA 5 2 3 rogoodnn o @ <
3 2 = 3 52832838849 8 3 3
2 23 8 E SorronNd i o o
g g g o RRREREQRE 8 8 o
LU o i
8
S . o
[ Chloroform-d =
‘ I
[
CH3
——
=
UL A A A A AR A M A B AL RS AL AR AAASBARSS AR Aan b
80 79 78 7 76 75 74 73 72 71
T T T T T T T
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 5 in CDCl;

87



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 22/01/2009 16:11:24
[ Frequency (MHz) 20013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Chioroform-d
0o @ o so
858 855 Y 32
RGN B5 w0 ER
N P g
85 83
L.
7 I
1.09
L
T T
5.60 5.55
[
I
"
1.09 1.09 2.02 312117 0.92 1.00
u i u U U U
R a e L R ARAASASSEY
75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 15 1.0 05 0.0
[ Time (sec) 1.0486 | Date 07/02/2009 17:23:00 [ Frequency (MHz) 12576 | Nucleus 13C
[‘original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 | Temperature (grad ¢) 0.000 |
Chioroform-d
< P °® ax
3 2 98 83 rotoong o © @
~ o o T o eNNQNTT @ < «
5 2 53 38 SowrYma 18 s @
g S 39 S SE8RENCH 8 8 2
Vi I R |
] o (0]
X 9 b b
g T $
F
o M‘L
T T T T
74 73 72 71 70 69 68 67 66
~
5
s
2 <
~
P R
Q
S
8
T T T T T T T T T T
805 800 795 790 785
I
I
1 ‘
|
|
S ‘ N .
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 6 in CDCl;

88



Chapter II

Spectra

[ ion Time (sec) 3.6351 | Comment

Mangesh [ Date 22/11/2008 20:31:04
| Frequency (MHz) 500.13 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |
Temperature (grad C) 0.000
Chioroform-
29 oo woana® a9 oo 5 es N goaan ]
28 33 23538 58 33 3 23 5 33385 ]
o NSNS N R NN W 16w 0 ¥ < ® oMM o Q
Oy TS S & R
3
8o @ &
vy ©S [ o
8o T¢ i
@
S1
1.08 1.08
[E—— —_
R G ek i s s
3.65 3.60 3.55 3.50 3.45 3.40 335

1.08 1.05 214 1.00 1.00 2.36 1.05 111 1.08 1.08
u u uu uu u u u u u
L RS A B A A B A LA BN MRRLL IS MBS L A AR AL B LA LS RSN AR RN MARAE AN AAARR AL ARRRR AR T T
85 80 75 7.0 65 6.0 55 5.0 45 4.0 35 30 25 20 15 10 05 0.0
Time (sec) 1.0486 | Date 22/11/2008 22:49:58 Frequency (MHz) 125.76 | Nucleus 13C |
[ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 Temperature (grad C) 0.000 |
Chloroform-d
~ ~ ™o © 0w N 0 N !
] M 88 & B8 98 N s oo g3 o ° 0
< - NE=] < AN =] o @ ~ o S o N 3 b
3 3 §¢ & &% &8 8 S Sw SN o S @
] i R R R R E S B8 RF ¥ 2 2
I | SEo N S |
1 T | ,
I
I
I
‘ ‘ ‘ ‘ j I l L
I | .- Aol
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 20 in CDCl;

89



Chapter II

Spectra

[ Time (sec) 3.9846 | Comment Mangesh [ Date 23/11/2008 10:50:36 |
| Frequency (MHz) 40013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
[Temperature (grad ¢) 0000 ]
TMS
= o ~o mNTy ~o ~ 0o cosdo®god .-‘ 3
58 R 5YIY EE] 5 23 R28z223848 & 3
@@ NN omeNN 3 Y YYeeososs S
T N < VP REIEST I 7
H
N_.©O

HO

8.5 8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 0.5 0.0
Time (sec) 5.1905 | Date 23/11/2008 17:32:08 [ Frequency (MHz) 100.61 | Nucleus 13C |
[ original Points Count 131072 [ Points Count 131072 | Sweep Width (Hz) ___25252.53 T e (grad C) 0.000 |
Chioroform-d
[=3 13 r=} - NOANNO '
3 8 § R 38593 s =z @9 o o @ @
IS > S § srwwoo 3 ga  §8 & & < 2
5 2 g & 8:5€4R% S I S @ kS
] S 309 SNgSSY 3 B8 RF ¥ 2 2 g
(RIS i 8 [
I
H
0 N~°
HO Y )
o N CHs
O OH
I I
I
| W——
. A
A A l
| )
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 21 in CDCl;,

90



Chapter II

Spectra

Time (sec) 3.9846 | Date 10/12/2008 17:19:34 [ Frequency (MHz) 40013 | Nucleus 1H ]
[‘original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 822368 | Temperature (grad C) 0.000 |
Methanol-D4 ™S
o poomaD Yo o @ ©o o NdoRLNo =
35 2Re8ys 8% aq 2y 25 ] S32RBYS 3
@@ NN 55 ¥ Y oeccoos
[ RS o [ VT RESESS T
2
gz 78
T 9 ‘
1.06
| |
rrrT T T
3.83 382 381 3.80 3.79 378 377
h
I
[} I I
[
|
/
1,00 101 203 1.00 2.02 119 101 106 104
u u uu u u U u
DR s na A s UMM N na s b s s s s e nas Aoy A A s e ks B A
9.0 85 80 75 7.0 65 60 55 5.0 45 40 35 30 25 20 15 10 05 00
1 -
H NMR Spectrum of 22 in CDCl;
Time (sec) 1.3631 | Date 10/12/2008 17:19:50 Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad ¢) 0.000 |
Chioroform-d
© ~ 13 o NS oo~ !
8 5 8 R L3853 o 0w g N w0 ~
~ o o § ©NWW®o @ @ 9 el o o H
5 g g § &€58%83% 3 S sr o S P o)
] 3 308 SSSSSy 3 88 [INEIIN g N
TR i ST 7 o)
\ HO i
N~ F
P
< O OH
53 S
@ & S S
- T ]
B
TR \ | .
I I I
. | [ ' i l ' l L
A | \W} A Iy Il J "
IAAARSRARSS T T T T T
160 150 140 130 120 110 100 9% 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 22 in CDCl;,

91



Chapter II

Spectra

[ Time (sec) 3.9846 | Comment SHARAD [ Date 18/01/2008 19:11:16 |
| Frequency (MHz) 40013 | Nucleus. 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad C) _0.000
cpmuImNNOQD NYTN mwoo ruINDoNELy o
RBBIFIIILY 53NN §€]] ¥ 5833335888 §
N RN BI561E 666w oS @ ©
PR 2Ry LRy 7 TIIITI222F
0
9 2
? @
o
< N
3 59
5 6 Pl
nf' |
L 0% J L 0.96 ] T T T T T T T T T T T T T T
— : — 4.10 4.05 4.00 3.95 3.90 3.85 3.80
590  5.85 5.80 5.75 5.70
1.00 1.93 0.98 2.02 2.001.00 1.07
=) = — ] H
e e L e AR B n L L L o B aa A Ra s Rana s s e s S AR Ra sy
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
[ Time (sec) 1.3631 | Date 21/01/2008 15:37:20 [ Frequency (MHz) 10061 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 [ Temperature (grad ¢) 0.000 |
w0 ~ 0 @ a3 0o EY
8 5 83 33 &R 2 o ~ ~an o o
P o d g S8 oo @ @ @ SRo® =
8 8 g3 Q& 88 8 @ o Sod® @
g g 38 95 99 K 8 8 RRE 8 2
I I N | ST
0" i I
| | |
I
I 1 '
J ‘ A
R o A AR i BARAS Lo e e o NARANBASSAnanas B nas na s e na s e ASO AR RARE RO A RaaROARAs nassa R ea )
160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 23 in CDClj

92



Chapter II

Spectra

Time (sec) 3.6351 | Comment SHARAD B S [ Date 17/12/2007 20:53:42 |
[ Frequency (MHz) 500.13 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 ]
Temperature (grad C) _0.000
S oNZoLONDN oo onwm LN dERONDO B ® ® P
S AR 28 8448 dY898998381 8§ S &
El NNNNNR RN $8  BwLL  YYYIYIOOCom o &
Rl T AR ALY 1T
CH3
o
& @
@ 2
i @
0.83 1.03 2.00 1.00 2.03 0.991.99 3.02
U dil u i AT i
RN i L sy ay LS LA LA AL LA A LR Ly AR B L AR LA SN LA s L T T
100 95 90 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0
Time (sec) 1.3631 | Date 04/12/2007 14:13:54 Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 Temperature (grad C) 0.000 |
o ~ S Do N oo o
g 8 8 2R 55 88 3 ® o swmuwo o 0
g 3 & NS S dd S s B §5cGB e @
g 3 8 85 &8 &8 El @ § ovadm S &
5 K g 389 S8 98 b 8 g EYfg & B
| | [ I~ 1~ YA
CHj
| 1" I | Lo
I
I I !
" l l l |
e b L J L.
A A LA L B AL R A LA L A LA L R AL A AR RS A AR A R AR
200 1% 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 24 in CDCl;4

93



Chapter II

Spectra

[‘Acquisition Time (sec) 3.9846 | Comment SHARAD [ Date 18/01/2008 17:17:50 |
| Frequency (MHz) 40013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad ©) 0.000
823 RIQS

5.
5.

'H NMR Spectrum of 25 in CDCl;

[ Time (sec) 1.3631 | Comment SHARAD [ Date 18/01/2008 19:00:46 |
[ Frequency (MHz) 10061 | Nucleus 13C Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Temperature (grad C) 0.000
~ @ @ o NoNm®n
S5y 0% 23 539383 ° @ [ w0
s o § @ FEo6dd < i 8 So s 2
28 3 g 8 TELLLET @ o R S
a8 08 39 asgaNy 8 8 RRR8 g
- I N | [ |
|
| |
| |
|
| |
!
fl
| \ h » L L A "
R L e L A L RS B B e ARARR RS e amaRaaE L
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 25 in CDCl;,

94



Chapter II

Spectra

Time (sec) 3.6351 | Comment Mangesh [ pate 23/11/2008 14:52:18 |
| Frequency (MHz) 500.13 | Nucleus. 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |
Temperature (grad C) 0.000
Methanol-D4
cg o w0 ©Y o NuTSTa R0 © woweodd s
28 R g 83 RE  NUIIY BB 8 RLREIsd 38
Bo o~ N FB BB pEooE v ¢ ooooooo PR
& N R S S AN i
AcO
AcO
1.04 101 1.10 1.00
—_ [ —_
IAASRAsstassasasss ians s A B AL A A A
46 45 4.4 43 42 41 40 3.9 38 37 36 35 34
[
]
1
'
h \%&J
101 102 203 1.00 1.03 6.03 104 101 110 100 305
U u U u u u u_u u
T T T T
85 8.0 75 7.0 65 6.0 55 5.0 45 40 35 30 25 20 15 10 05 00
[a Time (sec) 1.0486 | Date 23/11/2008 21:43:44 [ Frequency (MHz) 12576 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 [ Temperature (grad ) 0.000 |
Chloroform-d
so o o~ © o 9
88 5 8 28 R 23 2 © @@ N9 @ ~ox a o
Js @ a3 a8 @9 PR & g 88 88 & 9805 b sR
=L 2 5 99 83 4§ 8 5 2w o< o smo > Ss
5508 B 33 92 S 9 S g 88 2r § 388 2 88
I~ | e Il [N S | NPT ~
@
o o 8
S 2
S
o ~ @ o
2 3y Beg I AcO
@ Bwd
i< S 788 AcO
15 5 8 —
=~ 3 2
2 oS
S S
“_ ‘1 | \
T T """‘ T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125
|
|
I I
|
! ! 1
J ) " \, oAbt
aasa paaRERAAAR) AaARaAARAS haana A A A A A A A AR A AMRAS AL RARAARS AARSY ARRAS ARARA AARAS AR T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 26 in CDCl;,

95



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 18/12/2008 22:23:06
| Frequency (MHz) 20013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07
Methanol-D4
o o o con NN PPN ©© 0 0o H o s
88 Q 83 339 PR R ] 888 N S
s o~ N e w PR fY f¥YYomgomon oo o) >
(. o T 7 IS TS i i
HO _
CH3
@ 3
3
Sa Ry a
8 &
T T% H
/ o
115 095
| — | ———
T T T T T T T T
38 37 36
I
1
} \UUK
098 094 1.00 6.00 101 111 136 095 3.083.01
Uy — [ u u [ w
R e B R A A A A B T T
80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0
[ Time (sec) 1.3631 | Date 06/02/2009 09:31:24 [ Frequency (MHz) 100.61 | Nucleus 13C |
| Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 T (grad C) 0.000 |
Chioroform-d
o < < 2 oyon o % o
BN 3 3 2 g0 R I 8 @ w w o9 ©w wo 0 ~ ~ @
S @ o d sewLy 8 o i & 2 8 &8 & 498 @ 3 @ g
EE B g S 2888 8§ g 3 88 EE & 38 2 g 9 =
< T T TTTON T W T \ [
s =
3 5
S S
8 S
‘J‘\/L
B AR R RS RS ERaR R AR
210 209 208
2 P
S . . S8 843
T ] g [
2 o -/
= 2
T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135
o | ! W |
I oy | . | ‘
| el | l
“ A il | A " " I\
BN R R L SRR RSy AR R aa Ea A e AR sy A Raa kst nenas T
170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 0

B3C NMR Spectrum of 27 in CDCl;4

96



Chapter II Spectra

[[Acquisition Time (sec) 3.6351 | Comment Mangesh [ pate 13/02/2009 18:00:24 |
| Frequency (MHz) 500.13 | Nucleus. 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |
Temperature (grad C) _0.000
Methanol-D4
g o 0 Sow Somm @ Y LooNdo 0o 0w
58 3 2 823 8238% 8 I 8833383883 a3
it T @ tayy T 7 sy iav it
o]
F
Iz
S o oo
0w S ©
)54 88os as AcO
(N =y
AcO
102 112 102
[} [ —
T T T T T T T T T T T T T
42 41 40 39 38 3.7 36
!
1l
_J J |
1
|
101 1.02 1.02 1.00 4.00 108 102 112 1.02 303
u u u u uJ [ uu U
RN R aa sy e B L B N s R R AR R e R SRR AR R
9.0 85 8.0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00
[ Time (sec) 1.0486 | Date 13/02/2009 20:05:52 [ Frequency (MHz) 12576 | Nucleus 13C |
[(original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 [ Temperature (grad ¢) 0.000 ]
DMSO-d6
o < romoe NImo
8 3 5R28% §3IBY ~ o 4 x goo 0 ° <
2 3 OEree desoa 5 {3 2= 8 88% 2 2 3
I 3 28588 g8y 2 1N s 8 $g4g @ 2 s
5 i 33089 999 8 55 g 2 333 2 &
(TS ST (& T J
O
F
AcO
AcO 33
g8
[
T T T T T T T T T T T T T
! x ——————
150 145 140 135 130 125 o
i
[
|
| |
I
I i
|
) ) Ty L o " )
b . ' v Y " " pot et "
s s 0 0 0t 0 B A A B A B A B AR RS R AR N RS AARDA NS AARDA AR RARSA RS AR RD
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 28 in CDCl;,

97



Chapter II

Spectra

Time (sec) 3.9846 | Date 19/08/2008 19:20:18 [ Frequency (MHz) 400.13 | Nucleus H
[ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 | Temperature (grad C) 0.000 |
Chioroform-d ™S
TauoN® Sxmosnoo orowToYN = 3
33898 88833388 RRERNB88Y 5
NN 5616 566 Q05 5 65 5 e o5 B s < ?
5 7 (AR Ry P
AcO
L 1L | AcO
PP T T T T LT T e e T
3.79 378 377 376 375 3.74
28
83
Ll
8
sz
g3 81 %;
8 0D
7T
MM ’,
100 111 206 203
T T T T T T e
56 55 5.4 53 52 51 5.0
I
I
[l
il I |
Il I 1
Ny
105 1.07 111 2.06 116 6.06
W uu w ] u
LA A B A L L M L S IR LN M R AR LS LA AN AR RSN LARA AR AR AR ARRARRARA
7.5 7.0 65 6.0 55 5.0 45 4.0 35 30 25 20 15 10 05 0.0 05

'H NMR Spectrum of 29 in CDCl,

[ Time (sec) 1.3631

|
H. IN N

[ Date 19/08/2008 22:04:06 [ Frequency (MHz) 100.61 | Nucleus 13C |
[‘original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 [ Temperature (grad ¢) 0.000 |
Chioroform-d
© © < o STOoT O~ <o < '
88 3 8 383 85 g 3 < s swosend < oo
SE 2 S aod =o o 3 8 3 84938855 3 88
5§ 8 § g§¥ 3y dy g § d Exdaggs g cH
[ CTT 1O 9 TOTINTTY B
@ &
@
M 2 o g AcO
0 N a ] 89
N 5 I AcO

B3C NMR Spectrum of 29 in CDCl;,

98



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh D [ Date 18/07/2008_18:20:48 |
[ Frequency (MHz) 20013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07
T™S
Chioroform-d
@ oo wo eogxe doYonYONY N© 2o 2
S R XD IITHIN BEEERE LD S5 3
© NN BB 161616166 fEFFBBBBB B N <
J 7 LR LT TS 75 N
AcO
AcO
w 2
G @ 3 .
[ o % o5
8 7 3 29 <
3 @ Gl X
| TS r‘v
1.04 0.98 122
| I |
T T T T T T T T T T T T T T T T T T T T T T
5.9 58 5.7 5.6 5.5 5.4 5.3 4.1 4.0 3.9 38 3.7
1
I
0.84 1.01 1.04
[ u [
T T T T T T T T T T T T T T T
9.0 85 8.0 75 7.0 6.5 6.0 15 1.0 05 0.0
Time (sec) 1.3631 | Comment Mangesh [ Date 09/08/2008 15:19:36 |
[ Frequency (MHz) 100.61 | Nucleus 13C Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Chloroform-d
oo @ soowo = @
a8 08 2 83888 5 8 < o gmudnoo <
[=X=] Il - SNWW S o - L o eeom MmO <
g 8 3 S5883 & o o S Ropornwmam N
5508 E 319998 B o 8 g RegfEge B
~ I SN I A B
AcO CHs
AcO
°
; BETE
s 5 883 8§
[ [N
T T T T T T T T
140 135 130 125
[
I 1 I I !
J | 'l 1 ' | I.I .[ |
" T b " il Ll Hj. l " T otk " Al "
iy "y i AN Tl LBl L L T L Mt g v
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 30 in CDCl;,

99



Chapter II

Spectra

AcO’
AcO

171.05
170.84

90 85 80 75 70 65
™~ 9 ® o
3 2 = 3 82 8954
5 g 3 8 39 I3
T | | | T 7 S
0 | | ]
W A porenitncseditlsyhbmosrtyirsorbotolly

j €
E:
3
3

T T T
165 160 155

e
=
3

[ Time (sec) 3.9846 | Comment Mangesh [ Date 20/08/2008 13:13:22 |
[ Frequency (MHz) 40013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chloroform-d
@n 0 Ne sw dgowme roTNDBNO O s
RIS Lih 5865 KRREREC0T0n DD
NN ds  S899 603055 B e
=TT Ry AR AR ph
0]
AcO F
AcO
o
<
SR g %
7 @ B0 B
@l o8
i i
099
L
T T
5.60 5.55
[
I
[
[ 1
it !
_ J J
1.00 0.99 0.99 4.16 218 6.02
U [ W) L [l U
Aaass: LA B B I B N s s S AL RS S A s s AR RSN A AR AR AR T
75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0.0
Time (sec) 1.3631 | Comment mangesh d [ Date 20/08/2008 14:48:18 |
[Frequency (MHz) 100.61 | Nucleus 13C Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Chloroform-d
0y 2 s N ogm mmos
83 3 5 8 2838 8393 @ 8 g @Homyw o <
—-o ~ =3 o5 O 9o SEN @ - S QmunAdON e bl
=g 5 2 3§ 838 3399 a 4 R<Ydocge % g
55 9 3 3 2838 §99Y B g KYFSEgS 2 &
~ [ -l [ I R
Chioroform-d
s
8
=
N

T
150

T T
100 90 80 70 60 50

B3C NMR Spectrum of 31 in CDCl;,

100



Chapter II Spectra

[ ion Time (sec) 3.9846 | Comment mangesh [ Date 20/01/2009 12:25:16 |
| Frequency (MHz) 40013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad C) _0.000
Msma‘noerA
an Iye wonon Ng oo < arw oomrbY Soo Nome @ onr vo®
35 IYB8 83938 §8 R 3 358 [ BRREX 3FS 3888 8 28K 848
oo PN 88 @i 3 33 T Ggges oo BEESS 3440 333
i LTRSS IR 05 7T &7 75 PR S 95
b (6]
3
g o
N 8g 5 CsHyq
3 oo 3
o ef eR T
o2 L o|n
EfS & 3|8
I 3
{ /
212 100 102 201 1.06
—_ o] ]
T T T T T T T T T T T
7.0 6.5 6.0 55 5.0 45
i I
I I
I I
i i
1.02 116 212 1.00 1.02 2.01 1.06 0.99 1.04 1.06 2.02 201 412 3.08
u [} i U u u u | U u U u u
EBa B B  UARARA A s M UNAAAS AR w0 B AMMARS Bas s
8.0 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00
[a Time (sec) 1.3631 | Date 20/01/2009 12:00:54 Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 T (grad C) 0.000 |
Ch\cm‘furm-d
8 & YNIIIEIRS 83Y 3 ~ rd o o o @ L ~o o
§ 4 docdsvasr doo § & 358 888 17 i 2 8¢ 58 2 i
3 5 §SISARIRNN 4RA & F 58 KRR W 8 & 88 58 8 9
ST TP TORT O i g P [

B3C NMR Spectrum of 32 in CDCl;,

101



Chapter II

Spectra

10/02/2009 12:52:38 ‘

Time (sec) 3.9846 | Comment Mangesh [ Date
| Frequency (MHz) 40013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad C) 0.000
Methanol-D4
S mne Nu 0@ ® « N oanY oo sw 2 5 @ 9
g L% o8 83 9 2 5% §RY 3@ s 33 8 5 R 8
PN 50 5 < 39 366 893 S R 3
S8 I I~ SEOSSE T Sl
CsHy4

M)

216 422 3.20
u
R AL S ARSA ]
15 10 05 0.0
Time (sec) 1.3631 | Date 10/02/2009 16:00:54 [ Frequency (MHz) 100.61 | Nucleus 13C |
[(original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 (grad C) 0.000 ]
Chiorgform-d
@ © PNoHHdHeo®R dr® P
g § dadscEN@sr Ngo 3 g 88 88 2 3 2 84223 8] R8§
g q 333338049y 999 ) 3 88 [NINIIEN 8 g 88558 &N 994
KTEOTRT T A O S i \ RGN
CH3
CsHyq
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 33 in CDCl;,

102



Chapter II

Spectra

[ Time (sec) 3.6351 | Comment Mangesh [ Date 13/02/2009 23:20:44 |
[ Frequency (MHz) 50013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 9014.42 |
Methapol-D4
o T 2% <o e~ oo $No ayo H9REIHS RS 2
85 5h 3393 23 39 583 RRE 383 288 32385358 858 >
LX) DN ©© [ yT) ¥YYY wEm wm o INENEN o e iTﬁ <
i v i i L S
o]
F
3.12
U
aARLEAARY; T
1.0 05 0.0
[ Time (sec) 1.0486 | Date 14/02/2009 13:28:52 [ Frequency (MHz) 125.76 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) __81250.00 T (qrad ) 0,000 J
Chioreform-d
© VNN NHOHOLO VO XN
% 980 SeduCTEELYYNS § B 885 88 8 2 3 LoRERER8E 8
g 999 899558888338 ¢ P Sgw RR o SdgogeNg  ©
g 333 3993339989985 g ¥ 588 KK ® 8 ¢ RSB AN q
L N g (A NS AN N i i QLTSS T
CsHyy
I
I
I |
[
! I |
LI | )
oSl T — . e .
A\ ol M " b L L Wit
A g e L A A Atans Adaas Ansss aasss sanss aanataanss aannsdnnss atans ot e M
180 170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10 o

B3C NMR Spectrum of 34 in CDCl;,

103



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 09/08/2008 11:32:56 |
| Frequency (MHz) 200.13 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
8 B38R8843838 B8R8GBIBYRIRY 38888 88538 ER &R
@ NENERRE RS S 1615151615 15 15 16 15 15 5 5 PR E Y el oo 5o
i SRS (R il R PR ] S
1.20 1.002.08 113 112 2.29 077 214 655 3.5
il WA [Sha] [ [ (=] | |
L Lo bt sy LA sy Lo LA b e s L e S L A s s LA e s e s
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 15 10 0.5 0.0
Time (sec) 1.3631 | Comment mangesh [ Date 12/08/2008 16:59:54 |
| Frequency (MHz) 10061 | Nucleus 13C [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Temperature (grad C) 0.000
Chlorgform-d
@ © o P s o w0
8 8 3 85 5 2 @ Nog@noN® 2 EEPY8TR8NES 9
o =] o @ @ So o o NNGREeAaR b BQORIBASDAD @
g 3 a 88 S8 g e NRNNYNOSE 3 gudddddgoaa ©
K o bt 99 S S 3 SREYNESE g8agaaadgdy 49
<l P (SN f AR R
_
RARARAAESMLeaRaaRsanASRAASAESRARARRARSY) R L L o L L M B A A S ) A R AL AR AR A NSRS
170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 35 in CDCl;,

104



Chapter II

Spectra

Time (sec) 3.9846 | Date 20/08/2008_00:13:02 [ Frequency (MHz) 40013 | Nucleus 1H
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 | Temperature (grad C) 0.000
™S
o 2BN8eeIREY cusm ® by Ng@mow arn LIHONT 5w 3
3 8B3888ILES 8838 2 QY 588eR 35 BIFBNI 5B 8
& PN S SHBE 6 o5 X535 B 5 TITT 25 S
RS (o QSRS ) PR
CH3
CsH11;
0.82 1901 108 1.00 0.89 0.97 2.042.05 1.05 310 611 318
— - [ Hoo — (o H [ H
RRRREAR A aatat bttty Loy A Lo s LA A st LA L L AL s LA b s L L s
00 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 2.0 15 10 05 0.0
Time (sec) 1.3631 | Date 20/08/2008 09:31:12 Frequency (MHz) 10061 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 T (grad C) 0.000 |
Chioroform-d
0 OO NOONNO0OOOERON I
8 SYZIBLB8ZISBRALHRRE & FS 4828238 823098y 23
@ HEYUSESEINNNEgXESSS o {86 Iae S RBENSS
2 5998588388928 888] o o SNRB®G SON PREpEpeph B =g N
g L833INaOaogaaygINsy o § SRRECELE g8dgaa’d gq
Ep g iniinbniaiobnini i TN B SRSAALS) To
I ]
|
I
|
| |
T i
LU | | |
A " N I Wl .
T T T T T T e
160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 36 in CDCls

105



Chapter II

Spectra

Time (sec) 3.9846 | Comment Mangesh [ Date 13/08/2008 12:08:04 |
| Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad C) 0.000
Ch\crq'urm-d
o
g 258499983 32 82 8 §2888KERB8 28RS CEEEET: 3
S NS e L] e g
R LSRN TR 7RILES LS SR &Sy
|
0.88 1.012.00 1.00 0.950.97 0.992.11 2.13 1.09 6.09  3.12
[} [ O oo d i W [ U
BARALRARALBARS A st baatt Aans nasad aanss Luds Anins RAas L LoasAanns aaasRenn AR A A L AMAMA M b e
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 255 2.0 15 10 0.5 0.0
[ Time (sec) 1.3631 | Date 13/08/2008 14:30:18 [ Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | T (grad C) 0.000 |
Chiorgform-d
o or o do ang®w oo
3 S8 o Y9 Nedom S 5 8 83AX83 g d gR8hHB85% 48
S 23 S 33 88848 99 8 § RERRE 8 e} B8HH58 39
I [ [Fr | ~ [ AR | I | N~ Y ~

