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CHAPTER |
SOLVENT SHIFTS IN CYCLIC ETHERS AND
OTHER HETEROCYCLIC COMPOQUNDS




INTRODUCTION

COM UTERI SED

In the last few years it has been shown that i
proton resonances in NMR speetra are shifted if & chunge
in the sclvent is madcl’g’g. “nese shifts though occurring
in the case of almost all solvents, have special significance

only when one of the scolvents is aromatic in nature, p

The most wldely studied of these solvents l1s Neasene
and the shifts absarvod in benzene relative to those in
carbon tetrachloride or deuterio-chloroform can be used in
structural, sterecchemical and conformational problemsl’34.
Among ths comrouncds whose solvent snifts are very thoroughly
investigated are the Ket0ﬁ&5q’d’%, in which e¢yclic getones

predominate,

In six membered cyclic ketoneabit has been fcunde"B
tﬁat the shift of an adjacent methyl group in benzene relative
to that in deuterio-chloroform ° 4 max lrum value of
~ +18 to +20 ¢ps when it 1s axlal and has a slightly negative

or zero value when it is e¢quatorial,

An espirlcal ruie in the case of the kKetones
hag been proposedﬁ’a. This rule states that if a plane is
draw: ~er endieular to the cartonyl group and passing through
tue earbon atom of the carbonyl groupr then those groups which
lie on the sume side of the plane as the oxygen atom, are
deshlelded in benzene, wheress those on the other side are
shielded. The groups lyinz near the rlane suffer very small

effects,




0 2

Thais solvent shift is associated with the
formation of 1:1 penzene~ketone complex, Several

;tuéiesl’z’3’6’8’3g regarding its mechanism have been made,

/ It has been recently obﬁervedgs that these solvent
induced shifts are positive in the case of lactones for both
equatorial and axlal methyl substituents, the axlal methyl
group having more positive value, Thus in the case of
Y-lactones the values are 27 < 3 ¢ps when the methyl oroup
is quasi-arizl and 14 ¢ 3 it 1s quasi-equatoriai,
Similsr results have also been obtained in the case of

26. In extending the ideas regurding the

J~la¢tamas
carobonyl group thess results appeared anamolous particularly
in the case of compounds with an equatorial wethyl
substituent, as thls methyl uroup lles very close to the

reference planse.

To ascertain whether this behaviour of lactones
can be accounted for by asceriving a positive contrisution
from the ether oxygen atom of the lactone in case of both
axlally and equ.torially substituted wethyl groups, = few
known and new rizid cyclic athers having no interfering
substituents were prepared, The spectra of these compounds
have been examlined in deuterlio-chloroform and benzene, o
The results obtalned go to show that the ether Oxyzun also
influenc:.s the line position on passing from deuterio-chloroform

to benzene as a solvent,
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Before discussing the solvent induced shifts in the
RMR spectra of diiferent ethers, the mode of proparation

of some of the ethers is presented,

LREPARAT

ixice V

L-3antonin (I) has been converted to the oxide ViI,
by the sequence of reactions outlined in Chart 1, in the
Known sequencesa the dlol VI was cyclised by refluxing in
ben.ene wit: petoluence-sulsnonic ueld, As the ylelds obt.ilned
wer« rather low and theé purity of t.e¢ rroduet was not
satisfuctory a bettur cyclisation procedure had to e
devised. The use of p-toluene sulphonyl chloride in pyriiine
had been used for cyclisation of an unalogous comnoundas
(33 keto derivative of VI), with this reagent a clean proauct
in good yield waz obtained, Charucterisation of the oxide (VII)
was possible by comparison of the paysicsl properties with
those reported earlier. The characterisation was aided by
an examination of I.k. spectrum (no hydroxyl absorption)
wirilen nad & moderate absorption at 1038 cu'l assignable
to the ether linkuge, The #Vi spectrum (see spectral section)

conf{irmed its structure,

The oxide AV
(¥ )
Starting from B-santonin* and following the same

reaction scieme the deoxolactone XII had been preparedd§°37(chﬁrt‘2)

* We are thanikful to ‘rof, w. Cocker for a generous gift of
this sample,




1)
2)
3)
4)
5)
6)

CHART - |

SYNTHESIS OF 5+ (H).4,6,!11 B(H) EUDESMAN-6-13 OXIDE

Vi \'

Vi

Pd/SrCOs-HZ/EtoAc

AcOH/p-toluene sulphonic acid
BF3-Etherate-Ethanedithiol-&cOH

Raney Nickel-Dioxane

Lithium aluminium hydride

p-Toluene sulphonyl chloride/Pyridine.

(vit)




CHART -2

SYNTHESIS OF 5,11 < (H), 4,6 B(H) EUDESMAN-6-13-0XIDE (XIV)

o—-

Vil IX X

5
H '
| 1
0]
X1l Xl -
| 4
6
o
L g
[
OH CHZOH
Xin XV ;

1) Pd/C - Hy/EtoAc

2) p-Toluene sulrhodic acid/Acetic acid
3) BFg-Etherate, ethanedithiol AcOH

4) Raney nickel-Dioxan

§) Lithium aluminium hydride

6) p-Toluene sulpionyl chloride/Pyridine.
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Reduction of the lactone provided the diol XIII, as a
erystailine solid wnhose Ii absorption at 3360 and

absence of lactone absorption were sufficlent evidence. N
for its characterisation. Cyclisation using

p~toluene sulphonyl c¢hloride and pyridine affordec a
mobile liguid (homo:eneous by G.L.Ce and T LuC,) in

excel.ent yield, The I.K., of tais compound had :o
1

hydroxyl absorption and a strong abso-ption at 1025 em
(oxide). Further confirmstion of its structure was
provided by the NMR spectrum, the anulysis of which is

gsummarised in Table 1.

I i I :L

Line position Hature Ho. f protons Assiznment
249,86 gy J = 9 and 7 : Cgii=H
63, 65 4 J =6 3 04-033
51’ 67 (i' J = 6 3 cll“‘CHa
61 s 3

s = singlet, d = doublet, g = guartet

The oxide (XVIII)

This oxlde, epimeric with VII at C-4 wvas prepared
from «~gsantonin (vide Chart 3j, The conversion of
«-gantonin (I) to the diol AVII h.s been reported sarlieraﬁ'as.
Cyelisation of tas .lol by the usual method furnished
the oxlide whose physical properties‘diffared from those

of the oxlde prrepared by lead tetra acetate cyclisation



CHART-3

SYNTHESIS OF 4,50 (H), 6, 11 B(H)— EUDESMAN-6 -1i3 OXIDE (XVill)

Xviii xXvii XVi

1) Pd/SrCOB -H2 / EtoAc

2) BFa-Etherate, Ethanedithiol, AcOH

3) Raney nickel-Dioxane

4) Lithium aluminium hydride

6) p-Toluene sulphonyl chloride/Pyridine,
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3§. As the purity of the oxide

of an eudestnol derivative
prepared in the present investigation was carefully checked by
both T,L.C. and G,L.C,, 1t appears that the earlier prepared
sample may not be omogeneous. The spectral proof of the
structure (see later) ruled out any possibility of rearrangement

during cyclisation.

e oxide XXV
By following the reaction sequence used in the earlier
examples 6 epi-santonin (.IX) was converted through the known.‘;0
deoxolactone (XXIII) into a diol (XiIV) characterised by its
1.R. spectrum (absence of lactone and presence of hydroxyl
absorption at 3300 em™Y).  The ey:lised oxide obtained as a
homogeneous (T.L.C., G.L.C.) mobile liquid was identified by

-1

its I.R., spectrum (1020 e¢m ™ oxide), fnalysis of the NMR

spectr'm is presented In Table 2,

Table 2
Line position Nature No. of protons Q5¢1,nments
241 t, J = 3,& 1 Cgmei-H
249 qy § = 9 and 7 1 Gy gm-H
§9, 65 d, J = 6 3 C,-Cilg
£3, 60 dy J =7 3 Cy,-Cllg
° ® | 8 C10-CHg

LR R PR L D Y T R N L 2 X L R R R R E X X R R R TR R R R X - -

s = singlety, d = doublet, t = triplet, and g = quartet.
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CHART - 4

3

SYNTHESIS OF 5,6 <(H), 4,11 B(H)- EUDESMAN-6 -13 OXIDE (XXIV)

’/ ! R
]

0

0 —
(0] 0]
| XiX XX

s

= s
.
o

XX ' XX XX
6
-
_
i
OH H,0H
XXV XXV
1) DMF-HC1

2) Pd/C-Hz-EtoAc

3) EtOH-Perchloric acid

4) BFg-Etherate, Ethanedithiol/AcOf

5) Raney nickel/Dioxan

6) Lithium aluminium hydride

7) p-Toluene sulphonyl chloride/Pyridine.



\4 ts ¢velic ethers

An examination of the NMR spectrum of the
oxide (VII) in deutero chloroform (Fig. 1) reveals the
presence of a singlet «t 81,5 eps for Clo~methyl.
The Cll and 84-methyls appear as doublets centered
at 9.6 (J = 7 ¢ps) and 62 eps (J = 6 eps) respectively.
The 86 proton appears at 240 cps as & triplet (J = 10 cps.,
The methylene rrotons attached to the ether oxygen appear

at 197 c¢ps as an AB quartet (J = 9 cps),

In benzene (Fi3, 2) however the Cj, and C;,
methyls and the CG and 012 hydrogen are shielded, whereas
the C4-evuatorial metinyl is deshlelded. in pyridine also
there is shlelding of Cy, and Cll—methyls and deshielding
of 04—mathyl¢¥. The magnitude of the shift being swaller
in pyridine the use of benzene was naturally preferred,
Further more recovery of compound frcm benzene poses less

difficulty.

An explanation for these solvent induced shifts
would require the formation a collision complex between benzene
and the ethers oxygen. In analogy to tae empirical rule
. established ior carbonyl compounds a similar result in the
ether series must also have a simllar explanation. For this
purpose one can consider a plane pervendlcular to tie rnlane

made by the ether oxygzen and ths: two carvbons holding it

* The Cls and 66 hydrogens are not clearly seen in the
pyridine spectrum,.
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FIG. 1. NMR SPECTRUM OF 5« (H),4.6,11 8 (H) EUDESMAN

6-13 OXIDE (CDCl3)
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5. 2. NMR SPECTRUM OF 5« (H),4,6,18 (H) EUDESMAN

6-13 OXIDE ( BENZENE)
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(l.es Cg and Cyq in oxlde V1I) and¢ passing through the mia
point of the carbon oxygen bonds, then protons on the same

side as the oxygen atom (4 « Me for example) are deshlelded and
“protons lying behind the plane (i.e. away from the ether
oxygen . gzre shielded (e.:, Cy1 methyl in compound vil).

Protong lyving nesr the plane suffer rel:tively smaller

shifts (e.g. Cg=H Cqyq-H and Cy, methyl in compound ViI).

+ith this simple generalisation it is easy to
explain the shifts cobserved. Thus, in compound {IV,
in walch the Cyy methyl group 1s 3 orlented, the observed
shifts (Figs, 3 and 4) because of solvent chunge are

practicully the same as in compound VII (Tsible 3),

A compariscn of the solvent shifts in compound XVIII
and compound V.I reveals that e&cept in tae case of Cq-methyl
the shifts are practically the samefor the Cy~methyl
the stereochenmistry has changed, the Cq methyl group in <VIII
veing axially oriented, Due to its axlial orientation this
methyl group has come ¢loser to the reference plane with the
result that though it is deshi-lded this desilelding is

smaller in magnitude (Figs, & and 6),

Change ¢f crientation ogﬂﬁgctona ring at c6

from trans to cis geometry (. .AV) causes several differences
(rigs. 7 and 8) as compared to oxide VII, Firstly the
04-methyl taough in the squitorial orlentation is now very
close ‘v the plane and therefore is barely influenced,

The result is very small (0.0 ¢-s) shielding., The second
important change 1s in the relative vositic: of Gla-methyl
group which now falls into the deshielding sidz of the
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FIG. 3. NMR SPECTRUM OF 5.1« (H) 4.6 B(H) EUDESMAN

6-13 OXIDE (CDClg)
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FIG. 4. NMR SPECTRUM OF 5,11 & (H) 4,68 (H) EUDESMAN

6- 13 OXIDE (CgHg)
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Chemical shift of the
No. Compound Solvent
- - D -
CDCl3 69,65 240 197 56,63 61.5
Cellg 76,82 236,.5 195 46,53 47
.A=$cmc13
Vil -8CegHg T -17 +3.5 +2 +10 +4.5
Pyridine| 70,76 - - 60,57 48
A=SCDU].3
- 8 Py. "11 - - "6 +3.5
CDCl3 59,65 49,5 199.5 |61,587 51
: C6H6 78,84 | 246 195 40,46 46,5
XIV P
H .
0 A=6CDC1,
- 506H6 -19 +4,5 +4.,5 |+11 +4,5
CDCl3 58,64 | 245 199 55,62 67.5
46,5,
Celg 62,68 241 197 53.8 53.5
XVl
806H6 -4 +4 +2 +8.5 +4
197 53,60 59
CDCl3 69,65 | 241 249
CeH 58.5, | 238,5 |192 |47,54 |68
: 66 64,5 241
XXV H
0
A= 8CDClq +5 6 o
+0.5 +2'5 + -
'BCGHG +8
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reference plane, and s des:lelded by 9 cps, Furfhermoro
in thls particuiar case the two Cls-hydrogens are well separated
and appear as two quartets, Both these hydrogens in benzens
show the expected asnlelding. 7The results quoted so far scem
to clearly establish the valldity of the plane sugzested above.
dowever it was thought necessary to study carefully other

compounds with different sieletons to confirs this point,

In the 16 oxosteroid*(XXVI) it could be
anticipated that the 613 methyl should feel a large solvent
induced ghielding, the Cl7~%-metnyl a small snielding and the
C17-f~metﬁyl should feel a small deshielding, In agreement
with tuds the solvent induted chunges seen in the NMR spectra
{(Table 4) reveal a silelding of one of the wmethyls by 10 cprs

and another by 3 ¢ps whilaz the third wus deshlclided by 3 cps.*

An applicatlon of tihls rule in the case of &
tetrubydropyran derivative is seen fur t:e li-ae=0xaeDe
homosteroid® .. V I in which it can be expected that the Cyp=
methyl should feel a shlelding on changing the solvent from
deutero-chlorciorm tu bentene as this methyl grour is behind the
reference plane which passes throuzh the cll carocn atom,

In keeping with this the Cla methyl group is shielded by & eps.
Unce again the ClQ methyl group would not feel any effect due

to the ether oxygen.

* e are grateful to Prof, Klerstead for a genercus sample of
this ecompound,

+ The C«l10 methyl zroup is very far from the reference plane and
therefore is not likely to be shifted by the ether oxygen,

++ e are grateful to Prof, Fetit for = sample of thiz sterold,
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TALLE 4

SOLVENT INDUCED SHIFTS IN 44

—
Cherical {s1ift of the
No. somt ound Solvent M
CDC.L3 54 68, 69
XXVI
A=
Cﬁdla— C6H€ +10 -3, +3
CDCl3 69 -
o)
E CGHG 64 -
XXVII ) H
I‘l’{ A:
CDCla’ CGHG +5 -
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This rule can also sultably explain the solvent induced
shifts observad’by hacea and Williams (Tavle 6) in steroidal
sapogen&ns?. Haturally in these compounds, as they contain

two oxygen functions, two planes must be considered,

Thus in the case of dioszenin (i VIII, Chart &)
the plane to be considercd for the oxygen atom held by C-16
and C-22 (hereafter referred as oxygen 1) will pass through.,
carbon atom 23 causing C-l6ehydrozen to be slightly deshielded
and causing an appreclable deshielding of C-86 and C-27
hydrogzen atoms, Cn the other hand there will be a shielding
¢f C=81 hydrogen atoms. The C-18 hydrogen atoms are close

tc the reference plane but are on the shielding side.

The second plane to be cunsidered is that “ue to
the oxyzen held by C-Z22 and C-26 (hence forth called as
oxygzen 2). Thnds will pass through C-17 and cause deshielding
of C=16, C~21 and C«18 hydrogen atoms, "he C-£7 hydrogens
would ve silelded whereas of the Ce~26 hydrogens the arixl
hydrojen willi be s ielded while the equatorial one would be
almost in the plane. The overall results therefore would be
obviously desiiielding of C-16 and C-26 hydrogen atoms, in the
case of C~27 hydrogen atomes one plane (due to oxygen ) causes
s.i.1d4ing while the other (due to oxygen é) results in
deshielding. The net result ig governed by the plane of

oxygen 2 as this oxygen is closer to these hydrogens,

In the case of the C-21 hydrogen oxygen - csuses
desilelding whereas oxygen 1 results in shielding as oxygen 2
is closer in space (<~ 2.5°A), oxygen 1 1s about 3.8°A from

this ecarbon) the r sult is desi:ielding,



XXVl , R=0H
XXIX, R=0Ac

XXX

XXX, R=H; R=0H
H XXXIV, R=H ; R'=0Ac

XXXV , R=R=0Ac

CHART - 5

21

XXXI
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TABLE 5

SOLVENT SHIFTS (& = CDC13~ Celg cps) OF PROTON RESONANCESIN

THE NMR SPECTR® OF STEROIDAL SAPOGENINS,’

RESONANCE

Compound
16«-H 26-H 27-H 21-H 19-H 18-H
XXVIII -11.4 ~ ~7.2 +7.2 -13.8 +6,6 -2,4
JXIX - ~ -8.4 +6.6 | -13.8 +8.4 1.8
XXX -13.8 ~ -8.,4 +7.2 -15,0 +2.4 -3.6
XXI -12,6 ~ -3,0 +7.2 -10.8 +28,2 +3.6
X1 -10.2 ~ -9,0 +4,8 | 0.00 +4.8 -1.2
XXXIII -13.2 -3.6/-10.8 -1.2 ~12.0 +3.0 -2.4
X.XXIV "13.8 “40 8/"1104 '102 ’13.2 +5.4 +300
XXXV -15,6 =4,8/-12.6 -1.2 +9.6 +9,6 0.6
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Based on these arguments one would expect
shiclding of C-13 hydrogens due to preponderance of  xygen 1
effsct, The observed rusult is almost a negiigible shift,
This reflects the fact tuat from tane plane of oxygen 1
the C-1% hydrogens will have wveryuinor shielding (as it is very
close to the plane), On the other hand the plane cf thql
oxygen 2 clearly deshlelds and thougn far from C-18 :} '
hydrogens wiil therefore probaosly explain the overall

deshlslding,

The shifte of dioszenin acetate (XXIX) ﬁiil be
expected to be similer to those coserved for dlsogenin &z the
C=3 acctate 1s far removed from the eentres under
eonsilderation, "he obgerved valueg thatgfqu;very nicely

agree vith the expectation, o i et R A &

In swilagenin (X01) the only difference as
compared wit, diosgenin iz taat B ring is sa‘urated and
npow A/B ring Junetion is eis, Az these changes are faor
removed fror centres under study it can be anticipated oy
that solvent saifts would be similar to diosgenin. The .

observed valuss support thls reasoning.

In 211456 spirostan-trien-3-one (XXXI) similar

arguments can exrlain ' obseprvations,

In neodicsgenin (X .XI1IJ the only ch&gge as compared
with dicesgenin is in tae location of C«20 methyl which is
now Jeoriented, Examination of models wouvld indic:te that
in order to avoid the heavy interacticons detween Ci1a metiyl
and Ggo mothyl there will be a silght twlsting of the Cao
methyl towards the Cy, equatorial hydrogen {away from Ci13 methyl).
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A very large twist 1s also not possible as then the 023
esuatorial hydrogen would become tooc close to the 813

metnyl, This slight twisting does not effect the relative
positions of C-16, C-26, C-27 or C-18 hydrogzens about

tue planes of oxygen 1 und oxygen 2*, Therefore the solvent
induced shifts of these hydrogens should be essentially the
same as in diosgenin, The observed values udequately support

this argument,

The only change in neo-dlosgenin would be that due

- to the 631 hydrogens. These should be shielded by the plane
of oxygen 1 and deshielded by plane of oxygen 2, As the 021
carbon lies almost equi«distant (~ 3,4°%) from oxygen 1 and
oxygen 2 these effects would then be cancelled out. The
expected result therefore would be an almost negligible shift.
The observed shift is 0,00 ¢ps, supporting the above

rationalisation,. . ~

In sarsapogenin (X°XIII) Cas me*ayl zroup 1s axially
oriented, As no other change in the nature of C, Dy Eor F
rings has been m.de in comparison with diasgenln,solvent saifts
for C-16, C~12 and C-21 hydrogen would correspcnd to those of

diosgzenin,

4 For brevity the words, the plane of oxygen 1 and oxyzen 2
are used, These planes imply the planes to be considered
for solvent induced shifts due to an oxide function waich
must be perpendlcular to the plane of the Oxygen carbon bonds
snd passing through the mid points of these bonds,



In the case of C-27 hydrogens the position is
now reversed., The oxygen 1 plane causes a snielding while
taat of oxygen ¢ causes a small deshielding (very close to
the plane)., As effect of oxygen 2 would have a greater
contribution (because of its closeness) the overall effect
is expected to be small (either shielding or deshieldingz).
The observed value is in azreement witn expectation, In the
spectra of this compound the (26 nydrogens anpeur as
sepsarate signals, As mentioned earlier the ecuatorial C-26
proton is having negilgiole effect due to oxygen 2 plane
and is deshiulded by the plane of oxygen 1 the overall
result therefore should be arpreciable deshielding.
Un the other hand though axial C-23 proton is deshielded by
oxygen 1 plane it is ahielded by oxygen 2 vlane overall
therefore this proton should have a small shift as compared
with the equatorial proton, Hence that proton which has a
small. shiift in tnis particular case rmust represent the axial

proton.

The two other exanples (XX:IV. and XXXV ) with C-27
axial methyl would naturally be expected to have similar
solvent s1ifts to the protons considered for sarsapo.enin (XAXII)

as the changes are only in ring A, The observed valiues

7 also

confirm this expectation, Bhaetca and Willliams
observed shifts for the C-12 hydrogens in all these compounds,
These s ifts are ¢ifficult to exnlaln as these hydrogens

are far reroved from the acetal oxygen atoms which ars the
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cites at whiéh complexing has heen considered

in these cuses?,

We can now look at the solvent induced s iits
in the cuse of simple organic compounds. These
solvent induced shifts (Table €) can be used to fix
the conform tion of simple ethers, When the solvent
iniuced shifts of tetrahydrofuran are examined,
it is observed, as exnected, that <« protbns feel a |

shielding of 9D ceps waereas 3 rrotons which are further

from ti.e plane feel a larger shielding ( 21 gps).

