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Chapter 1

[utroduction



INTEODUCTION

The knowledge acquired in the late 1320's, that
ailrenolectonized animals could be kept alive for a while by givin: then
cortical extracts provided a stimulus for extensive cliemical investi-
~ationa of the adrenocortical bormones., In 1938, T. i-eichatainl
succeeded in extracting desoxycorticosterone from wireaanls amd in
tM:’!J_'-ﬁescher, Fischer and Moystraa announced the preparation of
‘esoxycorticosterone glyeoside of high therapeutic significance,

At this stage it was becoming inereasingly evident that the adirenal
cortex produced another homeone exerting both a potent action on
mineral metabolism as well on prolongation of life in adrenslectomized
animals. This hormone was finally isolated by Simpson et _t_l;_:.j in

pure crystalline form from 'the amorpitous f{raction' remaining after
soparation of the various crystalline adrenecortical substances.

This substance was nanmed "aldestecone" after its structure was

cﬁtﬂhli.hﬂdsc

The discovery of aldoaterone provided an attractive
challenge to chemists to dewelop methods of its synthesis. In
1787, Wettstein et _n_l_? accomplished the total synthesis of
dextro un' levo aldosterone, starting from Sarett's ketal (1).
tarbothoxylaiion of Sarett's kctal {1) with diethyl carbonate
cave the lietoester (2, alkylated with methylallyl ieodide to
yield compound (3), The carbonyl grou; was reduced with sodium

borohydride, whereupon alkaline hydrolysis, lactonization and



oxidation with chromium trioxide in pyridine furnished the keto-
lactone (4). Treatment with ethoxyethinyl-magnesium bromide gave
(6), converted by osmium tetroxide in pyridine to a mixture of
epimerie triols, representod by (6); selective réduction of the
triple bond with palladium-calcium carbonate in pyridine and
oxidation with periedic acid gave compound (7), smeethly comverted
by phosphorus tribromide or thiomyl chleride te a mixture of
cis~trans isomerie aldehydles (8), hydrogenated by palladium to
give mainly the aldehyde (8), Cyclization with benzeic acid

and trimethylamine in hot xylene afforded the pregna-5:16 diene
18:11 lactone (10), hydrogenated with palladium to pngr;-b-ou
18:11 lactone (11, Rsll); this was converted by the Tuschig
sequencet -ma-co-oozn. —_— CﬂI.L‘O.mzuo — mal — C!{znAo,
into compound (11, R=0OAc), hydreolysed by dilute acetic acid to
the mixture of dextre and levo rotatory forms of 183111 lactone
acetate (12, HwDAc). The free (+) lactone (12, R«0H), obtained
by hyirolysis with perchleric acid was converted wiith ethylene
glyeol-toluene-p-sulphonic acid inte 3:20 bisketal (13), reduced
by lithium aluminium hydride to the cyclohemiacetal-3:20-bisketal
(14), hydrelysed by hydrogen chloride in tetrahydrofuran to the
lactol form of dextro and levo rotatory mixture of aldosterome (15),

This synthesis is schematically represented in Chart-I,

Extensive further investigations by Wettstein and
oo—wrkcrns of Ciba led to the modifie! and improved synthesis

of (+)aldosterone.
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The firet total synthesis leading to dextro rotatory aldoe
sterone was reported by Viscler gb g}_.a In the earlier aynthesis
of () aldosterone by Wettstein ef al.” ene of the intermediates
involved in the later stages of tle process was the (2 methyl ketone
{12) which was s bjected to oxalic ester condensation for the eventual
introduction of the 2i-hyiroxyl funetion, However, the chemiecal method
was lengthy and Viecher 2f gﬂ tried the alternative scheme of
treating (12) with a 21-hydrexylating miereorganism ‘Uphiobolus
herpotrichus', They found that half of the material was converted to
the desiraed ketol which was the pure dextroretatory form of compound g’
{16) identical with the waterial previcusly prepared from natural
dextro aldesterene (17). The material unattacked by the microorganism

proved to be the leverctatery form of the starting material.

f!‘l 204 1“ HAGH
@gw Qé#] Q@é
“2) Q16) o)

Since the dextre retatory form of lactone (16), originally obtained
as a degradation produet of dextroretatory aldosterone (17) had been
recouverted into sldesterens (17) by Reichstein et _g}_.’f this miero-

biological resolution, eoupled with the process feor the synthesis of



dextro and levo forms of (12), constituted a total synthesis of
dextro rotatory aldosterone (17).

Another stercospecific total synthesis of (i) aldosterone
by W. 8, Johnson and his collabomwua started from tetracyelie
ketone (18)_ The tetracyclic ketone (18), by successive reduetion
with i) palladiun=hydrogen ii) sodium borohydride and iii) potassium-
liguid ammonis-ethanol gave the (s) Pehomo=18 nor5 ﬁ-mron-m 16:17
trien 34 ~0l (19). Oxidation with lead tetramcetate yielded the
12 -acetate, (20), converted by boiling acetie acid into the 411
compound (21), whose 118 112/ —epoxide by fission with benzoie aeid
furnished the 11f:12(diol 12-benzoate (22), Reduction with
lithium~liquid ammonia~ethanel zave (23), hydrogenated with palladium
to (1) 17=awoxo~D~homo=18 nor-5 p-androstane-3« 11 diel (24), Stereo—
specific ol-alkylation with methaerylonitrile of the 17=furfurylidene
devivative of (24) gave a pair of isomers (25), which conld be
separated or used as a mixture. Ozonolysis, oxidation and hydrolysis
furnished the 20-epimeric dincids, represented by (20, X=0H), Acety-
lation at C-3, conversion to the diseid ehloride {26, X=Cl1) and
treatment of this with keten dimethyl acetal, cu,-c{mu)a, gave the
diketone (26, X=Me), rearranged by trifluoroperacetic acid to the
triacetate (27), Seleective alkaline hydrolysis gave the monoacetate
{28), selectively oxidized with N~bromoacetamide to the 3-ketone-
monoacetate (20)., Acetylation, bromination and dehydrebromination
with lithium chloride in dimethyl formamide afforded the AON'+7
ketone diacetate (30), which was comverted to the A 3;3 ketal,

saponified and the primary hydroxyl group seleetively acylated with
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i wol, of 235 dimethylbenzene sulphonyl eiiloride in pyridine, The
res:1ting benzene sulphonate (31) was oxidiszed to the 20 ketone
whieh wes eyeclised with petassium tertiary butexide to the 17 iso-
20 ketone (32), reduction with lithium aliminium hydride, aeid
hydrolysis and methyletion gave the 17 iso=18:11 lastel methyl

1

ether (33), Oxidation gave the 17 iso 20-ketene (34, RisMe, Rosd),

converted by the Rischag procedure: -CH «C1.€0 Me ~m CHILCO.COMe —
—CH,T = CH,0ke, into the 17 iss=21 acotoxy=20 ketene (34, nlan,
R%=00e). Saponification of the 21 asetoxyl gro:p with sodium bicar-
honate and partial iaversion at C-17 with sadium carboenate then
furnished (+) aldosterome (15). The mequonce of reactions involwved

hias beon dessribed in Chart-ll.

Total myntheses of (&) aldosterene Ly other methods were
subsegently reported by the Organon gro.:p of van Durpﬁ and by

fleichatein’s m::pm at the University of Hasle,

These syntheses beecaise of their complexity are of theore-
tieal interest and uns itable for 2 gummercial synthesis of aldo-
sterone. The steroids of commercial interest are now invariably
obtained by partial synthetic methods, .tilizing some plant steroids
which are available in abufidant supply. As far as the synthesis of
18-substituted stersids are concerned, the simaltancovs annomeﬁmt
by Corey ot al.!! and by Jeger gt a1.'? of the 18-chiorination by a
photocatalysed transformation of 20-¢hlorvaminopregnancs was a
breakthrough in the direection of partial synthesis of sldosterene,

Other appreaches which appeared to be even more promising are the



heses of aldesterone by Barton and Reaton'® and by Heusler et all!
et

Barton, developed a three-stage partial synthesis of aldo-
sterone from corticosterone asetate using a photocatalysed transfer. A

nitroso radical from the u/& position was migrated to position 18,

W;C .ﬁ .-Cﬂs —— MQCQMEQH{) — Wﬂ'c-cﬂﬂq{’n

In this elegant synthesis the 11 p-hydruxyi group in corticosterone
acetate (35, ReH, Xsfl,) was nitrated with nitrosyl echloride. The
resulting nitrite (35, R=NO, Ma) was converted to aldosterone
acetate oxime (35, Refl, X«N,0H) by irradiation. The oximine group
was removed by treatment with nitrous acid to give aldosterone-21

agetate (36) in 10-12 per cent yields.

1 GHyOAe

#w CO
o s sH

Heusler gt _1_1154 used another 1:4 intramolec:lar transfer
reaction in which a 20} hydroxypregnane was tranaformed into an
18:20 epoxide, On lead tetrancetate oxidation both 3o , 11 or
3p, 11p-diacetoxy 5P pregnan-20p -0l (37) gave 18:20 epoxide (38).
The e;:oxfdoﬂ was cleaved by borom trifluoride~acetic anhydride to the
3, i if’f’;ilsz-t-tmaum (30) whieh sm sapesification amd .
oxidation furnished the 18:20 lactene (40) of 3, 11, dioxo-20 P~

hydroxy=-5 p =pregnan-18 oic acid, DBromination followed by

)
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. 0 0
St 1 T R
0 0 K/
] H 0]
(40) (41) (42)
CHz H(I) CH,OH
o—coclo 0—-CHc|o
o) R
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dehydrobromination gave {41}, Sodirm borohydride reduction of

the 3-ketal of compound {41) in sodium hydroxide yielded compound
{42). Oxidation of {42} by chromium trioxide in pyridine led to
the lactone (43) convertible to {+) aldosterone {15), The scheme

has been represented in Chart-III,

Velluz et al. 15 converted I =apotoxy, 11=oxo=5 fh~pregnan~
20 ~o0l (44} and in lesser yields 20 isomer with lead tetrmacetate
into an 18:20 epoxide and oxidized the corresponding 18:20 oxide by
chromium trioxide to the 18320 lactol {45) of 3 ~acetoxy-11:20
dioxo=5 f pregnan=18cic acid. Sediim borohydride redwtion gave the
18:11 p lactone of 30&acetoxy—-ﬂ’3 120 B dinydroxy 54 preguan—l&éio

aeid (46) whiech could be couverted hy known methods into aldosterane (1%},

CH
cu3 HO\| 3
H CH
C&tﬁm t } ]
-
B (44) A R (46)

Georgian et _a_l_fﬁ converted 11:20 . dioxe 5,{,pregnan—3 /ﬁ-ol (47) .
by reductive amination into 20X Nemethyl compound km,:m) which was ’
converted by N-chlorination to 20 methy)l Nechloramine (48, R=Cl).

The ultraviolet irradiation of (48) in trifluorcacetic aecid gave the
18-chloride {49) which was eyclized by alkali to 11-%;0&05&:&1:1& {50).
Heduction with lithium aluminium hydride afforded 1 hy-roxyconamine

{51). The corresponding quaternary hydroxide nnderwent liefmann
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degradation to yield 113118 epoxy=200(~dimethylanino compound (52).

A second Hofmann degradation gave the 3 Phydroxy=-11pf :18 «epoxy= —
olefin (53) which was exidiged to 3 oxo-11:18-epoxyolefin (54). -
Osmylation and acetylation of (54) furnished the 3~oxo~11 pris

epoxide dincetate (55) oxidized by rutheninm tetroxide in carbon
tetrachloride converted (55) to 3 oxo A'g'-lﬂ:!.l lactone {56).
Protection of 21 hydrexyl group of (86) by tritylation, oxidation

at C-20 and subsequent removal of the protecting group pave the

18:11 Plactone (12) convertible to (1) aldosterome (15). Chart-IV

represents this synthesis,

In 1962, Sugasawa et al. ' earried out the partial syntheses
of aldosterone from adrenosterome (57)., They empleyed a 1:4 addi-
tion of hydrocyaniec acid to the enone system (88), an intermediate
in this synthesis,to establish the functionalized angular carbon

at C-13. Ec.)inﬂmhrom (87) was converted via its A% dienol N

y
ether yhﬁcdtmxiw which was transformed by Beckmann rearrange-— ‘
ment te give mainly the lastes (58). Compeund (58) waa trmas-

formed into the 3-ethylene ketal which on hydrolysis with sodium
hydroxide in refluxing aqueous butanol gave on subsequent esteri-
fication, an oily seco ester (59) cyclized with tertiary potassium
butexide te give dienolome which was partially reduced with sodinm
berohydride to the emone (60), The compound (6) on hydrocynation

with potassium cyanide and ammonium chloride gave exclusively the

13 peyano compound {61), reduced through the carbonyl group with

sodium borohydride ﬁithilllﬂtﬂﬂlﬁul cyclization to give the imido
lactone (82), Solvolysis of the bis (telylsulfonyl) or bis (methyl-
sulfonyl) derivatives of (62) with potassium carbonate in
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1.4

dimethyl formamide gave a mixture of two isomeric umsaturated
lactones hydroxylated with esmium tetroxide te yield to glyenl (63),
Compound (63) was cleaved with periedie acid-pyridime and eyeli-
gation of the resulting seco-dialdehyde with acetic acid-triethyl-
amine gave the econjugated aldehyde (64), Compeund (64) was hydre—
genated over palladiumecharcoal which on dekeialization gave the
aldehyde coﬁverto& by treatment with sodium dichromate in acetic
aeid te the acid (85), The aeid chloride of (65) was converted via
the diuokeﬁn. to the ketol mcetate (12), further transformed to

aldosterone (15). The series of resctions is outlined in Chart-V.

It is interesting to note that the need to solve the
problem of functionality into angilar methyl group in the partial
synthesis of hormone aldosterone has recently resulted im the
development of procedures in the preparative methodology. The
solution of sueh problems generally invelwves the generation of a
‘hot spot' by photolysis or thermolysis of an appropriate precursor
located at a point in the melecule at an overlap distance from the
eventual target, usually determined by conformational proximity.
The lead in this ficld was given by Wettstein st all in 962, The
functionalization of the pesition 18 in 20-hydrexypregnanes (66)
with iodine and lead tetrnacetate under the influence of irradiation
and an oxidation with mercuric or silver chromate resulted in the
corresponding 18:20 lactones of type (67) in overall yield upte 75%,
This paved a way to a variety of 18-oxygenated steroids, such as
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18-hydroxyprogesterone (68) and 18-aldoprogesterone (69) key
intermediates in the aynthesis of aldosterone (}G’) and 21-leoxy-

aldosterone.

Mierobiological hydroxylation methode for the past decade
have provided a convenient procedure for 11 ﬁ-hydroxylation. However, /-"'5
the first successful attempt of introducing 18-hydroxyl group
micrebiologically was reported by Tori and his mupm. In 1965,
they reported the transformation of certicosterone inte aldosterone,
Fermentation of certicesterone {70) with resting mycelium of
Corynespora cassicola afforded a dimer of 1S-hydrexycorticostorone

(71) in about 20 per ceant yield aleong with several by-products.
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On treatment with aqueous acetic acid, the dimer yielded three
products (72,73,74). The major produet (72), obtained in 60 per cent
yvield, when further incubated with C.gaseiech produveed aldosterone
(15) and twoe other cryatalline products (75,76). The overall yield
of aldesterene by this method from (70) was only 20, The scheme

has been described in Chart-VI.

KURCHI ALKALOEIDS AS STARTING MATHHIAL POR SYNTHESES OF
18-SUBSTITUTED STEROIDS

A convenient method for the preparstion of the 18-substituted
steroids would be their partial syntheses from stervidal alkaleids
occurring in mature which are already substituted at C-18. The

steroidal alkaloids of the Indian Hurehi (llelarrhena antidysenteriea)
hold out some promise from this view point.

The 1B-anbetituted pregnane alkaloids which were first
isolated mainly from kurchi plant and the Veratrum viride, new appear

to be more widely distributed in mature, particularly in the family

Dut of a large mmber of alkaloids isolated se far from the
seeds and bark of the plants of gemus [i,antidysenterica, the Indian
apeciea has yielded the most. Several alkaleids with 12 hydrexyl
group and ester linkages bave been isclated from African wariety

of H.antidvsenteriea.

Structurally, the 18 substituted pregnane alkaleids can be

elassified into six major groups as shown in the Charts-ViI & VIII,
AL

’\ﬁ S
\,xi‘\ §(¢e0

o
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THE 18-SUBSTITUTED STEROIDAL ALKALOIDS '
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Chart NMII
I) The Conessine group
NAME OF THE
TB ALKALOID i B2 s
N Conessine CHs CHz | CHs
Isoconessimine CHgz H CHy
Conessimine CH3 CHx H
Conimine CHxz H
Conamine H H CHsz
| Conarrhimi H H
/N rrhimine
Ry |
Ri
(77)
I The Conkurchine group
R NAME OF THE 5
I ALKALOID el Rep [ Re sl do
N Conkurchine H H Present
I Conessidine CH3 H Present
Trimethyle: CHs | CHs | CHs | Present
conkurchine
Kurchamine H H l H Saturated
(78)
The Holarrhenine group
Rs NAME OF THE
l ALKALOID i | Rs Ra
Rg _N
HOLORRHININE CHs CHs CHz OH (0]
=1
HOLAFRIN CHs | CHs H (CHz),-C=CH-CH,-C-0
HOLARRHENINE | CHy | CHs | CHy | (CH3),-C2CH-CHp=C-O

{75)




Chart MIII
IV) The Holarrhimine group
NAME OF THE R R I R CONFIGURATION
HO CH3 ALKALOID 1 2 3 4 AT 3
| N/R3 Holarrhimine H H H H A
HoG o HE=
2 N\R 3N-Methyl-
3 holarrhimine CHa L, 1 . i B
20N-Methyl-
holarrhimine i il Cl= B
Tetramethyl-
/N holarrhimine €Us1e CHals CHaf CH 5
Rs | Holarrhidine Bl | HI|.H d
R'l
L (80)
V) The Paravallaris alkaloids
NAME OF THE
ALKALOID RrsheR2
O, 0 Paravallarine CHz!| H
Methyl-
paravallarine Chls [ s
)
2
Ry
(81)
VI) The Veratrine alkaloid
Ho CH3
Jic
HxC
b e
3

HO
(82) Isorubijervine




<

1. The eonessine group: This group is characterized by the
or substituted
presence of aa{ or 3‘3 -amino group, either unsubstituted/by onme or

two methyl groups in a Bepregnene nucleus and an 18:20 imine
bridge nitrogen is either unsubstituted or methylated.