B3C NMR Spectrum of 37 in CDCl;,

106



Chapter II

Spectra

[ Time (sec) 7.9167 | Comment Mangesh/10801 [ Date 25/05/2010 15:25:20 |
| Frequency (MHz) 20013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chiorform-d
sgusHgRIOaD en B NDTUBESRY 5I9P © sew
38833883811 28 bYy $53848883 5382 § 5e9
NENREENN NN R FIITTITS Swoe o NN
plgrntnindihinl) o T A Ay AR o)
,
|
105 321 104 106 202 605 100
o) ai Ul [T u U
paaan T Udaaassazansses Raaariasta iyt Aaasanasay T T T
85 80 75 70 60 55 50 45 40 35 30 25 05 00
[ Time (sec) 2.7329 | Comment Mangesh/ [ Date 07/06/2010 02:17:44 [ Frequency (MHz) 50.32 |
[ Nucteus! 13C___| Original Points Count_32768 | Points Count 32768_| Sweep Width (Hz) __ 11990.41 [T (rad ©)_0.000
Chioroform-d
o P o any © @
g 8 8 g BNy K g g 8 @588 X3 3
3 8 8 < H5R8 g g g ¥ oo~d 4 P
g g 7 3 gd8 g g g 3 2REX 3 3 03
| [ | v Y [ e | |
I
Y N (0]
>
e T
70 60 50 10 0

3C NMR Spectrum of 38 in CDCl;,

107



Chapter II

Spectra

[ Time (sec) 3.2768 | Comment 1H | Date 11/06/2010 21:59:22 [ Frequency (MHz) 50013 | Nucleus H
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 10000.00 | Temperature (grad ¢) 0.000
Chioroform-d
R & X288 S8RIIIILINT S5 5998 B58Y J2A304RRR
s N 5 bo R NN AN dddd doddddsgs
[} [ T I QP 2S D) A
I
i y )
1 !
I
100 099104 227 227 088 216
1] u (=) [ 1) 5]
U s s L M e L Ly L S A S LA R AR R RS AE A ES A AR UAARRAARSZA NSRS
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
[ Time (sec) 1.1010 | Comment 13C__ | Date 11/06/2010 22:34:46 [ Frequency (MHz) 12576 | Nucleus 13C
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 29761.90 Temperature (grad C) 0.000 |
Chiorgform-d
o ~ s @ .
3 S E 5 2 2 5 58838 g 588REERS g8y 2 3 8
] g g 8§ g g 3egpap § goggsses gas § 9 o
[ TT TN RN asA S S T T T
I
HO
O
—_
CeHig—=u\ /
- O OH
=/
I
Il
| || ‘
I
l ' ‘
T T T T T T e
160 150 140 130 120 110 100 %0 80 70 60 50 ) 0 20 10 0

B3C NMR Spectrum of 39 in CDCl;4

108



Chapter II

Spectra

[ Time (sec) 3.9846 | Comment Mangesh [ Date 30/06/2010 12:26:50 |
[ Frequency (MHz) 40013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
™S
dodonvosees P ar DoeNooe onIVDS®N s
335998883 288 ER 2RSS REIBHIRN 8
RENINNININEE I 7755 cocecoos
L A & oF (= [SRSE S EEEEL LG R T
LN)H:
I
|
Il ! I N
|
i
10.63 1.00 098 098 203 100 1.07 211
Ty [ i [N [ i
B B B R B A B L e Raa e e RaaRR LSS
AN 7 AN o |3y 3y = W o N AN o e Iy e o

'H NMR Spectrum of 55 in CDCI

3

[ Time (sec) 1.3631 | Date 0/06/2010 14:29:42 [ Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) ___ 24038.46 Temperature (grad C) _0.000 |
Chioroform-d
M N gHponweONDN®N 2
§ 8 83825R3ITYSREY 3 2 o8 sa o ~ s
o = NNOPPBO DD LODINS O WD o < =] Q& & ~ @
g 5 9988852388 8K&Y 8 3 S 28 g 3 @
g fo33ggagaasssyay S g 838 NS 3 2
AR TR [
T BB a s A A R O SAA LR AR s A
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

B3C NMR Spectrum of 55 in CDCl;,

109



Chapter II

Spectra

140

T
135

T
130

Time (sec) 3.9846 | Comment Mangesh [ Date 23/06/2010 17:05:04 |
[ Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chioroform-d
3 Qownasns o T Noon Ho® gvmLomeNToL®Dd Bodorono o arn 3
3 299838585 35 88 9 $8325% 9328 38883533833 8223538373358
@ RN RS 6o s 5 YT YT GoC@@o oo e e e R i B °
AR & 7 L5 g5 TRERRIETT A0 LT A 2T
[}
[
I
)
fl
gpa__J ) / [
504 101 100 100 201 106 105 2.23 215 232 624 329
u wu u u u u u [ u
U A N 0 A A A AN LA R AL AL A S LA REA ) AL AL LA AR LSRN LA AR R A LA RSN NS AL LARSIAAALS A ARRL RN MAMM AR AR
9.0 85 80 75 70 6.5 6.0 55 50 45 40 35 3.0 25 20 15 10 05 00
Time (sec) 1.3631 | Date 23/06/2010 21:14:28 [ Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad ¢) 0.000 |
Chioroform-d
w 2 Ymso wuTooT o o
2 3 82939 28I88I 8 8 ®  ow s =@ © S ang % 0
o =3 SNSY doTONN O o ~ N 0 4 N ~ 0 o©NOS 90 b=
g 8 3998 5888KK§ g @ o I g 8 Hde o S
g g 3332 9988989 E g 53 NS 3 8558 o S
L I B A | [ [
K
s
g §8 2
<3 2T o
< 0 ST
i |
5
g

T
130

3C NMR Spectrum of 56 in CDClj

110



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh/10801 [Date 22/05/2010 13:37:38 |
[Frequency (MHz) 20013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Chioroform-d
o woooNe cwo P toow Now o © o oxan ¥ oo =
3 283888 S8 3383 9 3829958 28 83y R3IIH I 383 g
IR INS 8o N i e R
7 TS R ey W5 s B NP 7T WS
I3
1.03 505 105 1.00 102 201 105 119 316 205 208 3661 3.29
[} [ ] [ u U i U U
AARE R A s s ARRL AR T P T T T L T e P e
2.0 85 80 75 7.0 65 60 55 5.0 45 4.0 35 30 25 20 15 10 05 0.0
[ Time (sec) 1.3631 | Date 11/06/2010 20:32:28 [ Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad ¢) 0.000 |
Chioroform-d
s oesgs oude @ o
8 3%85 I§=R 2 8 o ©o o3 © o Somrus © a
S SNo® dHows o S 2 4% 88 & & 228683 8 3
g8 3988 5388 8 8 @ N s g Soadgaa 8 3
g 3339 9SSy g E 8 53 KR g 3 S5aa8 o 3
[N S5 [ I VS =
|
|
I
|
I
m ™ 1 L . |y
" ireiue i ek W L L O Yoy i WV i o g
amasenamanna e R s M NARARASS S LRSS A s ) A Raaa
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 57 in CDCl;4

111



Chapter II

Spectra

Time (sec) 3.9846 | Comment Mangesh [ Date 11/06/2010 14:04:04 |
[ Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chioroform-d
0 oy woex ~w e o N HOONN RO ININOD O DO T o 8
2 29 8383 58 83 o 5955083038838 88059883 I >
> DR A se 5 T 000 o0 o0 oo o o e e ol O oo o e
T & i RASREEEEEGEEEE IR )
|
y
Il
I
I
100 528 204 1.00 102 205 106 110 212 212 201 224
u uoud u u u [ W gy S | ¥ [y U u
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 75 70 65 6.0 55 5.0 45 40 35 30 25 20 15 10 05 0.0
[ Time (sec) 1.3631 | Date 11/06/2010 15:48:44 [ Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad C) 0.000 |
Chioroform-d
o e oryon azes~ @ 2
& § 5385 I383N 8 3 @ 9o 98 oo @ o ™
B S dNog® doowwm o & 2 388 &§ & & 8 ey
2 3 99988 5’388 § 5 s 5% ~NrR 0o o E @
K 3 33389 99899 8 S g 53 KR g 3 3 a8
N e | [N N | 17
® N e
NS S B
g3 o8 a3
5 g SS 8
| 7 ql n
T T
140
[
!
I
Wi 4 " aniarh
Wi Y o/ Wb L
T I BRRARAARSSBAARARRARS RN e s e s A e A A e AR R RS Ra RARSR LR AR A
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 58 in CDCl;

112



Chapter II Spectra

Time (sec) 7.9167 | Comment Mangesh/10801 [ Date 01/07/2010 05:25:34 |
[ Frequency (MHz) 20013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Chioroform-d

5 £338P°23852558 53 83 3888° $Ngs:  SaNgNS
7 $33377S8I833488Y I8 B8R BILET INTBI  IRNENS
E BEIRRNNRERRRNNAY 3% BR Bosaf I3jEnd FERALE
N N I NS TP (@ OH o
Ch\oro‘(orm'd j> NH
g
N Ph \_):o

0.99 218 5.171.02

— [y T
A A EAa A AR ana st
95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0

Time (sec) 27329 | Comment Mangesh/10801 [ pate 05/07/2010 11:28:56 |
[Frequency (MHz) 50.32 | Nucleus 13C [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Chioroform-d

e 9 8 suwsoomenanodw o

g 8 2 5880533885988 g o o a3 < ~

~ o o MO T LD BDOMS o © or Qe N ~ «

5 2 g 93385355288RS ] RS 23 S 5 S

G R o R R ] g S

T (5 0 22 a 35S T 77 PR 7 7

O}—NH
\_/~°

T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 59 in CDCls

113



Chapter II

Spectra

Time (sec) 3.9846 | Comment Mangesh D [ Date 06/05/2010 13:09:38 |
[ Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Methanol-d4
oo omorLD TN s T8 o Nowwon domoL Yy
2IR]29588X/RT 38 38 2 ¥983349 2288839
N S g g g S B8 o IYYITS 35w
LSS (AT LS o [ RS RS, L LS
N
2 R
y s
=~ = 8 I
= ©
T [

141 118 2.04
[N [l
R E s e U E A L n o e e B ARARARASSRasaasnssananasnarsAnaroa o snannanass s, T T T
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0
Time (sec) 1.3631 | Comment Mangesh [ pate 06/05/2010 16:20:32 |
[Frequency (MHz) 10061 | Nucleus 13C [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Chioroform-d
© 2 guELEINEIoNRe Sove ~
2 8 AB59828333383 3388 5 2 ow gw o ®
@ S dadogBoggany wNS® S & 85 &4 & =
8 3 $9593833Q8y 8539 8 8 ew o o g
S 8 3333ISea99NSY Jogg 5 s 88 INF
S P A A TR o T
° ©
2 2
o E 25 03
B.uwb8 o ER
BT T o bt s
SdHo9/l @ | =
38 8
VI < |
[ |
T T T T T
140 135 125 120 115
I
I
I
! I
I
I e
‘ Hl O SO | O R | S | . A L s
/v Vo i W oy W W o
T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 20 0

B3C NMR Spectrum of 60 in CDCl;,

114



Spectra

Chapter II

[ sweep width (Hz) 4139.07

01/07/2010 05:06:10

32768

| Points count

[ Date

[ original Points Count 32768

Mangesh/10801

1H

[ Comment
| Nucleus

o
<l
218
2R
3
9
o
o 5|
£l T
=g
3
2
5
3
E
g
I

Chloroform-d

STL-

mNesoan T
LRIIINOn
N

95'L-

9
3
e
o
b=}
-

&
g
=u
@
3
S

2.07
-

111
[W[S)

'H NMR Spectrum of 61 in CDCl;

11990.41

[ sweep width (Hz)

05/07/2010 09:34:46

32768

[ Points count

[ Date

[ original Points Count 32768

Mangesh/10801

13C

[Comment
[ Nucteus

o
Qe
38
~lo
§ 8
3
g
g
o 7|
EH
=
3
2
H
E
3
g
i

Chloroform-d

90'vT—

29ze—

€162~
89'TE—F

Y6'TE
25 mm%

0LT9—

16TL—

18°90—
oot

25'98—
9T'68—
9z'26—

02'€0T—

0§'LTT—

STLeT
T2
LS'8ZT-

¥8'82T-

ozzer)
208ET~
82071~
65 TYT—
osev1)

92°05T—

00'€9T—

3C NMR Spectrum of 61 in CDCls

115



Chapter II

Spectra

Time (sec) 3.9846 | Comment Mangesh D [ Date 06/07/2010 11:26:46 |
[ Frequency (MHz) 40013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chioroform-d
w0 0y 1 ww OO MORY CYNNHONOYOLINCNIONNO®E® rodoo o
S S3 8 8x BERER G905 BRNNBENERNSISSNECocRLY LBERES @98
B NN BOBE B0 EE TF YT S 0w oo ool o i o
N L Ty I TRy el eI s LPAR
°
=
5
0© ®o \
o ~2
S8 65
Y o
9
it
0.97 1.08
[y [
T T T T T
55 50 45
1
!
I
0.99 100 096 108 1.07 098 1.01 108 1.32 2.10 415 1211 602
[ [ uu uu ] [} u
T T T T
9.0 85 80 75 7.0 6.5 6.0 55 50 45 4.0 35 30 25 20 15 10 05 00
[ Time (sec) 1.3631 | Comment Mangesh [ Date 06/07/2010 14:22:40
[ Frequency (MHz) 10061 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Chloroform-d
o 2 93w s oy o 0
8 2 3383 98 2 9 2 0o o w © doozxwar w w0
S S Yoo r oo @ @ e i g8 8 = BSBIHEG B g
g g 3Isg 5 8% Ed g Sow 2SS 4 5 Sodddos o =
g g 3330 o9 o E §88 NN 3 8838588 o 3
VS S| [ | s |
"
|
I
|
|
I
| |
il A Ak ‘ " a Tooh I L_ St ot
o W Wit TUAAVR Ty , " VA oy L
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 62 in CDCl;,

116



Chapter II

Spectra

[ Comment

Time (sec) 3.9846 Mangesh [ Date 05/07/2010 11:18:16 |
[ Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chioroform-d
wo © ©w o or o cdow 28888 ~eRuseTOn wodwarn eox owwew
39 8 28 EERES 5588 B8HR8 KESRSSISH RRSERLE 823 3338
NS PR P PD P Qi eiel ol gl Jdd
77T gy QeSS Ty TR P LRSS ERRE P T 1yS
>
2
b (0]
e
o3 R i
Se L8 Y
7
113
[T

1.00 0.96 113 1.09 212 097 113 113 1.06 1.04 2.16 36.19 6.29
u uu i [ [l [ [l i o] u
T T T T T T T T T T T T T T T T T T T T T T T T T
75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5
Time (sec) 1.3631 | Date 05/07/2010 19:42:42 Frequency (MHz) 100.61 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad ) 0.000 |
Chioroform-d
o e wmgwo e o © ©
R g 2388 8§ 4 9 a% 3 osw ° ° oNocoam®Is o
o S Yoo~ oo < @ R S = 3 ©ISCITOIMmQ =
g g 3ISs5 8% a g So s Ko o = o e R i
E g 333 o 99 o E 8§88 NN 3 2 R .
VS S| (B I~ 1 e
Ca1Hag
‘\
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 63 in CDCl;,

117



Chapter II Spectra

Time (sec) 3.9846 | Comment Mangesh [ Date 11/06/2010 15:53:46 |
[ Frequency (MHz) 40013 | Nucleus H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Chloroform-d
° oy w mw oo THRY OINNONOINODOTNNDD RELNHOOOEOT 0
2 23 8 38 BERKE  IO53 B8INYFRLINBZBRITNLL 8858338383583 & 8s
> NS SBBE B o e B s B RN RN I I~ B RN o ok
AR B W Wi RS T Y W1 7 77
- 5
5
2 5 W
2~
® g 2 K~
R g9 3 3
[l 5 I
0.99 113 105 1.06
L ] L ] L 1 I}
T T R e st
590 58 580 575 515 510 505 500
|
y
I
/ [/ |
99 100 101 113 211 099 1.07 113311 405 203 214 615 341
— u uu uu i} [Ny [y i u [ u
T T o e e P e T
95 2.0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 15 10 05 00

'H NMR Spectrum of 64 in CDCl;

Date 11/06/2010 17:19:42 [ Frequency (MHz) 100.61 | Nucleus 13C |
Points Count 32768 | Sweep Width (Hz) __ 24038.46 [ Temperature (grad ©) 0.000 |
Chioroform-d

[ Time (sec) 1.3631
[original Points Count 32768

g & Noe s 0o 2 ~
8 N S8 6 AR 8 S a4 s g9 g 2 2 Hqesdro o ~
= S 32 2 he B < pol 935 S® & 2 g BEHHGS & S
2 3 S¥885 8l 3 g N gg ~o o =t 5 goaddg o <
3 2 3332 S5 b=} S 5§88 NS o 3 888558 § 3
1 S [ I~ 1 I S\ |

3C NMR Spectrum of 64 in CDCl;,

118



Chapter II Spectra

[ ion Time (sec) 7.9167 | Comment Mangesh/10801 [ Date 28/06/2010 14:14:40 |
| Frequency (MHz) 20013 | Nucleus H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
8 P sen se ¢ seee 288
S BRBERBAZYY BER 8% SR IER 238
E MR R 81515 5 5 T i
gt & P &b S
(0]
I
Il
| I,
074 306 200 199 084 401 105 128
] S [ [ — | S— [— —
AR AEE L s o e AL AL AL AR s\ L s Lt L A ) A T L) L A AR A s Lt M s L e
05 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
[ ion Time (sec) 2.7329 | Comment Mangesh/10801 [ Date 28/06/2010 22:45:30 |
| Frequency (MHz) 50.32 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chioroform-d
g 5 g2 383 8 g 5 28328870 8 g
] g ¢ 88§ § g g@gseress & 8 o
| | Y TR T

T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 40 in CDCl;,

119



Spectra

Chapter II

8223.68

[ sweep width (Hz)

07/05/2010 09:20:02

32768

| Points count

[ Date
[ Original Points Count 32768

Mangesh
1H

[ Comment
| Nucleus

40013

Time (sec) 3.9846

[ Frequency (MHz)

methanol-d4

¥0'0—

Nm,a
vm.oW
980

9T~
21—

x4
€€
9g°E:
8E°€:
19°€:
29°€:
y9'E:
S9°E:
69'€—¢
0L
2LE
ELE:
YLE
6Tv-

ras
cm.m/
695G

196
296
79'G

195¢
69'G:
oL's
LS

599
199
9L'9:
8L'9:
S0'L-
20°L-
Sz
z€L-
9g'L-
8g'.-
orL-E
oL

£v'L-
vS'L-
954

0.72
Uy

1117
| ) S—

1.09

'H NMR Spectrum of 65 in CDCls

[ Nucleus 13C
| Temperature (grad ¢) 0.000

[ Frequency (MHz) 100.61
24038.46

[ sweep width (Hz)

07/05/2010 09:19:42

32768

| Points Count

[ Date

Time (sec) 1.3631

|original Points Count 32768

Chloroform-d

9r'8r—

SZ'BTT:
6v'8TT:
99'6TT:
¥8'9ZT
TTL2T
82121
L19°LTT
6LL2T
2E'82T-
6v'8CT-
08'82T-
6Y°6CT-

62°6ET-
20°0PT:
S9°0pT:
eV TPT:
SETYT:
00°TST:

e TR T TS TS

SL'E9T—

l

J

l

L

CE0ET:

125

T
140

l

B3C NMR Spectrum of 65 in CDCl;,

|

|

120



Chapter II

Spectra

Time (sec) 3.9846 | Comment D. Mangesh [ Date 30/06/2010 16:07:50 |
[ Frequency (MHz) 40013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 ]
Chioroform-d
@ caNEsoLOg0 woNsen g tNdomuoe® Ng®  3orocNommLoEW kS
3 2995588838 LRY8LIIN NARR8838% 88 3IBLIBIANILEEY g
SIS XL P R e o o
i RS 5 W22y LR Eg S Y TIag i oo es
0o ao
~o ©3 Q 3
w o 0w © w6 &
t ' af Ty
|
1.02 1.04 0.97 1.05
T ARRARARA R AR haan A Ra s Aa AR R RS AR A
5.8 5.6 55 5.4 5.3 5.2 5.1
311
U
Ay T
10 05 00
Time (sec) 1.3631 | Comment D. Mangesh [ Date 30/06/2010 18:39:50 |
[ Frequency (MHz) 10061 | Nucleus 13C [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 |
Chioroform-d
@ s arpoamoors o o
2 S YNBEYNSRE 8 & 0 ® oxm N 3w @ 0
& e Ghgsrooon o P 8 2 838 998 2 88 2 g
g g ISBRRERRN 3 g 2 d ORI 8% 8 8¢ o 1
(VU L0 T TITTT (=
T T T T T
145 140 135 130 125 120
! I
[
I
I I
. " 'HL L " nJ " I ™ s ™ " |
i oY Ay Ay i L | L L L L
T T T T T T T T T T T T T T T T T T
170 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 66 in CDCl,

121



Chapter II

Spectra

Time (sec) 7.9167 | Comment Mangesh/10801 [Date 01/07/2010 05:15:34 |
[ Frequency (MHz) 20013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Chioroform-d
" LIONBELILINON OCNINCROMOO wodedN® 9o IEnss one 2
8 S3IYYBLBINIGRY RRNIZZRIIER RESEZHSQ 2zl 22hEd 858 2
3 AN NN RN 15151515105 50 GO G @D oD S s e
Pl et i G el g s e A [ () 2T LS
Chioroform-d
117 098 106
u [y}
R a e RN A RAAARAELL Lo
75 7.0 65 6.0 55 5.0 45 40 35 30
T 207 3655 3.47
[ U
AR s A ) B e N LA LA B L R LA A Rl A B L L A AR LR AL AR AR A
95 9.0 85 80 7.5 65 6.0 55 5.0 45 40 35 30 25 20 15 10 05 0.0
Time (sec) 2.7329 | Comment Mangesh/10801 [ Date 05/07/2010 23:20:20
[ Frequency (MHz) 5032 | Nucleus 13C Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Chioroform-d
3 o ooy ~ow 0 o
3 3 3983 588 8 & < o g 9 3% Qoomay s o
o = Sdor oan 3 P & R 8 433 8588330 2
g g 2985 88K £l 8 P R I R R 3
g g 3399 299 o S 8 s K 2386 BEE22d S
(BRI Y| I [ S =
Ca1Has
BaRssaasssaassonssas T Aasssnases B B A s A s A s A A A R R A RS A R AL B
170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 67 in CDCls

122



Chapter II

Spectra

Time (sec) 3.2768 | Comment 1H__ | Dpate 11/06/2010 23:0154 Frequency (MHz) |
['Nucleus 1H | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 10000.00 |
Chioroform-
CoNwLITRLE o does < cyNboeLgey NoO@ gar
2399838858 3383 S 2I3B299ILI RR3 285
NERNRN S d @@ 3888 3 BB BESS IS E oo S33
iy AR L4 (RALESEEE SRS B
o
8 3
3 &
3
o @
3 3
8 s
N N
1.00 103
"
5.60 555
|
Il
i
I
' |
| ]
i )
300 096 0.8 1.03 201 242 111 204 208
Uy uu ou Ly u ULy U [ [}
T T T T o T T T e T e T T
7.5 6.0 55 5.0 45 4.0 35 30 25 2.0 00
[ Time (sec) 1.1010 | Comment 13C | Date 12/06/2010 00:34:40 [ Frequency (MHz) |
['Nucleus 13C__ | Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 29761.90 |
Chioroform-d
© ~ ~ NOW LD O ~ ~ '
2 5 5 Y88IRR & 5 N 2 9 oonw 4 e so
@ 3 4 A e - S & & 8 RSSS g8 & ]
2 5 3 552888 2 5 S ER P s o RN
E 8 3 a9899y o S § g K gFgs g 9 B
e N S Y I [ | | g
I
I
I
i | |
T T T T T T T T T T T T T
160 150 130 120 110 100 90 80 70 60 50 40 0

B3C NMR Spectrum of 68 in CDCl;,

123



Chapter 11 References

2.5 REFERENCES

1.

10.

11.

12.
13.

14.
15.

Nucleosides and Nucleotides as Antitumor and Antiviral Agents; Chu, C. K,
Baker, D. C., Eds.; Plenum: New York, 1993. (b) Chemistry of Nucleosides and
Nucleotides; Townsend, L. B., Ed.; Plenum: New York, 1988.

(a) Bergmann, W.; Feeney, R. J. J. Am. Chem. Soc. 1950, 72, 2809. (b) Bergmann,
W.; Feeney, R. J. J. Org. Chem. 1951, 16, 981. (c) Bergmann, W.; Burke, D. C. J.
Org. Chem. 1955, 20, 1501.

(a) Takeuchi, S.; Hirayama, K.; Ueda, K.; Sakai, H.; Yonehara, H. J. Antibiot.
1958, 11, 1. (b) Swaminathan, V.; Smith, J. L.; Sundaralingam, M.;
Coutsogeorgopoulos, C.; Kartha, G. Biochim. Biophys. Acta 1981, 655, 335.
Yamaguchi, 1. Crop Protection Agents from Nature: Natural Products and
Analogues. Royal Society of Chemistry; Copping, L. G., Ed.; 1996, 27.

Iwasa, T.; Kusuka, T.; Suetomi, K. J. Antibiot. 1978, 31, 511-518.

Gumina, G.; Choi, Y.; Chu, C. K. In Antiviral Nucleosides: Chiral Synthesis and
Chemotherapy; Chu, C. K., Ed.; Plenum: New York, 2003.

Lin, T. S.; Schinazi, R. F.; Prusoff, W. H. Biochem. Pharmacol. 1987, 36, 2713.
Balzarini, J.; Van Aerschot, A.; Herdewijn, P.; De Clercq, E. Biochem. Pharmacol.
1989, 38, 869.

Chu, C. K.; Schinazi, R. F.; Arnold, B. H.; Cannon, D. L.; Doboszewski, B.;
Bhadti, V. B.; Gu, Z. Biochem. Pharmacol. 1988, 37, 3543.

Tisdale, M.; Alnadaf, T.; Cousens, D. Antimicrob. Agents Chemother. 1997, 41,
1094.

Faletto, M. B.; Miller, W. H.; Garvey, E. P.; St Clair, M. H.; Daluge, S. M.; Good,
S. S. Antimicrob. Agents Chemother. 1997, 41, 1099.

Larder, B. A.; Darby, G.; Richman, D. D. Science 1989, 243, 1731.

St Clair, M. H.; Martin, J. L.; Tudor-Williams, G.; Bach, M. C.; Vavro, C. L.; King,
D. M.; Kellam, P.; Kemp, S. D.; Larder, B. A. Science 1991, 253, 1557.

J. Proc. Natl. Acad. Sci. U.S.A. 1991, 88, 11241.

Ewing, D. F.; Fahmi, N. E.; Len, C.; Mackenzie, G.; Ronco, G.; Villa, P.; Shaw, G.
Nucleosides Nucleotides 1999, 18, 2613.

124



Chapter 11 References

16.

17.

18.

19.

20.

21.

22,

23.

24,
25.

Ewing, D. F.; Fahmi, N. E.; Len, C.; Mackenzie, G.; Pranzo, A. J. Chem. Soc.,
Perkin Trans. 1. 2000, 21, 3561.

Egron, D.; Perigaud, C.; Gosselin, G.; Aubertin, A. M.; Faraj, A.; Selouane, A.;
Postel, D.; Len, C. Bioorg. Med. Chem. Lett. 2003, 13, 4473.

(a) Meier, C.; Habel, C.; Haller-Meier, F.; Lomp, A.; Herderich, M.; Klo"cking, R.;
Meerbach, A.; Wultzler, P. Antiviral Chem. Chemother. 1998, 9, 389. (b) Golan-
Kiewicz, B.; Ostrowski, T.; Andrei, G.; Snoeck, R.; De Clercq, E. J. Med. Chem.
1994, 37, 3187. (c) Agrofoglio, L.; Suhas, E.; Farese, A.; Condom, R.; Challand, S.
R.; Earl, R. A.; Guedj, R. Tetrahedron 1994, 50, 10611. (d) Crimmins, M. T.
Tetrahedron 1998, 54, 9229. (g) Nishiyama, Y.; Yamamoto, N.; Yamada, Y.;
Daikoku, T.; Ichikawa, Y .-I.; Takahasi, K. J. Antibiot. 1989, 42, 1854.