Tn diethyl-ether the solvent induced shifts
demonstrate thut the g protons are closer 'c¢ the plane
th.n the « protons, A gaucheeguache conformation

(a) which would have similar orl ntstion of « and 3 protons

* It is possible that some smount of complexing can tauke
place at C-2 oxygen atom. (see later)
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as tetr:hydrofuran, ¢an therefore be ruled ouf.
Stabllity consider:tion would also suggest large
non-bonded interaction which would destabilise this
conformation., In the zig-zag conformation (b)

the two ! carbon atoms and the oxygen atoms are in one
plane ths « proton should be shielded whereas the

8 protons should be deshielded (by swall amount),

The results (Table 6), however, can be satisfactorily
explained by the conformation (e) in which the § methyl
group are cis related about the plane made by the
d=gurbons and the oxygen atom, This conformation is in

a way similar to that of cls-««ol! dimethyl tetrahydrofuran (XLTII),

B R Iy

(a) () (e)

H3C;:77\\\\0,//E::;;CH3

(XLII1I)
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$1IFTS TH _SIMPLE COMPOUNDS

#al Shift Shift in
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BXXVIII Triethyl amine 166 63 147 60 +8 - -»‘¢3
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il. thyl mercaptan 164 79 130 Sé k*24» 420
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If complexing is possible with e'her oxygen
it can be expected that this complexing wmust involve the
cxygen lone pair, If such is indeed the cuse then any
atom (like nitrogen or sulphur having such & lone palr
should complex with a benzene molecule, Thiz should rssult
in solvent induced shifts in these compounds also. Here

too the same generalisations for the solvent shifts should
be valid. o B -

In agreement with this exbectation the 3 protons
of tetrahydre thiophene (.LIL Figs. 9 and 10) are more
shielded (23 cps) as compared to « protons (16 cps),
when benzene spectyr . are examined in comparison with CBCIS
spectra, This behaviour parallels that of tetrahydrofuran
where also shift of B protons (+21 c¢ps) is larger than
the snift of « protons (+2 eps)e It is significant to
note that the sulphur stom gives rise to larger solvent

induced shifts than an oxygen atom.

It is significant that even in pyrrolidine the

same position as in tetrahydro-thiophene and tetrahydrofuran

holds, the « proton feeling slightly smaller shifts (+13 cps)

than 3 protons (+16 cps),. i

The more interesting example is that of trimethylamine

\rigse 11 «nd 12) wherein & plunes can be concidered of

these two planes will cause shielding of both « and 8 preioas

whereas in a third there will be a deshleiding of both.
The overall result therefore should be a silelding =imilar
in nature to that observed for diethyl ether. The values

obzerved are Iln accord with tals expectution,.
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It has so far been assumed that sueh shielding
only occurs in compound in which a hetero atom iz bound to two
carbon atoms but as the mechanism of this chileliding requires
complexing with a lone pair .f electrons, t It can be '
expected that alcohols, t lols an’ amines should feel ~ ="
solvent induced chemical siifts. In agreement with this the

protons of ethyl alcohol exhibit a solvent induced shielding.

This s:lelding is larger fér « protons (13 ers) tnan
for 3 protons (10,& eps), This can be rationalized in the
following manner, '"here are several different orientations
of the oxygen hydrogen single bond in relation to the ethyl
Zroup. In half of these both « and f protons are shielded
(8 more than «) while in the other half the « proton 1s
ghielded while the 3 proton is deshielded. The net result
ther«fore is a larger shielding of « protons as comp.red with

g protons,

e

In a sirilar manner the larger shieicling of tne «
protons of ethane thiol as compared to the 8 proton can also be
erxrizines once ag:in the magnitude of the shielding caused

by sulphur atom is nuei larger than that caused by an oxygen.

A solvent induced d.s.ilelding by a sulvhur atom 1s
seen in the case of the ethylene tnioketal (IV, Table 7).
Mpdels show that in this coppoun” the 04--( Cig iz held in front
of the reference plane made on the nearer of the two sulphur
atoms the overall shift veing -17 cps. 7The net shift however
caused by thloketal is only 11 eps, 6 ¢rs being the solvent

induced deshlelding caused by the lacetone (V),
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EXPERIMENTAL 0. (80

Meltin: voints are uncorrected and have been taen
in & Gallenkaump melting point apparatus, \\Optical rotations
were determined on a Perkin-itlmer spectropolarimeter or a
-:rl Leiss polarimeter in chloroform solution. When the
terperature is not spe:ifically renticned, it refers to
rotation at 30°, Ultraviolet spectri were taken in
ethancl on Perkine-Klmer ¥Yodel 380 spectrophotometer.

Infrared spectra were recorded sz nujol mulls unless otherwise
stuted, on a Perkin-ilmer model 221 spec‘rophotometer or

in= lmer Infrocord. The ma . are reported in cm'lo
Proton magnetic resonance spectra were rscorded on a ‘
Varian 1~80 spectrometer as 104 solution in geuterio-chlofoform
unless otherwise s'ated using tetramethyl silane as the
internal standard. The cherical s -1fts are reported in cons

from tetramet:vl silane,

Chromatograms have been run oﬁ Btoekman#l srade II
alumina (neutral) unless otherwise stated. Thin layer

chromatograshy was carried out on silica gel nmixed with

plaster of varis (16%) as binder. The rlates were sprayed
witn conc. 4,504 s

Pet. ether refers to the fraction bolling between

Bﬂo@f;OoC. S5 e e

inalytical Ge.L.Cs were carried out on an _
Blerc rarnt (odel 1~-360-B) using £x0,7E" colurns packed with 20%
diethylene glycol polysuc inate on chromosord i (60-80 mesh) -

¢ lurn P, employing hydrogen as currier gas,
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3-Uxo 4,6«(H) 6,11 3(H) guiecpan-6-13 glide (II)* 13,4

Santonin (I, 20 g) in ethyl acetate (600 ml) was
hydrogenated over 29 palladium strontium caruonate catalyst at
room temperature and pressure, for two hours, Absorption
of hydrozen ceased after uptake of two molez, The catalyst
was flltered off and washed with little boiling etihyl acetate,
Hemoval of the solvent followed by three crystallisstions
from ethanol gave the tetrahydro compound II (12 2).

M.P. 146° Lit. ¥ 146-147°

()28 +60° L1643 .6q°

I.R. 1776 en™? (Y-lactone), 1712 em™ > (cyelohexanone)

2% Palladlum strontium carbonate catalyst was
spoeially used as it gilves pure fetrahydrosantonin (II) in

gooud yield,

It was prepared as follows, l.z R

b

Palladiu ciloride (1 g) wasrdiaﬁalved in econ,HCl ( 2 ml)
and diluted (to 200 ml) with distilled water;fresuly
precipitated strontium c.roonate (procipitated by mizing
equivalent quantities of strontium chioride and potazsium
cairvonate sclution) was added in small quantities with stirring
till CO, evolution stopped. Excess of 5ri0g (30 g) was added
and the mixture was stirred for ten hours, The solid was
filtered, wushed thoroughly with water, methanol and ether,

The catalyst was finally dried at 60° for five hours,

* The nomenclature used for variocus santonin deriv;&%ves here
and in next ch.pter is that of Cocker and Vellurry™®<.




3-0x0 6«(H) 4,6,113(H) gudesman 6-13 clide (I11)3%r%4

& mixture of the ketolactone II(& g), p-tcluene
sulphonie acid (4.£ z) and acetic acld (1&0 ml) was set asi&e |
overnight at room terperature, The mixture was then diluted
vith vater and extracted with ether (6x30 ml). The combined
ether extracts were washed free of acetic acld by HaHCGa
solution, Hemoval of the solvent after drying over anhydrous
sodium s lphate gave a sclid which was crystallised from

cthanol to yield the expected 4del-methyl lactone I1I (4.26 g).

¥ P, 1:5-166° Lit, 1s57°
() +26 - nit,  +28°

1

I.Re 17/6 cm™ 1 (Y-lactone), 1707 em — {(cyclohexanone)

_Miloketal 0f 3-0%0-5<(( i)y 4,6,113(H)-gudesnan-6-15zglide (Iv)3®

To the keto lactone 111 (2 g) dissclved in acetie
acid (16 ml), cthaneditniol (- ml) and BFj etherate (4 ml)
were added and rixture was allowed to stand overnight at room
temperature, It was then poured 1in ice cold water and
extricted with ether (4x28 ml), "he combined ether extracts
were washed with &% bicaruonate solution and water and dried
over anhydrous sodium sulphate, Removal of the solvent

and crystallisation from ethanol furnished the thioketal (2 g).
M.P,  194° Lit, 3 19c.106°
(<], +40.8° 11t 4q,7°

1.R, 1780 em~! (lactone)

Hydrozenclysls of the thioketal:S«(H),4,6,113(H) gudesman-6-13
olige (V)%

Above thioketal (1 g) in dry dioxane (100 ml) was

refluxed with haney nickel (B g) for eight nhours,
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Rahey-nickel was filtered off and 4 oxan wus removed in vacuo,
The c¢rude product erystallired from ethanol to yield
the deoxo lactone (V) (0,720 g).

M.P,  1£4° 11t, % 154°
(<), +20° 114,38 06,4 11
1.8, 1774 om™} (lactone)

B«(H) 4,6,11 3(1) gudeswan 6,13-diol (VI)™®

Deoxo lactone V (477 mg) in ether-benzene mixture
(42 ml, 6:1) was added drupvise to ~agion of
1ithiue aluminivm hedpide (162 mg) in ether bhenzene
mixture (£1 =1, 6:1), The mixture was refluxed with stirring
for six nours. After ccoling, excess of LAH was destroyed
by adding ice pieces, The organic layer was separated
and the mil .y aqueocus layer was extricted with ether (3x2) ml),
vompine: ether extracts were washed with water, drled over
scdium sulphate and brought to dryness, Crystallisation of the
residue from ethancl yielded the diol (426 mg)l.

M.P.  164° L1t. ¥ 154-1850°
dp -27° L1¢.%8 s 3%
I.R, 3260 om~Y (OH) -

3g
§«(4) 446,11 2(H) gudasman 6-13 oxide (VII)

~ Tlol VI (390 mg) was allowed to stand in pyridine
(& m1) with p-toluene sulphonyl chloride (4&0D mg) for
24 hours, The mixture was thén poured in water and extracted
with ether (4x2f n=l), Combined ether extracts were washed
with 2§ HCl, water anc shaken woll with 10% aqueous alkalil

for Tive minutes, itemoval of the solvent after drying over
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sodiun sulphate left an oil which was chromatographed on silica
gel, FElution with pet, ether yielded an oxide (206 mg,

single spot in T,L.C,) which was distilled under vacuo,

B,P, 140°C(bath terp.)/3 mm. Lit.°° 132-133°/8 mm.
(<1, -20° - t1t. 3 Lo0,e4°

GLC ~ single peak

LK, 1036 em™} (oxide)

Analysise
Found: Cy 81,12y 1, 11,874
6163260 requirest C, 81,02y i, 11,794,
3-0xg~1 ¢ ,11«(H) 62(H) gudesnan-6-13 olide (1x)3¢»4P
g=0antonin® (F g) in ethyl acetate (300 ml) was
gstirred in an atmosthere of hydrogen with 104 P4/C catalyst
(1.& g). Absorption of hydrogen (Z moles) ceased after two
hours, The catalyst was filtered and the filtrate concentrated
to a small volum.., The tetrahydro compound (IX, 3,1 g)
erystallised out on cooling.

M.P, 207-208° L1t.%%  206-208°

46

(<), +116° Lat,*  +118°

IR, 1780 et (T-lactone), 1710 om™1 (eyclohexanone)

3-0%0-5,11 «(H) 4,6 3(0)-gudes:an-G=13-cllide ()4

The mixture of u,B-Me keto lactone (IX, 3 g), acetie
acid (60 nl) and petoluene sulrhonic acid (2,7 g) was alloved

to stand for ours at room terperature, This was poured

* We are thankful to Prof, W, Cocker for a zenerous sample of
sesantonin,
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in water and worked up as usual. Crystaliisation from
ethanol gave the epimerised product (2.1 gl

45
485

126-126°
+81,0°

M.P,  124° Lit,
(«d, <+77.8° Lit,
I.8, 1730 em™} (lictone) and 1717 em™ ! (eyelohexane)

Ethvlene fhioke'nl of H-oxo-5,11 «(H),4,83(H)-

gudasma awﬁu z;z clide {41 )3&

A mixt re of C  Me tetraw ro-lactone (X, 2 g),
acetic acid (16 ml), ethaneditaiol (2 »1) and 8F 4 etherate‘
(4 n1l) was allowed toc siand for 24 hours, Thioke*al obtained
(%4 g) was crystallised {rom ethanol,

¥.P, 166° Lit. %8 188°
36

(), +70° Lit.® 78
In 177¢ en™t (Yelauctone)

-£411 «(i),4,6 A(H)

The tnioketsl (1.8 g) was desulphuriceéd in the

usual way, The 3-deoxo compound obtained was crystallised

fre © t, ether in needles,
M.P, 76-76° L1t ¥ 76-76°
(<], +81,94
1

I.&R, 178/ em™

£411 «(1) 4,8 (., 3 flol (XI11)

Lithium aluminivm hydride reduction of the
dec ¢ i1.ctone AII, in the usual way sffor’s? a diol in 8&%

yvield from pet, ethar-ethyl acetate,
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M.P, 147-148° SR Ty VR

«]p -6.8 |

IR, 3350 em™> (OH) .
Apalysi=g

01532802 requiress C, 74.95: H, 11.74%

£,11 «(d) 4,6 *(H) m&.m&.&:l&.ms.m (XIV)

The above diol (300 mg) was eyclised by keeping in
pyridine (& 1) and p=-toluene sulphonyl chloride (480 mg)
for 24 hours, Ucusl vork up afforded a moblle lianid (sinzle
srot in TLC 269 mg). This was distilled under vacuo and

characterised as the expected oxide, = -

~ B,P. 165° (bath terp.)/2.f mm,
[« +49.58° o
IR, 1926 em™l (oxide) =
Found: <, 21,043 H, 17,014
Cighog0 Tequires: C, 81,027 H, 11.79%,:

-4,6 «(3), 6,11 (H) audesman

6-13

A mixture of lactone (IX, 2 g), acetic acid (20 ml),
ethane 'itaiol (2 ml) and BF, etherate (4 ml) was allowed to
st nd overnlght at room temperature. Usual work un followed

by erystallisation from ethanol afforded the thioketal (XV,

2 g o . |
WP 166° 11,38 166-167°
R]D +35° Lit, B, a7,9%, wirh i

sy e e



0040

dydrogengly=ie of the dithioke’al (iV) 4,5 d(ﬁ),ﬁ 11;5(51)
endesman=6-17 olice (xvI)3€ |

s, BT

The thioketal (1.63 g) was desulvhuriﬁed as usual
by refluxing with Raney-nickel in dioxan.Work up.left a residue
walch crystallised from ethanol to give the deoxo compound (XVI),

M.P. 148-149°  11t.3® 137-138°
(unsharp)
[« +84° 11,36 492°

I.R. 1770 em™t (lactone)

4,6 «(d) 6,11 B8(H)-gudesny u-6,13 diol ( VII)®

The above deoxo compound (472 mg) in ether (42 cc)
was reduced with LA (162 mg) in the manner described before.
The dicl ont.ined (460 mg) crystallise@ f;cm alc039191n
peautiful ne«dles, o -
35
36

107-108°
-23,29

M.P, 108-108° Lit, T gl

(«Jp -57,3° Lit.
i, 3260, 1026 om™ % (0d)

T T

4,5 «(H) 6,11 3¢i)-sucesnan-6-13-0xide (XVIII)3®

The diol (300 mg) was allowed to stand in
pyridine (£ ml) with p-toluene sulphonyl chloride (480 mg) for
¢4 hours. It was poured into water and extracted with ether
(4x26 ml)., Total ether extracts were washed with 2N iCl, =
water and then shaken well witn 10% alkali, Removal of the
solvent after drying over sodium sulphate yielded a thick
oil (276 mg) which showed very close two spots on T,L.Ce
Careful chromatography on alum@pa grade I gave in later pet.
ether fractions a single spot;;:Lile 1iquid (£23 mg) which

was distilled under vacuo and identifled as the expected oxide,




S0P, 140-160° Bath temp./2.6 mm.
L it.%® 110-120%/3 mm,
(), -2.840° = - o 11t -24.96°

IR 1020 em ™ (oxide) ~ oot o

GeLeCe single peak

Found: C, 80,823 H, 11,86%
cmx‘gso renulres: C, 81,023 i, 11.79

First pet ether fraction yielded 30 mg of an oil

which was not investigated,

6«((H)-Santonin (KIX)46’47

Santonin (25 g) was heated on steam-bath with
dimethyl formamide (250 ml) containing 6% HC1l [preparec by
passing dry HCl (1..6 g.) in dry dimethyl formamide (250 ml)]

for five hours.

“he reaction mixture was cooled to room
temperature, diluted (to 1260 z1) with water and extéé&ie&
with ether., The ether extract was washed with dil, XKOH
solutlon and then with wuater, demoval of the solvent after
drying on sodium sulphate yielded s coloured gum. It was
chromatosraphed on neutral aluwrina (500 g.) and eluted with
benzene to furnish 6«(H) santonin which was crystallised from
pet. ether-ethyl acetate, =~ = -+ bR

MoP, 103°  14t,%  103-104°

[«), -338 11t,% 3320

I.R, 1770 cm” ! (lactone), 1660 em™ > («,3-unsaturated
ketone)

1630 and 1602 cm™t (conjugated C-C doible bond)
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. : N o (v 140
3-0x0-4,5,6«(H) 113(H)-gudesman 6-13 olide (Xx)

6«(d)-Santonin (IX, & g) in ethyl acetate (150 ml)

vas hydérogenated over 104 Pa/C eatalyst (1 g)., Absorntion
of hydrozen ceased after 4 hours. ‘he catalyst was filtered
off and the filtrate was washed thoroughly with &€ sodium
bicarbonate solution and water and dried over godium sulphate.
"he residue obtained after removal of solvent was crystallised

from pet, ether-ethyl acetate to provide the product (1,260 g).

M,P, 196-197° 11t.%9° 106-107°
[« -132° | L1t %0 _136°
1,8, 1770 cm"l fir-l.ctone) and 1710 em"l
(cyclohexanone)
- Ox0-6 fF,6e() 4,11 3(H)-eudesman=6-13 olide (xx1)%®
¢ » i/, | R ) @ i %) -

Tetrahydro 6-« santonin (XX, 1. & g) in alconol

(80 ml) containing perchloric :zeid (4 drops) wvas refluxed
for 14 hours, ieaction mi«ture was then cooled, poured in
water and extrasted with ether (4x26 ml). Combined ether
extracts wers washed with bicarbonate solution :nd water and

inally dried over anhydrous sodium sulphate., The residue
obtalned on removal of zolvent crystallised from ret. ether-
ethvl acetate to yleld the erimorised product,

M.P. 166° T
40

(<], -118° Lat, = -113°
1

166°

I.R., 177¢ em = (Y-lactone) and 1703 (eyelohexanone)
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kinviene tiloketal of 3-0xo-5,5 «((H) 4,11 2(i)-
eudesnan-6-13-olide (xx11)#° |

A mixture of c4rdﬁa'tetrahydro compound (i3I, 1 g)
acetic acid (6 ml), ethaneditniol (1 ml) and BF, etnerate
(2 m1) was allowed to stand overnight. Usual work up )
and subsenuent crystallisation gave the thioketal (1,148 g),
40
40

214-216°
'84' 70

M.p, 213° Lit.
[«j, -80° Lit,
I.K, 17886 cm‘l (luctone)

‘ ; b e (1L
5,6(H) 4,11 é(m-mmm-%fg;gg (x}:n’n““

Tha‘amoue thioketal (1 g) was desulphurised by
refluxing withyﬂanay-nickel (3 g) in dioxan (60 ml).
Usual work up a‘forded a gum (TLC, sinzle spo*) which was
crystallised from ag, methanol to furnish the deoxo compound
(620 mg).

40

¥.P, 100° Lit, 99-100°

['{]D '1400
I.R, 1786 cm~' (Y-lsctone)

546 «(i) 4,11 :(H)-guiesman=6,13=dlol {(XIIV)
The deoxo compound (500 mg) was reduced with
iithium alvminium hydiride in the usual manner to afford a

dlol (400 mg) in needles from methanol,

v.p,  02-93°
{“:jn "202
I.R., 3370 em1

Analysiss
Found: C, 75,163 i, 11,814

515Hgagz requires: sy 74.983 H, 11,747,
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£46 o(H) 4,11 3( 1) gudesran 6-13 oxide (XXV)

The diol ("&2 mg) was allowed to s*and in
pyridine (& ml) with p=-tolvene sulphonyl chloride (37& mg)
for 24 hours at room temperature, Usual work up gave a
colourless mobile oil (220 mg, single snot on TLC),

This was distilled unter vae 'm, |
#.P,  105-118° (Bath teﬁg)/a.&-s nm,
L“jn R 1 o
G,L.C.  single peak
IR, 1020 et (oxide)
\palvsiss
Found: <, 81,003 H, 11,904

Sygiog0 requires: Cy 81,023 H, 11.79%,
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CHAPTER i
LONG RANGE SHIELDING BY AN ALKYL
GROUP ‘
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INTRODUCTION

It has been known since longl'g that axial protons
in eyclohexane ring resonate at higher field than the
equatorial protons, It was generally believedl’z A

that this shielding or deshielding is due to the 02-83

bond which shields the axial proton and deshiolds the

enuatorial proton (Fig. 1).

o)

o sty e
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Flg. 1

AL,
RN O R

long range shielding Iin cyclohexane

3 have summarised the shielding

Bhaceca and “illiams
and deshielding of ring protons of oyelohexane by
replacement of one axial or equaterial hydrogen by
different functional zroups such as hydroxyl, acetoxyl, thiol
etc, Bince then several studies of this type i

h:uve been made,

Stucies involving shieiding and deshieiding

by alkyl substituents is coparatively more recent,



50

In a detalled study of the anisotropy of the C-C sinzle

2

bond, Zurcher” supplied a possible explanation for

such shielding and deshielding.

However, by a very careful analysis of the
effects of alkyl substituents on ring protons in different
cyclohexanols Eli:l et a14 demonsirated that shielding
iz not the contribution of the anlsotropy of C-C single
pond alones the major contricution to such shielding is
due to the syn-axial hydrogens which implies a =
contrivution by the anisotropy of the C-H bond,

This suggestlon is in direct contrast to an 6p1niaal that
the C=H anisotropy would uot have any significant
contribution. R

The results obtalned by t£liel et al and

£,6

corroboruted by other workers ' are briefly sumparized

below,

‘An equatorial m:thyl zroup causes a shilelding
of thé équatorial hydro ens on ths adjacent carbon by +17 eps
(+ = shiclding); and on Cg-equatorial hydrogen
it has & negligible effect, ( ~ 1 cps). ~  This methyl group
causes a shielding of axial hydrogen at ca by Z8 eps,
whercas there is a small deshielding effect ( ~ £ ecps)

on Cy axlal hydrogen, “7 P14, 2 summsrises these rasults.

O R e S



H + 28 cps

H +I1T7cps

~lcps

- H ' ' e
2¢eps Fig. 2 = .