2, Tie conkurchine group: The alkaleids of this group have
the same basie struetural features as those of the conessine
group, excepting for the presence of an extra double bend between
the position 17 and 20, In kurchamine, the 518 double boml is

abpent, but 17:20 deuble bond is present.

3. The helarrhenine group: The bases of this group are
structurally similar to the conessine alkaloids excepting for

the presence of a free or esterified hydroxyl group at the 12

position.

4, The holarrhimine group: Tm the alkaleids of helarrhimine
group, the nitrogen bridge across the positions 18 and 20 is
absent. These bases have 18 —hydroxy 39{01‘ 3[3 and %ﬁdimm
S-pregnene as the basic skeleton where both the amine groups ra'ay
be unsubstituted or either partially or completely subatituted by
methyl groups.

Two other groups of 18 _substituted stereoidal alkaloids
from sources other than the kurchi can be elassified aleng with
the kurchi alkaloids.

5. The paravallarine group: These alkaloids have most of the
basie features of the belarrhimines excepting for the positions 18

and 20 which are connected hy a lactone bridge.



&, The isorubijervine group: This group contains the 18 hydroxy-5

pregnene nueleus with two fused heterooyelic rings attached to ring D.

Anether group of azostereids, isolated from Nolarrhenma species

namely from Helarrhena floribunda, Funtumia lotifolia and other
mombers of the family apoeyanacese is the funtemine greup, whieb haa

the necessary pregnane strocture but without the 1B8-substitution,
¥ePhillamy st ale’ isolated D(+)-glyeoside of 20 aninoproga-Sen-3/ -
ol, the A> analogue of funtusphyllamine-A (86)from the extract of
the roots of Cornopharyngia pachysiphon., The glycoeside was found

to exert considerable hypotensive activity when tested intravenously
in dogs, however, this nction was aceompanied by a marked respiratory

depressant effect,

A pumber of alkaleids of this group have been either syn-
thesized or toolatodgl'aa. Funtumidine is a saturated primary

amine-secondary aleohol and funtumine (84) is the related ketone.

CH oM
Hc—-zu M Ho ! ’
co o

w  (83) HA Miaglie-15) ny W wes)
Funtunidine Funtumine 20- iso Fuatumidine
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The fumtumphyllamines, A, B & € (86, H=i or Cﬂa) are 20 amine, -200
wthylfuiu and 20 (dimethylamine 5 xpregnan-3p —ols respectively.

CHz CHz
Hé‘NRn "C‘ﬂﬂa

H “
HO : (ge) R «en :
Funhgm hyllamines Funtumalrines
A,PB;\::. A B,C

Funtumafrines (87) are the 3-ketones {Rsll or ca,) related to
funtumphyllamine B and C respectively and are obtaine! from these
compounds by oxidation. Funtumafrine C has been prepared previously
by Comay et al.”

Chonemorphine, a steroidal alkaloid was first reported from
Chonemorpha maerophylla G.Den (family Apocyansceae) by Das and
Pillay>, Chatterji et al.”® isolated ehomemorphine from C.maerophylle
as well as from C,penangensis. Besed on the physico-chemiscal data
Chotterji ot al.>® assigned the structure as 3 P-amino-20x ~dimethyla~

mino=50( =progo=-8.ene (88) te chenemorphine,
ik
HC-NMe,

H

HoH 8s)

#

The presence of an alkaleidal prineiple in Sarcecoecen

pruniformis was firet reported by Chepra and i!andnm. legently,



W ropesed strusture (90) for the alkaleid iselated

Handa and HEdwardas

CH5 o
ks s /M3
CH—N (¥
\R G
A 'o B o
U
N 89 R=-C-cHy o 90 R= -£-cHg
G“'a)a 89a r= ~CHy.CHy (cHz)p %0a R = -Cha~cHs

Kidwai gt alo" reinvestigated the plant and separated three erystalline
constituents A, B & € aleng with a non-erystalline homogeneouns compound
{vide paper chromatography). The alkaleids A and B were assigned the
structures(80) and (90) respectively, on speetroscopic and analytical
data,

telanine, holaphyllanine and holaphyllamine alkal®ids have been
isolated from the plant H.floribunda by Janet ot _9_!_-29 On the basis of
chemicnl degradations and apeetroscopic data, thoy have been assigned
the structures (91), (92) and (93) respestively.

; QH5
C \
s

<o
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** Oéﬁ ,Oégjg
W i" wn) ﬂd.\t\ (,92—) H (.93)
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The kurehi alkaloids and their interrelstionship:

The ditertiary base, conessine, was isolated in orystalline
form more than 100 years back, by Haines U, The first systematie
investigations however op the alkaloids of H.antidysenteries were
undertaken by Siddiqui and co-workers® +HC onyy thirtytive
years ago., They isolated several alkaloids from the seeds and
bark of Indian kurehi, and named them as iso-conessimine, conessimine,
helarrhimine, sonimine, comamine, conarrhimine ete. They were alse
able to demonstrate some Anteresting interrelationships among these
alkaloida. All the bases of the conarrhimine type were converted to
the ditertiary base, conessine, on refluxing with formaldehyde and
formic seid. Conessine, on the other hand, could be progressively
demethylated to the secondary-tertiary base, isoconessimine and
di-secondary base conimine. They alse recorded an interesting
‘observation that the completely unsubstituted base, conarrhimine was
converted to holarrhimine by refluxing with meist tthylumtoaw.

Now that the chemistry of kurchi alkaleids has been firmly established,
it is difficult to visualize a plausible mechaniem for such an ummsnal

transformation, It may be memtioned in this connection that the

purity of conarrbimine isolated by Siddiqui and Siddiqui was net

rigorously established.

The bases of the conkurchine group were iselated by Boﬂhﬂu
and later by Techesche and co-workers >~ *°, and wero correlated
with the concesine group by hydrogemation of the easily reduecible
17:20 double bond.
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Holarrhenine, isolated by Pym“ in 19190 is 12 hydroxy=
coneasine, The holarrhenine group of alkaloids have been isclated
so far only from the African variety of kurehi., Oxbdation of the
12 hydrexyl group followed by the hydregenolysis of ethylene dithio-
ketal of the resulting 12 oxe compound converted this class inte the

conessine group,

Alkaloide of the helarrhimine group have been iselated and

characterized in 1932 by Siddiqui and Pillay r*A+%C

and more recently
by BerthS " and by Techesche et al. & Labler et aldo*A=

The Czechoslovakian workers converted dihydrotetramethyl helarrhimine
to dibhydrevonessine by refluxing over thionyl chleride, which resulted
in an intramolecular displacement of the 18~hydroxyl group by the
20~dimethylamino group and demethylation. Bhattacharyya et .ll?ﬂ
converted conessine to conessimine by protecting the 8 tertiary
amine by Neoxide formation, followed by demethylation on the pyrro=
lidine nitrogen and reduction. The interrelationship of these

alkaloids is summarized in Chart IX.

The kurchi alkaloids have alse been correlated with the
paravallarines by conversion of holarrhimine to methyl paravallarine

by Mansa Ram and httmharyyaﬂ.

From these relationships it is elear that if the constitution
of any one ef the alkaloids could be ntnblhh.d. the structure of any
other alkaloid eould be deduced by a few simple transformatiens, This
is preciscly what followed immediately after the elucidation of struce

ture of conessine by Hawerth and u—nrkon.“ -
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From a cursory examination of the struetures of kurchi
alkaleids, helarrhimine appears to be one of the most atiractive
starting materinls for the synthesis ef 18-oxygenated steroidas.

The gonanines whieh ocecur comparatively abundantly than bola-
rrhimine in kurchi bark suffer from the disadvantage of having a
nitrogen bridge from whiech additional task of removing the pyrroli-
dine nitrogen is encountered, Besides, the problem of intreoducing a

hydroxyl group at C-18 appecra te boe non-existent in helarrhimine

Eroupe.
Transformations of Helarrhimine:

The conversion of helarrhimine to 18-oxygenated natural
steroids was first reported by Sorm and oo—workerl“. Phydroe
holarrhimine (94) was converted to the D-acetyl dihydrobromide by
scetylntion with acetiec acid-hydrobromie acid, The acetyl deriva=
tive (95) on basification with ammonia undervent an 0 — N acetyl
migration to yield 20-acetyl dihydrohelarrhimine (96), Nechlorination,
dehydrochlorination and hydrolysis by the Rusehig's procedure con-
verted the amino group at position 3 te an exo group. The 8-oxo-
compound (97) was reduced by tri=t-butoxyaluminohyiride te the
corresponding 3 p-hydiroxy compeund (98). Hydrolysis of the 20 aceta-
mido group in compound (98) followed by another Rusehig deaminatioen
on the resulting 20 amine, yielded 3 $~18-dihydroxy~20 oxo=80 -

pregnane (99) whieh existed in the tautomeric hemiketal form., The
sequence has been outlined im CharteX,

in a parallel geries of degradetions, helarrhimine was con=

verted inte 18-hydroxy progesterene by Sorm and hbhr.m
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The Owacetyl derivative was prepared from holarrhimine (100)
by treatment with acetic acid-perchlorie aeid, isclated as diperchle~
rate salt and converted te the 20-moncacetyl helarrhimine (101) by
treatment with ammonia., Nitrous acid eonverted compound {101) inte
3 phydroxy compound {102). The 20 .,{-me;—me group of {65) was then
hydrolysed and the free hase desminated by the Rusechig's procedure to
yield 8p, 18-dihydroxy-20~oxe=S~pregnene {103), Oppenauer oxidation
of the compound (103) yielded 18 hydroxy progesterone (68). Chart-XI
deseribes this scheme,

A route to synthesis of aldosterone from compound {103) was
established by Sorm and co-workers in 19615}, Reduction of (103)
with lithium aluminium hydride yielded 3[&18(30&-‘1‘1]&’\1”:}-5-
pregnape (104). The triscetoxy derivative (104h, Reh =i’ =Ac) was
partially hydrolysed at the 3 ?Spooiticn to give the diacetoxy deri-
vative (104e, H=Ae; n"-ﬂ; n“-n). The 3 L-hydroxy group was protected
by a pyranoxy residue and compound (1044, R‘--Q 3 R’-Aa) was
hydrogenolysed with lithium aleminium hydride to the corresponding
diel (104e, R'e —C D ; n’ai). Chromic acid oxidation of this
diel gave the 18:20 lactone (108) which was converted by Oppenauer
oxidation teo 20[5~hydroxy-d-oxu~18 earboxy x4 pregnene {18:20 lactone)
(108).

Sorm and his Moﬂ:oﬂ“ were suecessful in hydroxylating
lactone (108) with the help of Rhizopus nigricans, at C-11 position.
The 11 hydroxy compound they obtainel, was oxidized te the correspon=-
ding 11 ketone, the 3-keto group was protected by dioxeclane formation

and the 11 ketone function was reduced to 11[> hydroxyl group with
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sodium borohydride to get compound (107). The 18:20 lactone was
opened by base and the 11:18 lactone was formed on acidification
and deketalization gave (108)., The 20 P-~hydroxyl group in (108)
was finally oxidized by chremic acid to yield the 20~pxe compound
{12), a key intermediate in the synthesis of aldesterone as
detailed in Chart-XIIX,

In 19861, Godu”"a of this laboratory attempted the synthesis
of aldosterone starting from helarrhimine, Holarrhimine (100) was
couverted to dichloroderivative (109) with Neghlorosuceinimide.
Dehydrohalogenation of compound {109) was carried out by refluxing
with sodium ethexide followed by acid hydrelysis to obtain 18-
hydroxy pregesterene (68), In later experiments Godse et g]._?‘
obtained 18-hydrexyprogesterone (68) in one step from helarrhimine
by direct erystallization of the acid-hydreolysed produet from
2-butanone in 45-50% yield. Oxidation of {88) with chromium trioxide
in acetic acid at room temperature yielded progesterone-18-o0ic acid
(110) in 30% yield and probably to neutral 18-aldehyde (69) to some
extent, Attempted purification of the aldehyde (89) through alumina
colmmm converted it to an internal condensation produet later
identified and characterized by Pappo ", The seidie product, 18-
carboxylie acid (110) was fermented with strains of Cunninghamella
blakeasleeana and Aspergillus niger with a view to introducing either
11 P or 11d groups. C.blskesleeans was used with a view to get
11:18 lactone {12) directly. Unfortunately, compound {110) was

recovered practieally unchanged, from these fermentations,
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18-liyiroxyprogesterone, on the other hand, was converted
in 25% yeld te dihydroxy compound (111} when subjeeted to 11 k-
hydroxylation with A.miger. Compound (111) gave z tosylate (112)
when treated with p-toluene-snlfenyl chloride im pyridine. It
was antiecipated that oxldation of the 1Bhydrexy group in the
tosylate (112} to a carboxyl group by chromie aecid oxidation
followed by the treatment of 1lu-toayloxy-progesterone~18-carboxylie
aeid by mild base weuld led to the formation of lactone (12) by
SN, displacement {intramelecular) of the tosylate by the earbexylate. .

Chart=XIII represents this attempted synthesis,

The tosylate was oxidized by chromic acid and the acidie
fraction was refluxed with a) methanolie potassium bicarbonate,
b} methanslic potassium carbonate, Neither of these precedures

produced significant amount of neutral lactone (12).

It may be mentioned here that afier this work was completed
an intramoleecnlar displacement of a tosylate group of the type
mentioned sbove has been demonstrated by mzsuin“ and his

5%
co-workers.

Later, in 1060 Labler’' veperted an alternative route for

the preparation of 20(R)~20 hydroxy-3 oxe-progn-den-18-pic acid
(18:20) lactome {110) from dihydroholarrhimine {94).

W
CHz HC-NHY

‘ 94)
H
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Cerny and his co-msrkonu in 1062 synthesized the lactone
(110) from 5:6 dihydro tetramethylholarrhimine which in its turn

wass obtained from tetramethylilelarrhimine,

The eonamines particularly conessine in spite of having
the 18:20 imine bridge (substituted or unsubstituted) never lost
the ground as the probable starting material, for the 18-oxygenated
steroids, hecause of their relative abundanee in kurchi. The main
problem invelved was the remowal of the mitrogem groups from 3
and 20 positions of Lhe molecule.

Daring their work of establishing the structure, the
imine ring © in conessine (113) was opened by Hawerth and co-workers
in 1053%%,  Conessine {113) on Hefmenn degradation yielded apocone-
ssine (114) which was hydrogemated te hexahydreapeconessine (115).
Cyanogen bromide treatment on (115) gave Necyano derivative (116)
vhich was hydrolysed to Nedesmethyl hexahydreapeconessine (117), the
secondary amino group of which was demethylated by treatment with the
corresponding benzoyl derivative with phosphorus pentachloride and
later hydrolysed by acid to (118), Mallican somvertod 1B amine-s =
pregnane {18) by Sommelet's reaction inte 18-o0x,5 =pregnane {119)
which on reduction with sodimm borohydride yielded 18-hydroxy-5

pregnane (IW) »



Cily “‘sc\_ -~

—_— ::5 R =CHy
cns) TR s,'.—fc"
H
2 ong

HH:.

oM
r g
: € 193 (ﬁg (120)

A
W
50%1

Cerny and Sorm " h: 1959, reported the degradatien of
dihydroconessine to 18=-benzoylamineSdepregnanedpuesl=2i-one.
Jeger and his colleaguss’’ and shortly after thet, Xulkarmi®:
synthesized 18-hydroxyprogesterene, independently from cone ssine
by following aa mgntuny similar route, All the three pathways,
although reported independently, invelved in principle, the degra-
dation of tertiary amine groups of the alkaloid by cyanogen bromide
to secondary amino groups which subsequently ean be degraded via
the chloramines. The Schiff's Lase, A ,20,N-imine 3 keto, pregna~
4mdiene {124}, on treatment wi‘th nitrous seid as in ldter two

eases yielded 1R-hydrexyprogestercne {68),

o3
| o
<
3 R=CHj
121 RocM & G24)
122 R =~ H
123 R=Ci
O‘\i CH3
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Both the groups of workers aamely Jeger gt al, and Kulkarni
have reported the formation of only 18-hydroxyprogesterone without
other aide products. Hora and Cu-ny” however have reported that
under the same conditions compound (124) on treatment with nitrous
acid gave (88) only in 10.5% yield. The major product obtained in

69% yield was assigned the tentative rearranged structure (128).

The reaction of 18 amino-fx-pregnane-3p-20 diel (128) with
nitrous aeid was reinvestigated by Dauben et _gf" in 1964 and in
agreement with Hora and Cerny's results, it was found that the major
product was uot 18-hyilroxy derivative of (126) but a eyclostereid
{127). '

The structure of the major deamination produet for the
resction of pyrolline (124) was alse reexamined and it was shown

to have a similar 14 =18 cyclo structure (125).
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The authors extended this reaction on a model compound
having sngularly substituted group on simple fused ring system

{129) when trieyclo (4:3:1:01'6) compound (130) was formed im

74% yield.
2
HOD
it €2 (130)

In 1959, Puppebs reported a practical method for the
conversion of the readily available alkaleid conessine to C=i8

progesterones amd other related compounds.