Haruyama, H.; Takayanna, T.; Kinosita, T.; Kondo, M.; Nakajima, M.; Haneishi, T.
J. Chem. Soc., Perkin Trans. 1 1991, 1637.

Nakajima, N.; Itoi, K.; Takamatsu, Y.; Okasaki, H.; Kinoshita, T.; Shindou, M.;
Kawakubo, K.; Honna, T.; Toujigamori, M.; Haneishi, T. J. Antibiot. 1991, 44, 293.
(@) Dong, S.; Paquette, L. A. J. Org. Chem. 2006, 71, 1647. (b) Paquette, L. A;
Dong, S. J. Org. Chem. 2005, 70, 5655. (c) Dong, S.; Paquette, L. A. J. Org. Chem.
2005, 70, 1580. (d) Kittaka, A.; Tanaka, H.; Yamada, N.; Kato, H.; Miyasaka, T.;
Nucleosides and Nucleoides 1997, 16, 1423. (e) Kittaka, A.; Asakura, T.; Kuze, T.;
Tanaka, H.; Yamada, N.; Nakamura, K. T.; Miyasaka, T. J. Org. Chem., 1999, 64,
7081.

Kittaka, A.; Tanaka, H.; Odanaka, Y.; Ohnuki, K.; Yamaguchi, K.; Miyasaka T. J.
Org. Chem. 1994, 59, 3636.

(a) Gimisis, T.; Chatgilialoglu, C. J. Org. Chem. 1996, 61, 1908. (b) Kittaka, A.;
Tanaka, H.; Yamada, N.; Miyasaka, T. Tetrahedron Lett. 1996, 37, 2801. (c)
Kittaka, A.; Asakura, T.; Kuze, T.; Tanaka, H.; Yamada, N.; Nakamura, K. T.;
Miyasaka T. J. Org. Chem. 1999, 64, 7081. (d) Gasch, C.; Pradera, M. A.; Salameh,
B. A. B.; Molina, J. L.; Fuentes J. Tetrahedron: Asymmetry 2001, 12, 1267.
Nielsen, P.; Larsen, K.; Wengel, J. Acta Chem. Scand. 1996, 50, 1030.

Paquette, L. A.; Bibart, R. T.; Seekamp, C. K.; Kahane, A. L. Org. Lett. 2001, 3,
4039.

125



Chapter 11 References

26.

217.

28.

29.
30.

31.

32.

33.

34.

35.

36.

Paquette, L. A.; Owen, D. R.; Bibart, R. T.; C. K.; Kahane, A. L. Org. Lett. 2001, 3,
4043.

Paquette, L. A.; Kahane, A. L.; Seekamp C. K. J. Org. Chem. 2004, 69, 5555.
Hartung, R.; Paquette L. A. J. Org. Chem. 2005, 70, 1597.

Chao, Q.; Nair, V. Tetrahedron 1997, 53, 1957.

(a) Paquette, L. A.; Fabris, F.; Gallou, F.; Dong S. J. Org. Chem. 2003, 68, 8625.
(b) Dong, S.; Paquette L. A.; J. Org. Chem. 2005, 70, 1580. (c) Paquette, L. A;
Dong S. J. Org. Chem. 2005, 70, 5655. (d) Roy, A.; Achari, B.; Mandal, S. B.
Tetrahedron Lett. 2006, 47, 3875.

Ravindra Babu, B.; Keinicke, L.; Petersen, M.; Nielsen C.; Wengel J. Org. Biomol.
Chem. 2003, 1, 3514.

(@) Arnone, A.; Assante, G.; de Pava, O. V. Phytochemistry 1990, 29, 613. (b)
Namikoshi, M.; Kobayashi, H.; Yoshimoto, T.; Meguro, S. Chem. Lett. 2000, 29,
308. (c) Mukhopadhyay, H.; Mukhopadhyay, H.; Yoshimoto, T.; Meguro, S.
Tetrahedron 2001, 57, 9475 (d) Strobel, G.; Ford, E.; Worapong, J.; Harper, J. K.;
Arif, A. M.; Grant, D. M.; Fung, P. C. W.; Chau, R. M. W. Phytochemistry 2002,
60, 179-183. (e) Ziegert, R. E.; Torang, J.; Knepper, K.; Brase, S. J. Comb. Chem.
2005, 7, 147-169; (f) Sato, T.; Ohtake, Nishimoto, M.; Emura, T. K.; Yamaguchi
T. M.; Takami K. PCT. Int. Appl. WO2008013277, 2008.

Suryawanshi, S. B.; Dushing, M. P.; Gonnade, R. G.; Ramana, C. V. Tetrahedron
2010, 66, 6085.

(a) Niedballa, U.; Vorbriggen, H. J. Org. Chem. 1974, 39, 3654. (b) Vorbriggen,
H.; Krolikewiez, K.; Bennua, B. Chem. Ber. 1981, 114, 1234. (c) Vorbrlggen, H.;
Hofle, G. Chem. Ber. 1981, 114, 1256.

(@) Ura, Y.; Sato, Y.; Shiotsuki, M.; Kondo, T.; Mitsudo, T.-A. J. Mol. Catl. A:
Chem. 2004, 209, 35-39; (b) Yamamoto, Y.; Ishii, J.-1.; Nishiyama, H.; Itoh, K. J.
Am. Chem. Soc. 2004, 126, 3712.

(a) Hara, H.; Hirano, M.; Tanaka, K. Tetrahedron 2009, 65, 5093. (b) Tanaka, K.;
Toyoda, K.; Wada, A.; Shirasaka, K.; Hirano, M. Chem. Eur. J. 2005, 11, 1145. (c)
Tanaka, K.; Shirasaka, K. Org. Lett. 2003, 5, 4697.

126



Chapter 11 References

37. (a) Mallik, R.; Gonnade, R. G.; Ramana, C. V. Tetrahedron 2008, 64, 219. (b)
Ramana, C. V.; Mallik, R.; Gonnade, R. G.; Gurjar, M. K. Tetrahedron lett. 2006,
47, 3649. (c) Hattori, H.; Tanaka, M.; Fukushima, M.; Sasaki, T.; Matsuda, A. J.
Med. Chem. 1996, 39, 5005.

127



CHAPTER III:

Flexible Synthesis of Trinems
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3.1 Introduction

B-Lactam antibiotics have proved to be chemotherapeutics of incomparable
effectiveness, possessing a broad spectrum of biological activities with low host
toxicity '. First synthesized in 1907 by Staudinger,2 the four membered cyclic amide
derivatives of 3-aminopropionic acids known as B-lactams, did not come to the
forefront in organic chemistry until Fleming’s landmark discovery of penicillin in
1929°. The serendipitous discovery of penicillin by Fleming was a great breakthrough
in the history of antibiotics, which brought solace to both patients suffering from
bacterial infections and doctors alike and began the modern era of antibiotic
discovery. Since then, some new classes of antibiotics have been found from natural
sources, such as cephalosporins, cephamycins, monobactams and carbapenems. On
the other hand, different kinds of synthetic antibiotics such as carbacephems,
oxacephems, penems, cephalosporins, oxacephams, as well as monocyclic and
spirocyclic ring systems have been developed in the last three decades.* From a
structural point of view, these classes are broadly divided as penams, cephams,
cephems and penems (Figure 1); although all of them come under a broader genre
called B-lactam antibiotics, as these compounds contain a central 4-membered [-

lactam ring.

Penams Cephams Cephems Penems
(penicillins) (cephalosporins)  (Cephamycins)  (Feropenems)

Figure 1: Classification of synthetic antibiotics

In the early 90’s, the discovery of penicillin began the antibiotic era. The
introduction of B-lactam antibiotics into the health care system, about 60 years ago,
represents a major contribution to modern medicine. Today this class still includes the
clinically most widely used agents and counts half of all the prescribed antibacterial
drugs (cephalosporins: 30%; penicillins: 16%; penams: 5%; macrolides: 18%;
quinolones: 19%; others: 12%).” During the last several decades, the quest for an
expanded antimicrobial spectrum has prompted several synthetic endeavours aimed at

the skeleton modification of the naturally occurring pB-lactam antibiotics (figure 2).
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Figure 2: f-Lactam antibiotics

Till quite recently penicillins and cephalosporins were the commonly used -
lactam antibiotics. Extensive use of these antibiotics in medicine has resulted in an
increasing number of resistant strains of bacteria, which has become a serious
problem in clinical practice.

The most common form of bacterial resistance to the B-lactam antibiotics
involves the ability to produce one or more types of B-lactamase’. More than 300 B-
lactamase have been characterized. Clavulanic acid,” sulbactam and tazobactam are
the examples of commercial inhibitors of B-lactamases (figure 2). Interestingly, all
known classes (with the exception of the monocyclic B-lactams) of B-lactam
antibiotics share a common structural feature in that the lactam nitrogen is at the ring
fusion. The nuclear sulphur of the penicillin and cephalosprins has been replaced by
(O, N, C) and chemo physical and the microbiological effects of these substitution
have become primary objects of investigation. Also, there is a considerable interest in
the modification of the ring system of -lactam by placing fused or spiro rings as well

as substituted bi-/tricyclic rings.
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3.1.1 Cell wall structure of bacteria:

The activity of any antibacterial compound depends upon how effectively it
penetrates into the bacterial cell wall. Bacteria are divided into two categories namely
Gram-positive and Gram-negative bacteria, depending upon their cell wall structure.®
A relatively simple cell wall (A) of Gram positive bacteria allows lipophilic
molecules to penetrate the cytoplasmic membrane. Gram negative organisms have a
complex 5-layer cell wall (B) which makes penetration of large antibiotic molecules
rather difficult (Figure 3). But the porin channels present in the lipid bi-layer outer
membrane allow polar compounds to pass through. To generalize the lipophilicity of a
molecule makes it active against Gram positive organisms whereas hydrophilicity of a

molecule enhances activity against Gram negative organisms.

o
WW"WW

Peptidoglycan— [l -

T YTITRRg 1Y
D = vwv i

Figure 3: Cell wall structure of Gram-positive and Gram-negative bacteria

Penicillin inhibit bacterial growth by interfering with the synthesis of the
bacterial cell wall after binding to Penicillin binding proteins (PBPs) which are
present in periplasmic space and are involved in cell wall biosynthesis. Though (-
lactam antibiotics have a wide range of antibacterial activity for both Gram-positive
and Gram-negative bacteria, the appearance of resistant strains has become the matter
of much concern in recent years. Resistance has occurred because of impaired entry
into bacteria, instability to bacterial serine- or metallo-B-lactamases or inability to
saturate penicillin-binding proteins (PBPs).” The most important mechanism of
bacterial resistance to penicillin is enzymatic hydrolysis of the f-lactam bond by (-

. . . . . .11- 10
lactamases, which is the most common resistance process in Gram-negative bacilli.
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Cephalosporins work in the same way as penicillins but are inactive against
enterococci and P. aeruginosa. Hence the need to look beyond penicillins and
cephalosporins and search for new classes of antibiotic agents has arisen. This has led
to the isolation of thienamycin by Merck'' and thus led to the emergency of

Carbapenem, a new generation of antibiotics.

3.1.2 Development of Carbapenems antibiotics:

Carbapenems were found to be exceptionally broad-spectrum agents.
Unfortunately, thienamycin proved to be chemically unstable due to B-lactam ring
cleavage of one molecule by the primary amine in the 2’ side chain of another. This
led to the development of imipenem, bearing more basic amidine functionalities,
which protonates at physiological pH. But it was found to be unstable to renal
dehydropeptidase-I (DHP-I), a p-lactamase. Hence an additional compound,
cilastatin* has been co-administrated with imipenem to prevent hydrolysis by (DHP-
I). Though imipenem/cilastatin is an excellent broad-spectrum agent, its potential is
limited due to toxicity. Also it lacks activity against methicillin-resistant
Staphylococcus aureus (MRSA) and P. aeruginosa. Sankyo group in Japan marketed
Panipenem'? which also needs to be co-administrated with an additive Betamipron to
reduce nephrotoxicity. The introduction of 1-B-methyl substituent into the structure of
Meropenem'® enhanced its stability to human renal DHP-I. This is chemically less
prone to hydrolysis by DHP-I and thus marketed as a single product. Though it is a
little less potent than imipenem against Gram-positive aerobes, it is more active
against Gram-negative aerobes (i.e.-P. aeruginosa) as well as anaerobes. It is
tolerable at higher doses and can be used for serious infections. Like Imipenem,

Meropenem is

Figure 4: General structure of carbapenem

also inactive against methicillinresistant Staphylococci. As the activity against Gram-
positive organisms favored by more lipophilic molecules, L.-786392 is active in vitro

against Gram-positive aerobes, including MRSA and enterococci,* but it has reduced
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activity against enterobacteriaceae and it lacks anti-psedomonal activity. Biapenem is
a case of a hydrophilic molecule in which the 2’ side chain is permanently charged.
Biapenem and Doripenem have typical carbapenem pharmacokinetics with a broad
spectrum and tested against resistant strains of P. aeruginosa and have recently made
their entry into the market. Most of the above cited compounds are for parenteral use

(inject able).

HO H H NH,
N S
(¢]
CO,H
Thienamycin
/NH
HO H H HNJ (0] COzH
N/ N
g ~">COH
CO,H
Imipenem  +  cilastatin
NH o o
HO HH CH3 N CH3 ©)LN/\AOH
: H
N S
(©) Panipenem +  betamipron
CO,H
HO {H H CHs ®
HO HH CH3 CONMe; = S—<:N§\N
: s N/ N
(e] S}
COoH Biapenem
LJC 10627
M N
eropenem
L
: =
HO j y CHs g 9 HO y 4 CHs CONH,
H HN—\\S:O B N SO
\ — o2 Cl
N/ S H NH, N/ e
(0] (¢]
CO,H CO,
S)
Doripenem L-786392
Figure 5

3.1.3 Oral carbapenems:

Due to their instability in gastric juices and even in neutral conditions, the
development process of carbapenems as orally administrable drugs is fairly slow.
Also B- lactam antibiotics are known to be difficult to absorb from the intestine.
Recently, several orally active carbapenems without stability problems have been

developed as prodrug esters or prodrug peptides (Figure 6). Faropenem is a novel
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class of oral penem (not a carbapenem) which is more active than other B-lactam

e . 15
antibiotics.

HO H 4

)i?rs
P
OH N 0
5 {(j

O O OH

P ° 1
5 } O)H<

GV-118819 Faropenem

O

- = 78“‘
Ccs-834 C'L//H
N
L084 R= —sM<>N{/ j
s
N
DZ-2640 R= —Sv @
N

Figure 6: Some classes of oral penems

CL-191, 121 (R = H)

3.1.4 Tricyclic p-lactam (Trinem):
Tricyclic B-lactam antibiotics, referred to as trinems are a new class of synthetic

antibacterial agents with the general structure of a 4/5/6 fused tricyclic system as

shown in figure 7.

X=0orSorNR

Figure 7: General structure of trinems

R, OH
N OH
N
7 Co,Na N
(e]
. COzNa COzH
R = various acyl groups
F8.A F8.B F8.C F8.D

Figure 8: Some tricyclic B-lactams

This is a novel class of synthetic antibiotics, having good resistance to -

lactamases and dehydropeptidases which was first reported by the Glaxo Welcome
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group. Sanfetrinem (GV-104326) and Sanfetrinem cilexetil (GV-118819), developed
by the same group, were until recently, undergoing phase-II clinical trials as oral
trinems.'® Apart from these two, some other tricyclic carbapenems and their analogs
have been developed and patented by various research groups. Trinems F8.A and
F8.B were patented by Lek'’, F8.C by Hoffmann-La Roache'®, and F8.D by Merck'"’
(figure 8).

From the model studies of enzyme-substrate interactions, it has been found
that the incorporation of a third fused ring to carbapenem introduces some interesting
differences in chemical reactivity. Also, if an appropriate substituent is incorporated,
the reaction mechanism is very similar to that for cephalosporins, which can be
related to an interesting antimicrobial spectrum. The results from molecular modelling
studies™ reveal that subtle differences between the B-lactamases results in substantial
differences with regards to the recognition of various substrates at the active site.

Trinems are a class of fused tricyclic totally synthetic antibiotics. These are
potent antibacterial agents with a broad spectrum of activity against both aerobic and
anaerobic Gram-(+) and Gram-(—) bacteria. Kanno et al.*' have reported that tricyclic
B-lactam F10.A showed antibacterial activity against both Gram-(+) and Gram-(-)
bacteria (MIC = 0.01-6.2 mg mL™"). However, tricyclic p-lactam F10.B having
pyrrolidinylthiomethyl moiety exhibit the most potent anti-MRSA activity (MIC = 1.5

mg mL ') against Gram-(+) bacteria S. aureus 209P. **

HO W H HO H H
N~/ NH, N~ s
O 0]
CO,H COH
Trinem (F10.A) Trinem (F10.8) N
HO HO
Y H N-R W X
N/ N/
O
CO,H CO,H
R = (p)-CS-NH-3-pyrrolidinyl, -
C(NH)=NH X=CH2,S
Azatrinems (F10.C) Trienems (F10.D)

Tricyclic-p-lactams: Antibcterial and f-lactmase inhibitors
Figure 9: Biologically active tricyclic B-lactams

Recently, Mori et al.”® have reported the stereoselective synthesis and
antibacterial activity of tricyclic Bf-lactams with the azacyclohexane ring (F10.C).

These 5-azatrinems (F10.C) showed high potency and well-balanced spectrum against
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Gram-(+) and Gram-(—) bacteria. In continuation to this study, Copar et al** have
designed biologically active tricyclic B-lactams F10.D using computational and
molecular modelling. These trinems have been shown to possess inhibitory activity

against Class C -lactamase (Figure 9).

3.1.5 Reported methods for the synthesis of tricyclic carbapenems:
GV-118819 is the first tricyclic carbapenem developed by Glaxo Welcome

group as a prodrug ester.”

GV-118819
Sanfetrinem cilexetil

GV-104326
Sanfetrinem

Figure 10

They started the synthesis from acetoxyazetidin-2-one 4AA and achieved the racemic
key intermediate S1.A by reacting with 6-methoxy- 1—trimethylsilyloxycyclohexene**
and again stereoselectively by using 1-(trimethylsilyloxy)-cyclohexene in presence of
ZnCl, or SnCl4.26b

In 1997 Hanessian et al. reported the synthesis of 40~ and Sa-methoxy trinems

and their structural variants.>’

TBSQ 4 H TBSQ 4 H TBSQ W H
< .0AC Ref. OM
—, e
NH - NH o 73% N
o o
Pthcozc
4AA S1.A S1.B

J b, c
TBSQ TBSO
HH HoH L9 gy
N/ N/ N

COZH COZCHzPh PPh3

Pthcozc
S1.E s1.D s1.c

Scheme 1: Reagents and conditions: a) HCOCO,CH,Ph, C¢Hg, reflux; b) SOCI,, 2,6- lutidine, THF; ¢)
PPhs, 2,6-Iutidine, THF; d) PhMe, reflux; ¢) H,, Pd/C, i-PrOH, EtOAc.
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OAllyl

EtOﬁ) O~

S2.A S2.B

TBSO H HI-—! NG
)jﬁfQ %
1
N
g 1 © Me/N\)
TBS
S2.E
f,g,h,i
TBSQ H wH RN
NH
o (0]
S2.F

Scheme 2: Reagents and conditions: a) LDA, THF, allyl diethylphosphonoformate —78 °C; b) NaH,
THF, 4AA, -20 °C; ¢) TBSOT{, TEA, DCM, 0 °C; d) Pd(OAc),, PPh;, formic acid, EtOAc; e) 2-allyl-
1,3-dimethyl-[1,3,2]-diazaphospholidine, #n-BuLi, THF, —78 °C; f) O;, DCM, DMS, —78 °C; g) 9-BBN,
THF, rt; h) TBSCI, Imidazole, DMF, rt; i) TBAF, AcOH, THF, rt; j) BnOCOCOCI, Pyridine, DCM, 0
°C; k) P(OEt);, o-xylene, 140 °C.

Ryo Shintani and G. C. Fu reported a ligand based intramolecular Kinugasa
reaction®® of alkyne-nitrone to form tricyclic B-lactam framework.”” Among the

various catalysts used, they found B to be more effective.

\\ Intramolecular
Kinugasa reaction
| (@)

O N a) N
O @ Ar Ar
S3.A S3.B

Scheme 3: Reagents and conditions: a) CuBr (5%), Ligand (5.5%), (C¢H;1).NMe (0.5 eqv) MeCN, 0°C

Savingac et al. reported an efficient route for constructing 4/5/6 fused

polycyclic B-lactams using enyne metathesis and Diels-Alder cycloaddition as the key

reactions.’
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.Me Me
R=Pr,Bu
A B c

Figure 11: Ligands used for Kinugasa reaction

In case of enyne metathesis, though 4/6 and 4/7 fused bicyclic dienes were
readily obtained with Grubb’s 1st generation catalyst, 4/5 fused bicyclic system could
be achieved only by Grubb’s 2nd generation catalyst. Also to get the 4/5/6 system, the

use of ionic liquid as solvent was more preferable than DCM (Scheme 4).

o n
4AA S4.A S4.B
n=1,23
E £ d
Dienophile = } or ‘
E

E

S$4.C

Scheme 4: Reagents and conditions: a) Trimethylsilylacetylene, n-BuLi, THF, =70 °C to =30 C, b)
Bromoalkenes, BuyNHSO,, Nal, KOH, THF, rt, c) Grubb's catalyst, d) Dienophile, LPDE/ionic
liquid/DCM, 80 °C.

3.1.6 Conclusion:

The development of carbapenem antibiotics and the emergence of new drug
resistant strains of bacteria are two parallel processes boosted by each other and thus
making the drug development process a double-edged sword. The drugs which are
now in use as common antibiotics are flawed with limited efficacy and inadequate
safety profiles, some of which are used along with additives (Imipenem, Panipenem).
Also apart from the gene mutation, some of the resistant strains evolve due to
prolonged clinical use and improper dosage.*' This calls for development of new class

of futuristic antibiotics and efficient synthetic methods so that a vast number of
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related compounds can be synthesized and studied for potential antibacterial

properties.
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3.2 Present Work

The extensive use of common B-lactam antibiotics such as penicillins and
cephalosporins as broad spectrum antibiotics has resulted in an increasing number of
resistant strains of bacteria through mutation and B-lactamase gene transfer. The
development and synthesis of new classes of f-lactam antibiotics has been a matter of
much investigation and research for both industrial and academic sectors. Tricyclic -
lactam antibiotics or trinems are a new class of synthetic antibacterial agents having
good resistance to P-lactamase and dehydropeptidase. Due to their biological and
medicinal importance, synthesis of trinems has been lately grabbed the attention of
scientific community. The challenges involved in the synthesis of tricyclic B-lactam
antibiotics and the need of new methods propelled us to find effective routes in this

direction.

A | OH OH 3
e : R o

; J // Wilkinson's /l R ‘
SN e Rl ;
COOH g N R Catalyst ‘
6-(1-hydroxyethyl)- !

cyclonocardicins

When R'= H both the regiomers formed in 1:1 ratio

Figure 12. The structure of Merck’s novel benzannulated trinem and our earlier

report on the synthesis of central core

In continuation of efforts in implementing cyclotrimerization reaction for the
construction of focused small molecule libraries, we have conceived the construction of
the 4/5/6 tricyclic framework of 6-(1-hydroxyethyl)cyclonocardicins. The 6-(1-
hydroxyethyl)cyclonocardicin has been reported by Christensen et al. from Merck that
showed promising activity against a wide range of pathogens including both Gram
positive (S.aureus, Strep. Pyogenes, B. subtilis) and Gram negative (E. coli,
Pseudomonas, Proteus morgani etc.). As a preliminary effort, in our lab we have earlier
shown that the cyclotrimerization with Wilkinson catalyst is facile on a diyne derived
from the 4AA albeit limited mainly to the symmetric alkynes. When a terminal alkyne
was employed as a partner, the trimerization reaction gave a 1:1 regiomeric mixture.

As a continuation of our efforts in this direction, we have been interested in
providing a strategy which can facilitate the placement of a wide range of functional
groups and appendages on the aromatic ring without having any regioselectivity

issues. Keeping this in mind, we have planned to place a substituent on one of the
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alkyne unit on aryl ring so that the less sterically hindered meta-isomer will be the

d.**>* Since the cyclotrimerization was planned as the final step (figure 13),

favore
this strategy should effectively address a rapid synthesis of the trinem library as
various alkynes are commercially available and are easy to synthesize. In order to
investigate in this direction, the diynes 69 and 70 (scheme 5) were selected as the
model substrates in order to check the feasibility of this approach and also to

understand the substituent influence on the regioselectivity.”’

R R ,
I N j)i_/ T
AN g P
N\)/J \ N\//
o d ™

R = Ph (69) intermediate

3C-Cbhonds R = CxHqs (70
two rings at 6H13 (70) fiexibiiity

the last steps ﬂ
oTBS R OH / Ph OH / CGH13
OTBS
. oA Ay 4 .7 P =y P
o = A
NH NH o o
o 7 o 69 70

Figure 13

Since the cyclotrimerization was planed as the final step (figure 13), this

strategy should effectively address a rapid synthesis of the trinem library.

Ph

TBSO H //
a)
(= NH

TBSO H Ohc O
72 (89%)
NH —
¢} CeHis
TBSO H
71 a) 7
_—
CeHiz—— g NH

73 (83%)

Scheme 5: Reagents and conditions: (a) n-BuMgCl, THF, 0 °C

Synthesis of alkynes 72 and 73 was started from 2-azitidinone 71. The
selective introduction of the alkyne group at the C4 position was the first challenge
that we had to meet. In literature, there are only a few reports are available, which
mostly employ a transition metal catalyzed reaction with TMS protected acetylene.*®

To have a simple method that can be viable on large scales, we opted for the addition
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of an alkynyl Grignard reagent as it will also address the flexibility on keeping the
substituent on the first introducting alkyne unit. Accordingly, 2-azitidinone 71 is
reacted with alkynylmagnesium chloride (prepared by Grignard exchange between the
corresponding alkyne i.e. phenylacetylene and 1-octyne respectively with n-
butylmagnesium chloride) to gave 72 and 73 respectively in good yields.

The structure of the product was confirmed from the spectral and analytical
data. The presence of aromatic protons in the region 7.30-7.48 ppm in 'H-NMR and
two singlet carbons at 84.8 and 86.9 ppm in *C-NMR approved the structure of 72.
The resonance of aliphatic protons of 73 in up-field region in "H-NMR spectrum and
presence of two acetylenic singlet carbons at 78.0 and 85.6 ppm in *C-NMR were in
accordance with structure 73. Mass [m/z 360.2 for (M+Na)'] for the 72 and Mass [m/z
350.2 for (M+Na)] for the compound 73 and elemental analysis further confirmed

the structures (Scheme 5).

3.37 (ddd, J=1.0, 2.6, 35HZ1H 4.56 (d, J=2.6 Hz, 1H)

H Ho
=

4.27 (dqg, J = 3.6, 6.3 Hz, 1H) 596(brs1H

Figure 14: Characteristic peaks of 72 in '"H NMR

Compound 72 was then subjected to propargylation reaction by using
propargyl bromide and KOH in the presence of a phase transfer catalyst BusNI in
THF. The propargylation reaction proceeded smoothly and provided 74 in good
yields. The appearance of an additional triplet at 2.23 ppm for the propargylic proton
in "H NMR and two additional signals at 84.8 and 86.9 ppm in °C NMR accounted
for newly introduced alkyne in 74. The structure was further proved by mass [m/z
389.9 for (M+Na)'] and elemental analysis. The deprotection of the OTBS group by
TBAF in THF furnished our required diyne substrate 69. The disappearance of the
characteristic peaks of the TBS group (singlets at 0.08, and 0.88 ppm) in 'H NMR
was supportive of the assigned structure of 69. Mass [m/z 276.4 for (M+Na)'] and

elemental analysis further confirmed the structure (Scheme 6).
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otss N otes _Ph OH Ph
H a) A4 b) H P
B — —_—
NH 7% N Z 89% N
o o o
72 74 69

Scheme 6: a) Propargyl bromide, KOH, BuyNI, THF, 0 °C, b) TBAF, THF, 0 °C —rt, 2h.