Effect of equatorial methyl on protons of a cyclohexane

A very significant finding was the observation
that the shielding is not uniform for different alxyl groups.
Thus an equatorial aliyl substituent has different
shielding effects on the adjacent axial proton, the
shielding belng 28, 21, 11 and ¥ cps when the alkyl group
is a methyl, ethyl, isopropyl and t-butyl respectively.

3imilar values have been cobserved in eyélohexyl-

7

7 and phthalimido cyc;ohexanea .

amines

The different effects observed for alkyl
substituents 1s even more dramatic when one considers the
effect of the equatorial methyl on tie vicinal equatorial
proton, Two seriés in wnich this has been well established

7 and the neu-mentholss

are the 2 alkyl c¢yclohexyl amines
which suggests that the magnitude of shielding is in the
order:t methyl + 24 cps >> ethyl, n-propyl, n-butyl (+lz cps) >
isopropyl, cyclohexyl (0.0) > t-butyl (-1 cps). In this

series therefore t-butyl causes an appreciable deshielding,

An axial methyl group causes a large shielding
(+24 cps) o the adjacent equatorial proton whereas it deshields
both the Cy-axial hydrogen (-1% eps) and the Cy-axial
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6 this deshlelding

hydrogen (=11 cps). In quinalizidines
of the Cg-axial proton has been found to be 1& cps. The
axial methyl also deshields ( & c¢ps) the Cg-equatorial

proton, Flg. 3 sumnarises these results,

R JE S SHRVALIP S

H =12 cps

H + 24 cps

H CHg

-1l cps
Fig. 3
Effect of axlal methyl on remaining eyciohexyl protdns
| Jfgad

Such effects have been used by Ecotha to explain several

very interesting results in disubstituted

eyclonexan¢s and some cis~decalin derivatives,

In order to ensure trat their systems did not have
conformational mobility tliel et al4 had chosen examples
wherein one of the substituents was large enough (isopropyl
or t-butyl) to prevent ring flips as this substituent
preferred to exist in the eguatorial geometry, the
orientation of other substituents was also fixed,



To have some examples in rigild skeletons
wherein these effects would be more useful in assigning
the geometry to a methyl group in an unknown structure,
the present investigations chose¢ examples from steroid
and santonin fleld in which the configurations have been

rigorously established,

s sk
H

w -

The work described in this chapter can be
considered in two sections, in the first of these;v.
preparation of suitoble compounds having a rigid siteleton
is described, Inkthe sgcond the spectral shifts observed

tarough lon; range shielding by alkyl zroups is discussed,

Preparation of sgiggblé“cgééggéﬁgyﬁ

Cholestanol, 1ts acetate and methyl ether were

prepared oy known proceduxe537 starting from cholestercl.

| Lupeol was cobtuined in a pure state through
earomatography of a mixture rich in luneols, The lupecl
thus isolated was characterised by its physical constants

and spectral data, Its hydrogenaticn over Adam's

e Mo YA N S s e R s s T WL e

* We are indebted to Mr. C., "uasim of this laboratcry
for this sample,




catalyst az described by Hellbron et alg afforded
lupanol (XIV, R = OH), | |

XIV
Lupanol acetate (XIV, R = QOle) was prepared by the usual
method while the methyl ether (XIV, R = OMe) was nrepared

by a method wmodified by ﬁurayanan and Xyerlg.

The santonin alcohol represented by (V, R = OH)

has heen prepared aarli&rll

by hy'rogenation of «-gantonin
using platinum oxide and acetiec acid®, However

in this method the formation of ancther compound ig also

r@porteall. The purification of the desired aleohol being

achlieved through its acetate, In our hands this method
gave, as reported, the aleohol (IV) in about 104 yield as
an ether insoluble residne, Itz NMR clearly “demonstrated

this structure, as the Cg proton appears as a quartet,

* This major alcohel (M,P, 110-111°) obtained in thfi
reduetion was characterised by Cocker and MeMurry®
as 3l-hyiroxy, 4,6 o«£(i1) 8411 B8(H)~eudesman 6-13-0lide,

12
but recently
studies of the acetate and a%g@hal that the Caeproton is
axial, Rotat ‘onal changesid from slcohol tG acetate
and steric considerationsll aisc support this finding.

it has been established beyond Joudbt by RMR
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centered at 264 c¢vs (J = 10 and 4 erns). The Cg axial
hydrogen has a vielnal 07-ax1a1 nroton whiceh would

account for the 10 cps eoupling wiile the small (4 cps)
coupling should be due to coupling with the Cg equatorial
proton, The C, proton appeared as a narrow signal

(Wd = 7 cps) at 226 cps. Its position and nature indicates

that tnls proton 1is equatorial.

Crystallisation of the ether soluble portion
gave the dusired alecohol (V, R = (i) in comparatively low
yleld (&89). Besldes, the melting point (low by 2.4%)

suggested that this sample was not very purs.

An alternate method, involving hydrogenation of
santonin to tetrahydrosantonin (II) using 2§ Pd/Src0s,
and redu:ztion of the tetruhydrosantonin on platinum oxide
in acetic acid, exclusively furnished the required
alcohol V (R = OH) of high purity. This gave the
reported physical constants, When the hydrogenation of
tetrahydrosantonin (II) was carried out, with the same
solvent and catulyst, under pressure (60 rsi) the

corresponding acetate (V, it = OAe) could directly be obtiined

in 79% yield.

Reduction of tetrahydroszntonin to
corresponding aleonol (V, R = 0OH) could also be achleved

by sodium borohyéride13 (Chart 1).



ETHER INSOLUBLE
—_—

Pt0, /AcOH HO

ETHER SOLUBLE
Pd/ SrCOy

EtOAc

1)  PtO, /AcOH

2) NaBH,

| K/Mel

BENZENE

Pt0,/AcOH
v 60 psi

CHART- 1.
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The methyl ether of this alcohol was prepared
by treatment with potassium and methyl lodide as rerorted
earlier’?, It may be pointed out that alkali formed in
destroying excess of potassium with metahnol opens the
lactone ring, to the hydroxy acid, to some extent,
It 1s’thererore necessary to acldify and warm the mixture
after destroying potassium, The yield of rethyl
ether is low. Thls methyl ether was characterised by
its infrared zpectrum wnieinr had no hydroxyl abszorption
but displuayed characteristic absorption for an aliphatic
ether (1108 em™Y) and a Y -lactone (1770 em™1).
The NMR spectrum (Fig. 4) showed the Ca-proton as a broad
signal at 196 eps (axial proton). The NMR spectrum also
revealed the methoxy methyl at 200 cps as a sharp singlet.
The Cgz proton a peared as a triplet (J = 10 cps),
These couplings represent axlal-axial couplings with 05
and 07 hydrogens. This not only shows the intact lactone
but also establishned that no change* has taken place in the
stereochemistry of the lactone, The clﬁ methyl appeared
at 63.65 ¢ps while 04 and 011 secondary methyls appzared as
doublets centered at 73 and 63,8 cps respectively
(J = 7 cps each), Tais and the elsmental analysis
clearly est.blished that this is the desired methyl
ether (V, R = OMe).
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In order to obtain the hydroxy lactone with a
4« methyl group (VIy, R = OH), tetrahydro santonin (II)
wvas converted to tetrahydro santonin (III) by acid
catalysed epim@rISaticnl4 at 64. Reﬁuctionll of this
ketone (III) with sod._um borohydride gave the 38~alcohol
(VI, & = Ud) as the rajor product (81%), Inverted dry
column chrematcgraphyls of wother liquors afforded the C3
epimer (VII, R = OH) in low yield (18%). Catalytic
~reductiocn of the above xetone however furnished the Cq-

eplmer in 42% yield, (Chart 2)

Acetylation of VI (R = OH) was comparatively

easy wiereas that of VII (R = 0H), because of its axial zeomtry

required rpore drastic conditions.

The methyl ether (VI, R = OMe) was preparsd from the
corresponding alcohol by the usual method, Its yield was
poor; = though appreciable starting materizsl was recovered,
This compound was characterised by 1ts I.H, spectrum which
displayed ether absorption at 109¢ cm'l and absence of any

1 could be assigned to

hydroxyl band. The band at 1770 em
the intaet ¥ luctone, The NMR data (Fig. 8) ziven in

Table 1 also confirms 1ts structure,

In the case of VII (R = OMe) sclvolysis of the
mesylatals (VI, R = OMe:d) provided a convenlent route for

the preparation of tals compound.

This solvolysis afforded a mixture of two
products besides the unreacted mesylate, Separation by column

chromatography over silics gel provided in earllier benzene



CHART-2

PTS acid/AcOH
or HCLO4 Zethanol

R/

VI, R=OMeS

dry
methanol 88 hrs.




fractions a crystalline solid m.p. 146-47°, [4JD + 21°
whose I.R. spectrum indicated an i:.tact lactone (177& cm'l)
and olefinic absorption (1660 cm'l) wileh pust be e¢is
disubstituted (690 em™Y), The NMR spectrum (Fig. 6)
provided inelsively that this olefin 1s the A2 olefin (VIII)
ag 1t showed . very chnaracteristic AB quartet centered

at 330 eps (J = 11 ens, ¢ AB 11.5 eps), Apart from this
guartet cne quaternary methyl (singlet at £7 eps), one
doublet (64, centered at 72 cps, J = 7 cps) and a

proton on carbon carrying oxygen (triplet at 222,85 cps

J = 10 c¢ps) could be detected.

The luter benzene fractiens gave the nethyl ether
(VII, R = OMe), Its IR spectrum displuyed bands at o
1779 em™' (¥ luctone) and 1097 (0Ciz). The detailed analysis
of the NMR spectrum (Fig, 7) shown in Table 1 esgtablished

its structure.

lable 1

Analysie of the NMR spectra of the methyl ether VI (R = Owe)
and VII (i = CMe)

L X T P Y P P P R Y R L P YRR LR R L L L L A L L R L Ak kX A

—dne n Nature No,of protons Assignment
xg-yl - e 19-?;;-‘---’-’---O"—“‘O ————— R TR G OO U A AR G NS e A S R D ae W - . e
206 200 Singlet 3H Hethuxyl methyl
230 229 Triplet 1H Cg-H
(J=12 eps) :
158 190 Brosd in VI 1H 63 H
: Narrow in VII
72, 74 62, 71  Doublets 3H each Cyq1~ and

(J=7 cps) C4obH3

L Y P P R T T R L LR L PR L LT LR L T D X L g




62

PPM (8)

FIG. 8 NMR SPECTRUM OF 5&(H) 4.6 118(H)- EUDESMAN- 2- en~

6-13 OLIDE (vill)
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17 for preparing

The best known method
epicnolestanol is the hydrogenation of cholestan-3-one
in acid medium, Though ylelds up to 704 have been
reported by this method, in the present investigation
the yleld of epicholestarol was rataer poor (-~ 174).
The only change that waé made being the replacement of

dibutyl ether by di-isopropyl ether as a solvent,

In view of this an alternate method starting from
cnolestanyl tosylate was preferred, In this reaction
cholestanyl tosylate (IXy R = 0Ts) was subjected to
formolysis with dimethyl formamide, It has been

repcrtaﬂlg

that the ratio of epi-chole-stanyl formate

(Xy R = 0CHO) to the 42 olefin (L1) is 3:1. We were
however able to zet the formate in~ 604 yleld., Hydrolysls
of the formate (characterised by its physical constuants

and 'spectral data) afforded eri chol:stanol (X, R = 0H)

in quantitative yleld.

In view of the known difficulty to ucetylate

19

epicholestanol™, epicholestanyl acetate (K, R = Qe)

was directly prepared by the act.cn of a mixture of BFa
etherate and acetic anhydride on cholestanyl methyl etherl0
'(IK, K = OMe) at 0% for fifteen hours. “rom tiae resulting
mixture of products (Chart 3) the required acetate

(Xy R = OAc) was lsolated in (274) by Inverted dry column

16

chromatography  , along with the epimeric acetate (IX)

and 42 olefin (X1).



A 2
CHART- 3 6

Ho /Pt, HBr ,
'  Di-i th % t
i-iso propyl ether R* R 7

CHOLESTAN- 3 ONE 7% 80 %
! X, R=0H iIX , R=OH
DMF, 78°, 24 hrs.
> +
R R :
60 %
IX, R=0Ts X,R=0CHO Xl

Methanol _
90 hrs. l OH

NPT =

X, R=OMe X ,R=OH

BF3 therate/Acao + +

L4

0°, I5hrs. -~

IX, R=0Me X, R=0Ac IX,R=0Ac Xl
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When chelestanyl tosylate (IX, R = 0Ts) was subjected
to methanclysis under the conditions reported by
N&cels the major product(734 Chart 3) 1s the desired methyl

ether (X, i=UMe) chara€terised by its physical constants,

In applying the above reactions to get 3« erimers
in 43 methyl santonin derivutives, the wesylate (V, & = OMeS)
was refluxed with methanol to get the methyl ether formed
through inversion at 03: However in practice it was
observed that the produet of the sbove reaction contained
apart from a large amount of unchanged mesylate
two other compounds (TLC). Separation of this mixture by
chromatography over silica gel zave all three compounds in

pure form,

The fastest moving of these (XIII) had infrared
vibration corresponding to ¥ l.ctone (1776 em™)) and a
tri-substituted olefin (1660, 790, 860 om™%). The NMR
spectrum (Fig. 8) of this had signals ascribable to a
guaternary methyl (singlet 6£.8 eps) a secondary methyl
(douvlet at 72 cpsy J = 7 cps), a vinylic methyl (broad
singlet at 110 c¢ps), a proton on a carbon carrying oxygen
(multiplet at 238 cps) and an olefinie proton (multiplet
at 325 ¢cns). The presence ¢f slight traces of &2 olefin
in this compound could be established by the »inor signals

at 62,86 and 336 cps*.

*  An authentic specimen of Az elefin has important $1gna1820

at this position,
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The latter fractions after crystallisation
showed IR vibration for Y lactone (1780 cm‘l) and an
exomethylene group (1660, 890 cn‘l).

The KMR spectrum (Table £, Fig, 9) analysed

well for a a? 1% grerin (XII, Chart 4).

zﬁgzg o
NMH data of a¥(1%) oierin (xID)

LA L X 2 L X 2 X B X L E R 2 2 B 2 L 2 E X T 2 ¥ P X X 2 3 X2 2 2 23 LB R 2 T R R I R R P R R 2

Line position HNature of the No. of protons Assignment

--‘--§E§'-"ﬁ-"“ff%i‘f%“-‘-M-“-“ﬂ’-“’-” 0000 LR K 2 X X 2 LA K X X K X X J
61.6& cps Singlet '3 Cy0-Cilg
72,5 ops Doublet 3  £,-CH
(T=7) | 13
238 ¢ps Triplet 1 Cg-i
{(J = 10 eps)
036 p | Exomethylene
i Broad signsals 1 protons
296

W - D N S A NS D AN GO B G GG T W B A S GG G A WD DA e A G G AP -

Methanolysis of tosylate (V, R = 07s3) or formolysis
of mesylate (V, R = OMe8) afforded mixtures, NMR analysis of
which suggested once azain the same mixture of olefins
without any formation of the desired methyl ether or

formate respectively.

It is conceivable that in order to have suitable
trans-anti geometry these compounds may pass into a
confornation in which the A ring is a boat. Formation
of a boat (%, Chart &) in the transition state would be

alded by the energy release arising from a rellef of
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pTs cl/Pyridine
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V, R=0H -
CH3502CI. ‘ S

DMF, 78° T T

CHART - 4 .




c

OTs

OTs

71

TsO

CHART -5



o 7'2

133 diaxial methyl-methyl interactions (B). If such a
boat transition state (A) can be invoked then taose
molecules which acouire sufficient snerzy tc re.ach the g
trensition state can easily underzo trans elimination to
afford the a° or the isomeric A4(14) olefin. This
transition state would explain the almost total absence cof
&2 olefin in this reaction. It may be relsvant to

roint out that the corresponding 4« methyl derivative (C)
gave only the ag olefin as the elimination product.

A boat intermediate (D) in this later case would not have |
any dteric relief as there ils no relief of diaxisl
interaction «s in the present case and instead the
C4-metiayl now has 1:3 interaction with 2« hydrogsn in the
boat conformation (Chart 8). This therefore will undergo

more solvolysis and less elimination,

Epilupancl acetate (XV, R = QAc) was obtalned by
hydrogenation of epilureol acetate*, Prolonged hyirolysis
of the acetate furnished epilupunol (XVj R = OH) in good ylelds,
‘trenpted meth lation of the small sample available did not
afford the desired methyl ether and starting alechol was

recovered even under drastic conditions, ..

Atterpts at preparing 3« methyl ether of lupanol
by methanolysis 1122 of the 33 tosylate were unsuccessful

* We are grateful to Prof, T. K. Govinduchari of Ciba ...
Hesew.rch Centre, HBombay for the sample of this compound,



73

(NMR of crude produet obt:zlned did not show any peak for Oeﬁs).

.
~
) S

H= 0Ts L : - R = OMe
XIv v
It may be mentioned in summing up that of the
series of compounds whose proparation was undertaken
no derivatives corresvonding to 3-«R 4,6 «(H) §,11 3(H)
eudesman 6-13 olide (R = OH, Oie or UMe) could be obtalned,
Epilupanol methvl ether alsc could not be obtained,

The KMR spectrim of cholestanol (IX, R = 0il) shows the
Cq hydrogen signal as a broad multinlet centred at
21F,6 eps, vhereas in lupanol (MIV, B = CH), This nroton
signal appears as guartet centred at 191 ers (Table 3),
Oversll, there ls therefore, a shielding of 24,5 eps by
introduetion of the gem-dimethyl group at C4e It is obvious
that other differences in the structure of luranol snd
cholestannl would not have any effect on the =signal of
the C, hydrozen because these changes are very far removed

from the centre, at present, under considerztion,
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AL

SﬂIFT OF CS-AXIAL PROTON BY ADJACENT METHYL GROUP

Chemical shift in

" Compound Alcohol Acetate| Methyl

‘ ether

,‘___

X 216.5 281 187
R H
H
v 225 287 195
) ‘9.5 "6 "8
—

VI 186 261 1568.5
Shift caused by C,- +20_§ +20 +28,5
equatorial methyl -

Observed
values 191 264 158.56
T:alcula- -
X1V ted valuds 195.5 267 166,56
Differ-
ence | +4,.8 +3 +8
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To determine the contributions of each of these
methyls the spectrum of santonin derivative (V , R = 0H)
having Cg-equatorlal hydroxyl and C4-7 methyl (axial) was
examined, In the spectrum of this compound the 63
hydrogen resonates at 226 eps (broad multiplet).

Thus the introduction of B-methyl at C, causes deshielding
of 9.& eps on Cg-axial hydrogen. The (4~epimer of this
compound (VI  , R = (i) displayed (Fig. 10) its Cy hydrogen
as & broad multiplet centered at 188 cps, thus causing a
shielding of the Cgy-axlal hydrogen by 29,6 eps+ as compared
to chwlestanol, "hese values are in zood agreement with the
reported values (axlial methyl deshields the axlal proton on
adjacent carbon atom by ~ 12 cps and equatorial methyl
shields it by ~ 28 cps) of such effects in cyclohsxane
derivatives, This agreement suggests that a comparison

of cholestancl and santonin derivatives is Justified,

If one assumes that these values are additive then
the Cg-proton signal in lupanol (XIV, R = OH) would be
expected to be shielded by 20 cps as compared to cholestanol

4 .
(i.e. &5 at 196 cps)., Using earlier values this shielding

would be exprected to be 16 cps (l.e. the resonance snould be

It would be obvicus that more afcurate comparison can be
made i1f 4« methyl and 43 methyl c:olestancl are examined
put the more readily available santonin derivatives were
used because in these ring A has essentially the same
features as cholestancl, Ring B substituents are too far
from the Cg-hydrogen to have any significant effect.
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at 198 cps). The slight deviation between exnected and
observed values may indicate that additivity is not

necessarily first order.

”Similar comparisons of the acetates (iig. 11)
and methyl ethers of these derivatives (Table 3) would require
the Ca-H in correspon:ing lupanocl derivatives to
resonate at 267 and 186,: cps respectively; the obszrved

resonanc-s are at 264 and 1E8,f£ cps respectively,

An examination of the differenc:sz between
calculated and the observed values for lupanol é@rivativelzi..
brings out the fact that in all cases the observed values
are at sllightly higher fiseld than the calculated ones,

‘nother interesting observation ls that snhifts in the scetates

are of lesser magnitude than the alcohols and methyl ethers.

With 4 view to observe similar effscts on'equatorial

protons, derivatives epimeric at C, wvere examined (Table 4).

Epicholestanol (X, # = OH) has the resonance of
its Ca-hyérogen at 243 eps as & narrow signal in icsting
its equatorial nature. The corresponding 4delemethyl
santonin derivative (VII, R = 0i{) had its Cq-il
resonunce (Fig. 12) as a narrow signal at 2¢8,6 cps.

This corresponds to a shielding of the vicinal equatorial
proton by an equatorial methyl by 14.85 cps, The previously
reported value for such a shielding 1s 17 cos. The
corresponding 48 methyl santonin derivative could not be
prepared though several attempts (see experimentsl section)

in this éirection aad been made,
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If one uses the literature value of +24 for such
a2 shielding (ecuwatorial hydrozen by adlacent axisl methyl)
the caleulated value for Ga-protan of epilupanol (iV, R = Oi)
would bé 206 cps. The observed signal for Cg-ﬂ at 203 cps
in epilupanol is therefore in zood agreement, The
analogous shift value {or the acetate is slso presented

in Table 4.

Using these ideas the caleulated valus for
Cy-H of epilupanol methyl ether (XVvy, R = OMe) would be
166 cps. Thougn several attempts to prepare this
compount were made, these were not successful, It caﬁ”k
hovever be anticipated that in epilupanol methyl ether

the Ga-hydrogen should resonate at ~ 166 cps,

If one locks at tne Cg-hydrogen in different
santonin deriv.tives, then it would be anticipsted that
though this hydrogen i3 in a different ring as compared
with the Cé-methyl, its spatlal relationship with 04
is exactly identical with the spatial relationship of the
g axial hydrogen witi the Gq-metkyl, if the methyl ut 04
18 3 ori:nted, It can therefore be expected that this
C-6 hydrogen would feel a similar long range effect of the ;
43-methyl as the Cg-axial nydrogen. tliel et al4 have / o
shown that an axial methyl deshields the axilal hydrogen,
which is in a eis 1:3 relation with it, by 11 cps,

It can therefore be arzued that the Ce~hydrogen of santonin
derivatives having a 43-methyl group would be deshielded
by ~ 11 ¢ps in comparison with santonin compounds having

no methyl at this position.