Conesaine (113) on treatment with sodium borohydride and
aluminium chloride gave a H-boron complex which was oxidized by
chronic acid to 3p=N-dimethyl-f-oxo-18:20N methyl-id-pregnane (131},
The dimethiodide of (131) under Hofmann degradation with potassium
trbutoxide afforded 18-dimethylamine-3:13 eyelo-f-oxo-2(i pregnene
(132), The p-toluene sulphomate of {(132) was hydroxylated te the
20 evimeric diels {(133). The nitrogen free 18:20-oxide product
wag obtained by refluxing the ecompound (132) with the base, The
ether (134) was converted via the 2i-tosylate to the 2i-dimethylamine
derivative (135), The 6 keto group was reduced by lithium aluminium
hydride to a mixture of epimerie 6-alecobols (136)., Treatment with
formic seid regenerated the A -3-ol-system (137) and Oppenauer
oxidation of (137) afforded the 21 dimethylaminow18g20~oxido-3-oxo=-
4-prognene (138)., The corresponding Neoxide, when refluxed in

t=butyl benzene resulted in the formation of the vinyl ether (139)
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which was hydrolysed by dilute acids to 18<hydroxy progesterone
(68), oOxidation of (68) with ehremic aeid in pyridine gave 3,20~
diketo=i~pregunene-18-oic acid (110) and the meutral fraction,
besides much starting material, was identified as 3:20 diketo=d=

pregnen~18-al (69),

Thas, Pappo has deseribed the synthesis of i) 18-hydroxy
progesterone ii) 18-oi¢c acid of progesterome and iii) 18 aldo=
progesterone from conessine whieh conld be considered as sttractive
probable precursors for aldosterone and related compounds. However,
further transformations on these gompounds leading to aldosterone
were not carried out by Pappo.

Chart-XIV deseribes Pappo's scheme for syntheses of these
compounds,



The existing methods of partial synthesis of aldostercne
which are worthy of commercial exploitatien are essentially bamed
on intramolecular transfar of groups from either position 20 or 11t
resulting in functionalization of the angular methyl group at
position 18, These methods, however e¢legant they may appear from
the viewpoint of synthetie chemist, require rather expensive
starting material in the form of corticosterone derivatives, Tt
was felt that there is still enough scope for exploration of mew
routes to aldosterone from the easily available alkaloids, conessine
and tetramethylholarrhimine, from kurchi whieh grows abundantly in

many parts of India,

The thesis,which begins with a brief review of literature
in the first echapter,describes the mothods and materials used in
the second chapter.

The third chapter deals with the development of impreved
procedures for the isolation and separation of alkaloids from the
bark and heartwood of kurchi, Holarrhena antidysenterica as well

as examination of neutral extracts.

The fourth chapter describes a convenient novel synthesis
of 18-aldo progestercne from conessine employing a new organie
reaction = cleavage of a Schiff's base Neoxide by periocdate,

Conessine was converted to Nedesmethyl-cona~4,20(N)=!ien-3=one
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by known methods. The Neoxide of this Schiff's base was cleaved
by periodate to yield progesterome-18-al-oxime which was converted
into the free aldehyde in high yields by nitrous acid,

The establishment of structure of the product obtained by
the above method by comparison with progesterone~18-al obtained
through an alternate route is the subject matter of the fifth
chapter., In this synthesis progesterone was converted to 3-ethy-
lenedioxy=f-prognene=18,620 ~lactone by known methods. Substantial
modifications were intreduced in the known synthesis of pregesterone-
18-al from the ethylene ketal lactone elimimating a few steps. This
synthesis establishes another attractive preparative route to

progesterone-18-al,

The aixth chapter illustrates the conversion of progesterone-
18-al to aldosterone in workable yields by two successive micro-

biologieal hydroxylations at positioms 11 and 21,

The seventh chapter deals with the transformations of
tetramethylhclarrhimine including the development of a new and
convenient route to apoholarrhimine, a promising intermediate in

the synthesis of 18-oxygenated steroids.
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Methods and Materials
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METHODS AND MATERIALS

Kurehi bark and stem

Kurehi bark as well as stem were procured from lMessrs Jadavjee
Lallubhai and Co, Bombay, India at the rates of R8,0.75/kg and is.4.00/kg
respectively, The authemticity of the materials was established by
comparison of the samples obtained through the courtesy of the Forest
Department, Maharashtra State, Iniia and was also further confirmed

by the Dotamieal Survey Department, Poona, India.

tion of id
The final scheme for the isolation of the two main alkaloids,
conessine and tetramethylhclarrhimine consisted of a modified procedure

of Labler and Gumaw.

lemoval of nitrogen

The gemeral procedure employed in the remeoval of partially
substituted nitrogen atoms, from the alkaloids was the Nuschig's
p:-m':crclm—oo5 of Nechlorination, dehydreehlorination, followed by
acid hydrolysis.

N—chlore succinimide was prepared according to the proecedure
of Tnohohﬁjueﬁ.

Cyanogen bromide and perbenzeiec aeid were prepared according
to procedure deseribed in "Organie Synthuu"m'u.

Cleavage of the N-oxide of Schiff's base was effected by
treating it with sodium metaperiodate. Nitrous acid treatment

according to Barton and Boatonm , of the cleaved product yielded
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nitrogen-frec steroid, These will be deseribed in detail in the
txperirmental Seetion,

For the deamination of tertiary base in tetramethyl helarrhi-
mine via its SP-mono-N-oxide the method of Cope gt als’ has been
followed, The pyrelytic cleavage of the N-oxide followed by Hofmann's
degradation resulted into a nitrogen-free stercidal ether.

Ketalization and deketalization

Wherever necessary, the carbonyl groups of ketones were
protected by forming the corresponding ethyleme dioxyketals with
ethylone glycel and p-toluene sulphonic aeid, in toluene ', Deketa-
lizations were carried out by using either 80 per cent acetic uidn
or glacinl acetic acid and fused sodium acetate with varying time
intervals depending upen the natare of the groups .
Oxidation

Silver chrosate used for the oxidation wae prepared by the
reaction between silver nitrate and potassium chrontom. Bilver

chromate was activated for € hours at 220° tefore use,

Lead tetra acetate was prepared as per the procedure deseribed
in "Organic Snthon-'“.

Jone's reagent was prepared according to the procedure

deseribed in ut-raturon.

Chromic aeid oxidation was carried out by using chromium
trioxide in aqueous pyridine,



Reduct

Reduction of earbenyl fumctions was carried out by lithium
aluminium hydride,

Chroma i
Alumina (Basic and Neutral) was supplied by the Fine Chemicals
Project of this laboratory., It was made inte requisite grade by

adding appropriate amounts of water according te the procedure of

Lederer and l-odmru.

Silica gel for columm as well as for thin layer chromategraphy
wag procured from Fine Chemicals Projeet of this laboratery.

Pa hromato,
Deseending chromatography on Whatman Ne,1 paper was carried
out at 26-28° with the following solvent systems:

M__B._(Mf_ls Benzene-pet—ether (67:33) and methanol-
water (80320),

Bush B, !Bu-!n]s Henzene-me thanol-water (100:50:50),

The steroids were extracted from paper chromtograms with
methylene chloride,

Detection of steroids
To deteet the steroids om chromatograms, the paper chromato-
grams were sprayed with a mixture of 1 ml of 0,2 per cent blue tetra-
zolium in ethamol and 40 ml of 10 per cent sediwm hydroxide im water,
In addition, when the paper chromatograms following spraying
of the blue tetrazolium reagent were heated for 40 min at 60° the
compounds having a A‘*‘S keto group gave a yellow fluorescence under

ultraviolet (300 mu, Bush'®), Aldosterone was detested by ite
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flucrescence as well us positive blue tetrazelium reaction,

Libermann-burchard colour ruothl"

To the stercidal material in approximately 0.5 ml of chloro-
form was added one or two drops ol test reagent prepared by chilling
5 ml acetic anhydride im a 10 ml flask and adding 0.5 ml of concen-
trated sulphurie acid. The formation ef a transient-purple colour,
changing te blue, green, pink or purple indigated the presence of

steroids or triterpencids.

y 4 raann's colour reacti 50

The method,first used for determination of 17.ketosteroids,
and later modified by Fmmens et gl.m and Koeh et _g_.“ for 3 or 20
ketostaroids consints of treating the stereid in aleohol with
m-dinitrobenzene in aleoholic potash. The presence of 17, 3 or 20
keto group is showm by the formation of transiemt violent eoleura-
tion. 3, 7 and 12 %otones do not give the above test,

Dragendorfl's rog‘gnsm

Potassium bismuth iedide known as Dragenderff's reagent has
boen widely used for precipitating alkeloids, S#bek solution of
potassium bismuth iodide (KBI,) was prepared aceoriing to Bloek's
procedure ., The reagemt is prepared from the stock solution by
mixing 20 ml water, few dropa of 6N %Cl, 2 ml stock selution of
Km4 and 8 ml 6N HCl. With alkaloids, it gives a buff coloured

precipitate.

Melting peints
All melting points are uncofrected and have been taken in a

Gallenkanp melting point apparatus.



Optical rotations

Optical rotations were determined in chloroform,unless other-
wise stated, using 1 dm tube, The concentrations are reperted in the

parenthesis.

Ultravielet and infrared s
The ultraviolet absorption spectra were taken in ethanel

solutions with a Beckman Quartz spectrophstometer model DU,

The infrared spectra were recorded in mujel mull,unleas
otherwise stated, on a Perkin~Flmer iufracord, model 173 E or

Perkin=-Flmer model 221 spectrometer.

Proton magnetic resonance spectira

Proton magnetic resonance spectra were reeorded on a Varian
A=60 spectrometer in dueteroenloroform or earben tetrachloride/
chloreform solutions using tetramethylsilane as the internal standard,

All the chemical shifts are expressed in terms of 4 values,

An suthentic sample of d-aldosterone was kindly supplied by

ey J. J. Chart of Ciba Pharmaceutical Company, New Jersey, U.S.A.

Progesterone for the reactions was obtained from ¥/a. Wyeth

Laboratories, Bombay, India as a research gift,



Chapter 111
Isolation and Separation of Alkaloids ]
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Nurehi bark
Various procedures have been deseribed in literature regarding
the extraction and isolation of kurchi alkaloids. A brief comparative
survey of a few relatively simple procedures is made here.

Siddiqui and Pillay’? A~

isolated alkaloids from the bark of
Holarrhena antidysenteriea in pure form in 1032, The dried bark was
ground, soaked for a week with a mixture of ether, ethanel and amwemia
and percelated, A second extract was drawn three days after soaking
the bark with a fresh solvent mixture. Ilydreechloric acid gas was then
bubbled through the extracts which precipitated the alkaleidal hydro—
chlorides together with a bulk of ammonium ehloride, The supernmatant
solvent mixture was basified with ammonia and was used for further
extractions, Right such percolations were carried out. The total
hydrochlorides were dissolved in water and treated with a solution of
sodium sulphate which preecipitated the insoluble alkaloidal sulphates.
These insoluble sulphates contain holarrhimine as the major alkaleid,
Bases from water-soluble sulphates were recovered by basification and
extraction with chleroform; this portion was rich with conessine and
other related alkaloids. The total yield of alkaloids by this proce-
dure is 2.1 per cent.

Haworth's greup ® used soxhlet extraction for obtaining the
total alkaleids. The bark was mixed with calcium oxide and extracted
with ethanol on a soxhlet extraction unit. The yields of total

alkaloids were 1.3 per cent,



The third procedure was that reported by Tschesche and
Pmrulm“ who used chloreform in addition to the solvent mixture
used by Siddigui and Pillay. A single percolation after soaking the
bark for eight days appeared to be emough to procure the total alka—
loides in somewhat satisfactory yields., The concentrated extract was
dissolved in chloroform and the alkaloids were extracted with agueous
hydrochlorie acid, The hydrochlorides were bhasified and reextracted
in chloroform. The chloroform solution was concentrated and chromato-
graphed over basiec alumina, The chromatographic fraections contain
overlapping mixtures of alkaloids which were further separated by
aqueous extraction of the alkaloids from their hydrochlorides at pil
near about their p wvalues. The pil was adjusted by the addition of
dilute amnenia solution. The total yield of alkaloids reported was

1.1 per cent,

An extraction procedure developed in this labofatory by
Kulkaroi’® vas essentially on the lines of Siddiqui. Siddiqui and
Pillay percelated kurchi bark eight times with a mixture of ether,
alcohol, amsonia as described earlier, In the procedure developed by
Kulkarni the time consuming wethed of percolation was replaced by an
extraction procedure, Instead of soaking the bark for a mumber of
days, it was stirred is the solvent mixture for four hours and the
solvent layer was taken off. Six such extractions were necessary to
extract most of the alkaleids from the hark, It was found that four
extractions could yield 93 per cent of the total extractable alkaloids
(37, 36, 12 and 8 per cent) and practically all heolarrhimine., Inm

this way, by saerificing enly 7 per cent of the total alkaloids
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which remained in the bark, it was possible to achieve the economy
in solvents and time, The extracts were further processed aceording

to Siddiqui's method,

Another sinpler method was reported by Labler and Certya"’ ¢
who extracted the bark with othanolic ammonia (10 kgs - 30 1lit,
ethanol + 3 litres ammonia)., The total time required for two such
extractions was two weeks. The extract was then acidified in the
cold with 30 per cent sulphuric aeid. Dulk of amwonia was preecipitated
as filterable ammonium sulphate, the precipitate was filtered out
and washed with ethanol repeatedly. The extract was concentrated
and shaken with chloroform. The agueous aecidiec layer was treated
with crushed ice and basified with 20 per cent sediunm hydroxide
solution, The bases which separated were extracted with ether, The
ether layer was washed free of alkali and the solvent was evaporated
under reduced pressure. The erude bases obtained as a yellow syrup
were treated with pet—ether, allowed to stand overnight and then
stirred for 8 hrs, The material inselhbble in pet-ether was a semi-
solid selidifying alowly. The inscluble part was found to contain
the holarrhimine group of alkaloids whereas the pet-ether-seluble
portion consisted of alkaleids of conessine group., The pet-ether
partition of alkaloids and further separation of different alkaloids
have been represented in Scheme-I,
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A choice was made among these procedures for the extraction
of alkaleids. Although the original procedure reported by Siddiqui
and modified later by Kulkarni gave better vields of alkaloids, it
had to be altered further owing to the use of expensive solvents such
as ether in large quantities. An alternmative and more economiec
method was the procedure followed by Labler and Cermy. A modifica-
tion was, however, necessary to obtain the total alkaloids in goed
yvield and in n much shorter time., fHandling of large volumes of tetal
extract and acificiation with sulphuric acid to preeipitate bulk of
the ammonium sulphate was to a large extent eliminated by concentra-
ting the extracts the ;ulior stages,

In the present investigations an extraction -nlnd was
developed which achieved the objective of nln:lli:iq the time factor
from two weeks to two days, Two extractions were found to be
necessary to get good yields of the alkaloids from the bark., Instead
of sosking the bark for a number of days, it was stirred in the
solvent mixture of ethanoleammonia (5:1) for 12 hrs an' the solvent
layer was siphoned off. Another portion of the same solvent mixture
was added te the bark, left overnight without stirring and then
stirred for another 12 hrs next day. The extract was removed,
combined with the first extract and concentrated to 1/5th of ite
original volume at 45-50° under vacuum when most of awmsonia was
expelled. The recovery of the solvents was satisfactory. The same
solvent mixture was used for the next extraction with addition of

fresh liquor ammonia,



The concentrated extract was then treated with 20 per cent
sto‘ till it became acidic to litmus., The acidie extract was treated
with chloroform te remeve neutral material. Aqueous aecidic layer was
basified with 20 per cent sodium hydroxide with external cooling. The
precipitated alkaloids were taken in ether, ether layer washed free
of alkali and evaporated to yield a syrupy mixture of total alkaloids.

Two extractions yielded 2.0 per cent of total alkaloids,

In this modified proecedure the stress has been made on two
aspects;

(1) two extractions of the bark require only two days and
the yield of the total bases is satisfactory, and

(2) concentration of the extract at earlier stages helps to
recover solvents quantitatively thus making the methed somewhat more
economical,

The interrelationship of kurchi alkaloids has been deseribed
in the introductory part of the thesis. Most of the alkaloids on
methylation, could be converted mainly into conessine and tetramethyl
helarrhinine, in quantitative yields. In the present investigations
transfornations of conessine and tetramethyl holarrhimine have been
studied, Hence the total alkaloids from the bark were methylated to
get fully methylated alkaloids - conessine and tetramethyl holarrhimine
in improved yields., Further separation of these was effected utilizing
their differential solubility behavieur torards pet—ether and by
column chromatography. Columm chromatography of petroleum ether

soluble syrup on basic alumina gave pure conessine in first few cluate
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fractions of pet-sther-benzene mixture and then with benzene, lielatively
polar compound eluted by Lenzene containing 1 por cent Methanol was

found to be tetramethyl holarrhimine. These have been shown in Scheme-II.

SCUEMEIL

Kurchi ba?rk (ground) 10 kg
+ 40 litres alcohol ¢ 8 litres ammonia
Stirred }or 12 hre
Filtered
Dark — reprocessed for second extn.

Filtrate concentrated to 1/5th
of its volume

Sul phuric acid (20 per conq

Aqueous acidie extract
+chlorotoﬂ

I I
Chloroforn layer Aqueous acidic layer
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i
Precipitate of alkaleids
{Total wt=
+ 260 gm)
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|
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Methylation formaldehyde )
of 100 gm formie aeid
of total

alkaleids

Total methylated base( 80 gm)
Pe;:ethel'
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Conessine (53.5 gm) 'hh'l-thrllhlln'rhi-
+ tetramethyl- mine (12 gn)

(Sop.ntod over basic alumina)

(Yield: Conessine, 53.5%; Tetramethylholarrhimine,6% - Lased on total
methylated alkaloids).