Similarly, the N-propargylation of compound 73 using propargyl bromide and
KOH in the presence of catalytic amount of BwNI in THF provided the diyne
intermediate 73 in good yield. A triplet at 2.18 ppm (J = 2.5 Hz) corresponding to the
propargylic proton in the intermediate 75 in "H-NMR and an additional triplet at 29.4
ppm in C-NMR accounted for the newly introduced alkyne in compound 75. The
structure of the 75 was further proved by mass [m/z 398.4 for (M+Na)'] as well as

through elemental analysis (scheme 7).

ores Ceths oTBs  GCeHis OH CeH1
H a) H F b) H AZ
" 75% _— 87% N
0 (0] (6)
73 75 70

Scheme 7: a) Propargyl bromide, KOH, BuyNI, THF, 0 °C, b) TBAF, THF, 0 °C —rt, 2h.

The deprotection of the OTBS group by TBAF in THF furnished our required
diyne substrate 70. The disappearance of the characteristic peaks of the TBS group
(quartets at —5.1, —4.5, and 25.7 ppm) was supportive of the assigned substrate 70.
Mass [m/z 284.4 for (M+Na)'] for the compound 70 and elemental analysis further

confirmed the structure (Scheme 6).

HO y y Ph HO 4y 4 CeH
= H = "Ceftha
N _—— N _—
o = o N—
69 70

Figure 15: Diynes 69 and 70

Having synthesized both the requisite diynes, our next concern was the
cyclotrimerization reaction with symmetric internal diynes and importantly with the

terminal diynes. Our experiments in this regard began with exploration of the
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trimerization of diynes 69 and 70 with phenyl acetylene as a substrates, various Rh-
and Ru-based catalysts have been explored in this context. The cyclotrimerization of
the diynes 69 and 70 with phenyl acetylene were not facile with Wilkinson’s catalyst.
When the catalysts Cp*RuCl(cod) (B)*” and [Rh(cod),]BE4/(R)-BINAP (C)** were
employed, the reactions proceeded smoothly at room temperature and gave the
corresponding trinems (Table 1) in good yields. The trimerization of n-hexyl
substituted diyne 70 gave mainly the 1,3-isomer 77. Formation of the trimerized
product 77 was evident from the absence of the propargyl proton (-C=CH) and the
appearance of peaks in aromatic region (7.27—7.57 ppm). Mass [m/z 386.7 for

(M+Na)'] and elemental analysis.

R R R'
TBSO |, // ‘ ‘ HO L n . Catalyst and Conditions:
/ —+ —_— < R
Z4 Ph A) Cp*RuCl(cod), CH,Cl,
N\/ N B) Rh(cod);BF4-(R)-BINAP, CH,Cl,
o o C) Rh(PPhs)sCl, toluene-EtOH
69 R = Ph 76 (R=R"=Ph,R' =H)
70 R = CgH13 77 (R="CgH13, R' = H, R"= Ph)
Entry Diyne R= Method Time/temp  Product(s) ab Yield
1 69 Ph A rt/4 h 76 -- 81%
2 69 Ph B 17 h 76 - 80%
3 69 Ph C 80 °C/24 h 76 = No reaction
4 70 n-CeHis A rt/4 h 77
5 70 n-CeHas B w7 h 77 - 78%
6 70 n-CeHis c 80 °C/18 h 77 - No reaction
Table 1

further confirmed the assigned structure. The product distribution was independent of
the catalyst employed. With the phenyl substituted diyne 69, the trimerization gave
exclusively the 1,3-product 76. Similarly, formation of the trimerized product 76 was
evident from the absence of the propargyl proton (—-C=CH) and the appearance of
additional seven proton peaks in aromatic region (7.32—7.62 ppm). A clear 'H NMR
spectrum and the appearance of a single peak for the all basic B-lactam ring protons
indicate the formation of a single compound, rather than a mixture of products. f3-

lactam’s a-proton appeared as a sharp single doublet of doublet at & 2.88 with a
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coupling constant 2.4 and 5.4 Hz (figure 16). The benzylic methylene carbon
resonated as triplet at 51.9 ppm in the *C NMR spectrum of compound 76. Mass [m/z

378.3 for (M+Na)'] and elemental analysis further confirmed the assigned structure.

2.88(dd, J=2.4,5.4 Hz)\ / 5.09(d, /=24 Hz)

HO
S &F@ph
4.08 (dg, J = 5.4, 6.0 Hz) Me
(da, Z)< N~&p  5.00(dt J=09, 14.8 Hz)
N—r

o
0.86 (d, J = 6.4 Hz)

o

4.25 (dt, J=0.9, 14.8 Hz)

Figure 16: Characteristic peaks of 76 in 'H-NMR
The regioselectivity noticed with the trimerization of diynes 69 and 70 endorse
them for further exploration in constructing the homochiral trinem libraries. The
attempted cyclotrimerization reactions of the alkynes 69 and 70 with symmetrically
disubstituted akynes bis-(trimethylsilyl)acetylene, dimethyl acetylenedicarboxylate,
and diphenylacetylene met with failure. With the optimized catalyst and conditions of
the cyclotrimerization reactions with phenylacetylene, we next proceeded with the

synthesis of a small collection of trinems by employing easily available alkynes as the

iti - 6 13
Conditions: H / 3 Cotis o, PN
A) Rh(cod),BF 4-(R)-BINAP, ) '? C,H,OH
CH2C|2, r,6-8 h
B) Cp*RuCl(cod), CH,Cl,, %70 ((’; 5
m,3-5h 83 (B, 80%) 87 (B, 73%)
Ph
OH Cs 13 Ph
H H OoH,
d Ph Thow
N
N
o o
80 (B, 71%)
76 (A, 81%) ((3 5 ) 84 (B, 86%) 88 (B, 77%)

on CeMis oH, th oH, HPh
%Ph /ﬁr_;i@'ce'ﬂs : C3HeCl
N N
N o o

o
77 (A, 78%) 81 (A, 78%) 85 (B, 79%) © 89 (8, 83%)
§ z (6:1)

CeH

OH sH13 Ph

0y s ICE

T / C3HGOBn
N

(@) TBSO

78 (B, 83%) 82 (A, 71%) 86 (B, 53%) 90 (B, 69%)

(9:1)

Table 2
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co-partners for the cyclotrimerization. Tables 1 and 2 show the versatility of our
strategy. The scope of the cyclotrimerization reactions with the substituted diynes 69
and 70 was explored.

With terminal alkynes, the cyclotrimerization of diynes 69 and 70 were
achieved smoothly at room temperature. The regioselectivity was excellent with the
diyne 69 trimerizations. In case of diyne 70, along with the anticipated 1,3-regiomer,
the 1,2-isomer was also obtained as a minor product. A variety of terminal alkynes
have been employed for the cyclotrimerization with diyne 69. Various functional
groups are tolerant under the reaction conditions. The products 85 and 89 obtained
from the cyclotrimerization of diyne 69 with 5-chloropent-1-yne and 3-ethynylaniline
are quite attractive, as these products provide a suitable functional group handle for

further diversification with simple chemical manoeuvring.

Conclusion:

In conclusion, a [2+2+2] alkyne cyclotrimerization reaction was employed
successfully to construct the central 4/5/6 tricyclic framework of 6-(1-hydroxyethyl)-
cyclonocardicin trinems. Introduction of different substituents to the structure was
achieved easily by simply employing a suitable alkyne at the final event of
bicycloannulation, and thus allowed the preparation of a focussed library of trinem
like small molecules easily. Further studies towards the synthesis of carboxylate
appended trinems and ring size modifications are in progress. Their synthesis and the

biological activities will be reported in due course.
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3.3 Experimental:

3-((R)-1-(tert-Butyldimethylsilyloxy)ethyl)-4-(phenylethynyl)azetidin-2-one (72):
Mg (4.2 g, 173 mmol) was flame dried in a two neck R.B. flask fitted

with a reflux condenser and cooled to room temperature in dry argon

atmosphere. Dry THF (150 mL) was introduced followed by a few
crystals of iodine. Half the total volume of n-BuCl (18 mL, 173 mmol) was added and the
contents were refluxed till the generation of Grignard reagent. The reaction temperature
was brought to rt and the rest of n-BuCl was added. Stirring continued at room
temperature till all the magnesium was consumed. Then the reaction mixture was cooled
to 0 °C and phenylacetylene (16.4 mL, 173.95 mmol) in THF (20 mL) was added into it
for 15 min. Compound 71 (10 g, 39.5 mmol) in THF (50 mL) was added at 0 °C and
stirred for 20 min. The reaction was quenched with saturated NH4ClI solution, diluted
with water and extracted with ethyl acetate. The combined organic layer was dried over
Na,S0s, concentrated and purified on silica gel (10% ethyl acetate in light petroleum) to
get alkyne compound 72 as a white solid yield: 89%; mp: 113 °C; [a]p™: +62.8 (C 1.4,
CHCl); IR (CHCl3)v: 3020, 2929, 1764, 1471, 1338, 1216, 1157, 1106, 1065, 967, 929,
834, 757, 668 cm '; '"H NMR (CDCls, 200 MHz): 50.08 (s, 6H), 0.88 (s, 9H), 1.26 (d, J
=6.3 Hz, 3H), 3.37 (ddd, J = 1.0, 2.6, 3.5 Hz, 1H), 4.27 (dq, J = 3.6, 6.3 Hz, 1H), 4.56 (d,
J=2.6 Hz, 1H), 5.96 (br.s, 1H), 7.27-7.44 (m, 5H); °C NMR (CDCl;, 50 MHz): § 5.1
(q), 4.3 (q), 17.9 (s), 22.3 (q), 25.7 (q, 3C), 39.6 (d), 64.6 (d), 67.7 (d), 84.8 (s), 86.9 (s),
122.2 (s), 128.3 (d, 2C), 128.6 (d), 131.7 (d, 2C), 168.1 (s) ppm; ESI-MS (m/z): 352.1
(100%, [M+Na]"), 368.1 (8%, [M+K]"); Anal. Calcd for C, 69.26; H, 8.26; N, 4.25%;
Found: C, 69.32; H, 8.19; N, 4.31%.

3-((R)-1-(tert-Butyldimethylsilyloxy)ethyl)-4-(oct-1-ynyl)azetidin-2-one (73):
Following the above procedure, the Grignard reaction of 67 (4.0 g, 13.8
mmol) gave compound 73 as a yellow liquid, yield: 83%; [a]p™: +5.7
(c 1.0, CHCIl3); IR (CHCls) v: 3433, 3020, 1714, 1600, 1394, 1216, 757,
669 cm'; "H NMR (CDCls, 200 MHz): §0.05 (s, 3H), 0.06 (s, 3H), 0.85 (s, 9H), 0.87—
0.91 (m, 3H), 1.22 (d, J = 6.3 Hz, 3H), 1.28-1.38 (m, 6H), 1.41-1.51 (m, 2H), 2.18 (dt, J
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= 1.9, 6.9 Hz, 2H), 3.19 (ddd, J = 1.0, 1.5, 2.5 Hz, 1H), 4.21 (dq, J = 3.8, 6.3 Hz, 1H),
431 (dd, J =2.5, 4.3 Hz, 1H), 5.87 (br.s 1H); >C NMR (CDCls, 50 MHz): § 5.2 (q), —
4.4 (q), 14.0 (q), 17.9 (s), 18.6 (1), 22.2 (q), 22.4 (t), 25.6 (q, 3C), 28.4 (t, 2C), 31.2 (1),
39.4 (d), 64.6 (d), 67.5 (d), 78.0 (s), 85.6 (s), 168.4 (s) ppm; ESI-MS (m/z): 360.2 (100%,
[M+Na]"); Anal. Calcd for C, 67.60; H, 10.45; N, 4.15%; Found: C, 67.47; H, 10.49; N,
4.26%.

3-((R)-1-(tert-Butyldimethylsilyloxy)ethyl)-4-(phenylethynyl)-1-(prop-2-
ynyl)azetidin-2-one (74):

Compound 72 (4 g, 12.15 mmol) was taken in dry THF under argon.
Propargyl bromide (1.32 mL, 31.56 mmol), tetrabutyl ammonium iodide
(2.3 g, 6.3 mmol) and crushed KOH (2.2 g, 39.46 mmol) were added

subsequently at 0 °C and stirred for 2.5 h at room temperature. The reaction was
quenched with saturated NH4Cl solution. After usual workup and concentration, the
crude product was purified by column chromatography (10% ethyl acetate in light
petroleum) to obtain 74 as a thick yellow liquid, yield: 77%; [a]p>: —49.9 (c 1.5, CHCL3);
IR (CHCI3)v: 3681, 3309, 3019, 2957, 2896, 1752, 1625, 1596, 1472, 1217, 947, 758,
669 cm'; 'TH NMR (CDCls, 200 MHz): 50.08 (s, 6H), 0.88, (s, 9H), 1.26 (d, J = 6.3 Hz,
3H), 2.23 (t, J=2.5 Hz, 1H), 3.30 (ddd, J = 0.7, 2.5, 3.2 Hz, 1H), 3.83 (ddd, J=0.8, 2.5,
17.8 Hz, 1H), 4.27 (dq, J = 3.3, 6.4 Hz, 1H), 4.30, (dd, J = 2.5, 17.8 Hz, 1H), 4.63 (d, J =
2.5 Hz, 1H), 7.28-7.35 (m, 3H), 7.39-7.45 (m, 2H); °C NMR (CDCl;, 50 MHz): § 5.1
(q), 4.5 (q), 17.8 (s), 22.3 (q), 25.7 (q, 3C), 29.6 (), 42.7 (d), 64.3 (d), 66.4 (d), 72.4 (d),
76.6 (s), 84.8 (s), 86.2 (s), 122.0 (s), 128.3 (d, 2C), 128.6 (d), 131.7 (d, 2C), 166.4 (s)
ppm; ESI-MS (m/z): 367.9 (5%, [M+1]"), 389.9 (100%, [M+Na]"), 405.9 (3%, [M+K]");
Anal. Calcd for C, 71.89; H, 7.95; N, 3.81%; Found: C, 71.76; H, 8.02; N, 3.79%.

3-((R)-1-(tert-Butyldimethylsilyloxy)ethyl)-4-(oct-1-ynyl)-1-(prop-2-ynyl)azetidin-2-
one (75):
Following the above procedure to synthesis compound 74, the

propargylation of 73 (4.0 g, 0.012 mol) gave compound 75 as a yellow
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liquid, yield: 75%; [a]D25: —29.7 (c 0.8, CHCI3); IR (CHCI3)v: 3415, 3020, 2931, 1760,
1600, 1518, 1424, 1216, 1046, 929, 757 cm '; '"H NMR (CDCls, 200 MHz): §0.05 (s,
6H), 0.85 (s, 9H), 0.86—0.90 (m, 3H), 1.21 (d, J = 6.3 Hz, 3H), 1.24-1.38 (m, 6H), 1.42—
1.52 (m, 2H), 2.18 (t, J = 2.5 Hz, 1H), 2.19 (dd, J = 1.9, 6.9 Hz, 2H), 3.12 (ddd, J = 0.7,
2.5, 3.3 Hz, 1H), 3.70 (ddd, J = 0.8, 2.5, 17.8 Hz, 1H), 4.20 (dq, J = 3.5, 6.3 Hz, 1H),
425 (dd, J = 2.5, 17.8 Hz, 1H), 4.38 (q, J = 2.1 Hz, 1H); °C NMR (CDCl;, 50 MHz): &
-5.1(q), 4.5 (q), 14.0 (q), 17.8 (s), 18.7 (1), 22.2 (q), 22.5 (t), 25.7 (q, 3C), 28.4 (t, 2C),
29.4 (t), 31.2 (1), 42.6 (d), 64.3 (d), 66.1 (d), 72.1 (d), 75.7 (s), 76.6 (s), 87.4 (s), 166.9 (s)
ppm; ESI-MS (m/z2): 376.4 (15%, [M+1]"), 398.4 (100%, [M+Na]"), 414.3 (28%,
[M+K]"); Anal. Calcd for C, 70.35; H, 9.93; N, 3.73%; Found: C, 70.41; H, 9.77; N,
3.59%.

03. 3-((R)-1-Hydroxyethyl)-4-(phenylethynyl)-1-(prop-2-ynyl)azetidin-2-one (69):
Compound 74 (2.0 g, 5.4 mmol) was taken in THF (15 mL) under argon.
TBAF (2.1 g, 8.0 mmol) was added subsequently at 0 °C and stirred for 1

h at room temperature. The reaction was quenched with saturated NH4Cl
solution. After usual workup and concentration, the crude product was purified by
column chromatography (60% ethyl acetate in light petroleum) to obtain 69 as a white
solid, yield: 89%; mp: 108.3 °C; [a]D25: —86.1 (¢ 0.8, CHCls); IR (CHCI3)v: 3621, 3020,
1753, 1523, 1425, 1216, 1045, 929, 758, 668 cm'; 'H NMR (CDCl;, 200
MHz): 61.35 (d, J=6.4 Hz, 3H), 1.93 (d, J=4.6 Hz, 1H), 2.29 (t, J=2.5 Hz, 1H), 3.38
(ddd, J=0.5, 2.4, 4.8 Hz, 1H), 3.87 (ddd, J = 0.8, 2.4, 17.8 Hz, 1H), 4.23-4.34 (m, 1H),
4.33 (dd, J = 2.4, 17.8 Hz, 1H), 4.61 (d, J = 2.4 Hz, 1H), 7.30-7.37 (m, 3H), 7.41-7.48
(m, 2H); *C NMR (CDCl3;, 50 MHz): § 21.3 (q), 30.0 (t), 43.5 (d), 64.6 (d), 66.0 (d),
72.6 (d), 76.5 (s), 77.2 (s), 84.4 (s), 122.0 (s), 128.4 (d, 2C), 128.9 (d), 131.8 (d, 20),
166.5 (s) ppm; ESI-MS (m/z2): 254.4 (4%, [M+H]"), 276.4 (100%, [M+Na]"), 292.4 (5%,
[M+K]"); Anal. Calcd for C, 75.81; H, 5.97; N, 5.53%; Found: C, 75.79; H, 5.87; N,
5.47%.
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3-((R)-1-Hydroxyethyl)-4-(oct-1-ynyl)-1-(prop-2-ynyl)azetidin-2-one
(70):

The deprotection of compound 75 (4.0 g, 10.6 mmol) was carried out

according to the above procedure used for the preparation of 69, giving compound 70 as a
pale yellow liquid, yield: 78%; [a]p>: —45.3 (c 1.3, CHCLs); IR (CHCls)v: 3621, 3309,
3020, 1752, 1523, 1424, 1216, 1046, 929, 759 cm™'; 'TH NMR (CDCls, 500 MHz): 50.88
(t, J=7.1 Hz, 3H), 1.26-1.39 (m, 9H), 1.47-1.52 (m, 2H), 2.20 (dt, J = 1.9, 7.2 Hz, 2H),
2.24 (t,J=2.5 Hz, 1H), 3.20 (dd, 2.5, 4.6 Hz, 1H), 3.75 (dd, J = 2.5, 17.8 Hz, 1H), 4.19—
4.22 (m, 1H), 4.25 (dd, J = 2.5, 17.8 Hz, 1H), 4.30-4.36 (m, 1H); °C NMR (CDCls, 125
MHz): 614.0 (q), 18.7 (t), 21.1 (q), 22.5 (t), 28.4 (t), 28.5 (t), 29.7 (t), 31.3 (), 43.3 (d),
64.5 (d), 65.8 (d), 72.4 (d), 75.4 (s), 76.6 (s), 87.8 (s), 166.8 (s) ppm; ESI-MS (m/z):
262.3 (8%, [M+H]"), 284.4 (100%, [M+Na]"), 300.4 (10%, [M+K]"); Anal. Calcd for C,
73.53; H, 8.87; N, 5.36%; Found: C, 73.38; H, 8.78; N, 5.44%.

Representative procedures for the [2+2+2]-cyclotrimerization reactions of diynes:

Procedure A: A solution of diyne (0.5 mmol) and alkyne (0.5 mmol) in DCM (10 mL) in
a long glass tube was degassed with dry argon for 20 min; then, [Rh(cod)]BF4/(R)-
BINAP catalyst (0.03 mmol) was introduced into the mixture. The tube sealed by airtight
cap. The mixture was stirred at room temperature for 2-4 h. After complition of reaction,
the reaction mixture was transferred into a round-bottom flask and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (ethyl acetate in

petroleum ether) to afford the cyclotrimerized product.

Procedure B: A solution of diyne 1 (0.5 mmol) and alkyne (0.5 mmol) in DCE (5 mL)
was degassed with dry argon for 20 min. To this, Cp*RuCl(cod) catalyst (0.03 mmol)
was added, and the mixture was stired for 4-6 h at room temperature. The solvent
evaporated under reduced pressure. The residue was purified by silica gel

chromatography to procure the cyclotrimerization product.
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1-((R)-1-Hydroxyethyl)-6,8-diphenyl-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-one
(76):

General procedure A was followed. Diyne 69 (100 mg, 0.40 mmol) o

and phenylacetylene (0.24 mL, 2.3 mmol) were used to afford W Ph
compound 76 as a white solid, yield: 83%; mp: 159 °C; [o]p™: —54.2 (0O "

(c 1.8, CHCL); IR (CHCI3) v: 3412, 2929, 3024, 1755, 1523, 1428, 1211, 1049, 929, 758,
668 cm '; 'H NMR (CDCls, 200 MHz): 50.86 (d, J = 6.4 Hz, 3H), 1.33 (d, J = 4.7 Hz,
1H), 2.88 (dd, J =2.4, 5.4 Hz, 1H), 4.08 (dq, J = 5.4, 6.0 Hz, 1H), 4.25 (dt, J = 0.9, 14.8
Hz, 1H), 5.00 (dt, J = 0.9, 14.8 Hz, 1H), 5.09 (d, J = 2.4 Hz, 1H), 7.35-7.51 (m, 10H),
7.56-7.62 (m, 2H); °C NMR (CDCls, 50 MHz): §20.7 (q), 51.9 (t), 59.4 (d), 65.3 (d),
67.2 (d), 120.8 (d), 127.3 (d, 2C), 127.6 (d), 127.7 (d), 128.0 (d), 128.5 (d, 2C), 128.9 (d,
4C), 136.9 (s), 139.2 (s), 139.8 (s), 140.3 (s), 142.4 (s), 143.7 (s), 178.7 (s) ppm; ESI-MS
(m/z): 378.3 (100%, [M+Na]"), 394.3 (20%, [M+K]"); Anal. Calcd for C, 81.10; H, 5.96;
N, 3.94%; Found: C, 81.01; H, 5.89; N, 3.91%.

8-Hexyl-1-((R)-1-hydroxyethyl)-6-phenyl-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-
one (77):

General procedure A was followed. Diyne 70 (100 mg, 0.38 mmol) [ ,, GCetis

bod Ph

and phenylacetylene (0.13 mL, 1.24 mmol) were used to afford a
N
[6)

compound 77 as a white gummy liquid, yield: 80%; [a]p®: —4.6 (C
1.2, CHCl3); IR (CHCl3)v: 3620, 3019, 2930, 1758, 1600, 1518, 1424, 1216, 1045, 929,
669 cm '; '"H NMR (CDCl;, 200 MHz): §0.88 (t, J = 6.7 Hz, 3H), 1.25-1.38 (m, 6H),
1.47 (d, J = 6.3 Hz, 3H), 1.55-1.73 (m, 2H), 2.57-2.81 (m, 2H), 3.22 (dd, J = 2.4, 6.3 Hz,
1H), 4.14 (br.d, J = 14.0 Hz, 1H), 4.39 (q, J = 6.3 Hz, 1H), 4.88-5.03 (m, 2H), 7.27 (s,
1H), 7.31 (s, 1H), 7.34-7.48 (m, 3H), 7.51-7.57 (m, 2H); °C NMR (CDCls, 50
MHz): §14.1 (q), 22.2 (q), 22.6 (t), 29.2 (t), 30.6 (), 31.7 (1), 33.0 (t), 51.9 (t), 59.5 (d),
65.9 (d), 66.4 (d), 119.3 (d), 127.0 (d), 127.2 (d, 2C), 127.5 (d), 128.8 (d, 2C), 137.0 (s),
139.2 (s), 140.8 (s), 142.3 (s), 143.2 (s), 178.8 (s) ppm; ESI-MS (m/z): 364.7 (52%,
[M+17"), 386.7 (100%, [M+Na]"); Anal. Calcd for C, 79.30; H, 8.04; N, 3.85%; Found:
C,79.19; H, 8.21; N, 3.77%.
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8-Hexyl-1-((R)-1-hydroxyethyl)-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-one (78):
General procedure B was followed. Diyne 70 (110 mg, 0.42 mmol) and
acetylene gas were used to afford compound 78 white gummy liquid,
yield: 83%; [a]p”": —62.7 (¢ 1.4, CHCl3); IR (CHCl3)v: 3410, 3020, 2930,
1753, 1459, 1216, 758, 669 cm™'; 'TH NMR (CDCls, 200 MHz): 5§0.87 (t, J = 6.7 Hz, 3H),
1.24-1.38 (m, 6H), 1.45 (d, J = 6.3 Hz, 3H), 1.53-1.68 (m, 2H), 2.51-2.75 (m, 2H), 3.18
(dd, J = 2.4, 6.3 Hz, 1H), 4.11 (br.d, J = 13.5 Hz, 1H), 3.37 (q, J = 6.3 Hz, 1H),
4.90 (br.d, J = 15.2 Hz, 2H), 7.07 (br.t, J = 7.7 Hz, 2H), 7.24 (t, J = 7.4 Hz, 1H); °C
NMR (CDCls, 50 MHz): 6 14.1 (q), 22.2 (q), 22.6 (), 29.2 (t), 30.5 (t), 31.7 (t), 32.8 (1),
51.8 (1), 59.7 (d), 66.0 (d), 66.2 (d), 120.5 (d), 127.7 (d), 128.8 (d), 137.9 (s), 139.0 (s),
142.4 (s), 178.9 (s) ppm; ESI-MS (m/z): 288.3 (9%, [M+1]"), 310.3 (100%, [M+Na]"),
326.3 (16%, [M+K]"); Anal. Calcd for C, 75.22; H, 8.77; N, 4.87%; Found: C, 75.26; H,
8.69; N, 4.73%.