IABLE. 4
SHIFT OF C, EQUATORIAL PROTON BY ADJACENT METHYL GROUP

oo 81

—
Chemical shift in
No. Compound
Methyl
Alcohol Acetate ether
243 303 207
R A
228.56 298 190
Shift caused by C-4
equatorial methyl +14.56 +5 +17
Literature shift by axial
methyl on adjacent equatorial 04 o4 o4
proton
Observed
values 203 278
Calcula-
ted val-| 204.5 274 166,0
ues
Dift. +1.5 -4
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The position regarding the C4-ecuatorial methyl
ané tinls nydrogen is not the same in comparison with the
Cg-axial hydrogen and C4-aau&torial methyl group. This
distance in ths former is only 3,2° g whereas in the later
it is ~ 4°A. As the relative jeometries are however the
same the difference between the effects on these two hydragens'>
should be essentially one of magnitude. Eliel et al
have shown4 that in such a situation there is a deshielding
of 2 Cps. It can tnerefore be expected the Cg-hyirozen
siould also feel deshielding due to eguatorial 04-methyl
w:lca ray perhaps be slightly larger ( ~ 3 c¢ps).

From this rationalisation 1t can be expacfed that
in those santonin derivatives (V,XVII) having an axial
Céamathyl, the Ce-hydrogan should be at ~ & cps lower
field than the correspending santonin derivatives having a
64-equatorial methyl. Table & deronstrates the val dity of
this argumcnt and elegantly shows how an understanding of
these effects could help in establishing stereochemical

assignments for unknown compounds,



IABLE D

SHIFT OF Qs‘ﬂEIAL PROTOR

&4

Chemical shift in
Compound
Methyl
Alcohol Acetate ether Mesylate
240 239 289 238
231 231 230 231
Difference 9 8 9 7
R=20 R = H2
232 230
XVl
238 237
XVil
Difference 6 7




Eliel et al4 had suggested on the basis of very
large differences in shieldéing of proton by adjacent methﬁl,
ethyl, isopropyl and t-butyl t’ at the carbon-carbon bond a
anisotropy is not the only factors and that a very
importsnt role in s.lelding, is played by syn-axial hydrogens,
They even considered that each syn-axial hydrogen
causes & shieléing of ~ 20 crps. However they were unable to
explain how an equatorial methyl has different shielding

effects on adjacent equatorial and axial hydrogens,

If one curefully examines this particular example
one can see the presence of one syn~axial hyd:rogen in both the

cases (AVIII and ~IX) in the preferred conformation wherein

o
o =

(XVIII) (XIX)
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the methyl zroup is staggered in relation to the carbon
carrying 1t. In both XVIII and XIX the two other
hydrogens of the methyl group are placed at a dihedral
angle of 120° with the concerned axial and equatorial protons
respectively, The new carbon-carbon bond 1is placed at
an angle of 60° with raspect to the axial and equatorial
hydrogens of the adjacent carbon, . It is therefore very
difficult to rationalise how the shleldings by this mothyix
on adjacent axial and eguatorlial hydrogens are 28 and 17 cps
respectively even if one considers the anisotropy of
both carbon~-carbon and carbon~hydrogen single bonds,
In agreement with this qualitutive reasoning very recently
Apsimon et 3123‘ caleculated the shifts csused in these
two compounds and obtained values of +12.5 znd
19,8 respectively, using a modified McConnel equation25
and anisotropies based on the values of suitable alkyl
eyclohexanols measured by Ellel et al4 and Mushors.

Using different anisotropy values, obtained from
the crherical shifts of axial and equatorial protons of‘

cyclohexane and equation derivatived by ziircher? and

24

Suckingham, Preechard and whiffeén“~, they obtained a

second set of shift values which are 13,4 and 13.7 respectively.

* Tnis work of Ap-3imon et al appeared after most of our
results had been cospleted and attempts to explain in a
mathematical manner, the shifts observed through long
range eifects cof me%hyl groupr and does not affect the
qualitative arguments that are presented by us,
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It 1s thus clear that no sultable explanation for the
different shalfts caused by an eguatorial methyl on adjacent
axial (XVIII) and equatorial (XIX) protons can be, as yet

advanced,

If we consider the shielding caused by an axial
methyl grour on the adjacent protons, then examination of
models show that the equatorial proton (XX) has a syn-axial
relationship with one of the hydrogens of the methyl group
in the preferred conformation of this molecules (methyl
group stazgered with respect to the carhbon hoiding it).
Furthermore the other two hydrosens of this methyl make
dihedral asngles of 120° with this hydrogen snd the new
carbon-carbon bond.is at an angle cof 80° with the egquatorial

hydrogen under consideration.

/ n H /
~~ H— '~ H— " s
HO OH
M H
OH H H

XX XXI1 £XII
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All these factors necessitate a shielding simiiar to trat
cbserved in the earlier two cases wherein the geometry was
exzctly identical, The reported value for this

4

shielding in ¢ycloalkanols™ 1is +24 cps,

The shift valﬁes caiculétéﬁ by ApSimon et 3123
are +21.4 and +14.4 cps depending upon which anisotropy
value 1z used, In keeping with our qualitative :esononing
these values are culte close to those obtained, for
shilelding by equatorial methyl on zdjacent
axial (+12.5 and +13.4 cprs) and equatorial protons
(+19.8 and +13,7 eps)e

R

The effect of an axial methyl on the adjacent
axlial proton is a deshielding of 12 cps. In the
preferred conformation of this molecule (XXI) the three
hydrogens of the methyl all makeadihedral angle of 120°
with the concerned axial hydrogen and the carbon-carbon
bond 18 at an angle of 180°% witn this carbon~hydrozen
pond., This situation is therefore vastly different
from the considered earlier but 1s in a way similar to the
situation in XXII where one considers the effect of axial
methyl on the axial aydrogen placed in a cis 1-3 relation
with it, This similarity is reflected in an almost
identical deshielding (11 cps).

The values calculated by Apsimon et a128 ;
are -4.4 and +1.3 cps for the effect of axial methﬁi on
adjacent avial proton using déifferent anisotropy values
whereas the corresponding values for XXII are =9,3

and -£.4 cps. These calculated values therefore sugiest



larger differences in these situation than are actually

observed,

L

From the above considerastion (in highly simplified
form) these arguments can be extended to come to an
understanding of the conformation of simple aliphatie

alcochols,

Thg NMR spectrum of ethanol had its ~CH2-
protons as a guartet centered at 223,05 eps,. If the
spectrum of n-propanol is examined these protons (-C4,04)

now resonate at 216 cps,

lable VI
Chemical shift of hydroxy methyl protons in simple
alecohols
Compound Chemical shift

Cigy Ci, Od 223,86 (q)
Cilg CHg GilpUH 216 (t)
CH,,

N\ —on 240  (m)
Cily gi
CH

3N, : ' b

© G -gH, —OH 206  (d)
Gﬁs H
CHg Cig CHg Cil5-OH 216 (t)

d-doublet, t-triplet, g-guartet, m-multiplet.

4
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If one considers the different conformations of
lsopropanocl 1t can be seen that in the antl conformation (4,
Chart 6) there are two hydrogens in & syn-axial relationship
with these hydroxy methyl protons, hence shielding of these
protons 1s anticipated in this conforration, On the other
hand if one looks at the zauche conformation (8) or (€)
one finds that there 1s row only one hydrogen which is
feeling a syn-axial effect in each of these eonformers
whereas the other hydrogen has the three hydrogens of
the new methyl group at 120° with regard to it,. Such a
relationship can be rejarded (D, Ghart 6) as corresponding
to an effect of axlal methyl on the adjacent arial hydrogen (H,;)
and should therefore result in desnhlelding of that proton
by 12 eps, The syn-axial relationship in this gauche
conformation can also be rezarded as similar to a
shielding by axial methyl on adjacent equatcerial hydrogen®
and sﬁ%i@ correspond to shielding of 24 eps of Hg (D).

This gauche conformation should therefore feel a net

shielding of ~12 cps (24-12),

In the anti-conformation esch of the hydrogens
of the aydroxy-methyl group has one hydrogen syn-axially
plzced to the hydrogen of the methyl and this hydrosen makes
an angle of 120° with remaining two methyl aydrogens.
Overall therefore both these hydrogzens should behave as

though they are equatorial hydrozens feeling the effect of

¢ It can also be regarded (E, Chart 6) as an equatorial methyl
on the adlacent axial nroton (d.). This should cause a
shlelding of 8 c¢ps giving « neg shielding of 16 cps (28-12),
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H H H
H H
H H H OH HO H
H H H H H H
OH H H
A B C
H
H\![/H
[~
// H ‘H/ Hs\H ‘,/I
{’/,/ \Ci/ \‘\\‘\,
OH
F H
H | H
H \CI/
Hel _H
H—"/
H——C 2
H--"7 i
H OH._ H7/
Z\T/ ~~e )'
/
H LC”H1
i
D E

Dotted lines in these figures do not imply bonds, but merely show
the similarity to a cyclohexane chair.

CHART- 6



axial methyl (¥) and this effect should be around 24 cps.
fis the observed value is much closer to the gauﬂhof O
conformation, it sesems from the present evidence that the
methyl zroup has a gauche conformation with regard to the

hydroxyl function,

Though thils may appear to be in confliet with
stability requirementy it is infact not so. It has been
demonstrated by several methods that in the case of |
n-propyl cihloride and even n-propyl bromidegs the gauche
form is lower in internal energy than the anti-form by
values ranging between 0,1 to 0.8 Kcal/mol. In the case
of n-propyl chloride tids value has been arrived at by ~
consideration of 1nfraredge, electron diffraction®’

and micrawavega studies.,

Different reasons have been proposed to explain
these factors and tae accepted explanation suggests that a
methyl group and the c.:lorine atom in the gauche conformation
fall elther in or very close to the attraetive part of the
Van-der~Jaal's curvezg. It may incidentally be pointed
out that in the case of n-propyl bromide such s reasoning
would anticipate strong predominance of anti-form contrary
to experiment., Wwhatever the explanation it is clear that
in these molecules the anti-isomer may be less stable than
the zauche, 1f the same reasoning that holds good for
the halo compounds applies to alcohols as well the
explanation of the NMR Bésults ziven abtove would satisfy
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the stability requirements also®*, |

A gort of confirmation for these ideas can be msde’
by examining the spectrum of isobutyl aléohol whieh .
éisplays the resonance cf hydroxymethyl protons at =08 cps..
This indicates a shielding of 10 cps in comparison with
n-propyl alcohol. As thnis shielding is almost the same
as observed on passing from ethyl alcohel to n-propyl
aleohol, it would seem that the new methyl group must have
an almost identical relatlion with regard to methylene
protons of the hydroxymethyl zgroup. This location is only
possible if the wethyl group in n-propyl aleohol is gauche .
placed in respect to the hydroxyl group and If the new
methyl group of isobutyl alcohol is also gauche placed
with respect to the hydroxyl grour. This reasoning reguires
isobutyl alcohol to have conformation (G, R = OH) in
preference to an alternate conformation (=, & = Qi), ~
If isobutyf}/ggc? O&onfomativn (i, & = Ud) it 1s very
difficult to visu.lizse hovw both methyl gro:ps would cause
an identical shift, T TR e BRSSO

CHj CH,y
H R R H
H CHy H CHy
H | H s
(G) (H)

# It can be mentioned that in n-propyl mercaptan despite the
high polarisability of sulphur the antiform is more stable
than the gauche form by 0.4 Keaul/mol30, However this
may be due to the larger size of the sulphur atom,
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In isobutyl alcohol however the stability position
is more difficult to explain as isobutyl chloride has
been sﬁowngl to exist to the extent of 804 in gauche-anti
conformation (4, R = Cl) rather than in the gzauche~gauche ‘'
conformation, (G, R = C1). In view of the -arlier
observation of n-propyl c¢hloride tnls finding is
difiicult to rationalice though Pauli, Fomany and menh&nSI
have suggested that for a favourable interauction between
the gauche methyl and the chlorine the dihedral angle
should be larger than the normal 60° angle. As this cannot
occur in conformation (G, R = Cl) the molecule prefers
tc exist in the conformation (H, R = Cl). A sort of

confirmation for this comes from the observation that the

Cl-methyl angle in isobutyl chloride is 60°,

If n-propyl alcohol has a gauche confoématian
then in n-butyl alcohol similarly the ethyl zroup and the
hydroxyl function must also be gauche with respect to one
another, Substitution of methyl in n~propyl aleochol can
occur st either of the three hydrogens of the methyl group.
Its occurence at the hydrogzen eclipsing the nydroxyl
(I, Chart 7) can be ruled out because of the e:treme closeness
of the new methyl to the hydroxyl group (the distance between
bxygen and methyl hydrogen is 1.2°A). In the second
gauche location (J, Chart 7), the methyl group should remove
one of the possible factors for deshielding of hydroxy-
methyl protons in isopropyl aleohol and the NMR spectrum
should have the hydroxy methyl protons at the same location

as in ethyl alcochol. As this 1s not the case this



possibility can also be ruled out. It seems fairly
reasonable to presume that the new methyl zroup is antiplaced
with respect to C;-C, bond, In tiis conformation (K, Chart 7)
the hydroxymethyl protons in n-butyl alcohol would have the

same cnemlcal shift as in isopropyl alecohol.

The NMR spectrum therefore establishes the
conformation (K) for n-butyl alcchol and this conformation
would agree with that expected from stability considerstions,
provided n-propyl alcohol exists in the gauche

conformation, \ ST

In this connection it is of interest to note
that l-bromobutane on the basis of electron diffr.ction"2
dat: exists in the all anti ( =zigzag) conformation
(L, Ghart 7), in contrast, in n-butyl ehloride the
conformation (K) in whien chlorine is gauche to ethyl

33 and it appears that whereas the antiform is

abounds
preferred about the C5-C, bond by about 0.4 Keal/mol,

the gaucihe form predominates about the 01-62 bond by

~ 0,3 Keal/mol, A very significunt finding that the
gauche-gauche* form (I)iin which methyl and chlorine
approach most closely, contributes as much as 244 and
sugzests some special stabllity, possibly London attraction

between methyl and chlorine.

In isopropyl alcohol in the preferred, staggered
conformation the carbinyl proton has an unti-relationship

with one of the hydrogens of the new methyl group (as

* Qur NMR findings cannot rule out this conformation,
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CHART~7

(K)

(1)

(L)

(J)
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compared to ethyl alcohol), Such locations are known
to cause deshielding of a proten, The other two
hydrogens ¢f this methyl group are placed at 60°

with the earbinyl hydrogen and should not therefore
exert any marked influence, Un the whole therefore
carbinyl praton of isopropyl alcohol should be
desntielded in comparison with the corresponding protons
of ethyl alcohol. The observed finding (a deshielding

of 16,6 cps*) sug:ests the importance of conformational

factors,

* This explanation provides a reason for the lower
frequency of methine proton apart from the usual
explanation based on the increased inductive effect,



For general procedurss see Chapter 1,

Preparation of compounds XVI and XVII (i = Hy)

is deseribed in Chapter 1;

Ghelestan-33-0l (IX, & = OH)
o dydrogenation of cholesterol in ethyl acetate
using vlatinum oxlde as catalyst and few drops perchlorie

acid furnished cholestanol in hizh yleld,

M.P., 140°

tholestan-33-gcetate (IX, R = Ole)

Acetylation of cholestan~i3-0l using
pyridine/ac«tic annydride zave the acetate in quantitative
yield,

M.P, 110°

sholestan-3c-ol methyl etner (IX, R = Uie)

¢hul stan~3iecl was rethylated as reported by
Karuyénan and Eyerlg. The product crystallised from
methancl,
| ¥.P,  81.5-82,8° Lit,  83°
[<lp +21.86 Lit,  +20°
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Aupan-3p-ol (XIV, R = G.i}

Lupeol* was hydrogenated in ethyl acetate over
'3 eatalyst at atmospheric pressure, Lupanol was Lo

obtuined In aquantitative yield,

M.P. 199-201° Lit,  201-202°

Lugap-53-ol-geetate (XIVy R = Ofe)

Acetylation of lupancl under normal conditions

furnished the acetate from acetone-methanol,

M,P, 246° Lit.?  246-246°
(<, -2° vit? -1,8°
Lupan-33-0l-methy’ ex1® (XIV, H = OMe)

This was prepared by the zame method as
cholestan-3:=-01 methyl ether excert that instead of
refluxing with potussium for one hour, it was refluxed

for three hours., The yield of methyl ether was 82¢,

M.Pe  227-228° L1t cuvei28°
(<1, +4° 11t 10 42, 33°

. 1 |
33-Rydroxy-4,c«(H) 5,11p(1)-gudesman~-6-13-gldde (V, .. = OH)

3=0x0~1,8«(t), 6,11 3(H)-eudesmun~6-13-0lide

(1T, < &) in stetic weild (63 ul) wvas stirred i{n an atesaghere

* ﬁuyﬁol purified by chromatograpny (From the mixture rich in
lupevi aindig supplied by C. fuasim of this laboratory)
had M.P, 216° and [«]; +26°,
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of hydrogen in presence of pre-reduced Adam's catalyst,
ssorption of hydrogen ceuased after uptake of two moles
{six hours). The catulyst was riltered off and most of the
seetic acld was removed under vucuo, The concentrate
was diluted with water und the precipitate was taken up

in etner,

The substance cbtulned gave on crystallisation

from ether~-pet, ether exclusively taie pure 3 alcohol (1.78 g).

M.P.  110-111° Lit.}l  308-110°

(<128 -a8° Lttt 26°

I.R., 3350 em™> (0M) 1780 em™ ! (Y-lactone)

3p-Agstoxy-4,5 «(4) 6,11 3(H) gudesman 6-13 glldg (V, i = vae) 1
Jdydrogenation of the keto-lactone (II, £00 mg)
under pressure (60 psi) using the same catalyst and soclvent

furnished the acetate (V, K = OAc 480 mg) directly.

11
11

199-200°
+1ﬁ.49

ere 2007 Lit,

[«)28 +1/° | Lit.

IR 1776 e&’l (Y-lactone) 1725, 1:£1 em™t (acetate)
HMK 1 H broad signal at 287 ors (Cai;ﬁ)

3 H sharp singlet at 1:3 cps (C-2¢)

The product did not depress the melting point of
the acctate prepared from the alcohol by the usual pyridine/

acetic anhydride method,
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3pzMethoxy 4,& «(il) 6,11 :(H) gudesman 6-13 olide (V, i = OMe)
| The alcohol (V, R = OH 500 mg) in dry benzeue

(30 ml) was refluxed with potussium wetal (800 mg) for three

hours in an atmosphere of nitrogen with frequent vigorous

shaiking to disperse the molten potassium, Methyl |

iocdlde (10 ml) was added to the ccoled reaction mixture and

refluxing continued further for five hours, Excess of

pot.gssium was destroyed and the alkaline reaction mixture

was scidilie: and warmed, It was then extracted with

ethers: sther lLayer was washed with water and dried, ;

femoval of solvent gave & residue (480 mg) which showed two

spots on TiL, the lower one corresponding to the starting

aleconhol, The residue was therefore chromatographed on

silica gel (16 g). 6% Ether in benzene eluted a homojsnous

(TLC) materlal (138 mg: which was erystallised from

pet. ether and was characterised as the expected 33 methyl ether.

M. P, 164-166°
[gjgg +172.:°

IR 1770 em™ ' (Y-lactone) 110, 1108 cm” ' (ether)
HMR: 3 H sharp singlet at 200 ops (33-0CHy)
1 H broad signal at 198 cps (3el-}i)

Analyslss
Found: C, 72,403 H, 12,074
s
Cqglugly Tequiregs C, 72.145 H, 9.844.,
Elution of the column with ether gave the starting slcohol
(340 mg)

.

M.P. and mixture m.p. 110°,
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3p-Hydroxy-6«(H) 4,8,11 3(i{)~gudesman 6-13 glide > (VI, R = OH)

3=0x0~6«((H) 4,6,11 3(H)=eucesman 6-13 olide
(I1I, 1 g) in methanol (20 ml) was added =lowly with
stirring to sodium borohydride (200 mg) in water (2 ml),
\fter allowing to stand overnight at room terrerature
the reaction mixture was acidified with dil, HCl and
was dliuted with water, Preciritated material was taken
ur in sethyl acetate. Ethyl acetate extract was washed
wita water and dried over anhydrous sodlum sulphate,
The residue obtalned on removal of solvent crystallised
from ether-pet. ether and furnished the reguired alcoiol

(607 mg, single spot in TLL),

MJP.  171-172° pit, 1 171-172°
=i5° 4® utt es0.9°
Ik, 3600 em™ Y (01, 1780 em”Y (Y-lactone)

Mother liguors (320 mg) which showed .0 carbonyl
absorptioﬁ in B.V, had two close srpots in TIC, Invertad
dry column enrawatagraphyls of this material afforded both
the compounds in pure form. The slow moving 160 mg)
wus tae 33 aleohol while the faster moving (180 mg)
was identified as the Cu%X enlmer, Thus on the whole the
vield of 5} epimer is 81% while that of % is 15%.
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11
33-Acetoxy-b«(H) 4,6,11 3(H) gudesman 6:13-olide (VI, R = Che)
The hydroxy-lactone (VI, R = UH 280 mg)
was ailowed to stand for twentyfour hours in pyridine (5 ml)
and acetic anhyﬁiida (& m1) under anhydrous conditions,
It gésthen poured into crushed ice and allowed to stand for
two-three hours tc decompose acetic anhydride. Usual work up
followed by crystuilisation ‘rom ether-pet, ether afforded
tiue acetate (240 mg).

M P, 141° L1t 1l 142°

11

(2 +ea® Lt +63,1°

I.R, 1780 em™> (Y-lactone) 1759, 1260 om™ > (acetate)

3p-Metioxy~-6«(H) 4,5,113(H)-guder au-6:13«clide (VI, k = OMe)

To the nydroxy-lactone (VI, & = OH, L7 mg, dried
well by volling with dry benzene and keeping in vacuo for
three hours) in dry benzene (30 ml), :rotassium metal (250 mg)
was added and the mixture was refluxed in an atmosphere of
nitrogen for three hours with vigorous shaking at intervals
to disperse the molten potassium metal into small :lobules.
Hethyl fodide (& ml) wes added and refluxing continued
further for five hours when potassium loilde gradually

separated out,

Reaction mixture was coovled and excess of
potassium was destroyed by methancl, Work up as in the
earlier case afforded a material which showed two spots in

TLC, the lower one corresponding to the starting alcohol.
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‘The residue was therefore chromatographed over
silica gel column, iElution with 54 ether in benzene
gave a white material (90 mg) which erystallised from
pet. ether and was identified as 38 methoxy-6«(l)«4,6,11
B(H) eudesman~6-13 olide (VI, & = UMe).

| K.P. 109-110° S s I S 1 \ GUEL.