Examination of the stem of Holarrhena antidysenterica

A literature survey revealed that the stem of this plant has
not been examined for its alkaloidal contents. The sceds and the bark
of both the varieties ~ the Indian Kurchi and the African species -
have been examined thoroughly by several groups of investigators. A
number of alkaloids have been isolated and characterized from the bark
and seeds of H.antidysenteriea till this date. However, still there
are some missing links between different sub-groups of these steroidal
alkaloids, It is from this biogenetic point of view that the extraction

of stem was undertaken here,

It was observed that the alkaloid contents of the stem depend
on the age of the stem as well as on the place from where they were
collected. Aged stems were found to contain lesser amounts of alka-
loids as more of the alkaloids would be deposited in the wall of the
stem i.e, bark, Middle-aged and middle sized stems were selested for
the studies, Holarrhimine group of alkaloids was practically absent

in this middle~aged stems,

The method of extraction of the total alkaloids from heartwood
was essentially the same as that employed for the bark as described
earlier, The total yield of alkaloids from two extractions was,
however, very poor (0,35 per cent). The mixture of total alkaloids
was put over basie alumina colummn (1 x 20 times) and eluted carefully
with solvents of inereasing polarity., The elution of the columm with

pet-ether gave a gummy compound in early fractions. This material



less polar than conessine was found to be homogeneous by TLC on
systems containing ehloroform, methylethylketone and dimethylamine
and chloreform fresily saturated with ammonia,

The infrared spectrum of the compound showed a strong band

at 1738 en )

and & band at 1282 em ® characteristic of an ester
group. However, the compound did not give any preeipitate with
Dragendorff{'s reagent, a typical test for alkaleids. The compound
was further found to be inscluble in most of the common solvents,
agetone, ethyl acetate and chlereform, but soluble in pet-ether,
Preliminary studies indicated that the compound was a fatty acid

ester,

The column was further eluted with pet—ether-benzene mixture
(1:1), The initial three fractions gave a solid which was erystallized
from acetone and identified as conessine from its physical constants.
Further elution with pet-ether-benzene 50% and then B0¥ benzene in
pet—ether gave more of conessine. The later fractions of benmene
exhibited a mixture of three compounds as indieated by TLC, The
column was further eluted with 10% ethyl acetate in benzene, which
gave a mixture of isoconessimine and conessimine (vide TIC) - a gum
which erystallized after passing over a short columm of basie alumina,

The products were identified by their physical constants.

Purther elution of the colwmn with 208 ethyl acetate in
benzene (4 fractions) gave a semi~erystalline compound showing twe
apots on TLC ome corresponding to isoconessimine, the other having a
different R, value. On adding ether, a part of the mixture precipitated
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out which was crystallized from acetone. The compound showed a posi-
tive Dragendorff's test, suggestive of an alkaleid. A reerystallized
sample (m.p., 117-110°) showed a single spot (l‘-O.w) on TLC (solvent
system: chloroform freshly shaken with amsonia). A literature survey
revealed that this melting peint agrees with the melting point of
Helafrin (115-116°), an alkaloid iselated by Seeback™ from the barks
of 'Holarrhena Africama'(A.D.). fHolafrin has been assigned the
structure (140) whieh contains an ester group at C-12,

Cl'lb

The new base did not show any absorption in the ester region, indi-
cating the absence of ester carbonyl group. The infrared band at

-1

3330 em ~ exhibited by the new base (Pig.l, Compound A) does mot agree

with the reported Ni absorption (3260 ew ') of holafrin. The base
showed a strong absorption at 1068 em ' and its ultraviolet

spectrum exhibited the N\ max at 241 m. This is suggestive of the
presence of anc-P unsaturated carbonyl group. A pesitive test with

Zimmermann reagent indicated A mz-ﬁ- grouping in the molecule.
0
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The other alkaleid from kurehi group melting at 113-17°
is kurchamine (141) with a saturated ring B, but with a double hond
at 17:20, A strong carbonyl absorption of the
alkaloid in question could not be accounted for
thus eliminating the possibility of the compound
being kurchamine. The possibility of this com-

H
pound being impure conessine was alse eliminated 2L
on the basis of strong ketonic absorption shown !
in the IR and UV spectra of the compound. Further
structural analysis of this compound could not be “1!\ Ci41)

completed owing to the paucity of the material,

The column was further eluted with ethyl acetate. Evaporation

A
! AN T

of the oluent end erystallineticn of the compeund Sish sistons gove am
alkaloid in minute quantities. The melting point of the compouni was
236-240°, The infrared spectrum (Fig.2, Compound B) showed a strong
absorption at 1667 em ' and 1639 om aceounting for </ unsaturated
ketone as also evident from ites UV spectrum (Pig,5, A) exhibited a

maximua at 241 m. The absorption at 3226 u.‘

in IR indiecated either
the hydiroxyl or ‘uinn group., The presence of a ketonic group was
further supported by positive Zimmermann test, The pauveity of

material in this case also, however, prevented further work,

The investigator is aware that the data collected on the

compounds A and ! are insufficient to propese any temtative structure



(¥

for these compounds, Due te eonsiderably low yields of the
material, chemical transformations were not possible towards

elucidation of the structures.

A systematic coluwmn chromatography of the total
alkaloids obtained from kurchi bark did not show the presence

of these compounds,



I'xamination of meutral fraction from kurehi stem extract

Kurchi stem was not examined so far either for its alkaleoidal
contents or for its steroidal contents. All the steroidal alkaloids
isolated so far from H.antidysenterica wall have the pregnane mmcleus
with C-21 atoms, From a biogenetie point of view as far as it .h known,
the aynthesis of aterols in plants and animals appear te follow broeadly
similar pattways®®, Tt has been established that in the adrenal gland
in the animals the origin of the C-21 steroids is by oxidative cleavage
of the isoprenoid side chain of cholesterol initiated by a hydrexylation
at C-20, Extending further the concept of biogenetic parallelism in
plants and animals for the formation of C-21 steroids, the following
tentative scheme for the biogencsis of kurchi alkaloids was formulated

by Kulkarni®Z,
Holdphylline Givoup

. '
?H:’J ?H ?“3
co CHa
(42) WO (143) HO G4
OH CH‘; H
2 ug,--ml,_ F\r Methylation
Conessrie
) Giaup
a5 Hologrhimine \
Holarrhidine " 146) Deﬁyawjenat'ﬂ
Heﬂlgluld Holarhimines ! Conkuichine

Cuoup .



The plant accumulates the pregmane alkaloids in larger quantities
in the bark than in the stem. Does it store any ncutral precursors

such as 20-hydroxy stereids, pregnenclone or 18-hydroxy progesterone
particularly in the stems?

Neutral steroids from kurehi bark extract were isolated by
Siddiqui and Pillay®’ as early as in 1033, Later in 1083 Techesche ;
ot 81.%% reported the iselation of a mon-nitregencus C-21 stereid
from neutral extract of the kurchi bark whieh they named as holadyson/ I'g)
It has the molecular formula Cnﬂmo 4 and on the basis of its physico-

chemical studies the following structure has been assigned to it,

(147

Its structure was further confirmed by its partial synthesis
starting from llﬁmtov-pmomnu by hchub”.

A systematic investigation of the neutral componends of
kurchi stem was, therefore, initiated.

The neutral part, separated during the extraction of alka-
loids, as deseribed above, was treated with excess water to remove
alcohol from chleroform extract. Chloroform was then concentrated when
a greenish oily liquid was obtained,
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B

The gummy material saponified with aleohiolic potassium
hydroxide, 10% and refluxed for 4 hrs. After working up the
reaction mixture, the pale yellow gum, obtained as the total con-
centrate, was chromatographed over meutral alumina (1 x 50 times).
HElution with solvents of ivereasing polarity gave lupeol, sitosterel
and two other compounds (C and D) melting at 168-170° (Fig.3), and
at 122-24°, However it was not possible to characterize any of
these compounds as the amounts of pure material isolated were
insufficient,
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EXPEAIMENTAL
Separation of Alkaloids from Kurchi bark

(1) Extraction of ikurehi bark

bry, powdered kurchi bark (10 kg) was gharged in a stainless
steel drum provided with a perforated false bottom covered with mmslin
cloth, & sparkless vertical motor stirrer (1 h.p.) and a stop-cock at
the bottom, It was stirred vigerously with a mixture of ethanol (40
litres) and amconia (8 litres) for 12 hours. After the removal of the
first percolate, another lot of the same solvent mixture was added and
left overnight after initial stirring., The mixture was stirred the
following day, for 12 hours and the solvent layer was tapped and mixed
with the first lot.

The combined extract was concentrated to 1/5th of its original
voluse, at 45-50° under vacuum when most of the ammonia gas was expelled.
This processing was essential to aveid large bulks of ammonium sulphate
precipitating out during the next operation. The selvent recovery was
alse considerably geed in this procedure.

The combined concoutrated extract was treated with 20%
sulphuric acid till the extract was acidie to litmus, The aecidie
extract was extracted with ehloroform to separate the neutral com-
pounds from the basic alkaloids which remain in the aqueous layer,
The agqueous ascidic layer was basified with 20¢ sedium hydroxide with
external cooling and efficient stirring to lessen the possibility
of half-salt formation, The precipitated total alkaloid was extracted
with ether, ether layer evaporated to a syrupy mixture of total
alkaloids. Yield of total alkaloids - 2,6% approximately.



AL

Methylation of Total alkaloids

Methylation of total alkaloids was carried out according to
method deseribed by sucuqu“ '. 100 gm of the total alkaleids were
treated with a mixture of 4 litres formaldehyde (40%), 4 litres formie
acid (80%), 500 ml water and refluxed for 4 hrs. The reaction mixture
was cooled thitoughly and basified with stirring. The precipitated
alkaloids were taken in benzene, Benzene layer was washed free of
alkali, dried over sodium sulphate and evaporated under vacuum below

55-00%, Final traces of the solvent were removed under high vacuum.

Separation of alkaloids

The total methylated alkaloids, a pale yellow syrup, was
treated with exeess of petroleum ether (2 litres for 80 gm) and stirred
with a magnetic stirrer for 8 hrs, Pet=ether inseluble part consisting
mainly tetramethyl helarrhimine was precipitated out which was filtered
over Buchner fumnel. The pet—ether soluble part contained mainly
conessine, However, conessine obtained here still contained some traces
of tetramethyl holarrhinine and its further separation was effected by
column chromatography.

c € of ubl (]

Pet-ether soluble fraction, 68 gms was leoaded on to a column
of basic alumina (1400 gm), grade II, in a 120 em tall column with 0 em
diameter, The substance was taken in 50X pet-ether-benzene mixture and
the column was successively developed with a mixture of pet-ether and
benzen¢, benzene, benzene-ethyl acetate, ethyl acetate and ethyl
acetate-methanol in the sequence deseribed in Table-I.



TABLE I
COLIMN CHROMATOGRAVHY OF PEP-ETHNR SOLUBLE FRACTION

Wt. of the total alkaloids = 08 gm
Basic alumina,(grade IT),= 4400 gn

!'n;:i..- LY Vo:r \uft :::::. of the
1 507 Pet—ether-benzens 250 - -
2 B 250 3.8 erystalline
3 «do= 500 32.1 crystalline
4 =do= 500 11,9 erystalline
5 Pet—cther-benzene 80% 250 4.17 erystalline
[ =i 0w 250 1.82 crystalline
7 Benzene 250 0,78 semi erystalline
8 Benzene 250 0.68 semi orystalline
9 Benzene-ethyl acetate 10% 250 0.41  gumy
10 Benzene-ethyl acetate 50% 250 0.17 Zummy
1 Pthyl acetate 250 0,175 oily traces
12 Fthyl acetate-methanol 5% 250 4.80 cerystalline
13 Ethyl acetate-methanel 10% 250 1.2 crystalline
14 Ethyl acetate-methanol 25% 250 0.48  oily
16 Hethanel 1000 2.08 colored residue,oily

04 gm




Fractins 1 to 6 were pooled together, erystallived from a mixture
of acetone~cther, after passing it over a short celumm of basie alumina
and eluting with benzene. The compound melted at 124-26°, lit. for

.'31A

conessi 120°, [x] = +121° (e=0.018 in ethanol).

\nalysis: C 80,58, If 11,01, N 7.04, N=Ciy 12,315,
Conessine C, M, N, requires: C 80,89, U 11.24, N 7,87, N-Ci, 12,6847,
IR (Pig.4). Dand at 26820 em™ indicating the presence of N-Cll, grouping.

Band at 1687 c-l for 8:6 double bond,

Pet—ether inscluble part
Pet-ether insoluble part was dissolved in beiling ethanel., Umn eooling

light erystals separated out, Fraetions 12 and 13 from the above column
chromategraphy were combined with this erystalline compound and reerystalli-
zed from methanol, The identity of the compound as tetramethyl helarrhimine
was confirmed from its physieal constants. m,p. 220-228°, llt.m 224-.226°.
[ocf= —=45.5° (ew0.01 in absolute aleohol),

Analysis: Found C 76,01, W 11,39, N 7,.25%, Tetramethyl holarrhimine
Cogflya0Ny requires C 77,02, I 11,34, N T.21%,

IR (Pig.5) showed a band at 2820 u‘l accounting for N~Ci, group,
Abgorption at 3320 e and at 1067 en } representing hydroxyl group and
520 double hend respectively,

Acetate of tetramethyl holarrhimine was prepared by acetic amhydride
and pyridine m.p. 136-37°,

Eurchi stem
Lsolation nnd separation of alkaloids frem stem
Kurchi stems, dried at 50° for 8 hrs under vacuum were powlered and

charged in a stainless steel vessel provided with perforated false bottom



covered with muslin eloth, Method of extraction was essentially the same as

that used for bark, The total alkaloids (7 gm from 2 kg) were put over basie

alumina column (20 times the weight of alkaloids) and eluted successively with

solvents

of imgreasing polarity. The results are tabulated in Table II.
TARLE IX
CHROMATOGRAPHY OF TOT FROM

Wt. of erude alkaloidal mixture 7 gm.
Vt. of alumina basic (grade I1) 140 gm,

Pt Fens el =

1 Pet-ether-benzene 507 15 <006 oily

2 ~do- 15 014 oily

3 o= 50 «070 oily

4 il o= 50 030 oily

] =il O 50 <008 oily

6 Pet—cther-benzene 80% 50 « 780 erystalline
7 —do= 100 1,500 erystalline
8 — i 80 « 230 erystalline
] ] Qe 50 080 erystalline
10 Benzene 50 021 semi eryst,
11 Benzene 50 «210 erystalline
i2 Benzene 50 «410 crystalline
13 Henzene 50 «031 semi cryst.
14 Benzene 50 020 semi eryst.
15 Benzene-ethyl acetate 108 50 020 semi eryst,
16 =il g 50 «114 semi cryst.

contd,



TARLE 11X !conﬁ, !

Fraction Volume Weight Nesidue
Fluent e

§
B
B

17 Benzene~ethyl acetate 10% 50 «300 semi eryst,
18 ~do= 50 .037 semi eryst.
19 -0 50 17 semi eryst,
20 Ethyl acetate 20f-Benzene 50 «020 semi eryst,
21 il O 50 038 semi eryst.
22 ~do= 50 029 semi eryst.
23 =il 50 «020 semi cryst.
24 lenzene—ethyl acetate 50% 50 .038 gum
28 g 50 «030 gun
20 Ethyl acetate 50 037 gum
27  EHthyl acetate 50 105 qum
28  tthyl acetate 50 105 semi eryst.
20  Ethyl acetate 50 075 semi eryst.
30 Ethyl acetate 50 +031 gum
a Bthyl acetate 50 028 pan
a2 Fthyl acetate 80 <017 gum
33  Methanel 200 2,03 an

Total
recovery 6,45 gnm

Fractions 1 to O were pooled tegether., A gummy compound insoluble
in most of the common polar selwents, but soluble in pet-cther was isolated.

As the compound gave a negative test Dragendorff's reagent it was couecluded



that the eompound was not an alkaloid but a fatty acid ester, IR speectra

showed a strong band at 1750 ..1

s the characteristiec of an ester.

Fractions 6 to 13 were pooled together, passed over a short alumina
column, The erystalline compound obtained gave a preeipitate with Dragen—
dorff's reagent, The alkaloid was identified as conessine, from its physical
constants., Fractions 15 to 10 were pooled together and rechromatographed
over a small (basic) alumina columm, Fractions eluted by 37 ethyl acetate
in benzene gave an alkaloid, identified as coneseimine from its TLC
behaviour, Mixed melting point with authentic sample of conessimine showed
no depreasion,

[K], = =22.0° (e = 0.017).

Analysis: Found- € 80,32, W 11,20, N B,14, N-CTl, 8,444,

Conessimine,C, Ho Ny requires C 80.70, N 11.10, N 8.20, N~Cii, 8.88%,

IR showed an absorption at 3200 ow >

for NH.

Fractions 20 to 23 were treated with exeess ether. ither soluble
part on the basis of its behaviour on TLC was combined with the fractions
(10# ethyl acetate-benzene) obtained in the above rechrometography. A
careful erystallization from ethyl acetate gave iseconessinine melting at
00=02°, Mixed melting point 00°, [X], = +31°,

Avalysis: Found- C 80,45, H 10.90, N 7,92, NeOW, 8,507,
Tsoconessimine,C, M, N, requires: C 80.70, 1 11.10, N 8,19, N-Cli, 8,80%,

IR showed & band at 3260 em . for NI (speetrum identical with that

of anthentic isocconeseimine).

The ether-insoluble part from fractions 20 to 2] was dissolved in
acetone, Crystalliszation from the same selvent yielded a compound different
from eonessinine and isoconessimine, The compound gave s precipitate with

Dragendorff's reagent,



’,"h

Analysis: Found € T7.82, H 11.«. N 7.94%.

UaVe \ pay 241 W8 LR band 9330 ew ! (0N or W), 1668 en”)

(carbonyl group) (Fig. 1, Compound A).

Fractions 24 and 25 were poeled and rechromatographed, It
gave a positive test with Dragendorff's reagent. TLC showed that it
is a mixture of three compounds and further separation was not

possible .

Fractions 26 to 30 when treated with ether, gave an eter
insoluble preefpitate which was reerystallized from acetone. The
compound gave a precipitate with Dragendorff's reagent. m.p.236-240°,
UiVo) pay 240 M. T.R. (Pig.2, Compound b) 3220 em ) (Ni or OH),

1667 u-l, 1630 e-.l (-p-unsaturated ketone).

o
However, due to very low yield of this compound from stem, A

further experiments for determining its struecture were not undertaken.
Helarrhimine group of compounds were found to be absent in the stems,
Final elution of the column with methanel gave a gummy material. This

mixture of highly polar ecompoundis was not studied further,

Examination of the neutral non-saponifisble
material from the stem

¥eutral fraction of the stem extracted (in chloreform) was
freed from expess of aleohol by adding water and separating chlereform
layer. Chloreform layer was concentrated under vacuc at 50° and the
gumsy material (B gn) was treated with 1,5 litres of alcohelic KOH (10%)
and refluxed for 4 hrs. After 4 hrs, the reaction mixture was diluted

with excess of water., The gummy precipitate obtained was taken with



ether, washed free of alkali and evaporated te get a residue(about
8 gn) wvhich was chromatographed ever neutral alumina columm (grade II).