6,8-Dihexyl-1-((R)-1-hydroxyethyl)-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-one (79):
Cycloaddition of diyne 70 (130 mg, 0.50 mmol) and 1-octyne (0.22 Cofia

OH - ,
mL, 2.0 mmol) following procedure A gave a 8:1 mixture of (i \ //CSH1

N

compounds 79 as a colorless gummy liquid, yield: 79%; [a]p>: +62.8 o
(c 1.1, CHCl); IR (CHCI3)v: 3020, 2930, 2400, 1753, 1523, 1425, 1216, 1046, 929, 757,
668 cm '; '"H NMR (CDCls;, 200 MHz): 6 0.87 (t, J = 6.4 Hz, 6H), 1.24-1.38 (m, 12H),
1.44, 1.45 (2d, J = 6.3 Hz, 3H), 1.58 (br.s, 4H), 2.47-2.67 (m, 4H), 3.16, 3.20 (2dd, J =
2.4, 6.2 Hz, 1H), 4.04 (br.d, J = 13.7 Hz, 1H), 4.35 (q, J = 6.3 Hz, 1H), 4.86 (br.d, J =
14.7 Hz, 2H), 6.87-7.13 (m, 2H); *C NMR (CDCls, 50 MHz): §14.1 (q, 2C), 22.1 (q),
22.6 (t, 2C), 29.0 (t), 29.2 (1), 30.5 (1), 31.6 (1), 31.7 (t, 2C), 32.9 (t), 35.8 (1), 51.8 (%),
59.4 (d), 65.9 (d), 66.2 (d), 120.4 (d), 128.0 (d), 135.2 (s), 138.5 (s), 142.6 (s), 143.0 (s),
179.0 (s) ppm; ESI-MS (M/z): 372.4 (5%, [M+H]"), 390.4, (100%, [M+Na]"), 410.4 (4%,
[M+K]"); Anal. Caled for C, 77.58; H, 10.04; N, 3.77%; Found: C, 77.49; H, 10.19; N,
3.59%.
2-((8-Hexyl-1-((R)-1-hydroxyethyl)-2-oxo-1,2,4,8b-tetrahydroazeto[2,1-a]isoindol-6-
yl)methyl)isoindoline-1,3-dione (80):
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General procedure B was followed. Diyne 69 (120 mg, 0.56 mmol)

and N-propargyl pthalimide (92.5 mg, 0.50 mmol) were used to . CGHBO?)N%)
procure a 3:1 mixture of compounds 80 as a white gummy solid, W \" g
yield: 71%; [a]p”™> —13.2 (¢ 0.8, CHCl;); IR (CHCl3) v: 3584, 3019, g N

1769, 1718, 1518, 1394, 1216, 1046, 929, 759, 669 cm '; 'H NMR (CDCls, 200
MHz): 50.85 (br.t, J = 6.5 Hz, 3H), 1.24-1.31 (m, 6H), 1.42 (d, J = 6.4 Hz, 3H), 1.49—
1.65 (m, 2H), 2.47-2.70 (m, 2H), 3.12 (dd, J = 2.4, 6.3 Hz, 0.9H), 3.21 (dd, J = 2.4, 6.3
Hz, 0.1H), 4.03 (br.d, J = 14.2 Hz, 1H), 4.34 (qui, J = 6.3 Hz, 1H), 4.74-4.88 (br.m, 5H),
7.12 (br.s, 1H), 7.17 (br.s, 1H), 7.66-7.47 (m, 2H), 7.80-7.86 (m, 2H); '°C NMR (CDCL,
50 MHz): 514.0 (q), 22.2 (q), 22.6 (1), 29.2 (1), 30.5 (t), 31.7 (1), 32.8 (t), 41.4 (t), 51.7
(t), 59.4 (d), 65.9 (d), 66.3 (d), 120.8 (d), 123.4 (d), 128.4 (d), 132.0 (s), 133.9 (d), 134.1
(d, 2C), 137.3 (s), 137.7 (s), 139.3 (s, 2C), 143.1 (s), 168.0 (s, 2C), 178.6 (s) ppm; (M/2):
469.3 (100%, [M+Na]"), 485.3 (21%. [M+K]"). Anal. Calcd for C, 72.62; H, 6.77; N,
6.27%; Found: C, 72.58; H, 6.88; N, 6.22%.

6-Hexyl-1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-
one (81):

General procedure A was followed. Diyne 69 (100 mg, 0.40 mmol) Ph

OH
H oo
and l-octyne (0.18 mL, 1.20 mmol) were used to afford a : Coha

N
O

compound 81 (92 mg, 85% yield as a white solid, yield: 78%; mp:
195 °C; [o]p”>: —80.4 (¢ 1.1, CHCls); IR (CHCls)v: 3019, 2929, 1753, 1605, 1518, 1523,
1424, 1215, 1045, 929, 758, 669 cm'; '"H NMR (CDCls, 200 MHz): §0.85 (d, J = 6.4
Hz, 3H), 0.87 (t, J = 7.4 Hz, 3H), 1.26-1.37 (m, 6H), 1.55-1.64 (m, 2H), 2.64 (t, J = 7.4
Hz, 2H), 2.81 (dd, J = 2.5, 5.6 Hz, 1H), 3.98-4.08 (m, 1H), 4.15 (br.d, J = 14.8 Hz, 1H),
4.89 (br.d, J = 14.8 Hz, 1H), 4.97-5.02 (m, 1H), 7.06 (br.s, 2H), 7.32-7.49 (m, 5H); "°C
NMR (CDCls, 50 MHz): 614.1 (q), 20.7 (q), 22.6 (t), 29.0 (t), 31.6 (t), 31.7 (1), 35.8 (1),
51.8 (), 59.5 (d), 65.5 (d), 67.0 (d), 122.1 (d), 127.8 (d), 128.4 (d, 2C), 128.6 (d), 128.8
(d, 2C), 135.1 (s), 138.5 (s), 140.1 (s), 143.1 (s), 144.2 (s), 178.8 (s) ppm; ESI-MS
(M/2): 364.3 (9%, [M+1]"), 386.2 (100%, [M+Na]"), 402.3 (12%, [M+K]"); Anal. Calcd
for C, 79.30; H, 8.04; N, 3.85%; Found: C, 79.26; H, 8.16; N, 3.75%.
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2-((2-((R)-1-Hydroxyethyl)-2-oxo0-8-phenyl-1,2,4,8b-tetrahydroazeto[2,1-a]isoindol-
6-yl)methyl)isoindoline-1,3-dione (82)

By following procedure A, cycloaddition of the diyne 69 (150 o

Ph ? >
mg, 0.59 mmol) with N-propargyl pthalimide (110 mg, 0.59 ' H _7\N

N\
mmol) gave a 3:1 mixture of compounds 82 as a white solid, N ©

yield: 71%; mp: 208 °C; [a]p™: —50.5 (¢ 1.3, CHCLy); IR
(CHCls)v: 3433, 3020, 1714, 1600, 1394, 1216, 757, 669 cm '; '"H NMR (CDCl3, 200
MHz): §0.66 (d, J = 6.4 Hz, 0.5 H), 0.80 (d, J = 6.4 Hz, 2.5 H), 2.78 (dd, J = 2.5, 5.5 Hz,
0.8 H), 2.88 (dd, J = 2.5, 5.5 Hz, 0.2 H), 4.03 (m, J = 6.3 Hz, 1H), 4.13 (dt, J = 0.9, 15.0
Hz, 1H), 7.72 (dd, J = 24.6 Hz, 1H), 4.85-4.99 (m, 3H), 7.31-7.48 (m, 7H), 7.67-7.75
(m, 2H), 7.78-7.87 (m, 2H); *C NMR (CDCls, 100 MHz): §20.7 (q), 41.2 (t), 51.7 (%),
59.3 (d), 65.3 (d), 67.0 (d), 122.4 (d), 123.5 (d, 2C), 128.0 (d), 128.4 (d, 2C), 128.8 (d,
3C), 132.0 (s, 2C), 134.1 (d, 2C), 137.4 (s), 137.6 (5), 139.1 (s), 139.4 (s), 143.6 (s),
168.0 (s, 2C), 178.6 (s) ppm; ESI-MS (m/z): 461.3 (100%, [M+Na]"), 477.4 (23%,
[M+K]"); Anal. Calcd for C, 73.96; H, 5.06; N, 6.39%; Found: C, 73.78; H, 5.11; N,
6.18%.

1-((R)-1-Hydroxyethyl)-8-phenyl-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-one (83):
Following procedure B, using diyne 69 (100 mg, 0.40 mmol) and
acetylene gas were used to get a compound 83 as a white solid, yield:
80%; mp: 146 °C; [a]p™: —123.6 (¢ 0.7, CHCL;); IR (CHCL)v: 3409,
3020, 1751, 1524, 1423, 1216, 1047, 929, 758, 668 cm '; 'H NMR (CDCls, 200
MHz): §0.86 (d, J = 6.4 Hz, 3H), 2.83 (dd, J = 2.5, 5.5 Hz, 1H), 3.984.11 (m, 1H), 4.19
(dt, J = 1.1, 14.8 Hz, 1H), 4.94 (dt, J = 1.1, 14.8 Hz, 1H), 5.03 (br.q, J = 1.1 Hz, 1H),
7.24 (br.d, J = 7.5 Hz, 3H), 7.33-7.50 (m, 6H); °C NMR (CDCls, 50 MHz): 520.6 (q),
51.8 (t), 59.5 (d), 65.3 (d), 67.0 (d), 122.2 (d), 127.9 (d), 128.3 (d), 128.4 (d, 2C), 128.8
(d, 2C), 128.9 (d), 137.8 (s), 138.9 (s), 139.8 (s), 142.8 (s), 178.8 (s) ppm; ESI-MS
(m/z): 280.3 (18%, [M+1]"), 302.2 (100%, [M+Na]"), 318.2 (9%, [M+K]"); Anal. Calcd
for C, 77.40; H, 6.13; N, 5.01%; Found: C, 77.34; H, 6.21; N, 5.13%.
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(1S,8bS)-1-((R)-1-Hydroxyethyl)-8-phenyl-6-(trimethylsilyl)-1,8b-dihydroazeto[2,1-
aJisoindol-2(4H)-one (84):

General procedure B was followed. Diyne 69 (130 mg, 0.51 mmol) [ ., Pn
H oo

and TMS-acetylene (0.15 mL, 1.5 mmol) were used to afford

compound 84 as a colorless gum, yield: 86%; IR (CHCl;)v: 3437, L2 "
3019, 3010, 2401, 1757, 1517, 1384, 1216, 1045, 926, 841, 669 cm™'; "H NMR (CDCl,,
200 MHz): 6 0.29 (s, 9H), 0.81 (d, J = 6.4 Hz, 3H), 2.84 (dd, J = 2.5, 5.2 Hz, 1H), 4.05
(dq, J = 5.8, 6.2 Hz, 1H), 4.20 (dd, J = 0.8, 14.7 Hz, 1H), 4.95 (br.d, J = 14.7 Hz, 1H),
5.03 (br.q, J = 1.5 Hz, 1H), 7.34-7.49 (m, 7H); >C NMR (CDCl;, 50 MHz): 6—1.1 (s,
3C), 20.6 (s), 51.8 (1), 59.5 (d), 65.1 d), 67.0 (d), 126.9 (d), 127.8 (d), 128.5 (d, 20),
128.8 (d, 2C), 133.2 (d), 138.2 (q), 138.5 (q), 140.1 (q), 141.9 (q), 142.2 (q), 178.9 (q);
ESI-MS (m/z): 374.35 (100%, [M+Na]+); Anal. Calcd for C,HysNO,Si: C, 71.75; H,

7.17; N, 3.98; Found C, 71.66; H, 7.21; N, 8.79%.

(1S,8bS)-6-(3-Chloropropyl)-1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-
dihydroazeto[2,1-a]isoindol-2(4H)-one (85):

General procedure B was followed. Diyne 69 (200 mg, 0.28 mmol) o S

and 5-chloro-1-pentyne (0.18 mL, 1.39 mmol) were used to afford
compound 85 as a coloreless thick liquid, yield: 79%; IR (CHCl;) v "

3446, 3011, 1759, 1385, 1216, 1045, 930, 703, 669 cm™'; 'TH NMR (CDCls, 200 MHz): §
0.79 (d, J=6.4 Hz, 3H), 2.10 (tt, J = 6.4, 7.6 Hz, 2H), 2.13 (d, J = 6.3 Hz, 1H), 2.82 (dd,
J=12.6,4.6 Hz, 1H), 2.83 (dd, J = 3.6, 7.6 Hz, 2H), 3.55 (t, J = 6.4 Hz, 2H), 4.05 (dq, J =
5.3, 6.3 Hz, 1H), 4.14 (br.d, J = 15.2 Hz, 1H), 4.90 (br.d, J = 15.2 Hz, 1H), 5.03 (br.q, J =
1.6 Hz, 1H), 7.08 (s, 2H), 7.31-7.48 (m, 5H); °C NMR (CDCls, 50 MHz): §20.5 (s),
32.4 (1), 33.9 (1), 44.0 (1), 51.6 (1), 59.0 (d), 64.7 (d), 66.9 (d), 122.1 (d), 127.7 (d), 128.3
(d), 128.6 (d), 128.7 (d), 135.7 (q), 138.8 (q), 139.7 (q), 141.7 (q), 143.3 (q), 179.1 (q)
ppm; ESI-MS (m/z): 378.28 (100%, [M+Na]"); Anal. Calcd for C,;H,CINO,: C, 70.88;
H, 6.23; N, 3.94; Found: C, 70.79; H, 6.12; N, 3.78%.

(1S,8bS)-6-((2S,3S)-3-((R)-1-((tert-Butyldimethylsilyl)oxy)ethyl)-4-oxoazetidin-2-yl)-
1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-dihydroazeto[2,1-a]isoindol-2(4H)-one (86):
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General procedure B was followed. Diyne 69 (120 mg, 0.47 Ph

mmol) and compound BL (126 mg, 0.50 mmol) were used to

TBSO

afford a compound 86 as a white gummy liquid, yield: 53%; IR [ ©
(CHCl3)v: 3411, 3020, 2930, 1760, 1385, 1216, 1045, 669, cm '; 'H NMR (CDCls, 200
MHz): 6 0.10 (s, 3H), 0.11 (s, 3H), 0.81 (d, J = 6.4 Hz, 3H), 0.87 (d, J = 6.4 Hz, 3H),
0.88 (s, 9H), 2.82 (dd, 3.05 (dd, J=2.4, 5.2 Hz, 1H), 2.77 (dd, J = 2.3, 4.1 Hz, 1H), 4.05
(dq, J =5.9, 6.3 Hz, 1H), 4.17 (dq, J = 5.9, 6.3 Hz, 1H), 4.07 (br.d, J = 14.9 Hz, 1H),
4.85 (br.d, J =14.9 Hz, 1H), 4.96 (br.s, 1H), 6.57 (ddd, J = 0.8, 2.2, 7.9 Hz, 1H), 6.79 (t,
J =19 Hz, 1H), 6.86 (ddd, J = 0.8, 1.6, 7.9 Hz, 1H), 7.06-7.38 (m, 8H); °C NMR
(CDCls, 50 MHz): 4.9 (s), 4.2 (s), 18.0 (s), 20.7 (s), 22.7 (d), 25.7 (s, 3C), 29.7 (q),
51.7 (1), 52.6 (d), 59.3 (d), 65.2 (d), 65.4 (d), 67.1 (d), 69.0 (d), 119.5 (d), 126.0 (d),
128.2 (d), 128.4 (d, 2C), 128.9 (d, 2C), 137.7 (q), 139.3 (g, 2C), 141.8 (q), 143.8 (q),
168.7 (q), 178.7 (q) ppm; ESI-MS (m/z): 529.54 (100%, [M+Na]"); Anal. Calcd for
CooH3sN>O4S1: C, 68.74; H, 7.57; N, 5.53; Found: C, 68.37; H, 7.68; N, 5.44%.

(1S,8bS)-1-((R)-1-Hydroxyethyl)-6-(2-hydroxyethyl)-8-phenyl-1,8b-
dihydroazeto[2,1-a]isoindol-2(4H)-one (87):

General procedure B was followed. Diyne 69 (100 mg, 0.40 mmol) o HO
and 3-butyn-1-ol (0.12 mL, 1.6 mmol) were used to procure S
compound 87 as a gummy liquid, yield: 73%; IR (CHCls)v: 3446, 7 "

3020, 1756, 1385, 1216, 1045, 669, cm'; 'H NMR: (CDCls, 200 MHz): §0.79 (d, J =
6.4 Hz, 3H), 1.82 (br.s, 2H), 2.80 (dd, J = 2.5, 5.1 Hz, 1H), 2.90 (t, J = 6.5 Hz, 2H), 3.87
(t, 6.5 Hz, 2H) 4.03 (dq, J=5.5, 6.3 Hz, 1H), 4.13 (dd, J = 0.8, 15.1 Hz, 1H), 4.89 (br.d,
J=0.8, 15.1 Hz, 1H), 5.00 (br.q, J = 0.8 Hz, 1H), 7.10 (s, 2H), 7.31-7.46 (m, 5H); "*C
NMR: (CDCl3, 50 MHz): 620.6 (s), 38.8 (t), 51.7 (t), 59.2 (d), 63.4 (t), 65.0 (d), 66.9 (d),
122.7 (d), 127.8 (d), 128.4 (d), 128.8 (d), 129.2 (d), 136.0 (q), 138.9 (q), 139.7 (q), 139.8
(q), 143.3 (q), 179.0 (q) ppm; ESI-MS (m/z): 324.58 (5%, [M+H]"], 346.61 (100%,
[M+Na]"); Anal. Calcd for Co0H, NO3: C, 74.28; H, 6.55; N, 4.33; O, 14.84; Found: C,
74.14; H, 6.61; N, 5.19%.
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(1S,8bS)-6-Henicosyl-1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-dihydroazeto[2,1-
aJisoindol-2(4H)-one (88):

Cycloaddition of diyne 69 (130 mg, 0.51 mmol) and 1-tricosyne on PN

(164 mg, 0.51 mmol) following procedure B gave a compound 88 /jH:ttQ Catflas
as a white thick liquid, yield: 77%; IR (CHCIs)v: 3020, 2928, g

1755, 1604, 1520, 1529, 1426, 1225, 1055, 939, 768, 669 cm'; "H NMR (CDCls, 200
MHz): 6 0.84 (d, J = 6.4 Hz, 3H), 0.87 (t, J = 6.4 Hz, 3H), 1.24 (s, 34H), 1.55-1.65 (m,
4H), 2.64 (t, J = 7.7 Hz, 2H), 2.82 (dd, J = 2.5, 5.4 Hz, 1H), 4.05 (dq, J=5.5, 6.1 Hz,
1H), 4.14 (dd, J = 1.5, 14.8 Hz, 1H), 4.89 (br.d, J = 14.8 Hz, 1H), 5.00 (br.q, J = 1.5 Hz,
1H), 7.06 (br.s, 2H), 7.32-7.47 (m, 5H); °C NMR (CDCls, 50 MHz): 5 14.1 (s), 20.7 (s),
22.7 (t), 29.3 (t, 2C), 29.5 (1), 29.6 (1), 29.7 (t, 13C), 31.6 (), 31.9 (1), 35.7 (), 51.8 (1),
59.3 (d), 65.2 (d), 67.0 (d), 122.0 (d), 127.7 (d), 128.4 (d, 2C), 128.6 (d), 128.7 (d, 2C),
135.1 (q), 138.5 (q), 140.1 (q), 143.1 (q), 144.1 (q), 179.0 (q) ppm; ESI-MS (m/z): 576.6
(100%, [M+Na]"); Anal. Calcd for C3oHsoNO,: C, 81.62; H, 10.36; N, 2.44; Found: C,
81.57; H, 10.28; N, 2.53%.

(1S,8bS)-6-(3-Aminophenyl)-1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-
dihydroazeto[2,1-a]isoindol-2(4H)-one (89):

By following procedure B, cycloaddition of the diyne 69 (100

NH;
OH Ph
mg, 0.40 mmol) with 3-ethynylaniline (0.19 mL, 1.6 mmol) gave
N

a 6:1 mixture of compounds 89 as a gummy liquid, yield: 83%; o

IR (CHCls)v: 3448, 3020, 2929, 2401, 1758, 1619, 1385, 1216, 1045, 930, 702, 669, cm-
' 'TH NMR (CDCl;, 200 MHz): § 0.55 (d, J = 6.5 Hz, 0.25H), 0.69 (d, J = 6.5 Hz,
2.75H), 2.72 (dd, J = 2.5, 4.8 Hz, 0.1H), 2.77 (dd, J = 2.5, 4.8 Hz, 0.9H), 3.15 (br.s, 2H),
3.96 (dg, J = 5.1, 6.5 Hz, 1H), 4.07 (br.d, J = 14.9 Hz, 1H), 4.85 (br.d, J = 14.9 Hz, 1H),
4.96 (br.s, 1H), 6.57 (ddd, J = 0.8, 2.2, 7.9 Hz, 1H), 6.79 (t, J = 1.9 Hz, 1H), 6.86 (ddd, J
=0.8, 1.6, 7.9 Hz, 1H), 7.06-7.38 (m, 8H); *C NMR (CDCls, 50 MHz): §20.5 (s), 51.7
(t), 59.0 (d), 64.7 (d), 67.0 (d), 113.8 (d), 114.4 (d), 117.5 (d), 120.5 (d), 127.4 (d), 127.8
(d), 128.3 (d, 2C), 128.7 (d, 2C), 129.7 (d), 136.7 (q), 138.9 (q), 139.7 (q), 141.3 (q),
142.4 (q), 1434 (q), 146.8 (q), 179.1 (q) ppm; ESI-MS (m/z): 393.6584 (100%,

156



Chapter 111 Experimental

[M+Na]"); Anal. Caled for Co4H»nN,05: C, 77.81; H, 5.99; N, 7.56; Found: C, 77.78; H,
5.81; N, 7.43%.

(1S,8bS)-6-(3-(Benzyloxy)propyl)-1-((R)-1-hydroxyethyl)-8-phenyl-1,8b-
dihydroazeto[2,1-a]isoindol-2(4H)-one (90):

General procedure B was followed. Diyne 69 (120 mg, 0.47 mmol) o Ph B0
1-benzyloxy-4-pentyne (0.17 mL, 1.0 mmol) were used to afford W
compound 90 as a colorless thick liquid, yield: 69%; IR (CHCl;)v:, o

3437, 3020, 2400, 2929, 1760, 1619, 1385, 1216, 1045, 929, 669 cm™'; '"H NMR (CDCls,
200 MHz): 6 0.84 (d, J = 6.4 Hz, 3H), 1.88-2.02 (m, 2H), 2.77 (dd, J = 6.4, 8.1 Hz, 2H),
2.81(dd, J = 2.5, 5.4 Hz, 1H), 3.50 (t, J = 6.2 Hz, 2H), 4.05 (dq, J =5.5, 6.1 Hz, 1H),
4.13 (dd, J=0.9, 15.1 Hz, 1H), 4.51(s, 2H), 4.89 (br.d, J = 15.1 Hz, 1H), 5.00 (br.q, J =
1.5 Hz, 1H), 7.04 (br.d, J = 7.0 Hz, 2H), 7.29-7.43 (m, 10H); *C NMR (CDCl;, 50
MHz): 620.7 (s), 31.4 (t), 32.1 (), 51.7 (t), 59.3 (d), 65.2 (d), 66.9 (d), 69.2 (1), 72.9 (1),
122.1 (d), 127.6 (d), 127.7 (d, 2C), 127.8 (d), 128.3 (d, 2C), 128.4 (d, 2C), 128.6 (d),
128.7 (d, 2C), 135.3 (q), 138.4 (q), 138.6 (q), 140.0 (q), 143.1 (q), 143.2 (q), 178.9 (q)
ppm; ESI-MS (m/z): 450.12 (100%, [M+Na]"); Anal. Calcd for CogH9NO;: C, 78.66; H,
6.84; N, 3.28; Found: C, 78.54; H, 6.91; N, 3.21%.
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Spectra
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Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date 02/2009 11:35:08 ]
| Frequency (MHz) 200.13 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
w0 ~ NHoondow doaonw domNTMoNy BodEmodoRENy 290l
8 & aR8AAN]T N§FF24 89539853 38808838588 888
~ 5 YYYITYS PR NANNGGddd ddd 666668 0009
[ AN RGPS LAY T A Y G 222 S 227/
CeH1z
OTBS
L I | L .
T T T T T T T T T T TP T T T T
4.30 4.25 4.20 215 322 3.21 320 319 3.8 3.7 3.16 2.20 2.15
I
'
1 |
I
1.00 1.09 1.01 217 6.01
| L ¥} i i
T T T T T T T T T T T T T T T T T T T T T T Anazs: T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 05 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 04/03/2009 07:07:08 |
[ Frequency (MHz) 5032 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) _0.000
Chioroform-d
2 o wgon NN o cwoonoan o
@ @ 363w Je @ SoBsacea ad
4 8 KRRE 53 3 S8 LIS 1%
TR 7Y T T N
otes  Cetts
|
| I
Il
|
|
| l
|
i ) b el
T T T I T T T T, A RSSSA AR AR nas R R A AL A8 0 T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 73 in CDCl;,

15

9



Chapter I11

Spectra

28/02/2009 11:46:26 |

Chloroform-d

Time (sec) 7.9167 | Comment Mangesh [ Date
| Frequency (MHz) 20013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000

64
63
36
34
29
28
27
25
3.88
3.87
3.86
3.78
3.77
3.77

A
£
t
;
332
T

{

I
—o0.88
—0.08

3.30
3.29
2.24
2.23
2.22
1.28
1.24

Ph
OTBS
Y
N _—
o N
0.97

1.00  2.10 1.00 0.97 0.89 3.00 9.23 6.01
o] — L =] o (= 5]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 255 2.0 15 1.0 0.5 0.0

'H NMR Spectrum of 74 in CDCl;

[ Time (sec) 2.7329 | Comment Mangesh [ Date 04/03/2009 06:22:46 |
| Frequency (MHz) 50.32 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chioroform-d
o ~ oMo 4 !
< 388 & ~~ w oW g o N~ wo o o
< des o o 0 oo oo © w oo @ @ 33
8 288 § g S o o3 o S 6o~ 22
] RER R | B ® ® DN © 0 v N N N o b
| NN | ST [ Vi [ . S|
1
N ——
o N
n
I
I
L L N A B e A AMLAAASS s B A A s Ay RS A SO A S AN AR RS RARAS AASS L bss
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 74 in CDCl;4

160



Chapter I11 Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 03/03/2009 16:14:24 |
[ Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |

Temperature (grad C) 0.000

Chloroform-d

0 QRO IUNNON®D OO Q ON—Q NQ2ANONN PLONIVINS SR QW 0
& BoaadNARIICRGEEE 549538 ARIISSAS I0HAJIARZEBHR @ 3
~ TITIITIIVY 9999 2G99 oY gSS YT g99¢9¢9 S

3.11

2.34 1.12 1.07 3.18 10.213.25 9.06 6.00

[ — — u [ ] | — 5] u

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0

'H NMR Spectrum of 75 in CDCls

[ Time (sec) 2.7329 | Comment Mangesh [ Date 14/05/2009 03:34:32 |
| Frequency (MHz) 50.32 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chioroform-d
Y o twe ~o o Err oo e
g @ Q88 98 @ ABnocBINGR S 33
4 & CEN 83 g GRS e
7 oT ST i RN ) B
otes Cets
H
N —
g N
i
|
I
[TRTAY) O T PPN TR TN Lo hords " " " L ] Al " ‘d
Pl s i NN el ! AP iy 0 y
B R
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 75 in CDCl;,

161



Chapter I11

Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date |
| Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 4139.07 |
Temperature (grad C) 0.000
SoLoLyoNG NOBEO® NNSoNNDe®ON Som b 2w s
5992983388 YB8HRAT 5558339385 338 88 88 8
NN NN NN FYY99Y S0CC oo mm@e Ao R s
Syt LY 220 @2 L) N
|
Ph
OH Y
H 74
N ——
o —
3 8 8 5
5 o @ 2
L7
I
|
'
I ]
|
il
n
I
I
) " .
3.51 119 2.40 111 114
[y [ [l i
R S R R R A REE S AREALS IBSRARRRARA RASRE RAEEN
75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 1.0 0.5 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 12/04/2009 18:36:22 |
[ Frequency (MHz) 5032 | Nucleus 13C | original Points Count 32768 | Points Count 32768 11990.41 |
Temperature (grad C) _0.000
Chioroform-d
< Nor w
3 a8k 8 @2 om w on o o o
g dgg o @ & B oo i3 S &
k4 a88 o $ Re R 83 g 8 &
T [ TR T ORY T f
Chloroform-d
' Ph
OH Yy
H 74
N =
g N
T T T T T T T T T T
85 80 75 70 65
|
|
T T T T o T T e ARARARaRsRLSRAY) T
170 160 150 140 130 120 110 100 90 80 70 60 20 10 0

B3C NMR Spectrum of 69 in CDCl;,

162



Chapter I11 Spectra

Time (sec) 1.8175 | Comment Mangesh [ Date 04/05/2009 12:55:08 |

[ Frequency (MHz) 500.13 | Nucleus 1H [original Points Count 16384 | Points Count 16384 | Sweep Width (Hz) 9014.42 |
Temperature (grad C) _0.000
Chioroform-d

0 INIINDS ©® 2o 0NN HoRoL NOEROaRY o

@ I RIIYI] €r 293 RREEREEEE R LR g

~ o @ A R R R R R g

] TILFIIY §9 (& LAY Tr g RP I 79299

CeHis
OH

3.13
u
T T T T T
1.0 05 0.0
[ Time (sec) 1.0486 | Date 04/05/2009 12:55:58 [ Frequency (MHz) 12576 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 31250.00 [T (grad C) 0.000 |
Chloroform-d

3 5 © T} ~ Lwdn® Now o

a2 S R 553 82 8 QR58 398 8

8 s IS Sud  ws @ do@e dd8

S 8 5 geN 83 g S288 89 3§

[ (| ST N I |

CeH1s
OH Yy
H /
N ——
o AN —
| " -
o v
B LA e RN B e N R N e e S ARRA AN AR Ra s AR s R RN RN A R e