{'(]?)8 +66.,12° T
'

I.R, 1776 am"! (Y-lactone), 1196, 1095 em™t (ether)
NMR3 34 singlet at 206 eps (O an)\
14 broad signal at 168 ops (Csﬁﬁﬁ)

inalvsiss
?Gmdz "v’ 72.04; }i, 10.07%

st

Cig1:g03 Teaqulres: <, 72,143 Hy 9.84%,

Elution with 109 ether in benzene affordéd the
starting alecohol. |

M.P, and mixture m.p. 1%0°;

W o e

, o o R & | .
3-Hydroxy-6«(H) 4,6,11 8(H)-eudesman 6-13 olide (VII, R = OH)

The keto lactone (1il, 2 g) in gzlacial acetic
acid (60 ml) - - nydrogenated in presence of vlatinum
oxide catalyst (400 mg). Absorption of hydrogen ceased
in six hours, after 2 moles of hydrogen were absorbed, o
The catalyst was flltered off and most of the solvent was
removed under reduced pressure. The concentrate was

taken up in ether
diluted with water and the precipitate was/washed free of
acetic acid and dried over sodium sulphate, Removal of
solvent yielded a colourless residue which showed two

very close spots in TLC neither of waieh corresponds to

starting etone., (I.R. showed absence of xketone)
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Inverted dry column chromatograghyls employingldf“;
ethyl acetate:benzene (3:7) solvent system furnished both the

compounds in pure form.

The faster moving (660 mg) was characterised as

3« hydroxy &«((H) 4,6,11 3(H) eudesman 6-13 olide (VII, K = OH).

M.P.  143° ol 142
[05° +13.6 Lt 1.6 i

IR, 3500 em™% (01, 1770 (Y-lictone)

NMR3 1 H narrow signal at 228 cps (635-3) S

1 d4 broad signal at 230 eps (66-8)
compound ‘
The slow moving/(820 mg) was the Cg? eplmer

ceife and mixed M. Dy 1710.

Besides these, an unresolved mixture (400 mg) of |
these two epimers was also obtained, Assuming (from the
intensity on TLC) that this mixture cantiinsg equal percentage
of both epimers the yield of « gpimer is ~ 429 while that
of 3 is~ 614%. )

: ' 11 v
3«-pAcetoxy E«X(H) 4,6,11 3(H) gudesman 6:13 olide (VII, R = Otc)

The a.ove alcohol (260 mg) in pyridine (& ml) and
acetic anaydride (& ml) was warmed on steam bath for two
hours and kept aside at room temperature for twentyfour hours.
Jsusl wor: up gave a material which crystalilsed from ‘
ether-pet, ether mixture to afford the acetate (226 mg) ase
rhombs, .
11 153-184°
~-28,3

¥.P. 153° Lit.

(<12 -30 L1t 12
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I.R. 1770 em™} (Y-lactone) 1760, 1260 cm™ (acetate)

KMR1 1 i narrov signal at 298 ops (Cgd-il)
3 H sharp singlet at 124 crs (QCQQﬂG)
1 4 broazd signal at 23D crs (Cs-ﬁ)

Sp-Hydroxy 5«(H) 4,6,11 3(H) gudcgman 6-15 glide 3-mesvliate
VI, R =0MeS)

The alcohol (VI, ¥ = Ui, 1 g) in pyridine (10 ml)
was cooled to 0° and to it was added precooled metnane sulphonyl
chloride (1 ml). Reaction mixture was kept at 18° for
gsixtyfour ours. It was then poured in cold water and
extracted with ethyl acetate, ituyl acetate extract was -
washed free of pyridine, rethane sulphonic acid and dried over
sodiur sulphate. Residue obtained on solvent reroval, i
erystallised from ethanol to furnish the mesylate (960 may

TLC single spot),

FoPe 1:6°
[%]gs +61,3° e T

I.R, 1,70 cm™} (Y-lactone) 1193, 886 em +

NMR: 1 i broad signal at 267 cps (Cge-d)

1 4 triclet at 231 eps (Cg-i)
(7 = 10 cfs)

3 H singlet at 180.5 eps (CH, 50,7) AR
6 H doudlets centered at 71 cps (J = 7 eps)
3 H sinzlet at 60 cps (Qlo~$ﬁ3)
ﬁﬁfi Ixm! 8
Found: €, £7.97; H, 7.,69%
Cqglugls® Tequiress C, £8,17: i, 7.93%.
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Solvolvsisg of B3-hy roxy-b«(H) 4,6,11 3(1) egudegman

6-13 glide-2 pesylate |

The mesylate (. I, R =0Me%; 630 rg) was rafluxod

with super-dry methanol ({0 ml) for ninety hours,
Reaction mixture was then poured into water (200 ml) and the
precipitated naterial was 'aken up in ether, Ether extract
was washed with bicarbonate solution, wvater and dried over
sodium sulphate, Rewmoval of solvent leflt & colourless
gummpy residue (49. mg) which showed three srots on TLC

tie lower to one corresponding tb the starting mesylate,

It was therefore curu atographed on a silica gel column,
#irgt three benzene fractions gave z ma'erial (90 mg)
which was crystalliszed from pet, ether and was'characterisea

as A% olefin VIII (Chart 2).

M Pe  146-147°

[«Jp +21°

Later nenzene frauctions gave a pure 3« methoxy derivative

(ViI, R = e J17 mz).

Cere 111-112° o

* - g' ;

[<ip” -28.8 . 1697 A

I.Ke 1770 em™) (Y-lactone) 1196, 1108 em”) (ether)

NMR3 3 H singlet at 200 cps (OCHa) o
1 H narrow sizmal at 190 eps §03§~ﬁ)ﬁ?'

Analysist | fie ‘iéﬂﬁ
Found: ¢, 72.31; i, 9.86%

C1gllogly Tequires: C,72.14; i, 9.84%

Fraction D (67 mg) was unreacted starting mesylate,
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an~-3p-0l tosvlate (IX, R = 0Ts)

To a cooled solution of cholestan~-3ji-ol (2.5 g)
in dry pyridine (16 ml) was added a cold solution of
p-toluene sulphonyl chlo: lde (&.£ g) in pyridine (20 ml),
The resultant mixture was allowed to stand at room
temperature for twentyv-four hours, after which it was poured
in crushet ice, The solid wus taken up in ether, washed
with wuter, 2N HCl and again with water, The ethereal
solution was dried (Nay50,), filtered and evaporsted to
dryness. The residue c¢rystallised from ¢thanol to furnish

tue tosylate (2.4 z).

MJP. 13u-1:3° Lit., 138°
[«]p -39.8 Lit, -39,8°

I.R, 1693, 1190, 1175 and 109t cm™l,

-33-0l Losvlate'®

The above tosylate (1 g) in dimethyl formamide (40 ml)
was heated at 78° for twentyfour hours, The reaction mixture
w&s then diluted with axcess of water and the precinitate was
taken up in ether. Other extraet was wasghed with water,
dried (%azﬁﬂ4) and ether was evaporste:. e 1s.11d obtalned
was chromatogravhed over sillcs gel. Pet. ether eluted »

2 dent1f13d1b§ .

i \ ;
clefin (X1, 121 mg) M.P. an Pet, ether-benzens

Fa¥
(1:1) eluted a substance (E36 ) w ich was identified as
3e-formate (X, R = CCHC).

M., 111-118° 14t 18 1140

) 0
I.Re 1720cvo(=0-C = )

!

Etner elution afforded the sturting tosylate (103 mz).
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Cholestan-i«-0l (X, # = OH) |
The above formate (206 mg) was kept in ﬁ%J
methancliic potassium hydroxide (20 ml) for twentyfour hours,
Cholestan~3e=0l obtained (180 mg) was crystzllised fram
methanol, | | |
M.P, 182°  Lit. 182° R
(«p s Lit, +26°
gholestan-3«-ol acetate (X, R = Ore) |
Reaction of ﬁFaﬁetharate/acetic anhydride on

Chol: stan-37-0l meth 1 athéf (i gswin’aéétic
anhydiride (40 ml) and dry ether (2-3 mlY to dissolve the
compound) was cooled to 0°, rreshly distilled o
BFg-etherate (7 ml, cooled to 0°) was added ané‘tﬁe mixture
kept at 0% for fifteen hours, It was then poured into
crushed ice and extracted with ether after few hours,

Ether extract was washed with bicarbon:te and water and
dried (Na,Sig4). The residual pale yellow oil (980 mg)
was resclved into thrse pure compounds by Inverted dry column

ehrcmatagrnphysls

The fastest moving one (200 mg) was
identified as 02 cholestene XI, Next to that was =
cholestan-3ul=ol acetate (210 mgl, I
MoP. 94° Lit. 96°

N FEIRR AT

I.R. 1725, 1260 cm™
T w8t polar compound (480 mp) was
cholestun-3p3-0l acetate. An unresolved mixture (106 m:) of

«~ and 8~ acetates was also obtained,
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38-Hydroxy 4,6 «(H) 6,11 3(4) gudesmapn 6-13-glide
3 &g!;agﬁ (V, R = OMQL?)

To the cooled solution cf hydroxy lactone
(Vy R = OHy 1.7 &) in pyridine (1& ml) pre-cocled metiane
sulphonyl chloride (2 ml) was added and the mixture was
allowed to stand at 18° for sixtyfive hours, It was
then poured in water and worked up. Crystallisa;ian frqniw
etnunol gave the mesylate (1.8 z), o

“.P, 181°

[«lp +12°

IRk, 1770 em"! (Y-lactone)

. ﬁnﬁ;‘ -1 H broad signal centered at 283 cps (03~H)

| o 1 H triplet contered at 238 cps (Cg-d4) J = 10 eps
3 H sharp singlet at 180 evs (CHa 99) o

3 H doublet centered at 64, J = 7 (Cyq~CHy)

3 H douwolet centered at 72,8, J = 7 (Cg= wﬁa)

3 4 singlet at 64.6 (Cy0-Ciig)

’agﬁllgjgz:ﬁhﬁ$/ 3 g
Found: C, &8, 033 H, 7. d?‘
816326653 requires: ¢, 63,173 i, 7.934%.

Wf o3 m;:gxx..%w‘t(ﬁ) 6,11 7(H) gudesman 5-13
gdlde-3 mesvlete (V, & = OUMe5)

Kesylate (800 mg . was refluxed with methanol (&0 ml)
for ninety hours, Usuzl wor: up gave a colourless gum
(620 mgz) which showed three spots cn TLC (benzene), one
(Rp 0.02) corresponding to starting mesylate., Other two
had Reg Qb and 2,38, It was chromatographed on silica zel.

Chromatogram shows the resulis,
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Fet.

Pet.

Fet,

Pet,

Pet,

Pet.

ether (4x2& ml)

ether:benzene {(3:11)

(4x26 ml)

ether:obenzene (1l:l)

et .ertbenzene (1:1)
ether:benzene (1l:l)
ether: benzene {(1l:1)

ether:benzene (1l:1)
A%28 ml)

sther  (4x28 ml)

negligible materisl
negilgivle m&tgrial
single spot (Ry 0,38)
singie spot (Re D,38)

two ggots (Rg 0,36, 0.26)

single spot (Rge D.u8)

~single spot (Rg 0.25)

;= . starting mesylate
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Fractions ¢ and d, togeth.r (174 mg) crystallised from pet,
ether and gave the following constants,

MoPo  116-1.2°

[«l, + 114.6°

. NMR and I.R., analysis incicate that it is a

02 olerin (x111)13 with 11ttle 42 olefin,
Fractions { and g were combined (80 mg), erystallised from
p.t. ether and was ldentified as 5«( 1) 6,11(i) a%(3%)
eudesmen-o~13 slide (XII), T

M.Pe  136-137° it 140°

(], +161.6° Lit, %% 140°

KMR analysis Table 2 and I.K, bands at 1660 and

1

890 em” " also suggest the avbove structure.

Formolvsis of the mesylate (V = ey

The mesylate (280 mg) in divethyl
formamide (once distilled, 1D ml) was heated at 78°,
Heaction was monitored .y TLC and mesylate was found
to be completely reacted in twenty’our hours, Reaction
mixture was cooled and poured in cold water, Material
separated on cooling was collected and crystallised from

methanol to give plates (1683 mg).

o

M, P, 106-107°

1 (1actone), 1640, 980, 880 em"t

(olefin)

I.B. 1760 cm

NMR revealcd no formate proton. rather it showed that it is a

mixture of the same olefins “II and XIIIX.
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3p-iydroxy & {) 4,6,112(H) gudesman 6-13 olide
ate (VI, & = OT§)

detig

To the cooled solution of the hyércxylactmne
(VI, R = OH, 600 mg) in pyridine (15 ml) was
added petoluene sulp onyl chloride (. g) in pyridiue (=D ml)
and the mixture was allowed tc¢ stand at room temperature
for twentyfour hours, It was then poured in water and
extracted witn ether, Total ether extracts were washed
with 2N ICl, bic.rbonate solution and finally with ’
distille. wauter, Residue obtained on evaporition of the
solvents and crystallised from alecohol to furnisn the
tosylate (VI, R = 0Ts, 6ED mg).

3 e

13 163-160°

wvoo MP, 166-168° Lit,
IR eed® 1t 13 4200

I.R. 1776 em™Y (lactone) 1608, 996, 946, 849
( aromatic)

Methanc \vals of Ui-hydroxy S«(H) 4,6,11:(i) eidesman .
6-15 olide, 3 tosylate

Togylate (890 mg) was reflured with dry methanol
(E0 ml) for 102 hours,. : oA

Rezction mixture was then concentrated at reduced
pressure and diluted with water, Precipitated material was
extracted with etier, Ether extracts wers wasned with,
sodiur olcurbonate, solutlon and distilled water, Removal
of solvent afforded the residue wnich siiowed three spots

in TuC, one corresponding to the starting tosylate.

NMR of th: totul material revealed no peak
around 200 eps (no methyl ether formation) and showed a

mixture of the same two olelins (XI1I and XIII) as in the case
of mesylate.



{

Epd-lupanocl gzcetate ( Vv, : = Ote)

Epilupecl acetate* (250 mg) was hydrogenated in ethyl

acetate (20 ml) in the prescace of pre-reduced Ad;m's

catalyst (26 mg) as described vy ieilbron et alg.

111

After usual work up the procduct was crystalliced

from :thanol when epilupancl acetate (220 mg) was obtained,

MoP. 164° L1t 38 1640

<)y -44° L1t 46,02

I.K. 1750, 1260 cm ® (acetate) no band at 890 cm”

Epllupancl (AV, R = OH)

fpilupancl acetate (100 mg) was kept at room

temperature for fortyeight hours with methanol (20 ml)

containing potassium hydroxide (1 g).

1

The solution was diluted with water and oitracted

with ether, Processing of ether extract afforded
weaes

epilupanci in quantitative yleld. It s erystallised

from acetonitrile,

Mob.  161° e, 160.6-163°
["{]n "20 v Litcw "4. 30

I.he &80 ot (oH)

* e are indebted to ‘rof, T. X. Govindachari for thls sample.
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CHAPTER 1l
THE CONFORMATION OF PRIMARY
HYDROXYL GROUPS IN TERPENOIDS




118

The NMR spectra of several alcohols have been
studied, tmong the featur.s that have been noted in
the spectra of these compounds are (1) the downficld
shift by avout 0,56 to 1.£ p.p.m. of the proton or protons
on the carbon stom holding the hydroxyl group on

egtarification of the hydrsxyll

and (“) an upfield shift
by about 0.8 p.pem. of ‘roton{s) when the methyl ethers
were studie&z.\, “his has actually been a very good
method te ldentify the proton or protons on the carbon

‘atom holding a hydroxyl group.

One of the methyls of a gem-dimethyl group or an
angular methyl group in terpenoids is often oxidisze: to a
primary hydroxyl group. In a recent study Gaudewmer,
Polonsky and Wenkert> tried to estaulish the
config aration of this ﬁﬁgﬁﬂ group in different ditervene
and triterpene derivatives by making use of NMR
spectroscony, In their study they were able to suow
that the axial aydroxy methyl group appears at lower
field (between 245 to 2568 eps) as compared to its
eGuatorisl epimer (between '20 to 230 cps), They also
noted that ln most cases where tals hydroxymethyl group
is attached to a guaternary carbon, these two protons
are generally non-equivalent and give rise to an AB
nuartet, They however indicated that there wvere

exceptions to this generalisation, though they pointed out
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that a singlet may infact rerresent an %8 guartet in which
the mliddle lines have cosleased and the end lines are not
visible, This snpearance 1s due to the fact that esch
of the middle lines in such a case wonld be twentythree
times more intense than the end line, Their results
indicate that NMR was a good tosl in deterrining the
conformation cf the primary hydroxyl function,

Similar results with fewer examples had also been observed
earlier by Wenkert and Beak4 ant Shamma, Glick and

Mumma&.

In a study by NMR to fir the gzeometry of the

hydroxyl zroup Kawazoe et al6

démonstrated that the
“presence of an 11-8 hydroxyl resulted in éeéhielding

of the signals for the C-l1R and C-19 protons as compared
to the deoxo commounds, As they obgerved that the
presence of 1l-« hydroxyl has no such effect, they were
able to conelude that this deshielding is dune to the
eclirsing relationship of the 11-2 hydroxyl with C«10 and

la

C-123 methyls, ' SBhoclery and Rodgers have also observed

gimilar effects in 118 hydroxy steroilds,

If one analyses these résults important conclusions
anppeared possible, Firstly the hydroxymethyl group
attached to a guaternary carbon atom appears as an AB
quartet because free rotation is not possible between it
and the carbon to which it is bound, Once it 1s realised
that free rotation is not possible it naturally follows

that in sultable environment this grour must have a fixed



conformation and 1f suitably selected compounds
were prenared and their NMR spectra were studied it
would be possible to determine the preferred | b4

conformation of this hydroxymethyl grour.

For this purpose it was decifed to make use
of solvent induced chemical shifts, Making use of this

method Narayanan and ¥emkatasubraman1an7

had been able

to come to some very useful gener:lisations regarding the
sterecchenistry of diternene esters. The usefulness |
of this method has now been dermonestrated in the secondary
alcehals.having a rigid conformation, The method has
then been anrlied to fix the conformation of a quaternary
hydroxymethyl even in the abzence of the parent

deoxo compound,

Prosent YWor

Prior to studying the conformation of primary
aleohols 1t was necessary to have a sultable method _
for this purposze. The use of this method has been first
demongtrated with secondary alcohols having a ri~-id

geometry.,
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Studics on secondary alcohals

From the work of Narayanan and Venka%aﬂubramanian7

it was anticipated that the 1ll«~ and l1ll7-hvdroxysteroids
would show different behaviour when their svectra are
examined in CDCIQ and pyridine, the shifts being enhanced in
the spectra studied in vyridine solution if eclipsing

gesmetry was already rresent,

In agreement with this 1t was found *that when
the spectra of ll«-hydroxyprogestercne* (I) were examined
in Cnﬂls and pyridine solution there was no appreciable
chanre in the location of C-1R8 and C-1°2 proton
eignals (Tee Table 1), In the case of the
3-epimer* (II), however, there is an eclirsing of these
methyls by the hydroxyl which caused the signals of these
protons to be deshielded by 12.6 and 7.5 eps resrectively
in Cﬁﬂla solution as compared to those in the lls-eniner,
The CDClg spectra of both epimers therefore makes it clear
which ig the «- and 3-isomer, ﬁhen the spectrim of
the 3-isomer (II) was evamined in pyridine solution
the downfield shift of the C-18 and C-19 nrotons were
enhanced with the result that the eomparison of the srectrm
of this compound (3-isomer) in the two solvents CPCl, and
pyridine showed a paramagnetic shift of these nrotons

by 13 and B eonps respectively,

* We are indebted to Nr, L, ¥, Xogan for the samples of
llet= and l1ll3-hydroxyrrogesterone,
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oLV C HI QF GRO IN
SECONDARY ALCOHOLS
Shift in
Chemical shift at 60Mc pyridine
No Compound In CDC1 In
' p 3 pyridine
18- 19-H | 18-H [19-H 18-H|19-H
COCH3
HO,_
| 42.5 79.5| 43.5(79.5 -1 o
(0)
CcOoC H3
HO
I 65 87 68 95 «13 -8
0]
" 35 57 36 61, -1 -4
HO
v 47 62 63 {78 -16 -16
i
H




TABLE I (continued)

Chemical shift at 60Mc | Shift in
pyridine
| in CDC1 In
8-H |9-H |[8-H 9-H |8-H |9-H
8
7
n 10
v 52 62 | 52 | 52 0 0
4 “OH
3
8
9
10
v OH| g7 51 | 77 | 51 [-16 0
2 Me | - 2 Me| - |2 Me
OH
57 - 58.5| - |1.5
vil | 59 . 66 _ le
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This solvent shift method therefore can be used
to determine the configuration of 1ll-hydrovyl group

without having to examine the srectra of both epiwmers,

That thie is indeed a z< . | phenomenon, can be
geen by ~ v 71v o the grnectrs of two other epimeriec alcohols

in ths eteorold o-ries,

The comrounds chosen for this purnose were the
epimerie ll-hydroxyeB-o-pregnanes, These comnounds were

prepared by the reduction of ll-keto-f-<-preznane®,

Reduction of the ketone with sodiur and alcohol
is kmawns to furnish the eounatorial hyéroxyl derivative,
- In agreement with this t-e product obtuined (III) from the
l1l-keto-S-od«pregnane Ly above retfuction showed in its
HMR snectrum (Fig, 1) a broad signal (1H) centred at
237 cps assignable to C-11 axial proton and two singlets at
3& eps (3H) and £7 ocns (3H) due to C-18 and C-19

protons resvectively,

Lithiw aluminium hydride reduction of the
ll-ketone gave a product wiiizh was exvected to ve an
11-* aleochol, The NMR spectrum (Fig, 2) of this cormround
showed the C-11 p?otan as & narrow signal at 266 crs,
1.2, =zt lower field than the 11%.nroton in sodiwm aleohnl
reduction product, This clearly established the
equatorial dispoeition of the proton and hence the hydroxyl
to be avizl. Woreover this arreed with the expectation

that the hydride attack would be from the less hindered

* Ve are grateful to Mr, M, R, Zarma of this Labor:toery for
a generous samnle of this comnound,
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of side. The almost complete absence &f the lle-epimer
in this reduction wouvld be due to the fzet that the
1l-ketone 1:'h1ndereﬁ ketone, in which sterie

srproach control supresg&sg the other factor {(Product
development control) contrelling hydride reéuetion;a.

As was expected the 1l%-enimaer (IV) (Fig. 2) had its
C=-18 and C~19 proton signals deshielded (12 and & ers
respectively) as compared to that of the ll«-epimer (III)

when the gpectra were taken in ChCl, solution,

The solvent inducad shifts for these two epireric
alcohols (Fiz. 3 and 4) show the same kind of behaviour
as for the progesterone derivatives (%ee Table 1) with very
large paramagnetic shifts (16 and 16 ens for 6418 and C-19
protons resrectively), ~ For the 118 compoun’ and small

ghifts for the ll«-epimer in pyvridine svectra.