BAILE TIL
COLIMN CHROMATOGRAPEY OF NEUTRAL EXTRACT OF KURCHI STEM

e —

¥t.of substance 8 gnm.,
Wt. of neutral alumina (grade IT) 160 gm.

Fraect, Volume Weight Nature of
No. S— ml gm residue
i Pet=ether 50 «130 oily
2 w0 50 .000
3 Pet-ether-benzene 507% 50 «030
4 -0 50 024
5 D 50 .Oﬂ) -
6 == 50 +020 -
7 Pet-cther-benzene B80% 50 «780 Somi eryst.
8 ~do- 50 1.817 Same behaviou
50 532 on TIC
9 - 100 +1256 Pooled togeth
10 = 50
11 lenzene 50 «0532 Cryst.
12 Benzene 50 421 Pooled to-
13 Tenzene 50 «215 getber
i4 Benzene 50 078
15 Benzene-methanol 2,3% B0 «275 Cryst.,
«183  pooled
16 Benzene-nmethanol 2,58 50 162
17 Benzene~methanol 2,5% 50 042
18 Benmene-nethanol 2,5% 50
19 Bengene-methanol 2,5% 50
20 Benzene-methanol 5% 50 082 Cryst.
21 Benzene-methanol 10% 50 <187 pooled
22 Benzene-methanol 10% 50 «288
23 lenzene-methanol 25% 250 1,036  gumay

Total
recovery 5,973

Fractions 7 to 10 having the same mobility inm TLC were
pooled together and reerystallized from methamel as clusters of
needles, m.p., 210-212°, Mixed melting peint with lupeol showed mo
dopression. [] = +27%c = 0.019),



Analysis: Found- C 84,47, 1 11,63%. Lupeal cmnmo requires
C 84.90, H 11,837, Acetate of lupecl m.p, 213=15°. I,R, spectrum

identieal with that of lupeel.

Fractions 11 te 15 were pooled together and reerystallized
from methanol after filtratiom through a small column of meutral
alumina, m.p. 138-139,5°, Mixed melting peint with />-sitosterol
138-40°, [o(),= =37° (¢ = 02),

Analysis: Found- C 83.35, H 11,06%,  -sitosterol requires
(CEQHMO) C 83.99, H 12,15%,

Fructions 15 to 18 were pooled together., Um TLC the pooled
fraction showed two spots. On repeated crystallization from acetone,
the materisl was reselved inte lewer melting (163-188°) which appeared
first and a higher melting one (210-212°). On repeated erystallization
the lower melting cempoment yielded pure erystalline compound with
Mepa 170-71° (Compound C). [X], = +33° (e = 0,018).

Analysis: Found- C B4,3, § 11,25%, I.R. speetra (Figure 3,

Compound C) showed a hydroxyl band at 3333 u‘l.

The higher melting compound was confimed as lupeocl.

Fractions 19 and 20 pooled together aml recrystallized from
acetone. m.p. 122~24° (Compound D). [ek] = «32° (e = 0.018).
Analysis: Found~ € 76,50, i 11,10%, T.R, spectrum showed an absorption
at 3260 and 10562 ll-l. Further investigations on this cowpound were mot
carried out owing to its low yields from stem, (n TLC (solvent -
benzene) lupeol, p=sitosterel, Compound C and Compound D showed the R,
values as 0,625, 0.5, 0.376 and 0.25 respectively. Further elution of

the column yielded a mixture of polar compounds, diffienlt to separate.




Chapter 1V
Transformations of Cenessine




TRANSPORMATIONS OF CONESSINE

Discussbon

Conessine has been converted into steroidal intermediates
by different groups of workers. Cerny and 5«-“ reported the degra-
dation of dihydroconessine (148) to 18-benzoylamino-B-pregnan,3fi-ol 20—
one (180). Jegor ot 81®! and Rulkarni®® eynthesized 18-hydroxy-
progesterone (68) from conessine, independently. Although the synthesis
of Nedesmethyloonane—4,(20) N dienc-3-one (124), X Sehiff's base, and
18-hyd roxyprogesterone (68) has been reported by Jeger, no experi-
mental details or yields were reported. In 1064, Dauben gt ﬂ?‘
restudied the symthesis of Schiff's base (124) from conessine (113),

describing experimental details.

All the four pathways, although reported independently,
invelved in prineciple, the degradation of tertiary amine groups of
the alkaloid by cyanogem bromide to seeondary amino groups which

subsequently was degraded via chloramimes to the Schiff's base.

Opening of the pyrroline ring of Sehiff's base type of
compounds e.z., (124) and (149) was achieved im diverse ways by
different workers. Cerny and Sorn”" opemed the pyrroline ring (E)
in compound (149) by benzoylation with bensoyl ehloride in aqueous
alkalive medium with the fommation of 18-bensoylamino-5 pregnan, 3f-ol-
20-one (150). The imino ring £ is conessine (113) was opened by
faworth and co-nrkou“,by llofmann degradation, The same ofjject was

achieved by Dhattacharyya et Qm by preparing a die-Neoxide of
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conessine (151) and sub jecting it te pyrolysis which resulted
in compeund (152).

Dasben? shewed tiat the ‘dstisn of mitrous asid en

Nedesmethyl-conme—4,20 (N)diene-3~one (124), the Schiff's base,
for opening of ring £ mostly gave rearranged product. Larlier
Jeger et g,.“ and Kulkmlﬁz reported the formation of 18-hydroxy
progesterone (68) as a major produet when Schiff's base (124) was
treated with nitrous acid ~ in wnspecified yields, whereas lora and

corny™®

reported the yield of (88) as only 10.5%. Dauben concluded
that the wajor deamination preduet for the reaction of nitrous acid

on pyrroline compound (124) is not the 18-~hyiroxyprogesterone (68)

but a 14p-18 eyclosteroidal compound (128), 0.9\\
‘;a“g f‘ CH3
a |
»
—_—
7 448) W s
H
CHz Mz CH3z

C
\

\
N-OH

nz) 7 Cisy) (152)
M\ "



OH  cHy tHs
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+
(124) o 6%) C25)

The yield of Schiff's base (124) from conessine was poor,
mainly becsuse of the mumber of side produets possible during the
dehydredehal ogenation stage.

It was, tle refore, considered ne¢essary to reinvestigate
the series of reactions from cressine leading to Schiff's base,
Nedesmethylconane~4,20 (N) diene=3 one, and to find out another
feasible method for opening the pyrroline ring E, This new method,
outlined im Chart-15 has been deseribed in the course of discuseion.
Deme at of

Por fully substituted tertiary amines, the von Braun’’
cyanogen bromide reaction of demethylation was applied, for the
preparation of seconiary bases.

Siddiqui and Siadiqui’l ” reported that the action of eyanogen
bromide on conessine at room temperature in ether led to the formation
of mono-N-cyano isoconessinine almost exclusively. 1+ further prolonged
treatment with cyanegen bromide for several days converted monocyano
isoconessimine to the dieyane compound.

The initial reaction of eyanegen bromide on a basic uitrogem

appears to invelve tie milgeepbilic displacement of the bromide in
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eynnogen bromide by the nitrogen of the base with the formation of
the ionie addition produet in which mitrogen beeowes quaternized.
In the final step, another nueleophiliec displacement of the N-cyane
tertiary amine by the bromide ion takes place.

I 2 %
RNy + cl‘-nr"—bl-ﬁi'a?nr‘ -—rn-z': + CH,Br

The steichiometry of the reaction sequense cam be represented as:
20NBr + 3C, H, N, —— 26, H o N,ON & Co 0 ua(m'nr)
20 qHogN,ON & 20NBr —— cunu-a(cﬂ) + Coqli,.N o —Ci (cua&-)

From the above equations it is apparent that the limit of the yield
of dicyanceonimine can never exceed 35 per gent, since a third of
conessine and half of the monecyanoiscconessimine are utilized to
trap the methylbromide liberated., To achieve better yields of
dieyanoconimine some ways had to be devised to cnuse a rapid removal
of the me thyl bromide from the reaction mixture, before it had a
chance to react with conessine. The use of a higher temperature for
running the reaction was chosen for two reasons: (i) it would
enhance the rate of demethylation, particularly at the relatively
inert bridge mitrogen amd (ii) it would allow the volatile methyl
bromide to eseape from the reaction mixture before it had a chance
to react with comessine,

On the other hand, temperature should mot be too high for the
volatile cyanogen bromide to escape.

The reaction was therefore run in refluxing benzene and the
yvield of dicyanoconimine was impmved considerably. Thus under the
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exparimental conditions employed, as described in Experimental
Section, the yield of dicyanocompound from conessine was improved

to 657,

I 1 £ anoc

On alkaline hydrolysis of dicyanoconimine, the disecondary
base, eonimine, was obtained in about 60F yield, The overall yield
from conessine being 45-50%, It was not possible to achieve the

100% yield reported by Jegar et ﬂ,." under the experimental conditions
deseribed,

Fo on of Schiff's b

One of the procedures employed in the removal of partially
substituted nitrogen atoms from the alkaleoids is the Ruschig's
pruohn“ of Neghlorination, dehydrochlorination and subseguent
acid hydrolysis.

In the initial step, a ehlorine radical from Nechloro-
suceinimide is presumed to displace a hydrogen radical from a
primary or a secondary aminonitrogen to form a chloramine:

R,~CH-Ry RyCH-Rg
* - + u
R~ NH RpHN=Ci

On treatment with base such as an alkoxide ion, the chloramine
is dehypireodechlorinated to a Schiff's basey

{-ORG
R~CH-Ry _ R,—CH—Rz R-C-Ry
— I ” + rorse®
s

Ro-N—Ci R;—N=C)
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In the finul step, the Schiff's base is hydrolysed with
acid to form the carbomyl compound,

vl o
R,—C—R; R—C-Rz R—C-R3
@ @®
Y —“ *
“ m—-} ' —— @(' + H®
RN H-N-Ry. Ha™N - Rz
PR Ny Tl sifs
R~C-Ry (4]

The di=N-chlore derivative (123) was refluxed with
different bases to determine the best conditions for the dehydro-
chlorination reaction, The yields of the ketimine were poor with
pyridine and potassium tert butoxide, Sodium methoxide and ethoxide
on the other hand gave satisfactery results, provided the alcohols
were free from aldehydes. It was not possible however to isolate
the dilke timine in a erystalline form and it was subjected to aecid
hydrolysis without iselation. Om aeid hydrolysis, however, the
final Schiff's base was obtained in low yields,

A nusber of aide roastions are possible in this context,
increasing the complexity otvthn formation of the Schiff's base,

The reaction codhd itions employed ‘in the celimination reaction
were more favourable for an 82 type bimolecular elimination, Such
elininations are usually expected to give the more substituted
ethylenes as major produet, according to Saytzeff nhw.



flowever, it is also observed that depending om the solvent,
temperature, mature of the leaving group and the basicity of the
attacking base, Hofmann’  type eliminations may also predeminate.
In faet these reactions may be classified as kinetically contrelled
reactioms where it is possille to obtain significant yields of the
thermodynamically less favourable products,

In the dichloro compoun! the elimination reaction may give

rise to any one of the following products,

(7]
|

22
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C\&k)
e (lﬁb)

,@;E\r@ H;[j\gbw")
H.C
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On aeid hydrolysis tie four possible intermediates should give
rise to mainly feur products, two with a primary amine group at
position 3 and the other two with a earbonyl grouping in the same
position., A TLC examination (system = bensene-methanol, 6:1) of
the nu“on produet revealed the existence of 4 spots with n!o
0.78, 0.54, 0,37, 0.28 besides a highly polar eompound with Ry 0.15.
Further separation was very difficult owing to their overlapping
mture.

The yield of the desired product {124) eould not be
increased beyond 15,20% from the dichlorocompound even though a
variety of conditions were tried.

Heteroeyelic eompounds having basie nitrogen genmerally
from the corresponding N-oxides without much diffieulty, with
common reagents like perbenzoic aeid, paracetiec acid and ether
peracids or alkaline hydregen peroxides, Pyridine, pyrrolines,
isoquinelines form their Neoxides whem exposed to the se reagents.

The Schiff's base (124), Nedesmothyly4;20 (N) diene-3-one
coutains nitrogen with its unshared electrons as the hetero atom
in the ring E. Hven though weakly basic, it was anticipated that
this compound would forma an Neoxide under suitable experimental
conditions. On prolonged treatment with 1 mole of perbenzeoiec acid
for several days, the base formed an Neoxide (160). Attempts to
crystalize the compound were unsuccessful sinee it was highly
hygroscopic., However, the Neoxide of the Schiff's !'mn was
characterized through its crystalline pierate,a yellow crystalline
solid melting at 230-42°,



2N

In the Schiff's base Neoxides the eledtron deficient nitrogen
is expected te pull the electron clouds of the double bond for partial
compensation of the formal charge leaving an electron deficieney im
the adjaeent carbon, meking it more susceptible to mucleophilie attack,
In hydroxylated solvents the above process is expected to give rise
to a 41, 2 dihyirexy compound.

o® e
—Qr!lr—-c/a‘——_» —1 ——r yi ::'__iu
A \ Of Sw——= : Fors

It was anticipated that the glycolie structure should be

reacted upon by glycol-cleaving reagents such as sodium metaperiodate

to yield an o{:)ttm and a carbonyl compound

Qu wpiLp
‘1\ §}L.
09 Vo T R
| ey TR
T

]
When the workk was undertaken no literature reference was

available for the cleavage of Schiff's base Neoxides by periodate.
llowever, when the work was nearing eompletion Qureshi and Sklarz' -
reported tie periodate cleavage of Neoxide of a substituted pyrroline
(161). They observed that the rates of periodate eleavage were

rather slow,

The pyrroline-l-oxides are hygroscopic and are cccasionally
obtained as low melting solid hydrate, but there was no evidensce for
the formation of the adduet (162) in bulk,
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A © (e8) OH
H;O
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HO
(151) (iw.) Mel 'I:;H Cled)

Soall amount of (182) is expected to exist in equilibrium
with (161), This addition of water is exemplified by the eolourless
erystalline hydrate (166) obtained from the yellow nitrene (165),

Ph.CO.CH:N-Ph dil. | Ph.CO.CHCOH)-N-OH.Ph
H2504
0® €165) Cr66)

In another case the adduct (166) was oxidiszed by periodate
instantaneously irrespective of pi. In contrast, oxidation of nitrone
(188) was considerably slow,

If the oxidation of (166) is faster, them the reaction will
take the following course: '

———(Il:—*u(au)-ll —— c:r:‘(m -ﬁe
as in step b, The alternative to this very fast oxidation would be a
cleavage as in step (e) of the glycolysis type whieh would give the
nitroso-aldehyde (164). Although Quereshi et al.”* could not show
the accumulation of the aldehydic compound (1684) in the experiments
with limited amounts of periodate inm the presence of chloreform, they
ecould not rule out the possibility of its formation,

In the present investigation it was necessary to study the
sodium metaperiodate oxidation first on a model compound, having
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al

essentially the same functional groups as in the Neoxide of
Sehiff's base,

The isoquinoline derivative, namely, 1 methyl,3:4 dihydre,8,7
dimethoxy~isoquinoline (172) was prepared starting from vanilin (167)
involving five stepe, as described in the experimental part of the

chapter, The reactiona could be summarized as:

YIRS

%cc

H3CO

N
(167) Wfo (168) (69)*  HE C cvo)NH"
"500 “5‘0
MO & HzC .
SO Gare) M3

The Neoxide of lemethyl 3,4=dihydre 6,7 dimethoxy iso-
quinoline (179) was prepared by the treatment with perbenzeic aeid
and its mode of cleavage by periodate was studied. It was found
that lemethyl,3,4=diipire,6:7 dimethoxy isoquineline Neoxide (173)
on cleavage with sodium metaporioiate gave its corresponding

oxime (175). The following course of mechanism eould be suggested:

A HsCo
¢ : |

\ “-"co wo \on WsCO 0
CHs o
(ws) G174 C1775) ;
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After the cleavage on the model compound had beem suecessful,
work was started on the Schiff's base (124) obtained from conessine.
The Neoxide of the Schiff's base (180) was prepared in a similar way
and was then subjected ® metaperiodate oxidetion. The major product
obtained in 608 yield based on (160) was assigned the structure (161),
considering its Il spectra, TLC behaviour and anticipating the mode
of eleavage, The 20~carbemyl group however, could not be lecated very
elearly in IRl spectrunm,

In this connection it may be mentioned that in the novel
method of synthesizing aldosterone developed by Barton and B-nt-n“
through the nitrous acid reaction of the 18-oximo aldesterone-21
acetate (35), the aunthors reported that the 20-garbomyl band could
not be detected in the IR spectrum of the resulting product.

CHy0AC
“ -OH Oﬂg_clc | ao
¢co

S

In the present studies, 18-aldophegesterone oxime (161) was

treated with nitrous acid to convert the 18-oximo group into alde

group (69) essentially following the technique of Barton and Beaton'>.
Brooks ot al.”” have speculated the mammer in which the

ion N0* of nitrous acid attacks the oximes. They have assumed that

its usual action {(for example, on 3~hyiroxyiminostercids) cam be
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represented as an atvtack on the nitrogen atom,

+ -
R—R—c =N oW -—-———-a-a—fi-c:r't--o —>  R—H-CO+Nyo?
\+NO+ NO
Continuing the same lines of arguments, a plausible mechanism eould

be represented as:
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On the bads of the physieal constants, IR spectrum and
eomparstive mobility on paper and thin layer chromatograms, the
resulting compound (69) was identified as 18-aldoprogesterone.

Further confirmation of the structure (60) was obtained
by syntheaizing the same ecompound in two different ways which will
he elaborated im the mext ehapter,
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Conessine to {8-aldoprogesterone Chart XV
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ATIONS OF 3

Conossine

A recrystallized smmple, m.p.125-20° was used for further
reactions, The PMR spectrum of coneasine (Fig.8) showed angular
proton at C, - 0.08 7(3 H); the secondary methyl group in ring ®
(8.977 as a doudlet, J= 7 ¢@). The sPn-m, group - singlet
7.927. The olefinie proton at Cg - a diffuse multiplet at 4,787

(1 proton intensity).