160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10

3C NMR Spectrum of 70 in CDCl;4

163



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 01/05/2009 12:45:28 |
[ Frequency (MHz) 20013 | Nucleus 1 [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) ]
Temperature (grad C) _0.000
Chioroform-d
FR3YINLOg 8 axso g@doNoN T o g~ s -
ERRRRARNRN 8538 §8¥J§~9838 [ a8 @ &
NN PR YYTTIILT oo oo o S5
EeARR P QRGO PpEAAS OB By 7.5
ShE o g 8 & g
‘LT 5 Jdg o 9 § o
S8 73
1.00
L I |
s A L v e T -
430 425 420 415 410 405 4.00 2.90 2.85
|
i
|
I
I 1"
4 M
. ‘
e
10.01 1.03 1.001.00 1.01
— [} [ —
R e RN o L L L N e B AABARASOSARASACEEe san s wanas T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 0.0

'H NMR Spectrum of 76 in CDCls

[ Time (sec) 2.7329 | Comment Mangesh [ Date 07/05/2009 00:06:32 |
| Frequency (MHz) 50.32 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) ]
Temperature (grad C) 0.000
Chioroform-d

< NYNOrORBNOAL D

X N3Ig858898R38R we o ~ N

& GNCS IR SBR NN S R @ ~

g 9998388 8ENRRR S8 o 4 S

5 3338809999888 2 8

S g i s T T
I
|
T e T A A T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 0

B3C NMR Spectrum of 76 in CDCl;,

164



Chapter I11

Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date 01/05/2009 12:13:10 |
| Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 ]
Temperature (grad C) 0.000
Chioroform-d
cYmNmo@oND oN- enae@mNO tododTdonoy coorpnaEnondgY
SHBHIS8ENR 285 8588853 SYNRIRRRGEEN CRISRIARENERE
NN NN NN 15 1I3iIsy 03 e o5l oo ool oo ol ddddddddddoso
| (e U TIN5 (ARSI ENIRR ) pRREE A i
oH CeH1s

2 5

3 >

ki T

3.06
[
A AL T T T T T T T T T T T T T T T T T T e e Baany
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 07/05/2009 07:02:22 |
[ Frequency (MHz) 5032 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Ch\or?furm—d
o ntmon wrNg ©
2 Q3838 R5J8 § o e gmon or o
@ ddogr SNKN o as S @ GR@N B o
& §3585 §BRN 9 gy 2 @ gdsg 84 =
107 G T = TS T
oH CeH1s
HH Ph
N

3C NMR Spectrum of 77 in CDCls

165



Chapter I11 Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 15/05/2009 18:23:52 |
[ Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
T I38 ons Nuosg cane @3dow Dot ornenaoTONY
{8IJI63 338 53 Y83 ]359 83883 28385399333853
NN R 35 35 717 Gooe  daNgo dddddddddddocs
(RSN 7 07 15 RES EAS LR AR i B R
|
~
5
973
T
o 1 o
2 3
1.02
| . L |
R e b ey e e 4 ML
4.4 4.3 4.2 4.1 2.75 2.70 2.65 2.60 2.55 2.50
[}
|
Il
|
1.242.01 2.00 1.02 1.03 1.01 2.05 2.25 6.25 3.17
[ —_ 8]
NS L A hiiaAnsass T T T T T T e T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
[a Time (sec) 2.7329 | Comment Mangesh [ Date 21/05/2009 09:40:54 |

| Frequency (MHz) 50.32 | Nucleus 13 Original Points Count_32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |

Temperature (grad C) 0.000

Chloroform-d

~ ~ ©w© om  ©

) ® 3% R < <Tw w0 < omne ©u  ©

@ o o~ N o No o © ® NS w0 <

= S 8® ISR S8 o o Ndoe  oa ¥

= SO PR R P8 F o Omod NN o
[ ¢ | 17 I~ |

3C NMR Spectrum of 78 in CDCl;4

166



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 01/05/2009 12:24:06 |
[ Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chiogoform-d
womagoor 2y NowNe@og NgoannTroor® CoLoNS Y oaE S
858888% 88 S8963888 NRAGEE560803 $3993833888a
NRNNG S < YYSFTS G PP DS ol ddddddd 5800
U7 ES AR E&PA R by LLL ST VRS LSS &
0
el )
s 1 8 bl I
7 1 ALTT
g ]
<
i 1
1.01 0.16 0.68
L 1 .
- 7 - T T T T T T T T
4.40 4.35 4.30 3.20 3.15
2.00 1.88 1.01 1.01 0.68 4.02 401 12.23 6.08
S T
R B o R B AR ma e e AREA B e A RAARREESY
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 07/05/2009 04:36:12 |
[ Frequency (MHz) 5032 | Nucleus 13C | Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Ch\crqf\)rm-d
o 2o NeN ¥O 9
8 33 B8] 8 8 No @ ~ deoaodore K
m do 308 9% S 98 @ ~ aErELIGNS o
5 33889 S8 S g8 3 3 885583885 I
T ST X770 A LRI T
oH CeHis
H H /=>CeHis
N

B3C NMR Spectrum of 79 in CDCl;4

167




Chapter I11

Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date 01/05/2009 12:34:46 [ Frequency (MHz) 200.13
[Nucleus H | Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 | Temperature (grad C) 0.000 |
Chiorgform-d
CunNgPaogTONY 2g0Y 538 92 sodo @gns o098 5B
B88YYIRIREIQSY 88LY 538 88 39409 33683 529988 &8
MR YT vy o PoOE aada e dociddg So
pnthininthihilnks VT U TS LS LSS S O
I
o
I
|
i
2 188 402 117 108 089 188 244 600 316
[T i ] — i —_ [y (i
T T T e T T o T T T T T T T [ [T e e e e
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
[ Time (sec) 1.3631 | Date 20/05/2009 10:29:44 [ Frequency (MHz) 10061 | Nucleus 13C |
[(original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 [ Temperature (grad ¢) 0.000 ]
Chioroform-d
g2 & SRR EEER R 488 338838 Rk RS 58
o o 4 18 3883 -5 ] 5 2
RE & SEEEEERELEEERERE) REe p88888 27 8 8§
4 T i el dinindir U SRS, j 1o
o o - Q
S 8 3 8 B
T i T
2 | !
2 |8 2 5 8
i 8 8 b 8
’ g J [
8.04
W
T T T T T T T T T T T T
65 60 55 0 a5 40
DA L A e Ay L L L s A e A R A A LR A AR RSN A A e
180 170 160 150 140 130 120 110 100 90 80 70

3C NMR Spectrum of 80 in CDCl;

168



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 01/05/2009 12:56:04 |
[ Frequency (MHz) 20013 | Nucleus [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
23938588198 ggoe onmuN® aNoo@go sox dno
2338858888 8388 298888 2382838 8% 353
NS SIS e 35559 Qoo ddd 860
AN AR A 77 QPSA S ERRERE) 90 S
gaa e
955 Bb!
G g s
g 1 8
T AT
8
@
1.10 1.00 1.00 2.07
L . L | L |
T T T T T T T T T T T T T I T T I e e
4.20 4.15 4.10 4.05 4.00 2.85 2.80 2.75 2.70 2.65 2.60
I
I
| o
|
I
I
I
i
5.08 212 1.08 1.10 1.002.07 8.37 6.26
[} [ [l )
A e R R I R RARa A B L e ARRARS RS
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 07/05/2009 02:21:18 |
[ Frequency (MHz) 5032 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chlurt‘zform—d
o cmmmd ~omo W
3 889853 K3288 2w w© o ~@moo Y ©
® fdom 0 SEIKR N 89 9 8 K888 LR 8
& I5SRS RASRY g8 8 @ 558 N§ 3
TS T TR 7 NS
|
[l
|
I
I
|
T T T T T e
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 81 in CDCl;,

169



Chapter I11

Spectra

[ Time (sec) 7.9167 | Comment Mangesh [ Date 21/04/2009 09:59:50 [ Frequency (MHz) 200.13
[Nucleus | Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 | Temperature (grad C) 0.000 |
Chloroform-d
NP Ne2988SRY 2EEeEBONEE NNaS ceoo~n Neng o
RN F33FTFTIIIFIISY RPN 35ed e
PRhEhEEN  hini [ASRASE SRS L0 WKy
I
I
i
1
I
‘ K\MM \
m
N
224 69 306 095 1.00 088 300
o —_ — — —
R M Adaas T L R B L A asazsaasssasad
80 75 70 60 55 50 45 40 35 30 25 20 15 10 05 00
Time (sec) 1.3631 | Date 20/05/2009 10:29:44 [ Frequency (MHz) 10061 | Nucleus 13C
| original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 | Temperature (grad C) 0.000 |
Chioroform-d
283 8 PRBVBINGEZINYZLER 488 N8882%F NG Q8 59
[ B 9328553989888 9Y NP6 Sew@aa o4 g 33
58 K 3300988989898y RRE 588888 &5 38 88
3 i SR EnlninAnds - (P Y 17 P
o wn - Q
2
\ T
g |3 g & g
g I3 o
8 3 8
&9 g ¥ I
8.04
W
T T T T T T T T T 7 T T
65 60 55 50 45 40
T DAL A Bana A0 AL A MASALBARA BAMM AAANA AR RS RARDA) R A A A
180 170 160 150 140 130 120 110 100 % 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 82 in CDCl;,

170



Chapter I11 Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 15/05/2009 18:13:20 |
[ Frequency (MHz) 20013 | Nucleus 1 [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) _0.000
Chiorgform-d
LNo@E s B oLy YIo@oo noNLn 9L 03 0o
S9S866888R 58858 J8§2938¢9 BT 28
NN NN RSN N PR PR ool S5
ARG ENERE RS RGPS EAS OB 75
|
fh
1.00 3.00
—_ [}
R b A BARALA LS A
35 3.0 255 2.0 15 1.0 05 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 21/05/2009 01:40:56 |
[ Frequency (MHz) 5032 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) _0.000
Chiorgform-d
o ota® oNNO®
3 RIGR 398819 ne % @ 3
@ dggr sagnd a8 0 @ 2
& 3885 RNRRY g g S
(S GRS 7701
T T T T e e
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 83 in CDCl;,

171



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 02/01/2010 13:43:30 |
[ Frequency (MHz) 20013 | Nucleus 1H [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) _0.000
o
&
S
N
R 2 N 0
SN &5
3 5 8
@ s S
©
2
S
1.06 3.00
|
T - T T T -
2.80 2.75 0.75
™S
S
8
S
s
o
g
73
5.04 1.09 111 1.06 1.19 3.00 9.07
[ty [ [ ¥} u
DR L b L R R R AL S S BARARSAaSA Lasas
75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 255 2.0 15 10 05 0.0 05 1.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 10/01/2010 09:18:26 |
| Frequency (MHz) 50.32 | Nucleus 13C | original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) _0.000
Chloroform-d
0 MONVONNDNO '
2 Q852]3K388 2 20 ® o o o
© N O®0®MEO N O S o o < @© < -
2 95398888888 N S5 9 p S 3
5 5338009888 N 2 3 8
IS 5o
T T T T T T T
140 135 130
1
T T T T e e e e
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 84 in CDCl;4

172



Chapter I11 Spectra

Time (sec) 3.9846 | Comment Mangesh [ Date 09/01/2010 19:51:32 |
[ Frequency (MHz) 40013 | Nucleus 1H [original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 |
Temperature (grad C) _0.000
Chioroform-d
3998838858 388 99388 8By 88888 844858 2K
NENNERRE S SY5 LFIi3T wge BT A Ss
AR, R QP E S R B LA ao PR 7
ph Cl
OH
N
(0]
I
|
|
]
3.06 3.00
[ o]
ARaEananay R A n s SRR
25 2.0 15 1.0 0.5 0.0
Time (sec) 1.3631 | Date 09/01/2010 19:59:12 [ Frequency (MHz) 10061 | Nucleus 13C |
[original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 24038.46 [ Temperature (grad ¢) 0.000 |
Chloroform-d
o ~ooN® roT®R !
3 SRRRR GRS 2 vy o Y ~ ow o
& ddgsE SINA S ®x S il 3 @0 2
2 $5888 &&&Y IS s% o o @ @ o S
S 33888 S§99 N 2 3 2 88 8
TS W 79 i T
ph Cl
OH
N
(0]
P T T o g
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

B3C NMR Spectrum of 85 in CDCl;,

173



Chapter I11

Spectra

[ Time (sec) 3.9846 | Comment Mangesh [ Date 12/02/2010 16:19:02 [ Frequency (MHz) 400.13
[Nucleus 1H | Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 8223.68 | Temperature (grad C) 0.000
Chlom‘formrd
NRYORSI NG < NNOTS HERBReR® SsogNDg SUNNINIRNOBYNS HO8S
59998838 g 45233 §3]388888 EESE ] ZHHRINILHIBEYY =288
RN 3 5939 $2FTISSE S8 G e aa Sa0N0N00338838 3388
Rt Gy Iy L9 LS LLLTTR v Rg2sss L5
|
AJL L
219 111 0.97 1.00 1.04 113 107 102 1.00 2.90 6.11 12.03 6.11
Y] o ] [y 4 Ry o u
R e NAiasaaas R B R A R L AR B s A AMAASSAAASLaA naa e
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
[ Time (sec) 1.3631 | Date 1210212010 1822:38 [ Frequency (MHz) 10061 | Nucleus 13C___| Original Points Count 32768
[Points count 32768 | Sweep Width (Hz) __ 24038.46 [7 (grad ©) 0.000
Chioroform-d
g N gEgr agsg & %88 23848 § Q8 b YE2g 98
g 8 2585 ¥EREY g KNS grRuw o S ERR T 92
& g 3585 488§ o KREE 8588 8 o & 8 A8 s 3
| [ e 7 | =/ \\\j\ - [ A SI
I
|
)
I
mr
|
_— . , —— ' N 101“ b o
Y il oy ! A Mooy W VR YRR At ot ol
DR L B L B B L B AR A A A A A A A AR e
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 “ £ 20 10 [}

3C NMR Spectrum of 86 in CDCl;,

174



Chapter I11

Spectra

[ Time (sec) 7.9167 | Comment Mangesh | Date 19/01/2010 23:16:34 |
| Frequency (MHz) 20013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000

Chlorgform-d
85888889 8838 8859888853 285388R 8 R
LA Iy IS T2 T 17

5.14 2.04 1.07 1.10 2.05 2.04 2.05 3.11
— a i 9 i ]
T aaas T Aaazs: T Aaaas T Raazs: haaan Raaas haaas T T Aaaax
7.5 7.0 65 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 05
[ ition Time (sec) 2.7329 | Comment Mangesh [ Date 26/01/2010 07:32:16 |
| Frequency (MHz) 50.32 | Nucleus 13C [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chiorgform-d
3 8883 QL8IE 0o Noo o @ ® o
S 0 0RO DBINN ©9 o Qam o © ~ 0
S 3992 9999y NINSS 833 3 b} 8 8
| [ S~ NRAN! |
1
AR R g na R L L A S e e e B RAASLRAMMA RS Eaaassan s nanas Aaaasacatensaesnotsl, T
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 87 in CDCl;4

175



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 07/01/2010 15:39:58
| Frequency (MHz) 20013 | Nucleus 1H Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) __ 4139.07
Temperature (grad C) 0.000
Chioroform-d
552988988 2888 298888 FEEEEEE 2YERB ¥ SHBI
NN NN R P8 3 o NN o g e e
LA Y7 LS LS S L A
Ph
OH
CaiHag
N
3 8 g g
o “\‘ T ;‘V
1.00 1.08 102
L | L |l |
T T T T T T T T T T T T T
285 2.80 4.20 415 4.10 4.05 4.00
I
y
|
Ik l}
1 I i
o | L piye | m
510 200 1.05 1.08 1.002.00 402 3429 600
[} [ u
R e L i Lk A L XA AR 4 AR A T
7 Ta AN AN AN a e W AN 2 e oa e a e o
[ Time (sec) 2.7329 | Comment Mangesh [ Date 13/01/2010 05:22:04
| Frequency (MHz) 50.32 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41
Temperature (grad C) 0.000
Chioroform-d
0 mMUWEHON 0O MmO '
8 9848Y f8SR8 ° o % w0 TowooNnr N
a o0 en wRara 8 58 3 [ NgBeens8t &
2 39888 T8RN IS s o o Sodogoas %
5 3330 99389 N g8 B 3 8558288 I
| 12770 <=7 | ST | S =17 |
CaqHaz
N
4
|
1 | |
Masisanaanasssnasas assnasas asyeassanaanssasas T o T e T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

3C NMR Spectrum of 88 in CDCl;,

176




Chapter I11 Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 22/01/2010 20:05:32 |
[ Frequency (MH2) 20013 | Nucleus 1H [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chioroform-d
=9
RERRREREEERE S LEE 438883 RRER 8 24 2583 23
NENNENN NG 666660 175 119999 PEEN o dd PEEE >
RS A LA LR S LS a9 4 SRS [
R &
S 3
|
8 B
B s
| |
275 025
L .
T T T T
0.70 0.65 0.60 055 0.50
I
|
M\\
|
1" |
7.010.93 0.97  0.90 0.96 107 193 114 271
—_— i — —_
ARAAE R s A T T T T e T T T T T
75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 0.0
[ Time (sec) 2.7329 | Comment Mangesh [ Date 26/01/2010 05:07:00 |
| Frequency (MHz) 5032 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chloroform-d
9 RPBIBRAREBLBLYBIRBIZRTIIRS
9 RBIBARE S 2 3ILBNEBIYIRS 288 g208uus 20 @3
ad Y N 388 3Kr8LY 38
g S83SSARARRRAANNNYNEE3T] KKE 883388 oo 8§
| R i Bl el ok By e QP o o
23
9
2 8% IS ~
K Sleg ] N 3 &
bl §& 8 b=} I
| T b T | ol
el s !
2 s § 8 g 8 <
g 5 g g o
8 I8 y g ¥ g
(s 'q | I’ |
T T T T T : 7 " ;
135 130 125 120 115,
i
|
I
| | 1
1l
ol " [P
» Myl "l syt W " Lt "N W
O e N N R Lo s s iy e s s A
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20

3C NMR Spectrum of 89 in CDCls

177



Chapter I11

Spectra

Time (sec) 7.9167 | Comment Mangesh [ Date 22/01/2010 19:55:28 |
| Frequency (MHz) 20013 | Nucleus 1H [ Original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 4139.07 |
Temperature (grad C) 0.000
Chlmro‘form-d
2IBERBIHR 8Y 8888 3 598888B3% IYYBRRR 53RRIGGY 88
NNRRRE NS R YT @oo  qaoaeag Qoo
pRhinind/inihihininin AS B 7 U Y ey Yo gy L&
"
|
I
|
I
I
1026 2.00 1.00
T T T T e T e

'H NMR Spectrum of 90 in CDCls

[ ion Time (sec) 2.7329 | Comment Mangesh [ Date 26/01/2010 02:17:38 |
[ Frequency (MHz) 5032 | Nucleus 13C [ original Points Count 32768 | Points Count 32768 | Sweep Width (Hz) 11990.41 |
Temperature (grad C) 0.000
Chioroform-d

8 953985 RIHBBHRY 28985 a5y o g o ® ~

g CRRBBAYYYERYY RESR B B 3 | 3

5 S88899898988Y KREN 888 8 3 88 8

i S Vg s [NEVE A 7 N
T

T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20 10 o

B3C NMR Spectrum of 90 in CDCl;4

178



Chapter 111 References

3.5 REFERENCES

1.

2
3.
4

10.

Wright, A. J. The penicillins. Mayo Clin Proc 1999, 74, 290.

Staudinger, H. Annalen 1907, 356, 51.

Fleming, A. J. Exp Pathol 1929, 10, 226.

(a) Dfirckheimer, W.; Blumbach, J.; Lattrell, R. and Scheunemann, K. H. Angew.
Chem.; Int. Ed. Engl. 1985, 24, 180. (b) Fernandez-Lafuente R.; Mateo C.; Abian
O.; Fernandez-Lorente, G.; Palomo, J. M.; Fuentes M.; Guisan, J. M. Current
Medicinal Chemistry - Anti-Infective Agents, 2002, 1, 375. (c¢) Birnbaum, J.; Kahan,
F. M.; Kropp, H.; MacDonald, J. S. Am. J. Med. 1985, 78, 3. (d) Blaszczak, L. C.;
Eid, C. N.; Flokowitsch, J.; Gregory, G. S.; Hitchock, S. A.; Huffman, G. W.;.
Mayhuhg, D. R.; Nesler, M. J.; Preston, D. A.; Zia-Ebrahimi, M. Bioorg. Med.
Chem. Lett., 1997, 7, 2261. (e) Uchida, K.; Matsubara, T.; Hirauchi, K. Japan. J.
Pharmacol. 1989, 50, 283. (f) Milazzo, 1.; Blandino, G.; Caccamo, F.; Musumeci,
R.; Nicoletti, G. J Antimicrob Chemother 2003, 51, 721.

Von Nussbaun, F.; Brands, M.; Hinzen, B.; Weigand, S.; Habich, D.; Angew.
Chem. Int. Ed. 2006, 45, 5072.

For reviews on B-lactamase, see: (a) Majiduddin, F. K.; Materon, 1. C.; Palzkill, T.
G.; Int. J. Med. Microbiol. 2002, 292, 127. (b) Bradford, P. A. Curr. Infect. Dis.
Rep. 2001, 3, 13. (¢) Rice, L. B.; Bonomo, R. A. Drug Resis. Updates 2000, 3, 109.
(d) Bush, K. Durr. Pharm. Des. 1999, 5, 839.

(a) Howarth, T. T.; Brown, A. G.; King, T. J. J. Chem., Chem. Commun. 1976, 266.
(b) Brown, D.; Evans, J. R.; Fletton, R. A. J. Chem. Soc., Chem. Commun. 1979,
282.

Nikaido, H. Science 1994, 264, 382.

(a) Venkatesan, A. M.; Agarwal, A. T.; Abe, H.; Ushirogochi, I.; Yamamura, T.;
Kumagai, P. J.; Petersen, W. J.; Weiss, E.; Lenoy, Y.; Yang, D. M.; Shlaes, J. L.;
Ryan; Mansour, T. S. Bioorg. Med. Chem. 2004, 12, 5807. (b) Temime, L.; Boélle,
P.Y.; Courvalin, P.; and Guillemot, D. Emerging Infectious Diseases 2003, 9, 411.
Livermore, D. M.; Williams, J. D. Antibiotics in Laboratory Medicine, 4th edn,
(Lorian, V., Ed), 502 — 578. Williams & Wilkins, Baltimore, MD.

179



Chapter 111 References

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.

21.
22.
23.
24.

25.
26.

Kahan, J.S.; Kahan, F. M.; Goegelman, R.; Currie, S. A.; Jackson, M.; Stapley, E.
O.; Miller, T. W.; Miller, A. K.; Hendlin, D.; Mochales, S.; Hernandez, S.;
Woodruff, H. B.; Birnbaum, J. J. Antibiot. (Tokyo) 1979, 32, 1.

Yamamura, N.; Imura-Miyoshi, K.; Naganuma, H.; Nishimura, K. Drug Metab.
Dispos. 1999, 27, 724.

Edwards, J. R.; Turner, P. J. J. Antimicrob. Chemother. Suppl. A. 1995, 36, 1.
Huber, J.; Dorso, K. L.; Kohler, J.; Kropp, H.; Rosen, H.; Silver, L. L. In Program
and Abstracts of the Thirty-Eighth Annual Interscience Conference on
Antimicrobial Agents and Chemotherapy, San Diego, CA, 1998. Abstract 48-F, F-
30, 240.

Woodcock, J. M.; Andrews, J. M.; Brenwald, N. P.; Ashby, J. P.; Wise, R. J
Antimicrob Chemother 1997, 39, 35.

Tamura, S.; Miyazaki, S.; Tateda, K.; Ohno, A.; Ishii, Y.; Matsumoto, T.; Furuya,
N.; Yamaguchi, K. Antimicrob Agents Chemother. 1998, 42, 1858.

(a) Copar, A.; Solmajer, T.; Anzic, B.; Kuzman, T.; Mesar, T.; Kocjan, D. U. S.
Patent 6,489,318 B1, 2002. (b) Vilar, M.; Galleni, M.; Solmajer, T.; Turk, B.;
Frere, J. M.; Matagne, A. Antimicrob. Agents chemother. 2001, 45, 2215.
Hubschwerlen, C.; Charnas, R.; Heinze, 1.; Gubernator, K. U. S. Patent 5,712,268,
1998.

Christensen, B. G.; Heck, J. V.; Szymonifka, M. J. U. S. Patent 4,374,848, 1983.
Fasoli, H. J.; Frau, J.; Fenollar-Ferrer, C.; Mun~oz, F.; Donoso, J. J. Phys. Chem. B
2005, 109, 9780 and references therein.

Kanno O.; Kawamoto I. Tetrahedron 2000, 56, 5639.

Kanno, O.; Shimoji, Y.; Ohya, S.; Kawamoto, 1. J Antibiotics 2000, 53, 404.

Mori, M.; Somada, A.; Oida, S. Chem Pharm Bull 2000, 48, 716.

Copar, A.; Prevee, T.; Borut, A.; Mesar, T. Z.; Seli, L.; Vilar, M.; Solmajer, T.
Bioorg Med. Chem. Lett., 2007, 12, 971.

Gaviraghi, G. Eur. J. Med. Chem., 1995, 30 (suppl.), 467s.

(a) Jackson, P. M.; Roberts, S. M.; Davalli, S.; Donati, D.; Marchioro, C.; Perboni,
A.; Proviera, S.; Rossi, T. J. Chem. Soc., Perkin Trans. 1, 1996, 2029. (b)

180



Chapter 111 References

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

Marchioro, C.; Pentassuglia, G.; Perboni, A.; Donati, D. J. Chem. Soc., Perkin
Trans. 1, 1997, 463.

Hanessian, S.; Griffin, A. M.; Rozema, M. J. Bioorg. Med. Chem. Lett., 1997, 7,
1857.

Kinugasa, M.; Hashimoto, S. J. Chem. Soc. Chem. Comm., 1972, 466.

Shintani, R.; Fu, G. C. Angew. Chem.; Int. Ed. Engl. 2003, 42, 4082.

Desdoy, N.; Robert-Peillard, F.; Toueg, J.; Duboc, R.; Hénaut, C.; Rager, M. N.;
Savignac, M.; Genét, J. -P. Eur. J. Org. Chem. 2004, 4840.

Odenholt, 1.; Gustafsson, I.; Lowdin, E.; Cars, O. Antimicrob Agents Chemother
2003, 47, 518.

(a) Ramana, C. V.; Salian S. R.; Gonnade, R. G. Eur. J. Org. Chem. 2007, 5483. (b)
Ramana, C. V.; Suryawanshi, S. B. Tetrahedron Lett. 2008, 49, 445. (c)
Suryawanshi, S. B.; Dushing, M. P.; Gonnade, R. G.; Ramana, C. V. Tetrahedron
2010, 66, 6085—6096.

Reppe, W.; Schweckendiek, W. J. Justus Liebigs Ann. Chem. 1948, 560, 104.

Mori, S.; Iwakura, H.; Takechi, S. Tetrahedron Lett. 1988, 29, 5391 and references
therein.

(a) Y. Yamamoto, J.-I. Ishii, H. Nishiyama, K. Itoh. J. Am. Chem. Soc., 2005, 127,
9625-9631

(a) S.M. Sakya, T.W. Strohmeyer, S.A. Lang, Y.I. Lin. Tetrahedron Lett., 1997, 38,
5913.

Ura, Y.; Sato, Y.; Shiotsuki, M.; Kondo, T.; Mitsudo, T.-A. J. Mol. Catl. A: Chem.,
2004, 209, 35.

(a) Hara, H.; Hirano, M.; Tanaka, K. Tetrahedron 2009, 65, 5093. (b) Tanaka, K_;
Toyoda, K.; Wada, A.; Shirasaka, K.; Hirano, M. Chem. Eur. J. 2005, 11, 1145. (c)
Tanaka, K.; Shirasaka, K. Org. Lett. 2003, 5, 4697.