Such behavionr for epimeric alcohols with eclipeing
geomelry ic also observed for the compounds cof the
bicyelo [2,2,1] heptane series., Thus it is retortedll
that in CPCl, sclution isoborneol (VI) reveals a
paramaznetic shift of 9 cns, as compsred to boraneol (V)
for cne of its methyl grovps, which ig ohwviously the
one-C-8- that is in a guasi eclipsing relstion with the \
exohydroxyl. The spectrum of isoborneol (V1) in pyridine
displays a paramagne*ilc shift of 16 ens for C-R methyl group
as compared to the CPCly spectrum, while, as expected, that

of borneol (V) shows no such ghift,
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In order to see one example in cyalopentanol
series, 2,2-dimethyl-cyclopentanone* was reduced to the
corresponding alcoholl2 (YII) with 1ithium aluminiuwm
hydride, In the spectrum of this alcohol in Cﬁcla
sclution the methyl signals were located at £7 and B9 cps,
However, when the spectrum was examined in pyridine
the wethyl singlets appeared at £8s5and 65 crs,

In earlier examples 1t hasgs been estahlished that the
methyl group eclipsed by hydroxyl shows & paramagnetic

shift of about 16 ers in the pyridine spectrum,

It is fairly obvious that in the present case

- the smaller magnitude of this shift (6 eps) arises

from the flexibility of the cyclorentane riﬁg which
permits the carbon oxygen bond to have positions (A& B)
slightly varving from the conformation (C) in whieh this
bond eclipses the methyl groupg

:: ;OH
é\

OH
HO

* We are grateful to Dr., 3ukh Dev for the carple of
t»is compound,
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Thus 1t ¢an be summed up that those sleohols
in which the methvl signals occur at the same position
in both G%Cla and pyridine spectra must corresnond to
the epimer in which there is no eclinsing of methyl with
hydroxyl group, when such eclipsing is present tho.

downfield shift of the corresponding methvl 1is enhanced

in pyridine spectra (Table 1),

The results so far deseribed relate to those
compounds in which there 1s no nossibility of any free
rotation around carbon-carbon single bond as rigid ring
systems have been considered, In the case of
corrounds having a primary hydroxyl group free rotation
can be expected and different conformers may arise due to

this rotation,

The comnounds renorted in Tsble 2 were prepared
by lmown methods (see exnerimental), * comparison of
UMR spectra of O-methyl-podocarnane (VIIT:,
C-methyl rodocarpinol (IX) and dehydroabletinol (X)
(Fig. £, 6 and 7 respectively), in €NCla,y dermonstrated
that only o-methyl podocarpinol (IX) showed a downfield
shift for one of its methyl grourns, This shifted methyl
is of course the 64—equatcria1 methyl as the C-10 methyl
in these three compoundes appears almost at a fixed position,
being the downfield signal in the gpectrum of O-methyl

podocarpane*,

* Tt ie well knownl3 that the aromatic C ring causes a
downfield shift of the C-10 methvl (steroid numbering),
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Chemical Shift in|Chemical Shift o
Cyo-CH ,
No. Compound In |In PyShift|In |In py Shift
CDClg|ridind pyy, |CDClg|riding PyT
OCH5
IX 63 74 | -11 N1 74 |-3
X 53 56 |-2 [73 73 |0
Xi 60 73 | -13 |52 50 |+2
XII 49 62 (-3 6 52 |[+3
HOH,C

A denotes axial, and E lenotes equatorial



131

00 200 100 0
T 1 1
o © —H->
w CPS
n L8 w0
N
~ ")
o
o~
d "
=
-
1 ] | | | | 1 | 1l
8 7 6 5 4 3 2 1 0
PPM (8)

FIG.5. NMR SPECTRUM OF O-METHYL—PODOCARPANE (CDCl3}___

500 400 300 2CI)0 1(%0 0

228 ¢
71b

-
—

FIG. 6. NMR SPECTRUM OF OMe - PODOCARPINOL (CDCl,)




500 400 300 200 100 0
l ] ] I [7) " _I
Qr;] CPS
[ o
[+]
<

-

PPM (6)

FIG.7. NMR SPECTRUM OF DEHYDROABIETINOL (CDCl32_

500 400 300 200 100 0
T T I ]
o —H>
o 2 CPS
0
N
-

-

PPM (8)

FIG. 8. NMR SPECTRUM OF OMe- PODOCARPINOL (PYRIDINE)




i 133

The shift caused by‘the axial hydroxyrmethyl
ie arproximately © ens, This can be rationalised as
being due to the fact that in the axial ecompound (I¥)
there would be interactions between the hydiroxymethyl
at C-4 and C-~10 ansular methvl which would force the
hydroxymethyl to assume a conformation (D) in which
the hydroxyl group ls farthest away from the C-10 |
angzular rethyl, In such a conformation the earbon-oxygen
single bond eclipses the carbon-carbon bond of the C-4
equatorial methyl. |

In fact a second conformation (®) in which such
an eclipsing 1is not present can also be envisaged,
However, though this has a gtaggered eonformation of the
hydroxymethyl group in relation to the C-4 carbon atom
it has wnfavourable non-bonded interactions in which
the hydrogen~hydrogen distance (hydrogen of C-4 hydroxymethyl
and C-10 methyl hydrogens) is anproximately 1.4 Oy
whereas in conformation (D) this distsnce is 1,45°A
This hydrogen-hydrogen interacticn therefore makes

conformation (D) the preferred one,

eSS VA

C _ Cs c Cs

OH
OH " CHy
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A confirmation for thls stems from an examination
of the spectra of these compounds in pyridine when
C-4 equatorial methyl signal of O-methyl-podocarrinol (I¥),
(F1g.8) shows a considerabie (1l.e. 11 cps) downfield
shift, vhile C-17 methyl position is ~lmost umchanged,
also O-methyl-podocarninol (IX) is the only comnound
in which the methyl signals are at different location
in 63313 and pyridine. All these three factors together
indic.te that the C-4 hydroxymethyl group when it is
axial has the fixed conformation as depicted in (D),

The general natyre of this orientation »f the
hydroxymethyl group is demonstrated by congiﬁaring
other examples from the ditervene field,

Thus vouacopenol (XI) displays i‘s C-4 methyl at 60 ens
in CDClg and there is an arpreclable naramagnetic shift
(13 eps) of this methyl group in ryridine whlle the
C-10 methyl is unaltered,

In its C-4 ecustorial enimer 1,e, vinhaticol (XII)
not only is the C-4 methyl slignal a* a comparatively
higher field (49 eps) in CﬁCla spectrum but =lso in »nyridine
the signal is unshifted, \

In compounds with antipodal skeleton also
this relation holds geood. Thus in monogynol (XIV)
it is clear firstly from the downfield position of C-4

methyl as compared to the deoxo comneun614 ¥ (XIII) that

* Values for tils compound are tiose renorted in literaturel4



the C-4 hydroxymethyl is axial. The fuct that the
garbon~oxygen bond iz eclipsing the carbon-carbon bond
between C,4 and the equatorial methyl is evident from
the pyridine spectrum of this compound (XIV) whieh
reveals a downfileld shift of 16 cps for the C-4
equstorial metayl group. Similar results were aliso
obtained in ‘he case of dihydromonozynol (XVI) and

14

its deoxo compound*” = (V) (Table 3). These resuits

theretore confirm the earlier findings.

Lastly two examples cited in literature may be

mentioned, Lamertianic alcahol*ls

\ZVII) showed the
L=4 methyl at && cps whereas the similarly substituted
volyaltayl alcahal*ls (XVIII) disrplayed its C-4 methyl
at 44 cps, This difference in location of methyl
signals recquired the lamertianic aleohol to have the
hydroxymethyl axial while polyalthyl alcohol must have
the hydroxymethyl group equatorial. Thils agrees with

the known zeometry of these compounds.

Tetarol4 in ite NMR spectrum in CEGIE showed
signals at 67.2, £6.8 and 65,2 eps for its ClO angular

OH

HOHZC H

Totarol Hydroxytotarol

* Values for these compounds are that reported in literature,
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IABLE _3
QLV INDUC CH CAL S S IMARY 0 W
POD; TO)
Chemical shift of|{Chemical shift of]
the C,4-CH, the Cyo-CHg
No. Compound ‘In |In Py 5¥1ft In [In Py-Bhift
CDCly |riding - fcDCl.ridinel in
Pyr. 3 Pyr.
49 - - - - -
Ml 51 :
XV 57 72 =15 |43.£ | 47 3.5
XV 50 - - - - -
XVI 58 71 ~-13 | 54 87 -3
Xl £5 - - - - -
S
e
XV 4 @ - - - - -
HoHpC/ E

A cenc'ss axial, and E “enotes e uatorial.
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methyl and C-4 gzem dimethyl respectively, but when the
spectrum of hydroxy totarol was examined in the sare
solvent the signals at 66,56 and £6.2 cns were renlaced by
th mal at 37,8 erg, while the signal at 67,2 crs

wae unaffected, The downfi~"" ahift of Ced methyl
by~86 cps once again confirms the avigl disposition

of the hydroxymethyl group in hydroxytotarol,

Enuatorial aleohols

"o far we have coneidered only the
conformation of the axial hydroxymethyl substitutent,
Using the same arguments ar mentioned earlier it is clear
that in the case of the eguatorial hydroxymethvyl zroup
the conformation (¥), in which the carbon ciygen bond
eclipses the bond between (-4 and the avlal rethyl,
has got no stabilisation through any factor.

g such thisg conformation which would have severe
eclipsing interactions would not be a favoured
eonformation, Once this is realised there is a
convenlent exnlanation for the fact that the eguatorial
hydroxymethyl subztituent has no deshielding effect

on the geminal axial methyl (comrounds X and XII in
Table 2),

Two other conformations (G) and (H) can
therafore be considered, 1In the conformation (0)
the hydroxyl group is gskev to the rethyl whereas in
confarmation (H) this interaction is absent as the hydroxyl

{8 now antl to this methyl, T+ ~an therefore be exnected



OH
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that conformation (i) would be the preferred conformation
being at slizhtly lower energy level than (G)
and at appreciably lower level than (F).

So far we have only considered that (H)
is tne best possible conformation but have furnished

no proof in this direetion.

A eloser examination reveals that the hydroxyl
group in this conformation liss equi-distant between
the axial protons at C-3 and C-E, Furthermore the
distance between the hydroxyl group and the C-3 proton
is egual to the distance (-~ 2.50A) between the
hydroxyl group and the (-3 axial proton |
in 8«~hydroxy steroids,

If, therefore, this ls the actual conformation
0f the C+4 hydroxymethyl group then the shift
of the C-3 axial proton by a &ol-hydroxyl zroup
or a 4«~-hydroxymethyl group should be nearly the same,
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In order to detect the C-3 proton it would be
necessary to have a substituent on this caurbon atomy
- and as C-4 equatorial hydroxy methyl in conformation (H)
would show an effect on Ce3 axial hydrogen, this C-3
substituent should necessarily be eguutorial,
lHence, compounds with a C~4 equatorial hydroxymethyl
and an equatorial substituent at C-3 had to be obtalined,
For this purpose hederagéninl7 (XIX) isolated from
soapnuts was converted through its methyl ester into
the C~23 trityl ether (J.) according to the standard
uathodsla’lg (See . hart 1), The product, 650364ﬁ4'
displayed in its I. R. spectrum hydroxyl absorption at
3400 cm”™! and aromatic absorption at 710 and 768 em” L
and analysed well for tha-ahev& formula. The NMR
spectrum indleated that the primary hydroxyl group
was indred the one that has been tritylated as the
gl:nal due to these protons [CHz-GJ was shifted upfield,

«s expected, from 213 cps to 181 eps, in comparison to

the starting ester,

By usual acetylation method the above trityl
ether was converted to the 3-.cetute (XiI) (I.R. absence
of hydroxyl band anc appearance of bands at 172§ en'l and
1240 em”l due to acetate), Its NMR (Fig. 9) shows a 3H
singlet at 112 cps (due to Gcggga) and a lowfield (306 eps)

quartet (J = 10 and & eps) assignable to the C-3 proton.
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CHART-1

XX

XX} XX

1) CHoNy 2) PYRIDINE/ TRITYL CHLORIDE

3) ACETIC ANHYDRIDE, 4) PtO, /H,
PYRIDINE

SYNTHESIS OF HEDERAGENIN Me-ESTER 3-ACETATE
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Netrilylation using the normal hydrogenolysis
methodzo (using 104 P4d/C and methanol at atrmospheric
pressure) merely yielded the unreacted *rityl ether
acetate (X¥3, It was only when the detritvlation
was carried out in acetic acid in nresence of platinum
awidegl catalyst with "relonged stirring in hydrogen
atmosvhere that anpreeiable detritylation had taken rlace,
The detritylated product in-“icated besides the unreacted
material and triphenyl methane, the presence of two

ﬁer"poundﬁ (To L.C. ) .

This mixture was initlally separated by
chromatography over silica zel, The fuztest roving co mpound
as expected, was ldentified as triphenyl methane,

The next fraction gave the unreacted trityl ether
acetate (X"I), while the remaininz fractions were found to be
mixtures of the other two comnronents in Aifferent

proportions,

or)
Tnverted dry ecolumn chromatographyg° of these
fractions using benzene-ethvl acetate (9:1) vielded both

of these components in pure form, as gums,

The more polar compound was identified as »
hederazenin methyl ester-23-acetate (XYII) from its I.R, (Fig.ll)
absorption at 34M ewl (0H), 1725, 1240 en™ ' (0Ac) and
NMR signals (Fig. 10). The latter e~xhibilted a singlet (3H)
at 125 ens (D%¢), two protons "B muartet at 241 cps
(J = 11 eps) [In hederazenin methyl ester this guartet is

consicerably upfield {,e. 212 cvs (T = 11 cps)] and a one
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proton guartet at 207 cns (J = 2 and 7 crs) almost similar
t~» the signal in hederagenin methyl ester. This compound
must therefore be represented by (¥7II) and should have been

formed thrO'ﬂgh ae‘yl migration.ga'g‘;,gs

The fagster moving comnound was the expected

hedefagenin methyl ester 3 acetate*,

Though several atterpts were made to obtain this
in crystalline form, the materlal was obtained as a colourless
gum only, It however analysed well for Caaﬁﬁzﬁs,
and its I R, spectrum indicated the presence of hydroxyl
an’ acetate fimctions (3470, 173", 1242 em™ 1), (pig. 12)
In the NMR spectrum the C-3 proton appeared at low fleld
(i.e. 296 cps) as a characteristiec quartet (J = 11, £,5),
The signal assignable to the methylene zroup carrying

the hydroxyl arpeared as an B suartet at 189 eps (J = 12 eps),

When the NMR spectrum of this cormvound (XXITI,
Fig. 14 was compared with that of Q-amyrin acetate**
(XIv, Fig., 13), it clearly showed a downfield shift of the
signal of the C-3 proton by 26 cns (See Table 4) revealing
thereby the eclipsing of C-C bond of C-4 eoumatorial hydroxy
methyl with C-3 axial nroton,

» It is necessary to prepare the C3-acetate ag in the
spectrum of hederagenin methvl ester there is an overlanping
of the signals due to C3-H and the hydroxymethyl grour which
ma es assignments of exact positions diffienlt,

Aetually comparison should be made with oleanoclie acid
methyl ester, 3-acetate, but as the ester zroup in (XXIII)
is very far away it obviausly has no effect on the observed
shifts for C-2H or C-4 and C-10 substituents and hence
A-amyrin acetate would serve the purnose eaqually well,

* %
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CHEMICAL SHIFTS QF Cy-H CAU

B
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ATO OXYM GRO

Chemical shift of 03-H

O---
I

. d
fo Compoun in CDC1, |
XXIV 271 cps
Shift of C5-H
296 cps
XXl
-25 cps
268 cps
XXV _
AcO
Shift of Cq-H
301 cps
XXVi
-33 cps
;xxvn 187 cps
MeO 8
—
Shift of 03-H
217 cps
XXVl \
-30 cps
MeO
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A gsecond nalr of guch compounds wag that of
the sandaracopimaradiene derivatives+ (VVV and XYVI)
in which the C-4 equatorial hydroxymethyl group caused a ;»
downfield shift of the C-2 proton by 23 eps,

These two examnles serve to indicate that
the C-4 equatorial hydroxymethyl groun does exist in *the
conformation (1), It had earlier been pointed out that
in thie conformation the distance between the oxvzen |
of CHoO0H group and the C-3 axial hydrogen 1s equal to
that between the oxygen of a fodehydroxyl and the C-3
axial hydrogen in Eel-hydroxy steroids. It was therefore
felt thst an eleg:nt proof for this exrectation would be
provided 1f the spectra of such type of comround is also

examined,

The most obvious comnounds which wmuid be sultable
for this purpose would therefore he cholestane~33-01 methyl
ether (¥YXVII) and its Bel-hydroxy* derivative (X¥VIII), |
An exarmination of the spectra of these two eomnounds in CDCla
clearly revealed a downfleld shift of 30 cps for the C-3
proton in the S«-hydroxy compound (X7VIII, Table 4),

s tnls downfleld shift i1s nearly the same as that observed
for the C-3 proton due to C-4 equatorial hvdroxymethyl, this
established the previous suggested conformation (H) for these

equatorial hydroxymethyl. groups.

+ T am grateful to Prof, J, W, W, Morgan for the sarples of
these compounds,

* tg gre thankful €0 ¥r, ¥, R, Sarra of fhls Ladoratory for
the sarple of tnis compound,




It may be added thzt these conformations
of the hydroxymethyl group may be vipiateé by interfering

substituents in the A/B rings,



EXPERIMENTAL

For general procedure see Chapter 1,

11«-Hydroxy prozesterone (I)*
o 168°
[d]gg +176°

112-Hydroxy progesterone*(II)
M.P, 1rg°

[x]%a +292°

1l-Hydroxy-£«-preznane (III)

To ll-keto-fel~-pregnane+ (183 mg, m.p. 104%) in dry
aleohol (15 m1) was added sodium (1,25 g) in small cuantities,
*fter all the sodlium had reacted the reaction mixture was
refluxed for two and half hours. It was then cooled,
diluted with water and extracted with ether (4x26 ml),

The combined extracts were washed with distilled water and
dried over anhydrous sodirm sulphate, Removal of ether
zave a solid which eryvstallised from acetonitrile to vield

the produet (150 mg),

¥, P, 148-1490°
[(«13% 7.0

I.R. 3370, 1026 em™ 1 (OH)

These gamples wvere kindly supplied by Dr, L. M., Kogan

+ ™ie sample was supnlied by Mr, ¥, K, Sarra of -m»
laboratory,



152

NMR (cncla), Broad signal (19) centered at
227 eps (1l-axial H), 3H-singlet at 3& eps (-18 CHy)
3H singlet at £7 cps (19-6H,) |

Analysis
C5yHagl requiress G, 82,337 1, 11,924,

117-Hydroxy~-f«arreznane (IV)

11-Keto-B«l=pregnane (180 mg) in dry ether (10 ml)
wasg added slowly to a susvension of lithium aluminium
hydride (78 mz) in dry ether (10 ml), The mixture was
refluxed for six hours, The excess L'H was degtroyed |
by cold 2¥ hydrochlorie acid, The organie layer
was senarated and the atueousz layer was extracted with
ether (3x25 wml), Total ether extracts were combined,
washed with distilled water and dried over anhydrous
sodium sulphate, Removal of the aolvent and —
crystallisation of the product from methanol afforded

the AB-alcochol (120 mgz).

M.p,  124°
(157 +a8°

I.R, 3500 em™! (hyéroxyl)
NMR (CNClg) a narrow 1 proton signal at 266 cns
(C-11 eouatorial 1), 71 ginglets at 47 and 62 cps
(18 and 19 methyls respectively),
Analysis: FPound: C,R3,043 H, 12,14
Cpqling0 requiress C,82,83; i, 11,0924,



2,2=-Nimethyl eyvelopentanol (VII)12

2,2-Dimethyl cyclonentanone* (150 mg) in d;y
ether - (& ml) was added dropwise to a susrension of
LAY (78 mg) in dry ether (& ml), The resction mixture
wag refluxed with stirring for £ hours, It was then
cooled and excess of L%%wwas degtroyed by cold water,
The organic layer was separated and the salts were washed
well with ether., The total ether extracts ware combined,
washed well with water and dried over anhydrous sodium
sulphate, Removal of solvent gave & mobile oil (150 mg)
which was distilled through a short column,

B,P. 147-142° at 710 mm. L1t.151-152° at 744 mm.

ng 1.4507 Lit. 1.4632,

NMR (0DClg) 67, 59 cps (Methyl signals)
120 eps (0" signal, exchanged with D20)

Methyl-O-methyl podocarpate=C

Podocarnic acid (£ g), freshly diﬁtilleé dimethyl
sulvhate (7 g) and sodium hydroxide (2.5 g) in 80€
anqueous aleohol (26 ml) were refluxed on steam bath for
3% minutes. On cooling methvl-o-methyl npodocarrate
separated out, I* was filtered and the precipitste was
cerystallised from petroleum ether to afford the ester
(4,4 2) in besutiful needle«s,

M. P, 128° : Lit. 128°

I.R. 1770 em™} (ester) 1510, 1620, 740, 78¢ cm™ >
{aromatic)

* This sarple was kindly suprnlied by Dr, Sukh Tev,



U-Methyl rodocarninol (IX)27

Methyl-O-methyl podocarpate (4 g) in dry
ether (170 ml) was added slowly to a suszpension of L*H
(1 g) in dry ether (60 ml) with stirring. After the
reaction mixture was refluxed with stirring for six hours,
the excess of L'Y was destroyed by cold 411,HC1l.
Ususl woris up followed by crystallisation from methanol

yiclded the expected alechol (3.5 z),

.7, 89° Lit, 90°
1.8, 7442 em™ ' (OH)

0-Methyl rodoc rnane (VIII)29

O-Methyl podocarpinal* (436 mg) was refluxed
with ethylene gzlycol (27 ml), hydrazine hydrate (0.9 ml)
and potassium hydroxide (2.667 g). ~fter two hours the
reactlon mixture was heated to 190° and the distillate
collected, Acditicnal hydrazine hydrate (0,5 ml)
was added to the residue and the resulting mirxture
was refluxed for two hours, fome more material was
distilled off at 196° and the distillate was again
collected, The reaction mixture left over was refluxed
for further six hours, It was then cooled and poured in
water (209 ml), This was satursted wlith common salt
and ertracted with ether (6x25 ml), Total ether extracts
were washed with brine and dried over anhydrous sodium
sulphate, Removal of solvent gave a coloured residue

(180 mg) which resisted crystallisation,

* Preparation described in Chapter 1V,
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To account for the rest of the material the two
distillat~ss collected were examined, and surorisinzly
it wae observed that beautiful clusters of needles
anpeared in the distillates, fe the crystals did not
dissolve on addition of plenty of water, they were

separated (276 mg).

¥. P, 30° Renort&é for O-methvl vodocarvane 21°

1

I.R. No bands at 2770 er™> and 1710 em™ 1, rest of

the spectrum similar to that of o-methyl nofocarrinal,

NMR (CPClg) |
Singlet (37) at 226 cps C-12 o-methyl
Singlet (3H) at 71 ers C-10 methyl
Singlet (6H) at && eps C-4 gem dimethyl
Anslvsis

Found: C, 83,63 H, 19,24¢
Cyatlog0 requires: C, 83,663 H, 10,144,

Methyl dahyéroabietateaa

Dehydroabietic acid (49 mg) in ether was treated -
with an excess ethersal solution of dlazomethane and kept
aslde overnizht, F¥xcess of diazomethane was removed on
steam bath, The r=sidue was taken up in ether, washed with
E% sodium bicarbonate, water and then dried on sodium
sulphate, Removal of solvent and subsequent crystallisation

from acueous methanol furnished the ester (3.5 g).