Action of eyenogen bromide on consssine

A solution of 10 gm of conessine (113) in 1 litre of dry
benser» wus dehydrated by removing 150 ml benzene by distillation.
A solution of 7 gn of cyanogen bromide (0.066 mole) in 150 ml of
benzene was added slowly during a peried of 10 mimates with external
eooling, The mixture was them nllowed to stand for 2 hrs at 50°
and them heated to 80-83° for 12-14 hrs. The precipitate was removed
by filtration and filtrate concentrated under reduced pressuve. The
product was then taken up in bemzene, henzene layer washed with
dilute acetie acid to remeve any basic material present, washed free
of aeid and then clromatographed over alumina (basic, Grade II,
1 x 20 times),

Flution with hexane-bemzene {1:1) (200 m}) followed by
elntion with benzene (200 ml) gave 6.5 gm of dieyano compound (12%).
62
m.p. 168°, 1it. 168-170°. [oc], = #63° (o = 0.019).
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Analysis: Pound- © 76.02, 1 8,83, N 14,10, M08, 3,80,

Dieyamoeonimine  C, M, N, requires € 76,25, H 0.05, N 14,00, N-CH, 3.93%.
IR speetrum (Pig.7) showed s sharp band at 2215 om™) (CaN), PR

spectrun (Fig.8) ~ anmlar methyl protons at Ci0
seconlary methyl protons in ring B (doublet at 8,70%) (J=7 eps),

the 3pN-mthyl protons (singlet at 7,177 ). The olefinic proton at

Cq (a diffase multiplet at 4,677(10) ) and the =N-CH, protons (a

0,08 T(3 H)., The

doublet at 6,837J= 3 es).

s of

A mixture of 6.5 gm of N=N' dicyano conimine (121), 120 g
of (2.4 moles) KUH, 500 ml methanel and 70 ml water was heated under
reflux for 48 hours. A 170 ml pertion of the solvent was removed by
distillation, the resulting mixture filtered hot and them ehilled in
ice to get fine white meedles which were filtered and washed with eold
water #ill free from alkali. The compound was reerystallized from
ethyl acetate. Yield 60% w/w of (122), m,p. 130-31°, 154,92 130-32°,
[X] = #28.5° (e = 0.017 ethanol).

Analysis: Found- € 80.12, W 10.91, N 8,44, N-0, 4,90%. Conimine
requires C 80.43, H 11,03, ¥ 8,50, NCil, 4.00%. IR spectrum (Pig.o)
shoved bands at 3220 and 3125 ew © charecteristie of N group."
spectrum (Fig.10) showed C~10 tertiary methyl pretons as a singlet
(at 9,087 ), secondary methyl protons in ring E (a doublet at 8,907
Jub eps). 3 f=d-ewthyl protons (a singlet at 7,630, the olefinie
protons at Cq (a diffuse multiplet at 4.677); the =N-CH, protons

(a doublet at 7.38, Je 8 cps) and proton of seecondary amino greup

of ring B (singlet at 9,177). The heterceydlic ring NI resonated
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at an umasually high field, the signal disappearing on deuterium
exchange,
Nechlorination of conimine

To a well-cooled solution of 3.9 gm of conimine (122) in
400 ml dry ether was added 3.14 gm of freshly prepared N-chloro
succinimide in smnll lots with stirring. Nechloro suceinimide
could be added even in ether suspension. Stirring was contimed
for a further period of 1 hour without coeling; the clear solution
was then washed repeatedly with water to remove succinimide and any
unreacted N-chloresuccinimide. The ether solution was then evapo-
rated slowly after drying over sodium sulphate. A part of ether
layer was tested with stareh iedide paper, which gave a characteristic
test of Nechloroe compounds, During evaporation of ethereal layer,
the temperature was maintained strictly between 32° and 36°, as
the N-hale compounds are unstable towards heat., The ecoclourless
erystalline residue was recrystallized from benzene methanel when
white needles of compound (123) were observed, Yield 00%,
R.pe110-220° with decomposition, [(] = 420° (e = 0.021).
Analysis: Found- C 66,20, H 8,50, N 6,82, C1 17.58%. Dichleroconimine
CogllagNyC1, requires C 66.48, 1 8.62, N 7,05, C1 17.00%. IR spoctrum
(Pig.11) showed a band at 735 em+ (N~C1). P speotrum (Fig.12)
showed - tertiary C=10 methyl protoms (9,107) (3 H). The secondary
methyl protom in ring E (doublet at 8,927, Ju8 cps), the 3 pN-
methyl protons (a singlet at 7.417). The introduetien of chlorine
atom probably couses the shielding of the Nemethyl signal.
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A solution of 3.51 gm of dichlore compound (123) in 450 ml
aldehyde-free anhydrous methanol containing freshly prepared sodium
methoxide (prepared by allowing 4.5 gn sodium to dissolve in methanol)
was slovly heated and then allowed to reflux for additional 30 minutes
till it gave a negative starch iodide test. The solvent was removed at
bath temperature (40-45°) then at temp,30-35° under reduced pressure,
The yellowish gummy product could not be erystallized, It was found
te be very unstable and susceptible to air oxidation. IR spectrum
showed bands at 1078, 1613 cn ' (o-funsaturated ketimine), 1650 em '
(Ca) and 838 em™’ (trisubstituted double bond).

s of

The aliguot of ketimine ( 3 gm); (153) was dissolved in
250 ml uﬂlp‘mntmu-mnmwnmrnum.
The acidic solution was then basified with liquor ammonia (1:1). The
neutralized solution was extrasted with a mixture of methyleme chloride—
ether (2:1), The organic layer was washed with water till free from
alkali and dried over sodium sulphate. The sclvent was removed under
reduced pressure. All attempts to crystallize the gummy residue (2,1 gm)
were unsuccessful as the crude resetion product was found by TIC to be
a mixture of several compounds.

The preduct was disselved in a minimum amount of bensene and put
over neutral alumina (deactivated, 1 X 20 times)., An initial 500 ml
bhenzene eluate did not contain any compound; however, on further
elution with the same solvent and evaporatien of the solvent
from the eluate gave small amounts of the Schiff's base, A sample
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erystallized from pet—ether and acetone gave clusters of needles of
compound (124) in 15% yield based on (123), m.p. 183=185°,]cC) weB4®
(ew0,018),

Analysis: Pound- C 80+78, H 9,21, N 4,358, Schiff's base requires

C 80,98, H 9,39, N 4.M.(cmu”ou). IR spectrum (Fig.13) showed
abgorption at 1647 Cl:l' (N=C), a band at 1667 and 1630 o-"l(
unsaturated ketone). UV absorptien A max 240 m (¢ m-meooo).
MMk spectrum- (in carbon tetrachloride)- C-19 methyl protons(8.877),
the proton of enone moiety (4.420 giving a bread signal with a line
width of (2.5 eps) broademed due to allylic ecoupling with Cy protons.

e of 's

To a solution of 500 mg Sehiff's base (124) in 10 ml ehlore-
form solution of perbensoie acid of the strength 65 mg/ml (1 mol) and
kept for 8 days at 15°, The reaction mixture was then diluted with
excess of chloroform and treated with an aqueous paste of potassium
carbonate (2 gn in 1 ml)., The reaction mixture, on filtration and
evaporation at 40-48° bath temperature under vacuum gave a semi solid
frothing in high vacuum. The compound was found to be more pelar than
the Schiff's base (vide TIC) and was separated from the starting com=
pound by a preparative thin layer chromatography, in the selvent system
benz ene-methanel (3:1). The product (320 mg) (a semi solid) however,
failed to cerystallize,
Analysis: Found- € 72,08, M 0,15, N 4,17%. Caleulated for Cgyflyo 0N
C 77.02, M 8,03, N 4.28% and for Cgqllgg0gNefi0 - required C 73,00,
1 9,05, N 4,08%, IN spectrum fhowed bands at 980 and 943 on ! ehare-
cteristic of N0,
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It could not be resolved by chromatography on alumina or
silica gel column due to the highly reactive nature of its N-oxide
grouping. The compound formed a erystalline picrate m.p.200-42°,
Analysis: Found- C 58,05, H 10,18, N 5,71%. r:mn“n‘!hug requires
C 58,26, H 10,07, N 5.80%,
The yield of the crude N-oxide from Schiff's base was found to be
65%.

Sodium wetaperiodate reactivn on N-oxide

The hygroscopie compound (320 mg) (160) was taken in methanol
(10 ml and 2 ml water) and a saturated aqueons solution of 300 mg of
sodium metaperiodate was added to it dropwise with shaking amd eocling.
The initial reaction was exothermic. The reaction mixture was agitated
on shaker overnight at room temperature, After filtration of the mixture
the filtrate was evaporated in vaguo and the residue was takem in
chloroform, chloroform layer was washed with little water, dried over
sodium sulphate and evaporated at 40°, The gummy produet was taken in
benzene and passed over a short column of deactivated siliea gel. The
10% ethyl acetate-benzone fraction gave 163 mg of (161), recrystallized
from acetone (yield 60%). m.p.140-42%[(] =e51° (e = 0.016).
Analysis: Found- C 73,24, H 8,55, N 4,01%, Cpyfigq0qN requires
C 73,44, H 8,59, N 4,08%, IR spectrum (Fig.15) showed hands at 3325,
1067 en™" with @ shoulder at 1675 em™ ' (C-20 ketene). UV ) 242 m
A blank reaction on Schiff's base was carried out with sodium meta-
periodate, unier identieal conditions and unreacted Schiff's base was

recovered quantitatively (vide TIC and m.p.).
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Nitrous aecid ox 161
To a well-chilled solution of the 18-oxime eompound (161)

(100 mg) in B ml acetic aeid, an agueous solution of sodium nitrite
(5%, 2 ml) was added dropwise with shaking, The reaction mixture was
kept for 30 mimates in room temperature with mechanical agitation, It
was extracted with excess of methylene chloride. The solvent layer was
washed free of acid, dried over sodium sulphote and evaporated slowly
at 40=45°(bath temperature), The erude reaction product was chromato-
graphed over TLC along with the starting material in selwent system
benzene-methanol (3:1). Visualization under U.V. indicated the pre-
sence of a single compound with n‘ 0.0, The oxime had an N, 0.1 in

4
this system.

The reaction produet (crude) 83 mg (B0F yield) was purified
by passing it over a short silica column (deaetivated). The Ry values
were rechecked in the same system which showed ne change. On TLC
(system: pet—ether-ethylacetate, 6:4) it showed the Ry value between
0,50 to 0,52, The compound was crystallized from benzene-pet—ether,
5 9. 12032°J0C] @ +35° (0=0.019).

Analysis: Found- C 75,99, Il 8.48%. C, H,.0, requires C 76,31, H 8.59%.
IR spectrum (carbon tetrachleride solution) (Fig.16) showed bands at
2720 en”) (CHO), 1745, 1705, 1675 and 1615 en = (H,Ce0, CO.CHg,
unsaturated ketone, and double hond in conjugation to ketone).
3’1 Bush .8 observed (.65, reported 0.62; hlil. ohserved 0.90, un-
reported ; formamide-cyclohexane-beuzene observed 0.68, reported 0,70,
Parther confirmation of the structure was obtained by mixed melting
point and comparative speetroscopy with progesterone 18-al prepared

nceording to Kalveda's procedure, >
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Synthesis of Model Compound
The model compound, 1 methyl 3:4 dihydre 6:7 dimethoxy

isoquinoline was prepared starting from vanillin,

Methylation of vanillin’®

In a 1-litre thred necked flask fitted with a mechanical
stirrer a reflux condenser and a separating fummel, 152 gm(1 mel)
of vanillin (167) was melted by warming on a steam bath with
vigorous stirring, A solution of 80 gm of pure KOH in 120 ml of
water was added with stirring at rapid rate and 120 ml of purified
dimethylsanlphate was added dropwise by separating funnel over a
period of 20 mimtes. The reaction mixture remained alkaline., The
stirring was continned for another 30 minmutes after addition of
dimethyl sulphate on the water bath, The reaction mixture was then
- cooled rapidly to 28° with contimuous stirring and veratraldehyde
(188) was extractod with 300 ml of ether. m.p., 43-44.5°, b,p,153°/8 mm,
yielde 80%,
Veratraldehyde to ®-nitro 3;4 dimethoxy-styrens

It was prepared according to the procedure of Knoovenagel and

valter™, Veratraldebyde (168) (16.6 gm, 0.1 molar) was dissolved in
aleohol (20 ml) and treated with nitromethane (6,5 gm, 0.1 molar) and
then with methylamine hydrochloride (0.5 gm) and anhydrous sodium
carbonate, The mixture was Shaken vigorously for five mimutes and
kept at §°, After 30 mimutes, the supermatant liquid was carefully
decanted and the residue was washed with aleohol (5 ml) and the
washings were mixed with the above liquid, The deecanted liquid was
allowed to stand for 3 days at 5°C and the erystals of 3:4 dimethoxy
~nitrostyrene (169) were filtered, washed with little cold aleohol and
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dried under vaguum, m.p. 140.. 11t.140°, ".ld 91’0

Wenitred:4 dimethoxy styrene (169) to homoveratrylamine (170)

The procedure followed was that reported by Dutta et _-_1.”
Lithium aluminium hydride (9.0 gn) in tetrahydrofuran (100 ml) was
tuken in a 500 ml three-necked flask equipped with a mercury seal
épi stirrer, a reflux condenser and a dropping fummel. To this a
solution of 314 dimethoxy -nitrostyrene (160) (20,9 gm) in 200 ml
dry tetrahydrofuran was added in portions, with stirring. After the
addition was over the reaction mixture was refluxed for one hour and
cooled, The excess of lithium aluminium hydride was decomposed by
adding moist tetrahydrofuran and finally water (just 5 ml)., The
reaction mixture was filtered and the residue was washed with little
tetrahydrofuran, The washings and filtrate were pooled together and
the solvent was removed under reduced pressure, The solution was
made acidie with FHCl and extracted with ether. Aqueous layer was
basified and extracted with ether (D x 100 ml). The ether extract
was dried over anhydrous sodium sulphate and ether was removed. The
residue - the amine (170) was diatilled under vacuum 142°/2 mm,
yield 80f, The homoveratryl amine is highly unstable, hence was
acetylated immediately.

Acetylation of homoveratrylamine

Acetylation was carried out according to procedure of
Dey et g,." Homoveratrylamine (3 gm) was dissolved in dry ether
(100 ml); seetie amhydride (4 ml) was added dropwise and left over—
night. Crystalline homoveratrylacetamide (171) which separated out
was filtered and reerystallized from bemzene. m.p.95°, 1it.04-05°,
yield 90f,



1,Methyl 3:4 dilwiro,037 dimethoxy isequinoline from homoveratraldehyde-
agetamide

The amide (171) was dissolved in dry toluene (25 ml) and
treated with phosphorus oxyehleride (10 ml). The resection mixture was
refluxed for two hours, cooled and poured inte peteether and allowed
to stand for few hours, The solid separatedws dissolved in water and
extracted with ether to remove any unchanged amide. The aqueous portion
was made alkaline and extracted with ether, The combined ether extract
was dried over potassium carbonate. Removal of ether yvielded 6:7 di-
methexy 1 methyl 3:4 dihydreisoquinoline (172) as pale yellow crystals,
melting between 102-104°, Recrystallized from pet-—ether gave crystal
melting at 106=107%, lit. 108°, IR speetrum - Fig, (17).

The picrate was prepared by dissolving a little amount of compound in
aloohol and adding few drops of a selution of pierie aeid in alechel,
Crystalline compound m.p.205°, lit, 205°,

Perbenzoi i T

To 150 mgm (of 172) in chloroform (2 ml), 2 ml of perbenzoie
acid in chloroform (65 mg/ml) were added slowly with shaking, The
reaction mixtare was kept at 15° for 4 days., It was then diluted with
more of chloroform. A paste of potassium carbonate and a drop of water
were added. The reaction mixture was filtered after shaking well. The
filtrate was evaporated under vacuum, Hesidue - oily, kept under vacuum
froths up - settles to a hygroscopic mass from agueous acetone, !lecrysta—
llized from agueocus methanel, m.p, 136-38°, yield 57%. A picrate of the
above compound (173) was prepared. The greenish erystalline picrate
had a m.p. 217=-210° ns against the picrate of cempound (172) melting at

205°, In the IR gpectrum the bands due to N=0 were seen at 060 and 943 cm

-1
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Sodium metaperi tion on de (173

The Neoxide (173) (100 mgm) was taken in aqueous methanol
(5 ml), treated with an agueous solution of sodium metaperiodate
(200 mg in 2 ml water) and then left overnight om a shaker. The
reaction mixture was filtered and the filtrate was evaporated.
Coloured material which separated, was taken in excess chloroform,
The chlorofeorm layer was washed with water and evaporated after drying.
A practiecally colourless gum separated out which was taken in ethyl
acetate, It erystallized out after leaving in eold for 10 days.
m, p.185-188°,

Analysis: Found~- C 60,42, W 6,21, N 5,67%, Calculated for Clzﬂlbm‘

C 60,30, H 6,15, N 5.50%. In IR speetra (Fig.18) the band at 3343 em ’

-l

represents Ol grouping and at 1675 em ~ carbonyl group absorption was

observed.



Chapter V ‘
Synihesis of 18—Aldoprogesterone from Progesterone




8 of 1 do tero
from progesterons
Kalvoda _-_;9_1.03 reported the synthesis of 18-aldoprogesterone
from progesterone invelving 11 stepas., A careful observation of the
scheme revealed that this synthesis could be brought about in 7 steps

with possible improvements in the yields of the final compound,

The steps in the partial synthesis of 1f-aldoprogesterons
according to Kalvoda's procedure, represented im Chart (XVI) ecan be

outlined as follows:-

Progestorone (176) on treatment with ethylene glyeol in
toluene, in the presence of catalytie amount of p=toluenesulfonie
acid gave a &’_3:20 diethylene ketal (177) as deseribed by Williams
et _l_]_.m Un selective deketalization of C-20 carbomyl group, the
diketal yielded the &htbylenn dioxy-iketal (178), earlier obtained
by Ringeld et ﬂ-n by a dl.t:hro:nt method., Lithium oluminium hydride
reduction of (178) in dioxane gave 3-ethyleme dioxy-20[3-ol ﬂtjpnp-n-

(e8).