181



CHAPTER IV:

[2+2+2]-Cyclotrimerisation approach towards the
synthesis of tri-/tetracyclic tetrahydroisoquinoline
alkaloids.



Chapter IV Introduction

4.1 Introduction:
4.1.1 Alkaloids

Alkaloids are low-molecular weight nitrogenous compounds and constitute as
one of the major secondary metabolite families. The biosynthesis of a majority of the
plant alkaloids utilizes mainly the amino acids - tyrosine, tryptophan and
phenylalanine. The classification of alkaloids is based on their carbon-nitrogen
skeletons. The common alkaloid ring structures include the pyridines, pyrroles,
indoles, pyrrolidines, isoquinolines and piperidines.'

In nature, plant alkaloids are mainly involved in plant defense against
herbivores and pathogens. The alkaloids are known for their wide range of
pharmacological activities, which include analgesics, antimalarial, antispasmodics,
for pupil dilation, and the treatment of hypertension, mental disorders and tumors, to
name a few. Many of these compounds have been known and used as stimulants
(nicotine, caffeine), pharmaceuticals (vinblastine), narcotics (cocaine, morphine) and

poisons (tubocurarine).

morphine

Figure: 1

Morphine was one of the earliest alkaloids that was introduced by the German
pharmacist Sertiirner in 1806 and led the foundations to the field of plant alkaloid
biochemistry. Quite interestingly, the structure of morphine was determined 150 years
after its isolation. Quinine is another important alkaloid of the same time that has been
widely used for the treatment of malaria. Indeed, even though its structure was
unknown, quinine has served as an inspiration for the total synthesis. One of the first
commercial dyes Move, has been prepared by Perking in the middle of the 19"
century when he trying to synthesis quinine, the disconnections of which is based
upon dividing the molecular formula. There are a wide variety of structural types of
alkaloids, e.g. monocyclic, dicyclic, tricyclic and tetracyclic, as well as cage

structures.
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4.1.2. Monocyclic alkaloids.

Coniine, whose structure is based on piperidine, is highly toxic. It may be
extracted from hemlock and it was used by the ancient Greeks for state executions
Socrates being the most famous victim. On the other hand, nicotine, the main alkaloid
constituent of tobacco, is based on the five membered pyrrolidine and six membered
pyridine structures. It is without doubt the most well known alkaloid, and its calming
effect, together with its addictiveness, has probably caused the death of more people
in the world than any other compound. Epibatidine has a high analgesic potency, as
stated above. Studies show it has potency at least 200 times that of morphine.” As the
compound was not addictive and also did not suffer the effects of habituation, it was
very promising to replace morphine as a painkiller. Unfortunately for its therapeutic

uses, the therapeutic concentration is very close to the toxic concentration.

O\/\ - N e
N N g

H CH; N
Coniine Nicotine Epibatidine
Figure: 2

4.1.3. Bicyclic alkaloids.

The tropane alkaloids are based on a 1,4 nitrogen bridged cycloheptane
structure. Atropine is isolated from Belladonna plants, commonly known as "Deadly
Nightshade". Atropine is widely used in medicine in doses of about 0.1 mg for its
muscle relaxant properties. Thus, it is used as an antispasmodic including the dilation
of the pupil by relaxing the eye muscles, and so assists eye treatment, and it is
available for the treatment of organophosphate/nerve gas poisoning. Not surprisingly
cocaine, which comes from the coca plant, has similar properties to atropine and, at
one time, it was used as a local anesthetic, but is rarely used medically nowadays due

to its toxic and addictive effects.

CHs CHy
N N CO,CH,
Ao o ABR
< ben
O  CH,OH o)
Atropine Cocaine
Figure: 3
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There are a number of alkaloids which are derivatives of quinoline,
isoquinoline and their hydrogenated analogues. Papaverine, an opium constituent, has
antispasmotic properties and has also been used as an analgesic (Figure 4). Today it is
used as a minor constituent usually with morphine to enhance the analgesic properties

of a weaker drug such as aspirin.

NH
N
MeO Z MeO K
! OMe

OMe I
Papaverine Emetine quinine

Figure: 4

Emetine is a derivative of tetrahydro isoquinoline which is isolated from the
root of a S. African creeper. It has been used as an expectorant, but now replaced by
codeine and other non alkaloid drugs such as ephedrine and diphenylhydramine.
The most widely used of the quinoline alkaloids is quinine which is isolated from the
bark of the cinchona tree. It is used as an antimalarial drug in 0.6 g doses. As a
skeletal muscle relaxant it is used in 0.2 g doses to relieve nocturnal cramps and, at

trace levels as a bitter flavouring in tonic water.

4.1.4. Polycyclic alkaloids:
The indole structure is also a common feature of alkaloid structures and can be
identified as part of polycyclic alkaloids such as reserpine, vinblastine, and

strychnine.

OCOMe

C B
OMe CO,Me

Reserpine Vinbolastin Strichnine

Figure: 5

Of this reserpine has the most important clinical use i.e. for the treatment of
high blood pressure and as a tranquillizer. Vinoblastine and its analogues are used to

treat acute leukemia, lymphomas and some solid breast and lung tumors.
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Strychnine is very poisonous and was once used to control rodents, but it has been
replaced by poisons which are less toxic to man.

Morphine is the most abundant opiate found in opium. It is one of the most
potent alkaloids. It is a very effective pain killer and is used in medicine when the
pain is absolutely intolerable. On the other hand, its acetyl derivative, heroin, is
widely abused because of its short-term production of an overwhelming relaxing
feeling of well-being. Both are highly addictive and, with prolonged use, produce
very harmful physiological effects on the body.

Morphine Heroin Codeine

Figure: 6

The most commonly used of this class of opioids in medicine is codeine. It is
a minor constituent of opium but is made by the methylation of morphine. It is a
fairly good analgesic but causes constipation. Thus, about 8 mg is often added to
either 0.4 or 0.5 g. tablets of aspirin or paracetamol. It is also used as a cough
suppressant and as an antidiarrhoeal drug. It must be used with care since it is still

addictive, although to a lesser extent than morphine.
4.1.5. Tetrahydroisoquinoline Alkaloids

The tetrahydroisoquinoline (TIQ) group is one of the prominent groups of
alkaloids with nearly 60 isolated members and over a hundred analogs showing a
wide range of biological activities.” The well-known CNS agents such as dopamine
(DA), norepinephrine (NE) and epinephrine (E) are related structurally to the
catecholamines (CA) belonging to the group of tetrahydroisoquinoline alkaloids. The
compounds are biosynthesized in humans during alcohol intake, and these substances
can then function as false adrenergic transmitters. By interfering with the adrenergic
mechanism in the brain and in the periphery, biosynthesized TIQ alkaloids may be
capable of altering mood and behavior. In this way, they may play a role during

alcohol intoxication and in post intoxication states.
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The tetrahydroisoquinoline ring system is present in numerous structurally
diverse natural products exhibiting a wide range of biological and pharmacological
activities such as antitumor, anti-microbial, anti-inflammatory, anti-HIV, and
analgesic activities." For example, tetrahydroisoquinoline alkaloid Et-743
(Trabectedin, Yondelis) has received considerable attention recently due to its potent
in vivo activity. It shows greater anti-proliferative activity than taxol and is currently
marketed in Europe and South Korea for the treatment of soft-tissue sarcoma, and is
in Phase II/III clinical trials for the treatment of other cancer types.

The synthesis of simple 1-substituted tetrahydroisoquinoline derivatives is of
great interest not only as alkaloids themselves but also as useful key intermediates in
the synthesis of more complex alkaloids. This has stimulated the development of a
number of methodologies aimed at the enantioselective synthesis of 1-substituted

tetrahydroisoquinoline derivatives (Figure 8).°

OMe OMe

= (-)-Salsolidine
= (-)-Cranegine (+)-Cryptostyline Il (+)-Cryptostyline Ill

Pl

Figure 7: Tetrahydroisoquinoline derivatives

Coming to the tricyclic tetrahydroisoquinoline derivatives, crispine is one of
the simple alkaloids with promising anti-cancer activity. There are several reports on
the total synthesis of crispine. Following is the recent six step total synthesis of
crispine reported by Chittiboyina and co-workers. The Michael addition of compound
(+)-S1.A with a phenyl vinyl sulfoxide in the presence of triethylamine was
successful and furnished an N-alkylated product (+)-S1.B in good yield. The
Pummerer cyclization of compound (+)-S1.B was reacted under Lewis acidic
conditions and yielded the Pummerer cyclization product (+)-S1.C with very good
yields. The reductive radical elimination of the thiophenyl group using Bu3;SnH and
cat. AIBN in toluene at refluxing conditions yielded target compound R(+)-crispine A

in excellent yield (Scheme 7). 6
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S1.A S1.B s1.C S1.D

Schemel:

The benzo[b]indolizidine and benzo[b]quinolizidine ring systems represent the
main structural subunits of a wide variety of highly condensed alkaloids which have
been shown to display unique and interesting biological properties. When these fused
heterocyclic models are further equipped with a pendant aromatic unit at the 5 or 6
position of the central nucleus, i. e. F8.A (n=1) or F8.B (n=2), these new skeletons
constitute the framework of an array of tetrahydroprotoberberine (berbine) alkaloids
as exemplified by the 8-phenyl derivatives of tetrahydrocoptisine F8.C,
tetrahydropalmatine F8.D, and the 8-phenyl analogues of coralydine F8.E and O-
methylcorytenchirine F8.F (Figure 8).

On the other hand, 6-arylbenzo[b]quinolizidine derivatives F8.B (n=2) have
been recently suggested as promising alternative models to podophyllotoxin
F8.G,which has long been known to display antitumor and mitotoxic activities but
also known to have ill-fated toxic side effects. Indeed, such compounds in which the
sp’ C-2 atom is replaced by a sp’ nitrogen atom embedded in the fused hydrocarbon
rings, offer the double advantage of avoiding epimerization at this site and eliminating

any deleterious effects attributable to the highly reactive nature of the y-lactone

: 7
moiety.
OH
: H
O S
< o)
T ®
R, SHD
N )n
R; MeO” ; ~OMe N O
Rs Ar OMe
F8.An=1 F8.C R4 = H, Rs, Rg, = R7, Rg = OCH,O F8.G Podophyllotoxin berbine

F8.Bn=2 F8.D R, = Rs = R; = Rg = OMe, Rg = H
F8.E, F8.F Rs = Rg = R; = Rg = OMe, R, = H

Figure 8

Podophylotoxin F8.G and related compounds, including a- and B-peltatin
F9.A and F9.B (Figure 9) are a class of cyclolignan type compounds characterized by

several vicinal oxygen functions on the dierently substituted aromatic moieties and/or
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in the central carbocyclic unit. They have been obtained from the rhizoma resin of
Podophyllum peltatum L® and have long been known to display anti-tumour ° and
mitotoxic activities.'” However due to toxic side effects they have in most cases,
failed to give satisfactory clinical trial results. In fact, the clinical utility of these
compounds is compromised by the highly reactive nature of the fused y-lactone
moiety present in these molecules and by epimerization at C2 under physiological
conditions. This has been shown to be deleterious to the therapeutic action by giving
rise to products devoid of anti-tumour activity.!' Consequently, a number of groups
have carried out modifications at this stereogenic centre. New analogues which are
incapable of loss of configurational integrity at the C2 centre, which encompass a
broad spectrum of antineoplastic activities and thus overcome clinical limitations,
have been explored.12 In particular, ingenious variations have been proposed by
several groups which have notably designed and synthesized a variety of analogues in
which the sp’ carbon is replaced by a sp® nitrogen, anticipating configurational
integrity and avoiding any problems of epimerization. Paradoxically, despite the fact
that they retain anti-tumour activities, to our knowledge, such modifications have

been mainly confined to the aza-analogues of podophyllotoxin F9.C-F9.F," (Figure

9). !
SeesINecosecosiieeey,
W< W s A

OMe
F8.G Podophylotoxin F9.A o-Peltatine F9.B p-Peltatine Egg i : ﬁ:z
H OH OH OH
STy ¢ .9 .9
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o N o N o N o N
z o}
MeO ; OMe MeO l OMe MeO l OMe MeO l OMe
OMe OMe OR OR
F.GR=H FO.IR=H
F9.E F9.F F9.HR = Me F9.JR =Me

Figure 9

Lete and co-workers reported intramolecular carbolithiation reactions of 2-
alkenylsubstituted N-benzylpyrroles S2.Ba and S2.Bb constitute an efficient route to
pyrrolo[1,2-bJisoquinolines S2.Ca and S2.Cb, when the internal alkene bears an
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electron-withdrawing group and a nonnucleophilic metalating agent, such as MesLi, is
used. The procedure is applicable to the construction of six-, seven-, and eight
membered rings, thus, opening new routes to benzazepines and benzazocines.
Similarly, the 6-exocarbolithiation of 2-alkenylpyrrolidines takes place with complete
diastereoselectivity, allowing the synthesis of enantiomerically pure

hexahydropyrrolo[ 1,2-bJisoquinolines in high yields."

Ho [\ 7\
N / N
o R MeO.
( a) ( b) n N
n . n )
! I MeO N
R
OMe OMe
OMe OMe
S2.Aan=1 S2.Ban=1 S2.Can=1
S2.Abn=2 S2.Bbn=2 S2.Cbn=2
R = CONEt, R = CONEt,

Scheme 2: a) Ph;P=CHR', CH,Cl,, reflux b) MesLi, —105 °C, TMEDA

Pearson and Walavalkar reported the synthesis of tylophorine S3.C using a
method which represents a new disconnection for this pentacyclic alkaloid in that
the indolizidine ring was assembled in one step from a 9,10-disubstituted
phenanthrine. Azid S3.A was converted to the benzylic chloride S3.B in one operation
using Meyers’ method. Heating S3.B in a sealed tube at 120 °C produced an iminium
ion which was reduced with methanolic sodium borohydride to afford the

benzolndollzidlne S3.C in good yield.'®

MeO MeO cl MeO
OMe OMe OMe
S3.A $3.B (60 %) S3.C (82 %)
tylophorine

Synthesis of (£)-Tylophorine
Scheme3: a) MsCl, 2eq 2,6-Lutidine, 2eq LiCl DMF, 0 °C b) C¢Ds, 120 °C, c¢) 6 eq NaBH,;, MeOH,

Couture et al. reported the synthesis of the benzoindolizidine and quinolizidine
analogues of a- and B-peltatin by different synthetic routes involving Bischler-

Napieralski cyclization as the key step. Thus constitutes suitably substituted N-acyl-2-
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arylmethylpyrrolidine and -piperidine derivatives. Compounds S4.A, S4.B were then

subjected to Bischler-Napieralski conditions by standard treatment with phosphorus

o

< N
[¢] o a)
OMe — =
Z Z b)
OR

OBn

MeO
S4AR=H S4.CR=H (73 %) S4.ER =H (85 %)
S4.BR = Me S4.D R = Me (70 %) S4.F R = Me (80 %)

Scheme 4: a) POCl;, Toluene, heat b) NaBH,, MeOH, 0 °C; ¢) Pd/C, HCOONH4 MeOH, Heat

oxichloride (POCls) in toluene at reflux and subsequent reduction with sodium
borohydride (NaBH,4) in methanol (Scheme 6). This afforded the cyclized products
S4.C and S4.D, in 73% and 70% yield respectively, as a mixture of diastereomers in
the ratio 10:1. Final removal of the benzyl protecting group of the major isomers
delivered the benzoindolizidine analogues of a-and B-peltatin S4.E and S4.F with

very acceptable yields."’
4.1.6 N-Fused Tetrahdyo Indoloisoquinoline alkaloids:

The indoloisoquinoline alkaloids are tetracyclic condensed heterocyclic
compounds. The N-fusion of indole and isoquinoline units leads to two possible
structural units (A and B, Figure 10). Whilst very few natural products having the
structural unit A are known, the structural unit B is an unprecedented one and there

are only two reports on the synthesis of corresponding derivatives.

s N

L \
) GO

5,6-dihydroindolo- 6,11-dihydroindolo-
[2,1-a]isoquinoline [1,2-blisoquinoline
(A) (B)
Figure 10.

In 2000 Kazuhiko Orito et al.,'® reported a formal synthesis of cryptaustoline
and cryptowoline alkaloids. The key reaction that has been studied is the application
of cyclization on 7-benzyloxy-3,4-dihydroisoquinoline. S2.Aa and S2.Ab were heated
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in the presence of 2 mol equiv of K,CO; in boiling DMF for 3 days, gave 5,6-
dihydroindolo[2,1-a]isoquinolines S5Ba, and S5.Bb quantitatively (Scheme 7).

S5.Aa R'=R" = OMe S$5.Ba R' = R" = OMe (82%) cryptaustoline R' = R" = OMe
85.Ab R' + R" = OCH,0 S§5.Bb R' + R" = OCH,0 (83%) cryptowoline R' + R" = OCH,0

Synthesis of dibenzopyrrocoline Alkaloids Cryptaustoline and Cryptowoline
Scheme 5: a) K,CO3, DMF, reflux N,, 3d.

Nobuharu Iwasawa et al.'® have developed a method for the preparation of N-
fused tricyclic indole derivatives through a tandem [1,2] Stevens-type
rearrangement/1,2-alkyl migration reaction through the intermediate metal-containing
ammonium ylides generated by the cycloaddition of a tertiary amine to a metal
coordinated alkyne. [W(CO)s] and [ReBr(CO)s] have been employed as the catalysts.
Thus the treatment of alkynes S6.A and S6.C [W(CO)s] under photolysis led to the

formation of tetracyclic indole derivatives S6.B and S6.D, respectively, in good

N b) N
Cé -
N
oS Me

S6.A $6.B

yields.

S$6.C $6.D

Scheme 6: Reaction conditions: a) [W(CO)s] (10 mol %),5 A M.S.toluene, hv, room temperature. b) 1
equivalent [W(CO)g].

In 2007, Sanz and co-workers reported a simple method for the synthesis of N-
fused indoloisoquinoline derivatives of type B via double lithiation of N-benzylindole
derivatives and subsequent addition to an ester. Thus, as shown in Scheme 3, a wide

range of aliphatic or aromatic carboxylic esters were useful electrophiles for the
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trapping of dianion S7.B, and dihydroindolo[1,2-b]isoquinolin-11-o0l derivatives S7.C,

which were isolated in good yields.*’

A N Li O A R
B )
@7“\ r>:/ a) @\Nr\ L'i b) N !OH
S7.A s7.c

S7.B
Scheme 7: a) t-BuLi (3.5 equiv), TMEDA (3.5 equiv), Et,0, ~78 to 0 °C. b) i. RCO,Et, ~78 to
20 °C. ii. H,0

Thus, a brief examination of literature related to the N-fused
indoloisoquinoline derivatives revealed that amongst two structural types A and B
which mainly vary at where the indole C2 is positioned, the structural type B is
unprecedented and there are very few methods reported for their synthesis.
Importantly, their biological activity has been not yet been examined. Considering
these factors and founded upon the suitability of [the isquinoline core] construction
via cyclotrimerization, we conceived this as a potential template around which a

focused library could be synthesized.
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4.2 Present work:

In the continuation of the ongoing research interest in transition metal
mediated cyclotrimerization reactions and their utilization in synthesizing biologically
active molecules in our laboratory, the idea of implementing the cyclotrimerization
reaction for the construction of tetracyclic isoquinoline framework was conceived.
Considering the fact that the structural type B is unprecedented in natural products as
well as the fact that no information about the biological activity of this type
compounds we have planned to execute a simple approach for the synthesis of type B
compounds.

The proposed strategy for the synthesis of compounds of type F10.G/F10.H
has its own origins from the concepts of target cum flexibility oriented synthesis. As
mentioned above, a route will be highly effective if it involves the coupling of
different structural units in sequence without involving any intermediate
functionalization.

Keeping the substrate flexibility at the penultimate stages, the isoquinoline
skeleton been disconnected by employing the cyclotrimerization transform. Since the
trimerization will be the penultimate reaction, and since that various alkynes are
commercially available the synthesis is easy, this approach will lead to the synthesis

of tricyclic isoquinoline alkaloid library rapidly (figure 11).

R R'

CO oo "y
N N ;A
O R" /\V\/N

5,6-dihydroindolo- 6,11-dihydroindolo- B

[2,1-a]isoquinoline [1,2-b]isoquinoline ﬂ

substrate
flexibility

(= Iy

Intermediate flexibility

——R"

Figure 11: Two possible types of N-fused indoloisoquinolines and
& proposed Retrosynthetic plan for Type B Structural Unit
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4.2.1 Result and Discussion:

Our journey in this direction started with choosing the diynes F12.A and
F12.C as simple targets to be synthesized. As shown in Scheme 12, the synthesis of
diynes F12.A and F12.C was planned via the Friedel-Crafts type C2-alkylation of N-
propargyl-3-methyl indole. The alkynol F12.B is commercially available whereas the
alynol F12.D is synthesized by addition of the alkynyl magnesium bromide to
benzaldehyde.

Me
Me Me

Me 7 Lewis  Me
N | e— OH
/// Add + Me
= F12.A

= F12.B @
N

Me

N Lewis " OH + /93
0=

/// Acid

= F12.c F12.D

Figure 12: Retrosynthetic plan for making diyne precursors

Coming to the synthesis of indole partner 93.%' the propargylation reaction
needs a special mention. The attempted propargylation with NaH in solvents like THF
or DMF resulted in a complex mixture and the requisite product 93 was isolated in
poor yields. However, when switched to DMSO, the reaction proceeded smoothly and
provided the N-propargylated indole 93 in very good yields (scheme 8). Appearance
of the triplet at 2.40 ppm with coupling constant 2.5 Hz for the propargylic proton and
doublet at 4.83 ppm for the methylene in the 'H-NMR and additional triplet at 35.4
and acetylenic carbons at 73.1 and 78.1 ppm in *C-NMR accounted for the newly

introduced alkyne in compound 93.

Me Me
a)
D = O
N 79% N
H e
S8.A 93

Scheme 8: a) Propargyl bromide, NaH. DMSO, 0 °C to rt

The C2 alkylation of indole 93 was next attempted initially with the alkynol
F12.A. However, a wide range of Lewis acids employed the alkylation reaction met
with a failure. A similar observation was made with the alkynol F12.C also. These
initial failures with simple alkynols have prompted us to revisit the design of the

alkynol. Since the C2 alkylation of indole is not as facile as that of C3, we need to
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apply the alkynols where the resulting carbocation is well stabilized. Considering this,
we have switched to aryl groups having a methoxy group at the para-position. By
virtue of the p-donation from the methoxy oxygen, the generation of a carbocation at
the benzylic position, as well as its stabilization in alkynol, is facile. Considering this,
we have designed the following two alkynols 94 and 95 as suitable coupling partners.

Our journey in this context started with the preparation of alkynol 94 and 95,
from 4-methoxybenzaldehyde and 3,4-dimethoxybenzaldehyde respectively. The
acetylene Grignard reaction was performed [Grignard reagent was generated in situ
by passing the acetylene gas into a solution of n-BuMgCl in THF] on p-methoxy
benzaldehyde and 3,4-dimethoxybenzaldehyde to provide the 94 and 95 respectively
in good yields (Scheme 9).

The structure of the products 94 and 95 was confirmed with the help of the
spectral and analytical data. The resonance of hydroxyl proton of 94 resonated at 6
2.28 as a broad singlet and the presence of acetylenic proton as a doublet at 2.65 and
2.66 with a coupling constant 2.3 Hz in the 'H-NMR spectra of compounds 94 and 95

confirmed their assigned structures

o) OH
R R
:©)LH 2 Q)\
MeO MeO
S9.AR=H 94 R = H, 75%
S9.BR = OMe 95 R = OMe, 80%

Scheme 9: a) n-BuMgCl, THF, 0 °C to 1t

The presence of acetylenic singlet carbons at 83.7 and 83.6 ppm in *C-NMR were in
accordance with structure 94 and 95 respectively. Mass [m/z 185.34 for (M+Na)'] for
the 94 and Mass [m/z 215.24 for (M+Na)'] for the compound 94 and elemental

analysis further confirmed the structures.

As expected, the alkylation® of indole 93 with the the alkynols 94 and 95
proceeded smoothly by employing catalytic amounts of p-TSA and provided 91 and
92 respectively (scheme 10).
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OH Me Q R
oy 2 O
MeO N AN
\\\\

94R=H 91R=H, 73%
95 R = OMe 92 R = OMe, 79%

Scheme 10: a) PTSA, DCM, rt, 15 min

Synthesized diynes 91 and 92 were characterized by extensive NMR spectral
data analysis. Appearance of the doublets at 2.81 and 2.78 ppm with a coupling
constant 2.4 Hz for the propargylic methylene protons in the intermediates 91 and 92
respectively in 'H NMR spectra and an additional triplet at 33.7 and 33.7 ppm in *C-
NMR accounted for newly introduced alkyne in compound 94 and 95 respectively.
The structure was further proved by mass [m/z 336.36 for (M+Na)'] for 91 and Mass
[m/z 366.46 for (M+Na)'] for the compound 92 and elemental analysis further

confirmed the structures.

§2.37 (s)

K Ve 52.56 (d, J = 2.8 Hz)

™ §5.54 (d, J = 2.8 Hz)

OMe

N
52.10(t J=28 H%
N )/ w OMe

$4.76 (dd, J = 2.8, 17.4 Hz),
§4.81 (dd, J = 2.8, 17.4 Hz)

Figure 13: 'H-NMR of Compound 92

Having both the requisite diynes in hand, the stage was set for their
trimerization. The optimization reactions have been carried out by employing
biphenyl acetylene as the substrate. Unlike both the previous systems (nucleosides
and beta-lactams), in the present case, both the Ru- and Rh-catalysts were found to be
ineffective. The CpCo(CO), catalyst was found to be the best for this purpose. The
optimized conditions involve heating a mixture of diyne and alkyne and 20 mol%
catalyst CpCo(CO), in 1,4-dioxane in the presence of PPhs at 130 °C for about 12 h
(scheme 11).
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Figure 14: Diyne Precursors

92

91R=Hor R =H or OMe
92 R = OMe

Scheme 11: CpCo(CO),, 1,4 dioxane, PPhs, 130 °C, 12h

In the '"H NMR spectrum of 96, the characteristic CH of the newly formed
1,2,3,4-tetrahydroisoquinoline ring appeared at & 5.57 (s) and benzylic methylene
hydrogens appeared at 5.18 (d) and 5.40 (d) respectively with a coupling constant
15.7 Hz (figure 13). In the *C NMR spectrum of 96 methylene carbon appeared as
triplet at o 44.5 ppm. Similarly, formation of the trimerized product 96 was evident
from the absence of the propargyl proton (-C=CH) and the appearance of additional
twelve proton peaks in the aromatic region (6.75—7.58 ppm). Mass [m/z 514.36 for
(M+Na)'] and elemental analysis further confirmed the assigned structure of

compound 96.

= 83.72(s)
OMe

55

P
H

L O

85.40 (d, J=15.7 Hz) < 85.18 (d, J=15.7 Hz)

.57 (s)

5227(s) > Me

Figure 15: Characteristic peaks of compound 96
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Next, the scope of the trimerization reaction of diynes 91 and 92 was explored
in a wide range of symmetric and terminal alkynes. 2-Butyne-1,4-diol, 4-octyne,
biphenyl acetylene, and dimethyl acetylenedicarboxylate, were explored as the
representative symmetric disubstituted alkynes for the trimerization reactions.
Propargyl alcohol, homopropargyl alcohol have been employed as representative
terminal alkynes.

The reactions with all the symmetric internal alkynes proceeded smoothly. On
the other hand, the cyclotrimerization reactions of 91 and 92 with the terminal
alkynes, although are clean, led to good yields but resulted in an inseparable

regiomeric mixtures.

100 (82%) 101 R = OMe (81%) 102 (78%) 103 R = H (86%)
104 R = OMe (74%)

Table 1: Scope of cyclotrimerization on diynes 91 and 92.