M.P, 61-61,8° Lit, 61-62,8°,



Dehydroablietinol ()30

Methyl dehydroabletate (2.6 g) in dry ether (57 ml)
was reduced using LAH (1 g) under the usual condltions
to nrovide dehydroabietinol as a viscous oil (2,3 g),

which was distilled under vacuum,

B, P, 175-186 (bath ?emp.)/ﬁ 2 mm. o

RO Tit, 17¢- 1ao° (bath tern,)/N.2 mm.
0«]%8 +62° W
I.R. 3367 em~} (OH)

Methyl vinhaticoate31

Vinhatiecole acid* was eafprified wifh pfheraal
diazomethane solution by the usual procedure, Residue

ohtained was crystallised from methanol,
M.p, 108°  Lit, 108°

[«];, +64° Lit, +66° -

Vihaticol (xTT)28

Methyl vinhaticoate (170 mz) was reduced with‘x
" 1ithiuwm aluminium hysride according tc usual procedure,work

up and crystallisation from little methanol gave needles

of vinhaticol (8E mg). , T L g
M.p,  182-133° i+, 123°

* These samples were kindly s upplied by Dr, ¥, E. King.
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Methyl vaggcogeg&&gaa

Youacopenic acld* was esterified with
diazomethane vy the known method, The ester was

purified by chnromatography over neutral alumina,

Crystallisation from methanol gave the ester as good

needles,
M. P, 103°, Lit, 103-104°
(<1 +09° Lit, 1010
Vouacopencl (x1)28

Metnyl vouaceopenate (100 mg) was reduced with
etheral suspension of lithium aluminiur sydride in ususal
fas:lon, Work up and c¢rystaliisation from methanol

a’forded vouacopenol (76 mg).

M.P. 1309 Lit. 131-1232°
(<1, +68° Lit, +71

Honozvn 1¥ (XIV)
Recrystalilsed from acetonitrile thrice provided
prisms melting at 118°, Lit, 118°,

Dihvdromonozynol (xvI)'4

Monogvnol (1 :) in glaclal acetic aeid (30 ml)
was stirred in an atmospnere of hydrogen in the presence of
104 palladised charcoal catalyst (980 mg).,  Absorption

cessed after four hours, The catalyst was filtered and ="

*+ These samples were kindly supplied by Dr, F, E. £inge oo

+ WwWe are _rateful to Dr. Sukh Dev for a sample of the
compound,.



filterate was diluted with wvater, Preciritated material
was ex*racted with ether (4x°8 ml), Total ether extract
wus washed free of acetic seid and dried over sodium
sulrhate, Reroval of solvent afforded a colourless

gum wileh showed two snots in T,L.C, As ite I, R, displayed
bands at 1725 em”) and 1246 cm'l, it ¢ould be assumed

that some acetylatlion had taken pnlace,

For avoiding separation the gum was refluxed for two

- hours with &7 methanolie potassium hydroxide. The solution
was concentrated in vacuo, and diluted with water,

The preciritated material was extricted with ether (4x2F ml),
Total sther extracts were washed with distilled water

and dried over scodium sulphate, Removal of solvent

an® two ecrystallisations from acetonitrile afforded
dihydromonogynol (800 mg), |

M.P, 128° Rerorted 128-129° .
(Yo colour with TNM)

Isclation of hederargenin (XIX) from soapnut

Hederagenin was 1sclated by the following method

described by Jacobsl7 with slight modification,

“hells of soapnuts were sep:rated from seeds and
wvere ground to powder, This vowder (f00 g) was extracted
twice by immersing the shells in D4 alcohol (2 litres)
for twentyfour hours, Combined extracts were concentrated
(to 1. litres) under recuced pressure. This concentrate
was refluxed for three hours with 104 agueous »vér~chlorie

acid (1.% litres) and allowed to stand for twentyfour hours,
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"he crude substance that separated was filtered

and washed thoroughly with £7% slcohol, Dried material

wag then digested at room temperature with =zmall amount of

acetone which helped in remeoving the coloured material

to some extent, To get rid of colouring mattsr the

materisl was dissolved in 604 alcohol by the addition of

requisite amount of sodium hydroxide and reprecinitated

with acetic acid while hot, te the material collected

on buchner was still ecoloured, 1t was treated with animsl |

chareoal and crystallised twice from alechol,

To remove the last traces of colour, the material
waes adsorbed on silica gel (&0 g) and this silica gel
was loaded on a silica gel column (78D g), “lntion with
benzene viclded some coloured zum which was not investigated,
Ether s»luates gave the white material (m.p, 320-322°).

One crystallisation from aleohol afforded the pure

Y& g i R

hederagenin,
M.P,  326-327° Lit, se7eee®,

R

Hederseenin-Methyl ester

Hederagenin (& g) was refluxed for two hours w;th
a sclution of nataszium hydroxide (260 mg) in wethanolzwxijW”””
(49 ml) and fresghly distilled dimethyl sulrhate (2 ml).: !
The solid whiech separated on cooling was filtered, ‘s it
é1id not nroperly crystallise from methanol, it was
echromatogravhed on silica gel, Tlution with 2F< ether
in benzene gave a colourless material which showed a
sinzle spot in T.L.C, One erystallisation from methancl

gave the ester in pure form (4.2 g),
M.p, 236° i, ponean®

S30 S R e B e S ©



Hederagenin methyl ester 93 trilyl ether (X¥)

Hederagenin methyl ester (3.9 g , 0,008 mole)
in dry pyridine (40 m1) was warmed on steam bath with
triphenyl methyl chloride (3,340 g , 7,012 mole) for
three hours, After standing for 24 hours at room t@mperéture
the reaction mixture was poured in crushed ice and ertricted
with ethyl acetate (4x30 ml),  Combined ethyl aCetate
extracts were washed free of nyridine and dried over
anhy?rous sodium sulphate, Removal of solvent left a
white solid (~ 7 g) which showed tw: spots on TLC,
~one of them corresponding %o authentic ‘riphenyl carbinol,
The mixture was therefore chromatographed on silica gel .
column, Chromatogram 1 sumrarises the rasulté obtained,
B
Chromatogram 1

211ica gel (187 g), column dia, 2,6 em, "0 -

Pra.No, Solvent ’ . Sub, .. Weight
1. ' Pet, ether (Fx100 mi) Wil
2. Pet, ether-Benzene (8x100 ml) White l.1 g
o 1:1 golld
8, . _ Benzene (2x100 ml) Lta (.0 White .7 2
T R ~solid ~
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Fraction 2 aftor erystallisation from net, ether

gave triphenyl esrbinol (m,p. and mixed m.p. 164°),

Praction 2 (single spot on TLC) on erystallisation
from agqueous alcohol afforded the desired tritvl
ether (£,029 mg).

[«128 4045
I.R, 2470 em'l (67) 1730 cm'l (ester) s
710, 74%, 768, 777 em” > (aromatic)

Found: C, 82,603 ¥, 8,92¢

NMR (CCly) 18 proton narrow multiplet centered
at 43& eps (aromatie protons, 1 proton singlet at

216 eps (vinylie -CygH) 34 singlet at 214 eps (COCMe).

zenin methyl ester, 23 tritvl ether, 2 acctate (U°1)

The above compownd (4 2) in »vyridine (29 ml)
and acetic anhydride (29 mwl) was warmed on steambath
- for two hours, It was then kept overnight at room
‘tﬁmp&ratura. The zolution was then poured on erushed
dce and allowed to stand for 2-3 hours to deccmpose the |
scetie anhvdride. Usual work up followed by crystallisation
from aleohcl furnished the acetate (3.88 g).

v, v, 228.220°% (with preliminary sintering at 226°)
[«1%2  +67°

I.R. (no OH band) 1730, 124@ em™) (0%e)
700 and 768 em”! (aromatic)
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NMR (6814) 16 proton narrdw multipiet at
436 cps (Trityl) 1 proton singlet at 318 cps (vinylic
Cyo-H)y 3H singlet each at 214 and lig-cps for Cﬂqgg;g
and ococgg respectively,

" TYound: G, 81,613 H, 8,674
ChollggPg Teoquires: C, 81,63 H? $,67§;

Hydrogenclysis of Hederacgenin-methyl ester 23-C-triphenyl

methyl 3 acetate

To the trityl ether acetate (72f mg) dissolved
in aéetic acid (20 ml) contalning ethyl acetste (2 ml) .
was added 2 drops of conc., HC1, The wixture was stirr;dﬁ
in an atmosphere of hydrogen for 18 hrs, 1n.th& presence
of "“am's catalyst (72,5 mg). The catalyst was Tiltered and
the filtrate was diluted with water, The precipitated
material was extracted witlh ether (4x2f ml), Combined
ether ertractz were washed with sodium biearbonate r
solution and distilled water, Removal of the zolvent after
'drying, vielded a residue whlch showed four gpote on TLC
(Rp 0.92, 0,83, 0,23, 0,71), Material was therefore
chromatographed on silica gel, Chromatogram 2 shows the

results obtained,



Chromatozram 2

84ilica gel (V6 g), column dia., 1.6 em, (T.L.C, solvent systems
Benzene + Hto'C

9 1 1)
Noh Solvent material Hemark
3 Y mg
Q.Q‘-O‘no"ﬂ“ﬁ&“’-mnn-ﬁﬂﬂbﬂll‘”ﬂ’h.ﬂ‘ﬁbﬂdonﬁ» L2 Y EL R PR N R R R R R R
1. Pet, ether (3x2€ ml) 36 Single gpot in TIC R 0,92
identified as trirhenyl
methane

M.P, and mixed M.,P, 91°

e Pet, ether : Benzene Sinzle srot material RF 0.83
1 iﬁxﬁs ml) 376

ldentified as starting
tritvl ether acetste

¥.P, and mixed M.P, 226°

3. Henzene (4x2f& ml) nil nil
4, dengene : £f HEther 276 ¥ixture of twoc ecomronent
{(6x26 nl) RF 0,33 and 0,21

LR e Ry P R T

Fraction 4 wuzs resolved into two components

by "Inverted dry eclumn chramatography“22

on silica gel
(260300 mesh) using benzene-ethyl acetate (9:1) giving tue
faster moving compound (Rp 0.33, 96 mg) and slower moving
compound (Rp 0421, 180 mg) as colourless gums which resisted
erystaliisation,

Compound Ry 0,33 was identified as Hederagenin

methyl ester 3 acetate (XiIII).
[4]%3 +43,26°
I.R, 3400 em”Y (0H), 1730, 1942 (COOMe, CAe)




NME (CDClg) 1 proton signal at 318 cps (C-12 H)

1 proton quartet centered at 296 cps (J = 17 and & eps)

3 H singlet at 218 cps (ClOMe)
3 H singlet at 124 c¢ps (CAe)
2 H quartet at 189 eps (J = 11) (23-Cf,-0i)

Analysigs |
Founds C, 74.89; H, 9.77%

Cailsalg requiress Cy 74,963 H, 9,914,

Compound RF 0.21 was 1denititled as Hederagenin

methyl ester “3 acetate (XXXI),
{«c]%s +62°
LR, 3400 ex~1 (0H), 1726, 1240 cn™> (COOMe, Otc)
NMR (CDCla) C-3H proton quartet at 207 cps (J = @ and 7)

23 CHg 0%c quartet at 241 cps (J = 11)
OA¢ singlet at 128 cps

Analysis:
Found s C’ 76&065 H’ g!?%

Canllg U requiress Cy 74.96; H, 9,914,

ather (VIL)

Preparation of thls compround is described in
Chapter ﬁhii
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CHAPTER 1V
THE CONFORMATION OF ESTERS, ACIDS
AND ALDEHYDES IN TERPENOIDS
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INITRODUCTION

In a cyclohexane or a fused cyclohexane the
normal method for determining the stereochemistyy of a
carboxylic acid is by determining whether the acid is axial
or equatorial, This method can also be used in the case of
primary alcohols and aldehydes wi:lch can be easlly oxidised
to tne ucid, hence the determination of the sterecchemistry

of the carovoxylic funetion can help in these cases also,

The methods avallable for proving whether a
carboxylic acid is axlal or equatorial are based on the

principles mentioned below:

1) Determination of the rate of hydrolysis
of the astersl and comparison with suitable model comrounds,.
Generally axlal esters are more difficult to hydrolyse as
compared to their equatorial epimers, It can readily be
understood that if the stereochemistry is not already known,

cholice of model compounds causes difficulty.

2) Determination of pKa of acidsg ¢an also be
used for this rurpose. With the help of several currection
factors discussed recently3'4 the scope of this metnod .
has been enlarged, |

3) The C-0 streteching fr&guencyﬁ of a methyl

eéster has been used to determine the coufiguration of the

ester., The difficulty in this method is that interfering '



169

acetates and other esters should be absent, Also the
method is limited to those compounds in which the
carbometnoxy function forms part of a gem dimethyl group.
4) In a recent method Narayanan and
Venkatasubramanian® have been able to determine the
sterecchemistry of terpene acids by an examination of
their P.M.R. spectra. In the axlal aclds, the C,
earovoxyl group deshielded the Cyp methyl by 16.8 cps
when the épectrum of the ester in pyridine was comparea
with that éf the acid in pyridine, In equatorial acids,
which have no methyl group in a 133 cis diaxial relation,

deshielding is only 4 cps.

It is only recently that interest has been
focussed oun the conformation of the acld function,

Simultaneously two groups of worker53'4

by measurements of the pKa values came to the eonciusion
that in equatorial acids the favoured conformation(a)

is the one which has the carboxyl gréup in an eclipsing
orientation with the substituent at the carbon atom
carrying the carboxyl funetion, These workers could ’
also conclude that in axial aclds either of the two

conformations (b) or (c¢) is the preferred conformation, .

: O§§§ //,OH HO\\\ ¢470 )
¢

OH (o) (b) ()
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Narayvanan and Vﬁnkatasubramanians

from comparative NMR
study of axial and equatorial esters suzgested that the

axial esters have either conformation (b) or (e).

Several investigatiena7 have demonstrated
that the preferred conformation of a tetrahedral carben
bonded to & trigonal carbon is the one where a single

bond (C-R) eclipses the (C=X{) double bond.

In the case of the aldehydes attached to a
secondary cuarbon atom two alternate conformations are
possible, one (d) in which the carbonyl eclipses the
hydrogen and the second (e) where the carbonyl eclipses

the substituent (ring residue),

0 H
| /
H ‘\H |4d/
H H



these
The cholce between two ¢an be made by

considering the spin-spin coupling constants, between an
aldeuyde proton and a proton on an « carbon atom, as

a function of temperature and sslvemt.8

In the

case of cyclohexyl aldehyde the second conformation

(e) is more stable than the first (d).  Interestingly
enough this position is reversed in cyclopentyl and

cyclobutyl aldehydes.

In the case of acyclic aldehydes the
different substituents effect the stability of the two

conformations in different wayas.

The present work was therefore undertaken
with a view to determine the exaet conformatlions of
acids, esters and aldehydes in diterpenes making use of

solvent induced chemical shifts.

Present Work

In a few cases, 1t has been observed recently
that the carbonyl group (-C=0) of zurboxylic acid or
its ester shialdag’la’ll’s & methyl group that nas & {
1,3-gls diaxlal relatlon with it. Thus HNarayanan
and Venkatasubramamiﬁg from a comparative HMR study of
axial and equatorial esters showed that the Clg-methyl
signal 1s shielded 1in the spectrum of C-4 axial esters as

compured to those of the Cy-equatorial epimer,
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The RMR shifts of two palrs of similarly substituted
C4-epimers in CiCly are shown in Table 1,

If one realises that this shielding is to a large
extent due to the carbonyl, then only two conformations
have got to be considered in the case of axlal estersy
as only in these two conformations carbonyl cone would be
s0 oriented that the 010 methyl 18 placed in shielding zone
of the carbonyl. For such a shielding the ester group
snould be held 4in such a conformation that the plane
passing through the 64-axial carbon and oxygen atoms
attached to it has to be nearly parallel to the plane
passing through Cz, Blo carbon atoms and the axial
substituents on them, An examination of model reveals that
a slight inclination towards Ca~010 plane is better able to .
explain the observed shielding. {nce thils 1s realised,
it would follow that two orientations whienh satisfy this
requirement are possible. In one of these ( f , Chart 1,
ﬁ=833) the carbonyl oxygen is turned towards Cg and in
other (g, Chart 1, R=CHy) it is held away frwmlce
(by rotating through 180°),

To distingulsh between these possible
orientation it was thought thaf solvent induced chemical
shifts would be useful. It has been adequately
demonstrated that in these solvent induced shifts in the

case of carbonyl compound a simple rule 2113

can explain
the observations in passing {rum non-aromatic to aromatic
solvents, This rule states that if a plane is drawn passing

tnrougn the c¢aroonyl carbon and perpendicular to the
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TABLE - 4
CHEMICAL SHIFTS OF CioAND C4 METHYL. GROUPS IN AXIAL _AND
EQUATORIAL ESTERS
coCl 3
No. COMPOUND
C|o‘-CH3 C4~CH3
o 43 73
A
XVI 57 73.5
3
¥ i /\E_] 305 70
R .
XVl Qg/é\ﬂ_j 44 695
- No~
“H
RORC e
R = Me

- 6 .
These values .agre taken from literature . ‘A’ denotes axial

and 'E' denotes

equatorial.
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carbon-oxygen bond then tiose groups which are on the
same slde of the plane as the carbonyl oxygen will

suffer a paramagnetic shift whereas tiose on the opposite
side will suffer a dlamagnetic shift when passing

from non-aromatic to aromatic solvents, The groups
wihilch are nearer td the reference plane suffer relatively

small effects,

It can therefore be anticipated that if
the axlal esters exist in the conformation (f), then
Clo-CH3 is in front of the reference plane of the
carbonyl while methoxy methyl and the C4-equatorial methyl
group are behind it, Therefore 1f the sgpectra of the
methyl esters of the aclds are taken in chloroform and
benzene the CIO'CHa should be deshielded Iln benzene and
the 04-033 and methoxy methyl should be shielded.

The solvent induced chemical shifts of five
representative axlal esters is presented in Table 2,
The shifts observed (Fig., 1 and 2) for the C4 and Cqy
methyls on passing from CVCla to benzene solution show
that in all the cases the 64 methyl group is shielded, the
shielding varying between £-10 cps, For the °1o methyl
there is deshielding in four of the five esters,
The only exception being methyl vouacopenate (III)
where the observed shift shows a shielding of the Clo
methyl in benzene solution., This anamoly can be

explained as followss
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SHIFTS OF C4-CHy AND C-I0-CH5 IN AXIAL ESTERS
CHEMICAL SHIFTS (CPS) SH'FZTEN':E\'
No. COMPOUND CoCly BENZENE BEN
CIO‘MG C4‘M8 CIO‘MG C4'Me C,O‘Me 'C4-Me
OCH2
I 625 | 77 665 | 686 | —4 +85
1l a5 70 50 60 -5 +10
43 73 395 | 68 +35 ' +5
oot ll ”
IV 0 305 70 28 645 | -76 |+55
MeOQc VH
~ c,oomJ }
( \7\4 i
: » 4k 70 49 66 +4
f l .
Mec)OC'K H

The values * ¢

I, ,ive o~ peen *:xen *ror

. [
iteratu +
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Ag the Clo-methyl in CﬂClS spectrum resonates
at 43 cps 1t should resonate at ~ 48 cps in benzene
solution if one assumes a mean value of & c¢ps (see other
ezamples) for this solvent induced déshielding.

The observed resonance at 39,86 cps suggested that the

CIO methyl in this case is shielded in benzene solution,

As the stereochemistry of this compound has
been rigorously established the explanation of this
observed shielding must therefor: arise from the fact
that the aromatie solvent molecule forms a collision
complex with the partly positively charged oxygen atom of
the furan ring and thus the aromatiec solvent molecule is
so oriented as to higaly shield the Cy, CHs_(sea Chapter 1),
Assuming that this shielding 1s — 10 cps*® then the signal
which appears at 39,5 cps in benzene would have been
observed at ~ 48,6 i;n?;ranoid oxygen were absent,

This calculated value would now agree with the values observed

in the ease of other axlal esters,

This kind of correction does not have to be
applied in the cuse of other axial esters. In the case of
methyl daniellate (IV) the furanold oxygen, in the preferred
conformation, is held very far from the Cy4 methyl and

thercfore has no effect on it.

* Examination of model shows that the Cl -metayl is at
the same relative position to the plane as the « proton
in tetrahydrofuran., This plane has as its locus! the
furanold oxygen.
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The methoxy methyl 1n these axial ¢sters as
well as equstorial esters (see later) showed an upficzld
shift of ~ 18-40 eps in benzene compared to that in 3D013
(see Table 3) This shift 1s rather 1aTlger than that
which ¢an be accounted furbgarbnnyl. To see whether
this shift is wholly due to caroonyl or there 1s some
contribution due tp the ether oxygen,the eorresponding
C4~ methoxy methyl derivitives (X:I) and (XiII) were

prepared.

C-Methyl padocarpinol and dehydroabletinol
were methylsted with potassium and methyl lodide sas
deseribed by Narayanan and Iyer14‘ The methyl ethers

obtained analysed well and showed corr ct spectral data,

when the spectra of these methyl ethers (XAI,
XXI11) were recorded the C -methoxy methyl showed an upfield
shift (~10 eps) for both the compounds in benzene as

cﬂmpal‘ad to CuC 135

Substraction of this shift of 10 eps from the
total shift of 17-18 cps for mwethoxy methyli In esters
leaves a net shift of ~ 7-8. eps for methoxy methyl by
carbonyl, The solvent shifts fur the other :roups in
these methyl ethers are negligible with the exception of
the methylene holding the methoxyl, which also siiows a
shiclding of 10 ¢ps 1In benzene,

Had the axial carboxylic acid ester been in
conformation (g) then both the 010 and Cé-ﬁﬁs groups would
have been shielded as both of them are now placed behind



IABLE 3

CHEMICAL SHIFT OF C, METHOXY METHYL 180
Shift of 04-OCH3 in
No. Compound Eét;igznin
CDCl3 Benzene :
( OCHy
4 221 201 20
RO,C
X 221 204 17
RO,C”
0 219 202 17
Xiv 220 204 16
XX 1 198 188 10
ROH,C
XXl 199 189 10
ROH,C"
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the reference plane. These arguments estabiish
that in axial ﬁsﬁer$.€f} is the preferred conformation

of tue carbomethoxy group,

If one examines Drieding models it becomes
clear that there are four possible conforrations
fy gy hy 1 (Chart I, RwCRa) for the axial ester zroup.
Normally tne conformations simllar to (h) and (1) are the
preferred conformations, thus 1t his been demonstrated
that propanaldenyde exists in a conformation
similar to (h) and szimilar arguments7 have been mude for
the crration of several compounds in which an SPQ‘
hybridised carvon 1s attached to an SPS hybridised
Ccurbon. However 1ln the pregent case the position is
complicated by the presence of a clo methyl substituent,
In the ease of conformer (i) the distasnce between the
caroonyl oxygen and clg hydrogens is only 1.3fi;%.
In (1) the methoxyl oxygen is even closer 1,2704
and there will be a heavy barrier in this conformer to
free rotation of methoxy methyl around the carbon-oxygen
single bond, These two conformers can therefore be

anticipated to be infact less stable,

The choice then lics between (f) and (g) which
represent the stug:ered conformers,. The factor that
governs the stability of these two orientation would oe
tne interactiocn with the axial es-hydregans
the methoxy oxygen in conformation (g) will have a larger

interaction with Cﬁ-a axial hydrogen which wounld foree



182
the methoxy methyl away from 66 thus assuming the

conformation (f).