Vettstein et n_lB developed a method for conversion of (68)
to the corresponiing 18-oic lactome (67) involving intramelecular
oxidation. Iodination in ecyclohexane in presence of caleium earbonate
and lead tetraacetate results probably in a selective iodination at
C-18, Irradiation was mecessary to accelerate the substitution at
C-18 axial methyl group. The 1B8-iedo compound, on treatment with lead
tetraacetate was transformed into 1B=-hydroxy compound which was

selectively oxidized with silver chromate-gchromium trioxide in
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pyridine in preference to the 2:}@ hydroxyl group. The selectivity
of the reaction may be aseribed to steric release from strain of
the C=18 primary alecholic group. The 18-0ic aeid thus formed
however would immediately stabilized as a lactome (67) which was
obtained as the major product. The reactions could be represented

as follows:

¢
CH3 H3

H

no_| Ho_| no CHs

Se-n e - \|H

x The o
(Yo = (Yo _—
h-__+

Although the oxidation affects preferenmtially the C-18 primary
alechel the 20p hyirexyl group is also oxidized to a limited extent
which explains the formation of the lactol as a side prodmt“.

(o] OH CH N CH
> /R ] o, 0O 3 (0]
N [ A C/ ¢

.-H O
oxidatien
/

The lactone (87) formed in the above remetion was cleaved

oM
"CH3

by saponification with potassiom hyiroxide leading to jpotassium salt
of the 18~oic acid (179) whieh was converted into its methyl ester
by refluxing with methyl iedide. The methy ester (180) was oxidized
with aqueous pyridine-chromium trioxide to get the compound (181)
with a methyl ketone function at C-20, The ketone at C-20 was then

protected by ketalization with ethylene glyeol which formed a
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3;20-diethylene ketal=18 mothyl ester of progesterone 18-oic aecid
(182), A lithium alominium hydiride reduetion of the methyl ester
(182) gave the corresponding 18-primary alechol (183) with beth
the ketonie groups already protected, An oxidation with chromium
trioxide in aqueous pyridine for 3} hours yielded the corresponding
18-aldo compound (184) whieh on deketalization gave the expected

compound, 18-aldeprogesterone (69) in 30% yield based on compound (67).

In the current investigation an alternative method of
partial synthesis of 15-aldeprogestercne was developed starting
from progesterone. The first four steps, however, i.e., upto the
formation of lactoue (67) were cssentinlly the same ns deseribed by
Kalveda et ﬂ.’a

Lactones of type (67) with substituents at position C-11
were earlier cleaved by Heusler et g_." using sodium borehydride in

sodium hydroxide after initial protection of C-3 ketome by the ketal

foermation,
wo 1
o /
—_—
90 &o (41 3) A 42

In the present study, the lactone (67) was cleaved by lithium

aluminium hydride. From the infrared spectrum and from the polarity
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behaviour the reduced compound was assigned the structure (185)
J~ethylene diexy-18,20 dihydroxy-S-pregnene., The compound (185) wae
further converted to (186) by mild hydrolysis. The melting point,
infrared ete, agreed with the known compound (186) reported by Sorm
ot a1.%

Compound (185) has an axially orieated primary aleohol at
C-18 position and a secomlary aleohel at C=20., It was anticipated
that a controlled oxidation of primary and secondary aleohols weuld
result in the fomation of corresponding aldehyde and a ketone
respectively, However, in this case the oxidation of axial 18-alcohol
takes place much faster than the quasi equiterial 20 P-ol. It is
quite probable that an additional factor helping the reaction is due
to the relief of the steric strain by the conversion of theaxially
oriented .’3 primary aleoholic group first to a sz aldehydie
function, However, a ecomplicating factor in this reactiom would be
the formation of 1B-carboxylic aeid which would immediately form a
lactone or lactol with the neighbouring C=20 oxygen funetion either
in the form of a secondary aleohol or a carbenyl group{shown belew),
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vottatein ot al.” have reported that 1l-substituted 18520
(cXerp ) ols of the type (187) on oxidation with chromium trioxide
for 15 hrs in pyridine resulted in the formation of (188),(189) and
(190) in the yields of 22%, 3,47 and 3,.8% respectively,

?" CHy
M, HE-on o oA
- Qen ' Cieg)

. o
"e

l ou\ CH3
° . o if.'J
(1e9) 9 (5%

To improve the ylelds of tl’ddo compound , it was mecessary to
explore some means of arresting the oxidation of primary alechel at
the aldehydic stage before it counld be oxidized further to 18-oie
acid,

After a preliminary trial of different oxidizing systems,

it was found that the procedure for oxidation develeped by Jones and

his ull-bor-un" for the oxidation of acetylenic carbinols and

which has been subsequently used extemsively for the oxidation of a
pse and triterpencid dml.101 eould

be used for a selective oxidation, The reaction is usually of a

variety of unsaturated sterols

short time duration,



Progesterone to 18 aldoprogesterone
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The diol (185) was treated with Jone's reagent and the
reaction was carried out at room temperature. After the 8th
minute the reaction was arrested by adding excess of aleohol (ethameol),
as the reagent was found to cavse further exidation of angular group
with a longer reaction time. The resulting keto-aldehyde (191)
was found to be partially deketalized during the reaction, However
after hydrolysis of the mixture with B0% acetie acid for 45 mimates
18 aldo-progesterone (69) was obtained as a major produet in 85%
yield, The overall yield of compound {(69) in this procedure was 65%
starting from the lactone (07) compered to 30F reported im the earlier
procedure by Kalvoda ot al.”

The identity of the resulting product was establiahed by
a comparison of physical and speetral properties, mobility pattern,
as well throogh mixed mel ting point determinations of the produet
with that obtained by Kalvoda's procedure as well from conessine
transformations, Chart (XVII) describes this short, new route for

the synthesis of 18-aldoprogesterone from pregesterone,



EXPERIMENTAL

Progesterone (5 gu) (176) was refluxed with 40 ml of freshly
distilled ethylene glycel, 220 ml dry tolueme (thiophene free),
p-toluene sulfonic acid (210 mg) for 24 hours using a Claisen trap.
The resgtion mixture was then washed with bicarbonate solutioen,
then with water till free frq- alkali and evaporated under vacuum.
Crystallization from agetone gave 3.5 gm of erystalline compound (177).
m,p.179-81°, lit. 178-82°, [oL]D = =20°,

Analysis: Found- C 74,53, H 9.83%, Calculated for Cogflagly

roquires € 74,60, W 9.51%, IR gpectrum showed absorption at 1085-900 cm

for ketal grouping, a band at 1657 ..—l

1

tor A% double bond.
Abgence of carbonyl group was evident.

Seleetive deketalization of diketal

Progesterone 3:20 diethyleno ketal (177) (3.5 gm) was taken
in freshly distilled acetic acid (over cros) and treated with fused
sodivm acetate (3.5 gm). The mixture was allowed to attain 75°C and
then maintained at this temperature for amother 20 mimtea. Acetic
acid was then removed by azeotropic distillation with benzene under
vacuum below 85°, In an altermate procedure the acid was rapidly
neutralized with sedium bicarbonate(in cold) with improvement in
yield, The organic layer was washed free of acid and carefully
evaporated at controlled temperature. UV visualization of TLC apots
as well as UV spectrum showed the traces of AA"s-koﬂo. The
crude mixture was ciromatographed over neutral alumina (1 x 30 times).

The compound was loaded on the column in benzene-hexane mixture,



Elution of the column with 20% benzene in hexane (100 ml) yielded
70% of the compound loaded (Fraction I), Next elution with 30%
benzene in hexane yielded another 15% of the compound (Fragtiom 1I).
Elution with 40f bensene in hexave gave a mixture of the monoketal
and progesterone (2f) and further elution with 50% benzene in hexane
gave progesterone (8%).

lmumlnndllm-nlfmuﬂnnnmhd
together and erystallized from bemzene-hexane to a constant m,p.178-80°,
[<) = #47°. Yield = above 80%. Ii spoctrus showed & bund at 1095 on™
(C=20 methyl carbonyl) and 1085 em > (ketal group).

t a e t 7

Progesterone-3 ethylenedioxyketal (178) (3 gu) was takenm in
freshly distilled (85 ml) dioxan and treated with lithium aluminium
hydride (3 gm) in small portions with stirring. The mixture was then
refluxed for 1 hour, After cooling the excess of lithium aluminium
hydride was destroyed by careful addition of aqueocus ether, The
reaction mixture was then taken up in excess of ether. The ether layer
was washed with water till free from alkali and evaporated after drying
over sodium sulfate, Crystallization from acetone-ether gave compound
(68) (2.7 gm) m.p. 192-04°, yield 90%, [oL]D. ~34° (¢ = 0,018),
Analysis: Found- C 76.48, 1 10,108, Coqllag¥y Fequires C 76,62, W 10,074,
IR spectrum showed a broad band at 3333 em ' for hydroxyl group and

an absorption at 1667 em t

pesk at 1085 em ’ for ketal group.

showing the presence of a double bond and a
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Lactone formation
To a boiling mixture of 18 gm of lead tetraacetate, 6 gn

caleium carbonate and 550 ml cyclohexane, 5 gm of iodine was added
and the mixture was refluxed for 1 hour, A 3 gm portion of carbinol
(06) i.e., 3=-ethylenedioxy HP-hydnqgm was added to the
reaction mixture. After refluxing the stirring under irradiatien
with a 1000 watts lamp for another 2 hours, the reaction mixture
was cooled, filtered and washed with eyclohexane, The filtrate was
washed with sodium thiosulfate solution and them with water., It was
then treated with 5 ml pyridine and evaporated under vacuum at 55-80°,
The resulting oil was taken up in pyridine (10 ml) and was stirred
with a mixture of silver chromate (3 gm), chromium trioxide ( 3gm)
and water (30 ml) for 3 hours at room temperature, Another lot of
30 ml of pyridine was added to the reaction mixture after cooling
with iee. The mixture was then heated at 60° with stirring for

16 hours. The reaction mixture was cooled and after the addition
of common salt (10 gm) filtered through celite. The celite cake

was washed with toluene repeatedly. The organie phase was washed
with common salt solution,dried and evaporated at water pump. The
residue was taken in benzeme-ethylacetate mixture (0:1) and passed
over deactivated silica colummn, After evaporating the eluent, the
residue was dissolved in methylene chloride-ether mixture, whem

1.3 gm of erystalline compound was obtained, showing some impurities
on TIC. On passing the compound over neutral deactivated alumina

(1 x 15 times) and eluting with pet-ether-benzene (50:50) pure
erystalline lactone (67) (1.2 gm) was obtained. m.p. 220-22°,
1i¢,222°-228°, (Yield 40%), [otJD- -22° (o= 1.079).
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Analysis: Found- C 73,02, I 8,418, Cpqfigg0, requires C 74,16, H 8.68a%,

IR spectrum (Fig.10) showed a strong absorption at 1730 - indicating

lactone, a band at 1093 en ! asceunting for ketal.

1 do ne fo ’ e

C 87

The lactone (87) (2 gm) was saponified with 30% aqueous
aleocholie potassium hydroxide at 130° for 12 hours. The alkaline
reaction mixture was then ecooled and meutralimed with selid carbon
dioxide, Excess of alcobol was them removed and the residue was
lyophilymed. The resulting mixture comtained mainly compound (1790)
along with potassium carbonate, potassimm bicarbonate and was
processed directly.

Methylation of compound (179)

The erude product (179) (4 gm) was suspended in tertiary
butanol and excess of freshly distilled methyl iodide was added together
with 3 gm of potassium carbonate. The reaction mixture was refluxed
for 2 hours. Excess of benzene was then added and the solvent layer
was washed with water, dried and evaporated. The erude compound (180)
was direetly oxidized by chromium trioxide-pyridine, IN spectrum

showed band at 3333 0-1 for hydroxyl group, a sharp peak at 1740 o-'l
and at 1250 -‘1 for eater and at 1003 u‘l for ketal grouping.
Oxidation of compound (180)

The crude methyl ester (180) (1.75 gn) was taken in aqueous
pyridine (20 ml) and chromium trioxide (3.3 gn) and heated to 60° with
stirring for 16 hours., The reaction product after working up as
deseribed earlier, was purified by passing over silieca gel colwmm
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(yield 1,2 gm; 00%). The erystalline compound agreed in its physical
constants with the reported values for the compound (181) m.p.173=74°.
r_ot]D- 8%, 1it. [X] = 0.5° IR spectrum (Fig.20) showed absorption

1 1 1

at 1740 em =, 1701 em ~, 1091 em = for ester group, C-20 methyl car-

-1

bonyl and ketal group respectively. Absorption at 1250 cm = was also

due to methyl ester,
Ketalization of the compound (181)

Compound (181) (1.2 gn) was refluxed in toluene (25 ml),
ethylene glyeol (8 ml) after adding eatalytic amounts of p-tcluene
sulfonie aeid (200 mg) for 18 hrs and later worked up as usual to
yield the compound (182), 0080 mg of semi-erystalline compound of
(182) were obtained, further erystallized from acetone. m.p.118-120°,
lit. 110—19'.[&]0- -20°, 1lit, 1'0(]0 = «18,4°, IR speetrum (Fig.21)

-1

inlicated absorption at 1740 ew >, 1090 em ) for cster group and

ketal group respectively,
Lithium al ride reduction of met ester diketn

The methyl esater (182) (800 mgm) was takem in 256 ml dry
tetrahydrofuran and treated with lithium aluminium hydride (800 mg)
in small pertiouns with contimmous stirring. After refluxing the
reaction mixture for 1 hour, it was worked up in the usuval way., A
semi-orystalline scompound (183) further crystallized from acetome
was obtained in about 80% yield, The melting peint, analysis,
optical rotation were in agreement with the reported values,
meps 105-197° (decomposition), 1it. 200° (decomposition), [X] = -8°,
1it, [OL]D = =0,56° IR speetrua (Fig.22) showed an absorption
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-1

at 3333 em =

and at 1003 em = accounting for hydroxyl group and
ketal group respectively. There was no absorption in the sarbonyl

m‘“o

de oxidation ¢ terone ¢

Compound (183) (600 mg) in & mixtare of 10 ml pyridine and
6 ml water was treated with 1.5 gn of chromium trioxide in small lots
under cooling. Then the mixture was kept at 60° for 3} hours with
stirring. The resction wss mixture was then worked up in the usunal
way, On evaporating the organie layer a semi-erystalline mass (160 ng)
was obtained which on passing over a small silieca gel column gave a
erystalline compound (184). m.p, 174=76° [X] = +10°, Nit,[X] =+ 11°,

IR spectrum indicated a band at 2720 .n.l, 1740 a-l '

and 1004 em
for aldehydie group, CH0 earbonyl and ketal group respeetively. There

was ne abserption in the hydroxyl region.

Agcid hydro i
Compound (184), 18-aldoprogesterene,3:20 diethyleneketal
(130 mgm) was treated with 66% acotic aeid (10 ml) and heated to 80°
for 50 mimmtes, The reaction mixture, after working in the usual way,
gave a semi-crystalline compound which was purified over a short
column of deactivated silica gel te get 00 ng of crystalline compound.
Heerystallized from benseno-hexane, m.p. 129-31°, 1it,”

% 190-42°, [X]_ = 35° (o= 0,029).

128-30°,
1it,

Analysis: Found- ¢ 76,52, H 8,41%. Calculated for Cyylipgly requires
€ 76,79, H 8,50%. IR spectrum (CCl,) (Fig.16) showed band at 2720 em -
1745 en™’, 1705 ow™' for aldebydie group, CHO earbony]l and C-20 methyl
group respectively. The IR spectrum of this compound was found to be
superimposable with that of compound obtained from coneassine transforma~

tions. It had the samwe mobility as 18-aldoprogesterone on paper
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ohromatogram run in Tush B system, R, 0.63, 1it.” 0,63,

18-Aldeprogesterone by the new methed

Cleavage of the lactone: Lactone (67) (1 gm) was taken in
dry tetrahydrofuran (30 ml) and treated with lithium aluminium
hydride ( 1 gm) in small portions with stirring. The resction
mixture wasts then refluxed for 1 hour, After cooling, excess of
lithivm aluminium hydride was decomposed carefully by adding moist
ether first and then water. The reaction mixture was them taken in
excess of methylene chloride. The organie layer was freed from
alkali by repeated water washings, dried and evaporuted to a erysta-
1line residue (185). Yield 82f. A sample recrystallized from
benzene-hexane m.p. 214-216°,
Analysis: Found- C 73,17, H 9,728, Coglisg¥y requires C 73,36, H 0.84%.

IR speetrum (Fig.23) showed a strong band at 3356 -t for hydroxyl

group,bands at 166¢ and 10903 u-l for double bond and ketal group

respectively.

Hydrolysis of the diol to a reported cempound
Diol (185) (500 mgn) was taken in 20 ml acetic acid (80%) and

heated to 80° for 30 mimutes. Excess of acid was removed by azeotropic
distillation with benzene unier vacuum, The residue wes taken in excoss
of chloreform. The chlorofom layer was washed free of acid and eva-
porated, The residue was erystallized from acetone - gave 350 mg of

the compound (188). w.p, 205-208°, ugf 207-208°. [} = +85° (e=l.3).
IR spectrum shoved abserption at 3356, 1667 and 1635 emw > for hydroxyl
group, oL-p-uauhrahl ketone and conjugated double bond respectively.
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Oxidation of 3 tt,!ylmhtq_ﬂs-mu 18;20 diol (185) by Jone's reagent
Jone's reagent’> - General method of preparation
A cold solution of chremic acid (207 gmn) in concentrated

sulphuric acid (230 ml) and water (400 ml) was made to 1 litre. This
solution is 8N with respect to oxygen. The compound to be oxidized was
dissolved in pure acetone at 20° and the reagent added dropwise from a
mieroburette until a persistent orange-brown golouration indicated the
completion of the reagtion.