4.2.2 Conclusion:

In conclusion, a [2+2+2]-alkyne cyclotrimerization reaction was employed
successfully to construct the central tricyclic-isoquinoline alkaloids. The introduction
of different substituents to the structure was achieved easily by simply employing a
suitable alkyne at the final event of bicyclo-annulation, and thus allowed the facile
preparation of prepare a focused library of tetrahydroisoquinoline alkaloids like small

molecules.
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4.3 Experimental:

3-Methyl-1-(prop-2-yn-1-yl)-1H-indole (93):

3-methyl-indol S8.A (4.0 g, 30.5 mmol) was taken in dry DMSO under
argon. Propargyl bromide (2.8 mL, 36.6 mmol), and NaH (0.9 g, 36.6 @[g

mmol) were added subsequently at 0 °C and stirred for 4 h at room

temperature. The reaction was quenched with ice cold water. After usual workup and
concentration, the crude product was purified by column chromatography (10% ethyl
acetate in light petroleum) to obtain 93 as a dark brown liquid yield: 79%; IR (CHCl3)v.
2933, 2544, 1613, 1511, 1469, 1374, 1250, 1226, 1129, 1163, 1017, 858, 746 cm '; 'H
NMR (400 MHz, CDCls): 6 2.37 (d, J= 1.0 Hz, 3H), 2.40 (t,J=2.5 Hz, 1H), 4.83 (d, J =
2.5 Hz, 2H), 7.00 (d, J=1.0 Hz, 1H), 7.17 (ddd, 1.3, 6.9, 7.8 Hz, 1H), 7.29 (dt, J = 1.3,
6.9 Hz, 1H), 7.33 — 7.42 (m, 1H), 7.62 (d, J = 7.8 Hz, 1H); *C NMR (100 MHz, CDCl;):
09.5(q), 35.4 (t), 73.1 (d), 78.1 (s), 109.1 (d), 111.4 (s), 119.2 (d, 2C), 121.8 (d), 124.8
(d), 129.2 (s), 136.1 (s) ppm; ESI-MS (m/z): 192.16 (100%, [M+Na]"); Anal. Calcd for:
Ci:HiIN C, 85.17; H, 6.55; N, 8.28% Found: C, 85.06; H, 6.48; N, 8.32%.

1-(4-Methoxyphenyl)prop-2-yn-1-ol (94):

Mg (4.2 g, 175 mmol) was flame dried in a two neck R.B. flask fitted OH
with a reflux condenser and cooled to room temperature in dry argon Q)\
atmosphere. Dry THF (150 mL) was introduced followed by a few e

crystals of iodine. Half the total volume of n-BuCl (18 mL, 175 mmol) was added and the
contents were refluxed till the generation of Grignard reagent. The reaction temperature
was brought to rt and the rest of n-BuCl was added. Stirring continued at room
temperature till all the magnesium was consumed. Then the reaction mixture was cooled
to 0 °C and dry acetylene gas was bubbled into it for 15 min. Compound S6.A (10 g, 73.5
mmol) in THF (50 mL) was added at 0 °C and stirred for 20 min. The reaction was
quenched with saturated NH4CI solution, diluted with water and extracted with ethyl
acetate. The combined organic layer was dried over Na;SO4, concentrated and purified on

silica gel (10% ethyl acetate in light petroleum) to get alkynol compound 92 as a
yellowish thick liquid: 75%; mp: 113 °C; IR (CHCl3)v: 3621, 3020, 2935, 1600, 1518,
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1425, 1218, 1040, 930, 669 cm '; 'H NMR (200 MHz, CDCls): 6 2.28 (br.s, 1H), 2.65 (d,
J=2.3 Hz, 1H), 3.80 (s, 3H), 5.40 (dd, J = 1.9, 5.6 Hz, 1H), 6.90 (ddd, 2.1, 2.9, 8.8 Hz,
2H), 7.46 (ddd, 2.1, 2.9, 8.8 Hz, 2H) ppm; °C NMR (100 MHz, CDCls): § 55.3 (q), 63.9
(d), 74.6 (d), 83.7 (s), 114.0 (d, 2C), 128.0 (d, 2C), 132.4 (s), 159.7 (s) ppm; ESI-MS
(m/z):185.34 (100%, [M+Na]"); Anal. Calcd for: C oH;00, C, 74.06; H, 6.22% Found: C,
74.12; H, 6.35%.

1-(3,4-Dimethoxyphenyl)prop-2-yn-1-ol (95):

Following the above procedure, the Grignard reaction of S6.B (4.0 g, oH

24 mmol) gave compound 93 as a yellowish liquid: 80%; bp: 133 °C; X
IR (CHCl)v: 3620, 3020, 2930, 1606, 1520, 1428, 1216, 1045, 929, |~ bue

669 cm'; "H NMR (400 MHz, CDCls): 6 2.30 (d, J = 5.8 Hz, 1H), 2.66 (d, J = 2.3 Hz,
1H), 3.87 (s, 3H), 3.89 (s, 3H), 5.40 (dd, J = 2.0, 3.6 Hz, 1H), 6.84 (dd, J = 4.2, 8.8 Hz,
1H), 7.07 (m, 2H) ppm; >C NMR (100 MHz, CDCl3): 6 55.8 (q), 55.9 (q), 64.2 (d), 74.6
(d), 83.6 (s), 109.7 (d), 110.8 (d), 119.0 (d), 132.6 (s), 149.0 (s), 149.2 (s) ppm; ESI-MS
(m/z): 215.24 (100%, [M+Na]+); Anal. Calcd for: C;1H,03 C, 68.74; H, 6.29% Found:
C, 68.88; H, 6.36%.

2-(1-(4-Methoxyphenyl)prop-2-yn-1-yl)-3-methyl-1-(prop-2-yn-1-yl)-1H-indole (91):

3-methyl-1-(prop-2-yn-1-yl)-1H-indole (93) (1.8 g, 10.6 mmol) was Me

placed in a two necked flask with solution in DCM (20 ml) and was O N\

cooled to 0 °C. Then p-toluenesulphonic acid (0.6 g, 3.2 mmol) was // O
OMe

added slowly under stirring. The mixture was stirred for 2 h, and then
solution of compound 94 (1.15 g, 8.5 mmol) in DCM (20 mL) was added slowly by using
syring pump over the period of 2 hrs. After complication, the reaction was quenched with
saturated NaHCOj; solution, diluted with water and extracted with DCM. The combined
organic layer was dried over Na;SOy4, concentrated and purified on silica gel (10% ethyl
acetate in light petroleum) to get diyne compound 89 as a brown solid yield: 72%; mp: 85
°C; IR (CHCIy)v: 2933, 2530, 1613, 1518, 1461, 1375, 1250, 1211, 1130, 1160, 1012,
859, 747 cm'; "H NMR (400 MHz, CDCls): § 2.14 (dd, J = 0.6, 2.4 Hz, 1H), 2.41 (s,
3H), 2.61 (t,J = 2.7 Hz, 1H), 3.83 (s, 3H), 4.81 (d, J = 2.4 Hz, 2H), 5.58 (s, 1H), 6.87 —
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6.92 (d, J = 8.6 Hz 2H), 7.18 — 7.47 (m, 5H), 7.64 (d, J = 7.6 Hz, 1H); >C NMR (100
MHz, CDCls): 6 8.9 (q), 31.9 (d), 33.7 (t), 55.3 (q), 72.0 (d), 73.4 (d), 78.6 (s), 81.7 (s),
109.3 (s), 109.4 (d), 114.0 (d, 2C), 118.9 (d), 119.5 (d), 122.1 (d), 128.2 (d, 2C), 128.5
(s), 129.6 (s), 132.4 (s), 136.3 (s), 158.7 (s) ppm; ESI-MS (m/2): 336.36 (100%,
[M+Na]"); Anal. Caled for: C»oH;oNO C, 84.31; H, 6.11; N, 4.47; Found: C, 84.42; H,
6.52; N, 4.47 %.

2-(1-(3,4-Mimethoxyphenyl)prop-2-yn-1-yl)-3-methyl-1-(prop-2-yn-1-yl)-1H-indole
(92):

Following the above procedure to synthesis compound 91, the Me
Friedel-Craft alkylation of 94 (2.0 g, 0.012 mol) gave compound 92 O r:

as a brown solid yield: 79%; mp: 99 °C; IR (CHCI3)v: 2933, 2794, O OMe
1610, 1510, 1463, 1374, 1252, 1212, 1128, 1161, 1012, 856, 747 e
cm '; 'H NMR (400 MHz, CDCls): 6 2.10 (t, J = 2.8 Hz, 1H), 2.37 (s, 3H), 2.56 (d, J =
2.8 Hz, 1H), 3.81 (s, 3H), 3.86 (s, 3H), 4.76 (dd, /= 2.8, 17.4 Hz, 1H), 4.81 (dd, J = 2.8,
17.4 Hz, 1H), 5.54 (d, J = 2.8 Hz, 1H), 6.80 (d, J = 8.2 Hz, 1 H), 6.92 — 6.96 (m, 2H),
7.18 (dt,J=0.9, 7.8 Hz, 1H), 7.26 (dt,J= 0.9, 7.8 Hz, 1H), 7.40 (d, /= 7.8 Hz, 1H), 7.60
(dd, J= 1.4, 7.8 Hz, 1H); *C NMR (100 MHz, CDCls): 6 8.9 (q), 32.2 (d), 33.7 (t), 55.9
(q, 2C), 72.0 (d), 73.4 (d), 78.2 (s), 81.6 (s), 109.5 (d), 110.6 (d), 111.2 (d), 118.9 (d),
119.3 (d), 119.5 (d), 122.1 (d, 2C), 128.5 (s), 130.0 (s, 2C), 132.2 (s), 136.3 (s), 148.2 (s),
149.0 (s) ppm; ESI-MS (m/2): 366.46 (100%, [M+Na]"); Anal. Calcd for: Co3H,NO, C,
80.44; H, 6.16; N, 4.08; Found: C, 80.51; H, 6.10; N, 4.12%.

74

General procedure for [2+2+2]-cyclotrimerization:

A solution of diyne (0.3 mmol) and alkyne (0.6 mmol) in 1,4-dioxane (5 mL) in a flame
dried long glass tube was degassed with dry argon for 20 min; then, 0.2 M solution of
[CpCo(CO),] (20 mol%) catalyst in toluene was introduced into the mixture. The tube
sealed by airtight cap. The mixture was stirred at 130-135 °C for 10-12 hrs. After
complition of reaction, the reaction mixture was transferred into a round-bottom flask and
concentrated under reduced pressure. The residue was purified by silica gel

chromatography (ethyl acetate in petroleum ether) to afford the cyclotrimerized product.
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11-(4-Methoxyphenyl)-12-methyl-8,9-diphenyl-6,11-dihydroindolo[1,2-b]isoquinoline:
(96)

Colourless thick liquid: 76%; IR (CHCIs)v: 3020, 1529, 1471, OMe

1338, 1216, 1157, 1106, 1066, 969, 929, 834, 757, 669 cm™'; 'H O

NMR (CDCls, 200 MHz): 62.27 (s, 3H), 3.72 (s, 3H), 5.18 (d, J = Me\ O
15.7 Hz, 1H), 5.40 (d, J = 15.7 Hz, 1H), 5.57 (s, 1H), 6.75 (d, J = O N O O
8.6 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 7.11 — 7.29 (m, 12H), 7.41
(d, J="17.8 Hz, 2H), 7.50 (s, 1H), 7.58 (d, J = 7.8 Hz, 1H); *C NMR (CDCl;, 50 MHz): &
8.6 (q), 42.7 (d), 44.6 (1), 55.2 (q), 105.6 (s), 108.6 (d), 114.0 (d, 2C), 118.5 (d), 119.1
(d), 120.8 (d), 126.6 (d, 2C), 127.9 (d, 3C), 128.6 (d), 128.8 (d, 2C), 129.2 (d), 129.8 (d,
2C), 129.9 (d, 2C), 131.0 (s, 2C), 131.3 (d), 133.8 (s), 135.2 (s), 135.6 (s), 136.3 (s),
139.0 (s), 139.9 (s), 140.9 (s), 141.0 (s), 158.2 (s) ppm; ESI-MS (m/z): 514.78 (100%,
[M+Na]+); Anal. Calcd for C3gHyoNO C, 87.95; H, 5.95; N, 2.85; Found: C, 87.82; H,
5.89; N, 2.71%.

11-(4-Methoxyphenyl)-12-methyl-8,9-dipropyl-6,11-dihydroindolo[ 1,2-b]isoquinoline
(97):

White solid yield: 83%; IR (CHCl;)v: 2930, 2784, 1616, 1517,
1461, 1379, 1251, 1225, 1130, 1161, 1012, 856, 747 cm '; 'H
NMR (400 MHz, CDCls): 6 0.97 (t, J = 7.3 Hz, 3H), 0.98 (t, J =
7.3 Hz, 3H), 1.54 — 1.65 (m, 4H), 2.26 (s, 3H), 2.58 (t, /=79 | ]
Hz, 4H), 3.71 (s, 3H), 5.07 (d, J = 15.2 Hz, 1H), 5.26 (d, J = 15.2 Hz, 1H), 5.42 (s, 1H),
6.71 (ddd, J = 1.8, 2.8, 8.5 Hz, 2H), 6.99 (dd, J = 1.8, 2.8, 8.5 Hz, 2H), 7.07 — 7.23 (m,
4H), 7.38 (d, J = 7.8 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H) ppm; C NMR (100 MHz,
CDCls): 6 8.7 (q), 14.2 (q), 14.2 (q), 24.7 (1), 24.3 (1), 34.4 (1), 34.5 (1), 42.5 (d), 44.5 (1),
55.3 (q), 105.2 (s), 108.5 (d), 113.8 (d, 2C), 118.4 (d), 118.9 (d), 120.5 (d), 127.1 (d),
128.4 (d, 2C), 129.1 (s), 129.7 (d), 132.0 (s), 134.2 (s), 134.5 (s), 135.1 (s), 136.0 (s),
138.9 (s), 139.8 (s), 157.9 (s) ppm; ESI-MS (m/z): 446.58 (100%, [M+Na]"); Anal. Calcd
for: C30H33NO C, 85.06; H, 7.85; N, 3.31; Found: 85.11; H, 7.78; N, 3.40%.
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(11-(4-Methoxyphenyl)-12-methyl-6,11-dihydroindolo[1,2-b]isoquinoline-8,9-
diyl)dimethanol (98):

Brown thick liquid: 81%; IR (CHCl3)v: 2933, 2794, 1610, 1510,
1463, 1374, 1252, 1212, 1128, 1161, 1012, 856, 747 cm '; 'H
NMR (400 MHz, CDCls): 6 2.23 (s, 3H), 3.65 (s, 3H), 4.51 (d, J
= 12.3 Hz, 2H), 4.60 (d, J = 12.3 Hz, 2H), 5.11 (d, J = 15.8 Hz,
1H), 5.24 (d, J = 15.8 Hz, 1H), 5.40 (s, 1H), 6.68 (ddd, J = 2.1, 2.9, 8.7 Hz, 2H), 6.85
(ddd, J=2.1,2.9, 8.7 Hz, 2H), 7.10 — 7.29 (m, 4H), 7.38 (d, J = 7.3 Hz, 1H), 7.57 (dd, J
= 1.1, 7.0 Hz, 1H), ppm; °C NMR (100 MHz, CDCl;): J 8.6 (q), 42.6 (d), 44.4 (t), 55.1
(d), 63.4 (1), 63.6 (1), 105.5 (s), 108.6 (d), 114.0 (d, 2C), 118.4 (d), 119.2 (d), 120.8 (d),
127.7 (d), 128.5 (d, 2C), 129.1 (s), 130.2 (d), 131.3 (s), 133.6 (s), 135.0 (s), 135.8 (s),
136.8 (s), 137.7 (s), 138.4 (s), 158.0 (s) ppm; ESI-MS (m/z): 422.37 (100%, [M+Na]");
Anal. Calcd for: C,sHysNO3 C, 78.17; H, 6.31; N, 3.51; Found: C, 78.09; H, 6.40; N,
3.63%.

2-(11-(4-Methoxyphenyl)-12-methyl-6,11-dihydroindolo[ 1,2-b]isoquinolin-8-yl)propan-
2-01 (99):

1:1 Mixture of product, Brown thick liquid: 78%; IR (CHCI)v: OMe

3020, 2930, 1764, 1472, 1338, 1216, 1157, 1106, 1065, 967, 929, O

834, 757, 668 cm™'; 'H NMR (CDCls, 200 MHz): 6 1.54 — 1.62 | )

(m, 6H), 2.24 (s, 0.5H), 2.28 (s, 0.5H), 3.71 (s, 1.5H), 3.72 (s, | )" O Me“c”;

1.5H), 5.11 (d, J = 15.3 Hz, 0.5H), 5.16 (d, J = 15.3 Hz, 0.5H),

5.29 (d, J = 12.8 Hz, 0.5H), 5.32 (d, J = 13.3 Hz, 0.5H), 5.47 (s, 0.5H), 5.50 (s, 0.5H),
6.72 (dd, J = 3.7, 8.6 Hz, 2H), 6.99 (dd, J = 5.3, 8.6 Hz, 2H), 7.11 — 7.15 (m, 1H), 7.21
(dt, J = 3.3, 7.9 Hz, 1H), 7.29 — 7.40 (m, 3H), 7.49 (s, 0.5H), 7.55 (s, 0.5H), 7.57 (s,
0.5H), 7.59 (s, 0.5H); '°C NMR (CDCls, 50 MHz): & 8.7 (q), 31.7 (q), 31.8 (q), 31.8 (q),
31.8 (q), 42.5 (d), 43.1 (d), 44.5 (t), 44.9 (t), 55.2 (q), 72.4 (s), 72.4 (s), 105.3 (s), 105.4
(s), 108.5 (d), 108.5 (d), 113.9 (d), 118.4 (d), 118.5 (d), 119.0 (d), 119.0 (d), 120.7 (d),
122.7 (d), 122.9 (d), 123.8 (d), 125.2 (d), 126.5 (d), 128.4 (d), 128.5 (d), 129.0 (d), 129.1
(s), 130.5 (s), 131.5 (s), 134.0 (s), 134.1 (s), 135.1 (s), 135.4 (s), 135.5 (s), 135.7 (s),
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137.0 (s), 147.6 (s), 148.6 (s), 158.0 (s) ppm; ESI-MS (m/z): 420.25 (100%, [M+Na]");
Anal. Calcd for C,7H7NO, C, 81.58; H, 6.85; N, 3.52; Found: C, 81.45; H, 6.78; N,
3.48%.

dimethyl 11-(4-Methoxyphenyl)-12-methyl-6,11-dihydroindolo[1,2-b]isoquinoline-8,9-
dicarboxylate (100):

Brown solid yield: 82%; mp: 124-126 °C; IR (CHCl3)v: 3030, | OMe
2921, 1742, 1764, 1471, 1338, 1216, 1157, 1110, 1067, 967, 929,
834, 757, 668 cm '; 'H NMR (CDCls, 200 MHz): & 2.23 (s, 3H),
3.72 (s, 3H), 3.90 (s, 3H), 3.92 (s, 3H), 5.30 (d, /= 16.3 Hz, 1H), | T |
536 (d, J=16.3 Hz, 1H), 5.51 (s, 1H), 6.73 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 8.7 Hz, 2H),
7.14 (dt, J= 1.1, 6.9 Hz, 1H), 7.24 (dt, 1.1, 6.9 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.56 (d
J=17.6 Hz, 1H), 7.72 (s, 1H), 7.78 (s, 1H); *C NMR (CDCls, 50 MHz): & 8.6 (q), 42.8
(d), 44.5 (t), 52.7 (g, 2C), 55.2 (q), 106.1 (s), 108.5 (d), 114.2 (d, 2C), 118.6 (d), 119.4
(d), 121.1 (d), 127.5 (d), 128.5 (d, 2C), 129.2 (s), 130.0 (d), 130.2 (s), 131.2 (s), 132.5 (s),
134.5 (s), 134.9 (s), 135.0 (s), 140.5 (s), 158.4 (s), 167.6 (s, 2C) ppm; ESI-MS (m/z):
478.32 (100%, [M+Na]+); Anal. Calcd for C,gHsNOs C, 73.83; H, 5.53; N, 3.08; Found:
C,73.79; H, 5.42; N, 3.11%. (11-(3,4-

Dimethyl-11-(3,4-dimethoxyphenyl)-12-methyl-6,11-dihydroindolo[1,2bJisoquinoline -
8,9-dicarboxylate (101):

Yellowish spongy mass, yield 81%; IR (CHCI3)v: 2939, 2796,
1756, 1748, 1610, 1510, 1463, 1374, 1252, 1212, 1128, 1161,
1012, 856, 747 cm '; "H NMR (400 MHz, CDCLs): 6 2.23 (s, 3H),
3.73 (s, 3H), 3.79 (s, 3H), 3.90 (s, 3H), 3.92 (s, 3H), 5.23 (d, J =

16.2 Hz, 1H), 5.35 (d, J = 162 Hz, 1H), 5.49 (s, 1H), 6.55 (d, J=
8.2 Hz, 1H), 6.61 (d, J= 1.2 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 7.15 (t, J= 7.3 Hz, 1H),
7.24 (t,J = 7.3 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.56 (d, J= 7.6 Hz, 1H), 7.74 (s, 1H),
7.76 (s, 1H) ppm; *C NMR (100 MHz, CDCl3): ¢ 8.7 (q), 43.2 (d), 44.5 (t), 52.7 (q),
52.7 (q), 55.8 (), 55.9 (q), 106.3 (s), 108.5 (d), 110.9 (d), 111.2 (d), 118.6 (d), 119.5 (d),
119.8 (d), 121.2 (d), 127.5 (d), 129.2 (s), 130.0 (d), 130.2 (s), 131.2 (s), 132.4 (s), 134.8
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(s), 134.9 (s), 135.0 (s), 140.3 (s), 148.0 (s), 149.2 (s), 167.6 (s), 167.6 (s) ppm; ESI-MS
(m/z): 508.36 (100%, [M+Na]+); Anal. Calcd for: C,oH,7NOg C, 71.74; H, 5.61; N, 2.88;
Found: C, 71.77; H, 5.69; N, 2.93%.

2-(11-(4-Methoxyphenyl)-12-methyl-6,11-dihydroindolo[ 1,2-bJisoquinolin-8-yl)ethan-1-
ol (102):

Yellowish thick liquid: 78%; IR (CHCls)v: 3020, 2929, 1764,
1471, 1338, 1216, 1157, 1106, 1065, 967, 929, 834, 757, 668
cm '; "H NMR (CDCls, 200 MHz): & 1.65 (br.s, 1H), 2.26 (d, J
=3.9 Hz, 3H), 2.87 (t, J = 6.5 Hz, 2H), 3.71 (s, 3H), 3.85 (dt, J= |
2.6, 6.5 Hz, 2H), 5.13 (dd, J = 3.9, 15.6 Hz, 1H), 5.28 (t, J = 15.6 Hz, 1H), 5.47 (s, 1H),
6.72 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 7.09 — 7.41 (m, 6H), 7.56 (dd, J = 1.1,
7.3 Hz, 1H); 3C NMR (CDCls, 50 MHz): & 8.7 (q), 38.7 (t), 38.8 (t), 42.6 (s), 42.9 (s),
44.6 (1), 44.7 (1), 55.2 (q), 63.5 (1), 63.6 (1), 105.4 (s), 105.4 (s), 108.5 (d), 113.9 (s),
113.9 (s), 118.4 (s), 119.0 (s), 119.0 (s), 120.7 (d), 126.9 (d), 127.2 (d), 127.4 (d), 128.3
(d), 128.4 (d), 128.5 (d), 129.2 (s), 129.4 (d), 129.8 (d), 130.1 (s), 131.9 (s), 133.9 (s),
134.0 (s), 135.1 (s), 135.3 (s), 135.7 (s), 135.8 (s), 137.0 (s), 137.3 (s), 137.9 (s), 158.1
(s), ppm; ESI-MS (m/z): 406.51 (100%, [M+Na]"); Anal. Calcd for CosH2sNO, C, 81.43;
H, 6.57; N, 3.65; Found: C, 81.39; H, 6.66; N, 3.58%.

(11-(4-Methoxyphenyl)-12-methyl-6,11-dihydroindolo[ 1,2-b]isoquinolin-8-yl)methanol
(103)

1:1 Mixture of regioisomers: brown think liquid, yield: 86%; IR [ OMe
(CHCl3)v: 3621, 3020, 2925, 1601, 1519, 1425, 1226, 1055, 930, O

669 cm™'; 'H NMR (400 MHz, CDCL): 6 2.25 (s, 3H), 3.70 (s, | I

3H), 4.68 (d, J = 4.6 Hz, 2H), 5.14 (d, J = 15.6 Hz, 1H), 530 (d, | N O o |
J=15.6 Hz, 1H), 5.47 (s, 1H), 6.71 (d, J = 8.2 Hz, 2H), 6.98 (dd, J = 6.4, 8.2 Hz, 2H),
7.12 (t, J = 7.3 Hz, 1H), 7.21 (t, J = 7.3 Hz, 1H), 7.31 (d, J= 7.9 Hz, 1H), 7.35 (s, 1H),
7.37 — 7.41 (m, 2H), 7.55 (d, J = 7.9 Hz, 1H) ppm; °C NMR (100 MHz, CDCl;):  8.63
(q), 42.64 (d), 42.93 (d), 44.60 (1), 44.72 (1), 55.17 (q), 64.84 (1), 64.93 (1), 105.41 (s),

105.45 (s), 108.53 (d), 113.94 (d), 118.44 (d), 119.07 (d), 120.70 (d), 125.19 (d), 125.32
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Chapter IV Experimental

(d), 126.25 (d), 126.85 (d), 127.68 (d), 128.47 (d), 129.12 (s), 129.40 (d), 131.07 (s),
131.94 (s), 133.86 (s), 135.05 (s), 135.67 (s), 136.42 (s), 139.34 (s), 140.32 (s), 158.05
(s), ppm; ESI-MS (m/z): 392.32 (100%, [M+Na]"); Anal. Calcd for: CosH,3NO, C, 81.27;
H, 6.28; N, 3.79; Found: C, 81.25; H, 6.23; N, 3.83%.

Dimethoxyphenyl)-12-methyl-6,11-dihydroindolo[ 1,2-b]isoquinolin- 8-yl)methanol
(104):

1:1 Mixture of regioisomers: brown spongy mass, yield: 74%; IR OMe
(CHCl3)v: 3620, 3019, 2930, 1600, 1518, 1424, 1216, 1045, 929, O e
669 cm '; "H NMR (400 MHz, CDCls): 6 1.74 (br.s, 1H), 2.27 (s,
3H), 3.72 (s, 3H), 3.78 (s, 3H), 4.69 (d, J= 7.6 Hz, 2H), 5.16 (d, J
=3.9, 15.6 Hz, 1H), 5.31 (dd, J = 15.6 Hz, 1H), 5.46 (s, 1H), 6.56 (dd, J = 1.5, 9.5 Hz,
1H), 6.64 — 6.70 (m, 2H), 7.13 (t, J= 7.4 Hz, 1H), 7.21 (t, /= 7.4 Hz, 1H), 7.28 (d, J =
9.5 Hz, 1H), 7.31 — 7.44 (m, 3H), 7.55 (d, J = 7.8 Hz, 1H) ppm; >C NMR (100 MHz,
CDCl): 6 8.7 (q), 43.1 (d), 43.4 (d), 44.6 (1), 44.8 (1), 55.8 (g, 2C), 64.8 (1), 64.9 (1),
105.5 (s), 105.6 (s), 108.5 (d), 111.1 (d), 118.5 (d), 119.1 (d), 119.6 (d), 119.6 (d), 120.8
(d), 125.2 (d), 125.4 (d), 126.2 (d), 126.8 (d), 127.7 (d), 129.1 (s), 129.4 (d), 131.1 (s),
132.0 (s), 133.7 (s), 135.1 (s), 136.0 (s), 136.1 (s), 136.2 (s), 137.1 (s), 139.4 (s), 140.3
(s), 147.7 (s), 149.0 (s) ppm; ESI-MS (m/z): 400.49 (10%, [M+H]"), 422.23 (100%,
[M+Na]+); Anal. Calcd for: C,sHosNO3 C, 78.17; H, 6.31; N, 3.51; Found: C, 78.25; H,
6.32; N, 3.39%.
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Chapter IV Spectra
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Spectra
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Spectra
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Chapter IV

Spectra
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Chapter IV

Spectra
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Spectra
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Chapter IV

Spectra
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Spectra
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Spectra
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Spectra
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Spectra
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Spectra
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