Stability congiderations alsoc thersfore suprort
the 1dea that these axial esters exist mainly in the

conformation (f).

If one extends these ildeas tu the acids it
becomes very obvious that from stability considerstion
preference for the conformation (f) would remain
essentlally the same, as we have congidered only those
interactions wiich involve the methoxy oxygen and not the

methoxy methyl.,

In keeping with this expectation the two axial
acids shown in Table 4 also show the same solvent induced
shifts as in the case of the esters, The C4 methyl being
behind the reference plane is shielded (7 and 10 cps) while
the Cy, methyl being in front of the reference plane 1is
deshieided (3 and 7 cps) (Fig. 3 and 4), It may be
pointed out that the solvent shifts observed in the case of
acids could equally well ve accounted for on the basis of a
conformation like (h)* as NMR evidence iz not sufficient
to rule out this conformation, However the conformation (h)
can be ruled out on the grounds that 1f esters and
aldeh&das (see later) have conformation similar to (f) and (g)

respectively there 1s no reason why acids should exist in

* In conformatlon (1) the solvent induced shifts would
require C, methyl to be deshielded and 610 to be shielded
anéd so can be ruled ocut,



TABLE 4

SHIFTS OF C4~-CH3 AND Clo--CH3 IN AXIAL ACIDS

Chemical shift in cps

Shift in
benzene in

cps

Compound Chloroform Benzene
No.
C,-Me |C;~-Me |C,~Me |Cqi~-Me [C,-Me
Cleﬁ? 4 b loc 4 d 10e 4f
OCH3
Vil 67 80 70 | 70 =3 +10
HCEC
51 74 58 67 ~7 +7

Vil
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conformation (h). = Moreover Sicher, Trichy and Eipopsa, and
gekkum, Verkade and Wstter4 had shown on the basis of

pKa measurements that aclds exist either in conformation (f)

or (g) and lastly a comparison of two similarly substituted
but rot identical epimeric acids (VII) and (XVIII) reveals

a shielding of the clO methyl group in 6?813 solution

by 6 e¢ps in axial esters, which also necessitates the axial

acid to have a conformation (f) in preference to (h).

OCHj
Hooc” -H nooc” M
(VII) . (X¥III)

When one considers the aldehydes the spectral
results (Fig., & and 8) indicate that in benzene the Clo
and C4 methyls are both shielded (see Table &) as compared to
those in cBGl3 solution. The snielding being larger in
case of the C4 metuyl group,the aldehyde¢ proton also in the"
two aldehycies are ghlelded in Cglg as compared to C?Cla
solution, These results need both the 010 methyl as well
as ﬂ4 methyl to be behind the reference plane of the carbonyl.
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This is inconsistent with the conformation (§, Chart 2)

and is consistent with the conformation (k, Chart £) in which
C=0 is turned away from Cg-He This 13 because in the
aldenhyde the interacting groups are now the aldehyde

hydrogen and the Cg-hydrogen.

Examination of models snows that in the
conformation (k) the interacting groups are now at a distance
of ~ 1.86%A whereas the interacting zroups in conformation
(3) are still at the same distance ~1,77°4*,  In the
case of the aldehydes the conformation (1, Chart =) would
8till have the same cdestabilising factors as for the
acids and esters i.e., the interaction between the carbonyl
oxygen and Glo methyl but fur the conformationvim, Jhart 2)
the position would now have changed as the interszoting
groups are now the aldehyde hydrogen and the 010 methyl,
as inspection of Drieding models indicated the distance
is now 1.5°a, Qg;'eonfarmation can therefore also be

ruled out,

It has been pointed out earlier that in
secondary aldehydes in cyclohexane series the preferred
conforration is like (l)whlile in c¢yclopentune and eyclobutaﬁe

series the preferred conforrmation is like (m).

In the case of the aldehydes now Investigated
it is obvious that these two conformations are not the

preferred ones as conforration (1) would require the Cy-methyl

-

. These distunces are measured considering a slight
inciination of the carbonyl towards °1G‘C2? plane,
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CONFORMETIONS OF AXIAL ALDEHYDES
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(j) (k)

(1) (m)
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to be shlelded while the C~10 methyl group would be desiiclded

on passing from CDCla to benzen: us solvents, whereas undar the
same cunditions conformatlon (m) would have the C4 methyls
desnlelded and the Clo methyl zroup shielded, Ho other
conforemation except (k) would therefore be able to explain

the observed results,

The solvent induced shifts in the NMR signals
thereiore requires that these aldehydes must have (k) as the

preferred ¢ nformation,

From what has been sald earlier it is clear
that 1f the rosition of ester funeticn iz chanzed but
its sxial geometry is malntained then similar
solvent induced shifts of =imilarly situated methyls
would naturally cccur and tuls is in fuct what has
been observed in the case of the Cg axial sster (XI),
a moncvgynol derivative, The Cip methyl zroup is now
heavily shleided (~ 16 cps) as compared tu the axial
ethers II, i1l and V* in CDCl,. This 1s vecause there are
now two carvonyl functions placed in a cis 1:3 diaxial
relation with this metiyl, ¥From this shielding it becomes
c¢lear that the Cg ester should have a fixed geometry in
which the ester grour has to be parallel to the plane
passing through the Cy,-Cyq carbon stoms and the axial
sroups on thoem, Cf the two possible orientaticms (n and o,
Chart 3) satisfying tals requirement only that in which the
carbonyl is oriented towards Cs (n) wonuld result in large

solvent induced deshielding (~ 16 e¢ps, see Table 6) of the

* Comparison with I is not possible as tinis has an
arcmatic © ring waleh 1is known to des:ield the ﬁlo methyl

whereas in IV comparison is not possible because of the 88
exo douvle bond whien would snield the c10 methyl.
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TABLE 6

CHEMICAL SHIFTS IN Cy4 AND Cg AXIAL ESTERS

192

Chemical shift (ecps) in Shift in
c benzene
NO. Compound DC13 Benzene
C,-Me c,-M
- 4 Cyn-Me|¥a™Me | o) -Me| C4-Me
Cyp-Me G q-Me| “107"° ™ e | “207°| T, -Md
£.5 64 -
31 69 47 67 e
X1
OAc 48-Me |4«-Me | 4B-Me |4«-Me 48 -Me HB«<-Me
Xl 45 58 47 53.5 -2 +445

Valu-s for tnese compounds have been taken from literature6.
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‘310 methyl. It is vortn noting that nere the solvant
induced deshielding is much larger than in the case of the
axlial esters mentioned earller, due to the presence of two
eis 1-3 diaxially located carbomethoxy functions, both

of which have the carbonyls so oriented i.e. pointing towards
Cg~ tnat taey will cause deshielding by sclvent induced

" shifts,

If one considers the two possible conformationg
on the basis of stability then it is clear that conformaticn
which
(n) wiii anave interactions of the carbonyl oxygen with the

Cg hydrogen, will be more stable,

It can readily be arpreclated that 1i%carboxylic
acld ester 1s located at Cy45 as In tae salvin‘ester (71II)
it would cause shielding of C4-3 methyl, which is in 1:3
diaxial relation with it, as compared to C4~« methyl. ‘
(13 eps, compare 43 methyl with 4«-methyl in CDClg, Tadle 6). :
This shielding of 04-$ methyl requires the 010 carbomethoxy
function nearly parallel to the nlane passing tarough 04
and Cg and the axial atoms on them. In thls case, solvent *
induced shift (XII, Table 6) show thnat C4-B8 methyl is
deshielded by 2 cps while C4ui methyl 18 shielded by 4.&£ crs

* Other orientations of the Cg, ester similur to (h and 1)
are ruled out because of the prescnce of z2n axial
substituent at Cy, which veing in eis-1-3 diaxial
relation decre&ség the stability of this conformer.

Only one orlentation of 04—eﬁrbeaethoxy group is considered
bucause the conformatlion ¢f such & carbomethoxy group
has been ostablished carller.
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these results (Fig. 7 and 8) reveal that in this ester
the carbonyl is polnting towards Cg. ‘tablility
conslderations also show that the conformation in whieh
carbonyl is vointing towards Cg would be the preferred
conformation. A further confirmation in this particular
case arises due to the aromatic nature of ring C.

This aromatic ring would cause in the conformation (p,
Chart 3) s shielding of methoxy methyl of the ClO ester
and in fact the signal appears at 210 ¢ps whereas in

tue pacocarpic and dehydroabletic acld methyl esters it
appeared in CLCla scvlution, at ~ 220 eps. Moreover

the conformation like (q) would require both the C4-8
and C4% methyls to be shielded,

It can be seen from the above arguments that
the axial esters have that conforration 1in whieh the ester
function is staggered in relation ¢o the carbon olding 1t*

and the carvonyl occuples the more hindered position,

It seems significant to.point cut that in the
galvin .ster conformation (p) 1s preferred over (g) because
Cg carrles nc hydrogen, If a derivaitive having a Cqq4
ester and Ca axial hydrogen 1s prepared, obviously both
tne conformations would be identical snd as & consequence
solvent induced shifts due to both conformations should be

observed,

*  This is only true if there is a substituent in a cis
1:3 diaxial relation with rezard to the carbomethoxy
function, as in the case of all the examples studied in
this investigation.
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Eguatorial derivatives

S¢ far we have dealt only with axiazl
derivatives, We can now turn to an examination of the

equatorial derivatives,

In the esters it 1s noticeable (Fig. 9 and 10)
that the clO methyl zroup is in all cases shielded in "
benzene as compar:¢ to CDClgajy the shielding being usually
about 4 ¢ps (see Table 7). The only exception to this is
methyl vinhaticoate (XVI) in which the shielding 1s 17 c»ns,
On the other hand in all these esters the 64 methyl group
is d:shielcéd (~ 3 cps). It has been already mentioned
earlier that the furonoid oxygen of methyl vouacopenste (III)
gives a benzene induced shielding of 9-10 cps.

It can therefore be expected that this shielding will be

of same magnitude in methyl vinhaticoate (X¥1) as these
compounds differ only in the stereochemistry at 64;

tae former being a 04 axilal ester while the latier is & C4
evuatorial eater, This correction when applliedi, would
require the “10 methyli to r@senata at 49 e¢ps in benzene
solution if the furanoid coxygen were absent, This corrected
value now makes the observed shielding (2 cps) for Ci1o0

simllar to that of the other egquatorial esters.

If one looks at the equatorial acids and aldehyda>}
the solivent ilnduced snlfts reveal (Fig. 11 to 14), as in
the cuse of esters a shielding of the Cyo methyl (~ 7 eps)
and practically no effect on the C4 methyl (see Table e
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SHIFTS OF C4-CH3 AND ClO"CH3 IN EQUATORIAL ESTERS
Shift in
Chemical shift in benzene
No. Compound CDCl3 Benzene
Cu- [Cqn-Me|C,-Me[Cqn- _
ClO-Me! 4Me 10 4 lﬁe C4 Me
X 72.6 176.5 | 67.5 |78.5 +5 -2
X1V 48 73 44 75 +4 -2
XV 50 75 49.5 80.5 +0.5 -5.5
XVI 57 73.5 40 75.5 +17 -2
XVII L 44 69.5! 41 73.5 +3 -4
- ROCT

6
The values for XIll, XV, XVI, XVil are taken from literature.
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IABLE 8

SHIFT OF C4-CH3 AND ClO-CH3 IN EQUATORIAL ACIDS AND ALDEZHYDES.

214N

Chemical shift in

Shift in
CDClq Benzene Benzene
No. Compound
Clo-Me C4-Me Clo-Me C4—Me ClO-Me 04-Me
XVl 73 78 65 77 +8 +1
/s \H
H02C
X IX 48 73 43 73 +5 0
71 74 62 74 +9 0
Shift 1n
CHO CDCl3 CHO Benzene Senzene
XX
584 L VS +12
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These results can only be explained by the
conformation (r, Chart 4) i: which th: carbonyl eclipses
the C4 axial methyl. A.1ternate conformation (s, Chart 4)

would require both Cip and Cg4 methyls to be shielded.

In the two stag ered conformations (t, Chart 4)

and (u, Chart 4) both C4 and C;, methyls have to be shielded.

It is obvious therefore that in the equatorialest
derivatives the preferred conformation is (r) in which the
C4q methyl group is so situated (near to the carbonyl
reference plane) that 1t can be either slightly shiclded or
barely influenced whereas the clg methyl can only be shielded

This conformation iz the one tih.t has been shown
to be nost stable in case of ;rapionaldeaywev and other
substituted zliphatic aldehydes. In this case there is no
destabilisation of this conformation as occurs In the case
of uxlal epimers where interaction between Cyp methyl and

carbonyl forces the ester tc assume the staggered conformatic

It is obvicus thet in the case of equatorial aclds
this conformation is still the preferred one but what 1s more
important is that even for the aldehydes the conformation
is the zame ss the substituent methexyl hydroxyl or hydrogen

has no influence on the stability of the econformation.



(e
CHART — 4 . 213

CONFORMATIONS OF EQUATORIAL ESTER, ACIDS AND ALDEHYDES

C C

(r) (s)

(t) (u)

ESTERS, R = OCHj

ACIDS, R = OH
ALDEHYDES, R =H



2014

For general procedure see Chapter I, '

Kethvl-o-Methvl podocurpate (I)35

Preparation described in Chapter III.

(vir)t8

Methyl-o-methyl podocarpate (400 mg) was refluxed
with 202 aleoholic <0H (10D ml) for 16 hours. The reactiocn
micture was coole’ and diluted (to 260 ml) with water,

The aqueous layer was extructed with ether to remove
unhydrolysed ester, Acidification of aqueous laiyer with
48 cold HCl zave a precipitate which was taken up in ether,
wthereal layer was washed with water and dried over sodium
sulphsate. Removal of the solvent and subseguent
erystaliisation from pet. ether afforded o-methyl podocarple
acid (200 mg).

M.P., 187-158° Lit 8 188°
Q-Methyl podocarpinal'® (Ix)

U=Methyl podocarpinol (1.4 g, preparation described
in Chapter III1) in pyridine (16 ml) was added slowly to a
pyridine-cihiromium trioxide complex (prepared by adding 1.6 g
Cro4 to 16 ml of pyridine). The mixture was allowed to stand

at room temperature for cne and half hour, The black residue
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was filtered off and washed well witi ether, The filtrate
was diluted wilith water and extr.cted with ether., Total
ether éxtracts were washed free of pyridine, dried over
sodium sulphate, Solvent ramovalAafferded a residue whiech
erystallised from agqueous methancl to furnish o-Methyl ’

podocarpinal (880 mg) in white needles,

M.P.  132-133°, it 1340
I.R. 2680 cm‘l, 1710 em™} (C:0)

Dehydroabietic acid (xvirr)l?»8
M‘. P“ 1?10 . S
[«dp +58°

Methyl deliydroabletate (XIII)

Preparation deseribed in Chapter III.

Dehydroabletinal 2 (XX) |
Denydroabletinol (620 mg){preparation described

in Chapter III) in vnyridine (7 ml) was added slowly to a

cumplex formed from chromium ‘rioxide (720 mg) and

pyridine (8 ml). The reaction mixture was kept for

one and haif hours at room terperature, Usual work-up

and crpystallisation of t.z produet from aqueous methanol

yielded o-methyl podocarrinal (380 mg).

M.P, 88-89° 11t20  9o°
I.K, 2690, 1710 em™ L (Ci0)
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Jsostevic acid (virn?

Uxidation of dihydromonogynol by Killiani's reagent,

Kililanis reagent was prepared by dissolving
sodium dichromate (1.2 z) in water (2.7 ml) sulphuric acid

(1.6 g) and acetic acid (2,7 ml),

To dihydromonogynol (200 mg) in acetie acid (30 ml)
was added the above reagent (1,442 g) dropwise. After
for 24 hrs,
allowing to stand at room temperature, the mixture vas
poured in water (60-80 ml) when a white precipitate appeared.
The pr-cipitate was ccllected and washed thorouzhly with
vater, The pure acid (160 mg) was obtalned after two

crystallisations of the residue from acetonitrile,

¥ P, 183-184° 1it.2t  183-184°
21

(1, -82° Lit, -62°
1.k, 2660 em™! (broad), 1630 cm™Y
Lsostevic aeld methyl ester (1IN

Isostevic acid (100 mg) was esterified with excess
of a ethereal solution of diazomethane by usual procedure,
The crude ester obtalned was crystallised from acetonitrile

to yleld pure ester (80 mg),

21 141-42°

© 2 -a0° L1t?! -41,62°

M.P.  140° Lit,

' o
Rihvdromonozyngd '
Dihydromonogynoel (200 mg) dissolved in pyridine
(2 ml) was add.d slowly to pyridine-chromium trioxide

complex (216 mg. of Cr0g and © ml of pyridine),
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Mixture was left aside for 24 hours at rooﬁ temperature.
Usual wor< up gave a colourless gum (single spot in T,L.C.)
which resisted crystallisation. |

1 and 1730 em?! (Ci0)

NMR 1 Hsin 1-* <t £84 cps (CHO)

I.R. 2670 em

O-Fethyl podocarpinol methvl ether (XXI; Chart 3)

O-Methyl podocarpinol (600 mg) was refluxed in
dry;banzena (30 ml) with potassium metal (400 mg) for two
hours with vigbrﬁua shaking at intervals to disperse
the molten metal, Methyl iodide (6§ ml) was added to tne

it was
cocled reaction mixture and/refluxed for further three hours,

Excess of potassium was destroyed by cold
methanoi snd the solvents were removed in vicuo, The
residue was extracted with ether and washed with water, fwh
Removal of ether after drying over sodium sulphate left a
syrupy liquid which showed two spots on T.L.C., the lower
one corresponding to sturting material U-methyl podocarpinol.
Chromatography over sillca gel in pat ether gave a thick
liquid (380 mg) which was distilled under vacuo and

characte ised as the o-methyl podocarpinol-methyl ether.
B.P, 18£-190° at/1.5 mm (bath temperature).
I.R, 1116, 1610, and 1676 em™ T

NER (CECla) =
i singlet at 2026 cps (Qgﬁa on aromatic ring C)
34 singlet at 199.6 eps (C4- CﬂgﬂCHS)

3H singlet at 72 cvs (Cyq4-Cily)
3H singlet at 62%3&::3 (Cy -C.ig)

2H AB guartet at "B - 1t =17 cps JADZ = 9 eps.
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Analysis

Found:s C, 78,963 i, 9.70%
CyoHlog0, requiress C, 79,12y H, 9, 79%.

Elution with alecohol gave starting aleohol (60 ﬁg).

Dehydroabietinol-methyl ether (XXII)

Dehydroabletinol (328 mz) was dlssclved in dry
benzene (26 ml) and treatsd with potassium metal (280 mg);
The mixture was refluxed for two hours with frequent
shaking at intervals., Metayl iodide (& ml) was added and

the mixture wus refluxed for further three hours.

Woriz up as above afforded a thick ligquid (300 mg)
which showed a single spot in T.L.C. '

This was distilied under vacuum and characterised

as dehydroabletinol-methyl ether,

BeP. 180-190°/1.6 mm. (bath temperature)

I.R. 116, 1610 em™+

NMR (CDC1g)

34 singlet at 193 cps (C4- CHgO-CHg) |

6H doublet centred at 73.8 eps (Cyg-1sopropyl)

J = 7 cps
3H singlet at 63 cps (C4-Cdg)

2H AB cquartet centred at 176 cps (Cyu~Cy-0)
JE-JQ = 16 eps JAB = B cps,
Analvsis:
Found: C, 84.14; H, 10,79%
C;ylgal Tequires: C, 83.94; H, 10,70%.
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Neoabletic scid (xIx)e82

i 22
M.P, 167-170° Lit,  187-169°
_ 22
ﬁxj%a +150° Lit, +189°
(x1v)23

Neoabletic acld was esterified by ethereal
dlazomethane solution, The methyl ester was crystaliised
from little quantity of methancl by keeping at -10 to -15°
for eight days,.

23 ' ,
M. P, 60° Lit.° 61,6-62°

* We are indebted to Dr. #£. N. Iyer for a generous sample
of this acid,
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SUMMARY

Sol vent induced shifts in NWR spectra have been
wel | studied in the case of ketones. The present study
reports the shifts observed in cyclic ethers.

A general rule to explain these shifts is enunciated.
This rule provides a rationalization not only for the
exanpl es described here, but also for such shifts observed

earlier! in the case of sapogenins.

This chapter also reveals that these shifts are not
only applicable to cyclic ethers but to all conpounds

containing a lone pair of electrons.

Chapter |1 describes long range shielding by an

al kyl group i n conpounds having a rigid skel et ons.
The nature and rmagni tude of the shifts observed in these
conpounds is simlar to that observed earlier in substituted
cycl ohexanol s?. The present study could help in
assigning the stereochemstry of a methyl group if the
protons on the adjacent carbon atons coul d be observed,
Qualitative explanations of these shifts have been presented
and these ideas have been extended to establish the

confornations of sinple aliphatic al cohols.

Chapter |ll enbodies results which establish the
confornations of hydroxymet hyl groups in terpenoids.

To acconplish this purpose a sinple method of establishing
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the stereochemstry of a suitably |ocated secondary hydroxyl

Is presented. By using this Method, the conformation of

axi al and equatorial hydroxy nmethyl groups is shown to be
represented by | and Il respectively. Stability considerations
al so establish that these should be the preferred

confornati ons.

OH
(1) (11)

Several recent studi es have been directed towards

the determ nati on
6

esters® and al dehydes. For the axial acids and esters

t hese studies have suggested alternate conformations |1|
and |V. the study presented in Chapter IV, using sol vent
| nduced chemcal shifts has clearly denonstrated that axial
esters and acids in terpenoids exist in conformation I1I

whereas the correspondi ng al dehydes exist in conformation |V



These studies also uneouivocally leud to 214
conformation V for the equatorial esters, aclds and aldehydes,
dere too stubility considerations suggest that tﬁese

would be preferred conformations,

RO .~ \C/H
! ‘ﬁ
C
(111) (Iv) ;
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