Diol (183) (500 mgm) was taken im 10 ml of dry acetone, and
Jone's reagent was added to it (0,75 ml) dropwise. The reaction
mixture was shaken at room temperature for 8 minutes, The reaction
was then arrested by adding excess of alecohol. The reaction mixture
was extracted in 50 ml bensene, the organic phase was washed free of
acid, treated with bicarbonate solution, washed free of alkali by
repeated washings with water, dried over anhydrous sodium sulphate
and evaporated, A semi-crystalline mass (360 mgm) corresponded to
that of a mixture of lactel and 18 aldo compound with partial deketali-
zation of 3 ketal grouping vide IR spectrum). The erude compound was
chromatographed over silica gel column (30 times) (containing 15%
water for deactivation), Elution with benzene gave t:e pure crystalline
compound (191) (285 mgs) with a 3 ketal system intact. IR spectrum
(Pig.24) showed absorption at 1748, 1710 and 1003 om — accounting for
CHO earbonyl, C-20 methyl carbomyl and ketal group respectively. Elution
with benzene-ethyl acetate (5f) gave 18-aldoprogesterone {(69) (37 mgm).
Flution with bemene-ethyl acetate (15%) gave a gum which showed a

strong hydroxyl absorption in IR spectrum,
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Compound (191) (285 mgm) was hydrolysed by a 60% agqueous
acetic acid for 30 minmutes at 80°., On working up in the usual way,
erystalline compound (69) (220 mgm) was obtained which showed the
sane n' value as that obtained from column by elution with benzene-
ethyl acetate (5%), hence ti» two lots were combined and recrystallized
from bensene-pet-cther, m.p. 130-132°, 1it.’> 128-30°, 1it.>> 130-42°,
Analysis: Pound- C 76.40, 1l 8,63%, Caleulated for CyyH,q05 requires
C 76,79, H 8,808, UV A pax 241 m. IR (ctn‘)- absorption at 2720,
1745, 1705 and 1675 on ' acocunting for aldehydic group, aldehydie
carbonyl, C=20 methyl carbonyl and unsaturated ketone. R, value
with Bush By system (preequilibrated) 0,03, Push By system 0,00,
There was no depression in the mixed melting point on admixture
with a sample of the compound obtained from conessine transformations

and a sample prepared by following Kelvoda's procedure.



Chapter VI
Mierobiological Transformations |
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MICROBIOLOGICAL TRANSFOIMATIONS OF STIOING

In the partisl and total syntheses of adrenmecortical hor~
mones, the introduction of oxygen at position C=11 by purely chemical
means had mroved to be rathor diffieult, usually requiring a large
musbor of steps. The dmcovery by Peterson asd Marray' C in 1062
that a readily available substrate, progesterone, could be converted
to 11 hydroxyprogesterone, in high yields by the mucorale fungi
opened up a new pathway for the syathesis of 11 oxygenated steroids,
This breakthrough was of great practieal walue for the chemist so
that several attractive routes to the synthesis of cortisone, hydro-

cortisone and other adrenal steroids became readily available,

A geries of excellent and comprehensive reviews are
available on the subject notably by Petersan'®, Dppetein et al.'™

108

Vischor and Vettsteini®®, Pined'®, Morey'®”, rriea'®®, smu22!®®

and by many others,

Chemical changes in steroids have beenr effected at various
sites in mapy different ways by different mieroorganisms, These changes
include the introduction of muclear and side chain hydroxyl groups,
reduetion of ring double bonds, ring and side ehain ketol groups,
cleavage of carbon-carbon linkages in the side t¢hain as well as
rings A and D, dehydrogenation of ring hydroxyl groups as well as
rings A and B, opening of oxide rings, hydroiysis of steroid esters
and many more combinations of some of the above reactiona, Although
these changes are mainly carried out by the filamentous fungi, the
same type of biochemieal transformations take place to a lesser extent
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in bacteria, yeasts, actinomycetes and even protozoa.

In many instances the stereospecificity of enzymatie
reactions in microorganisms have been exploited to achieve many
highly selective transformations of steroid hormones. Wettstein
et Q.o made ingemuous use of this stereospecificity of the moulds
for the resolution of racemic stervide. When synthetic (i)estyrone
(192) was fermented with yoast,(+)estradiol 17 P-ol (103) and
unreacted (~102) estrone were isolated.

OH
©§ﬁ
HO (192) Ho (93)

The Ciba gnnp' also demonstrated that only the (+)isomer

of the totally synthetic lactone (12) underwent hydroxylation at C-21

by cultures of Ophioholus herpotrighus whereas the enantiomerph
remained unaffected.

s T“a"“
|
—
) 16)
Utilizing the same primeiple, the maturally ocecurring enantiomerph
of racemic aldosterone (15) was dehydrogeaated at the 1,2 positions



by Didymella choperlicino.

c‘m i OH FHOH
|

+(6) +C194)

Microbiological transformations have also been used for proving the

structures of new natural or symthetic steroids, For in-tmoul using

Streptomyces roseochromogemus, testosterone (195) was converted to

16X hydrexytestosterone (196), In order to establish the configuration
of the hydroxy group at position C-18, 18 hydroxyprogesterone (197)
was degraded to the 18 hydroxytestosterone (198) by S.lavandulae, an
organism known to effeet cleavage of the side chain and identity of the

compound was thus established,

>
]
on on col!
-~ OH _.OM
———P > PE——
C19%) o €196) o (4

Neher and '-tt-toinn' applied microbiolegical hydroxylation

for proving the struwture of several new steroide such as §pB,174 dihydroxy
cortexone, 17X -19 dihydrocortexone, GB-hyllroxyurtinolterono and

19 hydroxy corticosterone, isolated from the adrenals, -



fa at Carbe

The intreduction of a hydrexyl group at carbon 11 is frowm a
practical and technieal view, one of the most important transformations,
It appears that 11 - hydroxylases are produced quite frequently by
fungi and a large number of fungi of the mucorale family and Aspergillus.
However this hydroxylation is frequently aceompamied by the introductien
of an additional hydroxyl group, such as in the 85, 74, 17X and 21
pogitions., In some cases, 11X hwyirexylations proceed uniformly and in
exeellent yields, 11X —hydroxyprogesterone for instanee, is obtained
from progesterone in almost quantitative amoumts by the aetion of
Khivopus nigricens.

Fron a commercisl viewpeint the mierobiological 11 hydroxy-
lation is the more important, as it leads directly to the syntheses
of matural hormones if the proper substrates are chosen, 17 [Hydroxy
11 deoxycortisol (198) for example can be transformed direetly inte
cortisel (190) and cortexone (200) into eorticosterone (201) in single
steps. Colingsworth ot al.’® and Hanson et a).'** firet showsd that
17 hydraxy 11 deoxyeortisol (198) could be converted inte gortisol (199)
by Streptomyees fradine and later by Cunninghamells blakesleeana. In
the latter case cortisone wos alse produced as a by-product in this
resction. Shull ag al.''® demoustrated that amother organism Curvalaris
lunata could 11 Phydroxylde compound € i.e., 17X hydroxy 1i-deoxycorti-
sol (198), progesterone (1768) and deoxycorticostarene (200) giving rise
to eortisel (199), 11p-hydroxyprogesterone (202) and corticosterone
(201) respeetively.
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£ roOH EH20H
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Other microorganisms such as Coniothyrium sp. have alse been
found te carry out this specifie hydroxylation, The most effective
11 Pohydroxylators reported, however, are Cunminghamella blakesleeana
and Curvularia lunata which give higher yields with lesser amount of
side products.
Hydroxylation at C-21

Meystre et n.m were first to report hydroxylation on the
methyl group of C-21 position using Ophicholus herpotrichus. These
workers were able to convert progesterone (1768) to deoxycorticosterone
(200), 11 - ketoprogesterone (203) to 11 ~dehydrecorticosterone (204)
and 17o hydroxyprogesterone (208) to 17Xhydroxy 11-decxyeortisel (108),



The total synthesis of dextrorotatery aldosterone was ascomplished

in part by using this strain’. Zaffaroni et al.'!” alee reported
thef 21 hydroxylation of steroide using o strain of Aspergillus piger.
Veisz gg.“' reported the simultaneous introduction of 11X and 21~
hyiroxyl groups in the preparation of 110-21-dihydroxypregestereone
from progesterone, using & strain of A.piger. Bubin nni” achieved
hydroxylation at C-l;{y-i C~21 simnltaneously using Cuyrvalaria lunata.

]
CH H,OH
Tk 9

co
Q o
—_—
(203%) (204)

?H;_OH
Cco
< CH

a (198)

In the present investigations, a hydrexyl group at 11P pesition
was introduced in the mibstrate 18-aldoprogesterone by the strain
C.blakeslesam,. The substrate was incubated with a 36 hr- culture of
C.blakesleoeana on shake flasks for 30 hours. The stercidal residue

was obtained from the broth by extraction with solvents and was made
free of lipide by counter-current distribution between hexane and 70%
ethanol. The 11 P <hydrexyl compound (208) was separated from the
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starting compound by two successive preparative thin layer chromato~

grams, The infrared spectra which showed a hydroxyl band at 3300 ﬂ'l.

an ether linkage at 1100 cm ' and the absence of aldehydie absorption
indioating the hemiacetal formation between 11 p OHand 18-alde groups
(Fig.26), The R, valve of the compound (206) on descending paper
chromatogram (Bush "5) was found to be 0,08 as against R, 0,90 of

starting compound (Plate-1).

The final step in this partial synthesis of aldosterone is
the introduction of a hydrexyl group at C-21 positien in 2l-deoxy-
aldosterone to give the expected compound, aldostercne. This was
achieved by inmcubating 21-deoxyaldosterone (208) with the strain
Ophiobolus herpbérichus. The organism was grown in an aerobiec conditien
in submerged Czapek-Dox medium on a rotary shaker for 10 days. The
substrate, 21-deoxyaldesterone was then added in ethanol-propylene
glycol solvent mixture and was further incubated for a period of 7
days, The fermentation broth was them extracted im the usual mamner
and was separated from the lipid matter by counter-current distribution
between hexane and 70% ethanol.

The residue was chromatographed on paper (Whatman 1) in
Bush 3' system along with the anthentic sample of d-aldesterone and
developed with tetrazeolium chloride. The fermemtation mixture showed
the presence of tw clear-ecut zomes, one with the mobility (I! 0.34)
corresponding with that of authentic aldosterone (rf.f 0.34) and the
other with nf 0.68 indicat ing the presence of the starting eompound.
The zone corresponding to aldosterone was eluted with methyleme

echloride and was rechromatographed on thin layer plate in
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system— peteether-ethyl acetate (3:7), Its identity as aldosterone

was further confirmed by comverting it to its diacetate (207) and
oxidizing the diacetate to lactome (208) as per the methed of Raman

ot 9_1.1“ and comparing the mebility patterns both on paper and thin
layer with the same derivatives prepared from authemtic aldostercne,
Plate~1l shows the mobility patterns of these compounds on paper
chromatography. The yield of aldosterone was approximately 40% in

this mierobial step. The physical constants of synthetic aldosterone
were in agreement with the reported values for dextrerotatory aldosterone.
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EXPEADONT AL
Spores of Cunninghamella blakesleeana NCIV (687) and
Ophiobolus herpotrichus CHS (24031) were maintained in sterile seil
as stock eulture, amd subcultures from the stocks were used exclu-

gively in these transformations,

Propagation T

The eultures were propagated in a petato—dextrose—agar

mdiulm of the following compesition:

Aot § Y4

w..-.-o-ouuooo- 1.5’ ('/')
' ldjnlhd to.e.. 5.8,

For the preparation of slants, 5 to 6 ml of the medium were
taken in 18 ml pyrex tubes and antoelaved at 15 1b/sq inch pressure
(121°) for 20 minutes. These slants were inoculated from the stock
culture and inecubated at 28° for 7 days.

Preparation of wedium and incculum
euph-hlml medium was used for the growth of cultures,
in Srlenmeyer flasks. The following composition was made:

Gl‘.......ao--n-c...... " ('h)
Potassium Ohl.ﬂd.o-.ocoooooo% s'/')
mt- -lp“ucoootocom, .'/')
Sodium .im“ooooooo-¢o 0.” ('/')

Potassium dihydrogen
l*“w.“ooo oo" '/'

Ferrous 'l“.“ sesene 0.001’ '/'
Yeaat oxtrast ceccecccos oo()o’ ('/';
Com Mp w sssase 00” ('/'

1 adjusted to 4.8
Aliguots of 100 ml of the growth medium were distributed in 500 ml
Erlenmeyer flaske, autoclaved at 15 lbs/pei pressure for 20 mimutes
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and inoculated with a spere suspension in sterile distilled water

from potato dextrose agnr slant (PDA),

Fermentati cg’
a) 11 ation

The flasks were inoculated with the strain C.blakesleeana and
were incubated at 28° on a rotary shaker at 220 rpm, After 3¢ hours,
a good growth was obtained., The substrate, 50 mgm of 1B8-aldoprogesterone
obtained from conissine transformations was taken in 1.5 ml ethanol
and 0.5 ml propylene glycel, and 0.2 ml of the solution was added to
each of the 10 flasks under aseptic conditions. The fermentation
was allowed to continue for 36 hours with periodie sampling for
enalysis and examinations for the absence of bacterial contamination,
Any bacterial contamination was usually detected by estimation of pH
and staining broth smears by the standard Gram-staining procedure,
Tt was observed that when the fermentation proceeded normally the
pll was steady between 4.4 to 4.8, and that bacterial contamination
was always associated with a marited increase in pii,

Extraction: The method of extraction was essentially the
same as described by Peterson and ’llrrqmz. The mycelium was
filtered and extracted twice with agetone, using an amount approxi-
mately equal to the volume of mycelium, The myeelium was alse
extracted with methylenme chloride twice. The extracts were added
to the filtrate anl the mycelium was discarded, The combined file
trate and extracts were extracted with methylene chloride 4 times
using each time an amount equal to one half the original filtrate,

followed by two extractions using eaech time an amount equal to



1 B i’-,-

one fourth the original filtrate. The combined methylene chleride
extracts were washed twice with a 2% agueous solution sodium bicarbonate
and twice with dietilled water. The methyleme chloride layer was dried

over anhydrous sodium sulphate and the solvent was removed by distilla-

tion,

Purification of the reaction mi : The separation of the

relatively non polar lipid mnd pigments from polar steroids was
effected by partitioning between n-hexane and 70% aqueous ethanol.

A modified Craig-four transfer distribution where each of the hexane
" layers was equilibrated in succession with the four alecholie layers
ensured a clearcut and éomplete separation of the mon polar lipid,
pigments and polar steroidal fractions.

The steroidal
residue was ¢lwomatographed over thin layer clromatogram in the system
80% ethyl acetate in pet-ether (60-80°) along with the authentie
18-aldeprogesterone, The sare system of solvents was used on a pre-
parative scale thin layer chromatogram as it showed a better separation
between the starting compound and fermentation product., The polar zone
in the two bands was eluted with methylene chloride and was rechromato-
graphed on preparative thin layer chromatogram for further purification,
The compound was erystallized from tetrahydrofuran-ether,

mep. 165-167°, 1it1%° 188.5-108°, 1:¢1%* 167-08°.
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[}, = +18%, 1it, jo() = +20°,
Aualysis: Found- € 73.20, W 8.95%. C,H, 0. vequires C 79.17, N 8.22¢,
IR speotram (Fig.28) showed absorption at 3330 em | for hydroxyl group,
at 1100 en™} for other limkage ani at 1710 em™), 1090 em ), 1650 em
accounting for 3 ketone, 20 ketone and double bond respectively.
R, value: Bush By system. Ro= 0,68. (Plate~I).

€=21 Wydroxylation

b) Fermontation

The flasks were inoculated with the strain O.herpotrichus and
were incubated at 28° on a rotary shaker at 220 rpm, After 7 days a
good growth was obtained, The substrate 21 deoxyaldesterome (208) in
ethanol-ppopylene glycol was added to the flask and left for another
3 days on the shaker., The extraction and purification of the compound
was done essentially on the same lines as deseribed in the fermentation a.

The physical constants of the symthetic aldesterone were found
to be in agreement with the reperted ones. The IR speetrum (Fig. 27)
of the synthetic aldostercne was found to be superimpesable with that
of authentic aldosterone, The formation of aldosterone was further con-
firmed by preparing ite derivatives dnd comparing their mobility pattern
on TLC and paper chromatogram,

Asetylation of aldestersne: About 2 mg of the compound were
scetylated with acetic anhydride (0,5 ml) in pyridine (0.5 ml) for
38 hrs, The discetate obtained after working up the reaction mixture
in the usual way was chromatographed both on paper and on thin layer
in various solvent systems, against the sample of aldosterone diacetate

prepared from authentic aldosterone in the same way. The R‘ value of
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both the cempounds on Nush na system was found teo be 0,57, 0On thin
layer chromatography both the compounds showed same l’ value,

Chronie secid oxidation of diacetates: In two glass-stoppered
centrifuge tubes 0.5 ml each of the oxidizing reagent (0.5% chromie

acid in glacial acetic acid) was added to aldosterone-diacetate (207)
prepared from aldosterone obtained from fermentation as well as from
anthentie aldosterone and kept at room temperature for 20 mimmtes.

One ml of 20% aqueous ethanol was added to each tube to arrest the
reaction, The reaction mixture was extracted with 10 ml methylene
chloride the methylene chloride layer was washed with water, dried over
sodium sulphate and evaporated under nitrogen.

The Ry, value the aldolactone (208) formed was determined on
TLC as well on Dush lls system and was found to be 0.26 identical with

each other as well as with reported nluuug? (Plate-I).

The yield of aldestercne by this microbiological step was
abeut 40%,



Chapter VII
Transformations of Tetramethylholarrhimine
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Conversion of kurchi alkaloids inte useful stereidal hormenes

centers arcund two main aspects, namely, i) elimimation of hoth the
nitrogens from the molecule and ii) introduction of carbonyl functions

at pesitions 3 and 20,

Alkyl substitutions on a nitrogen atom increases the diffieulty
in its oxidative elimination. The order of reactivity of the ring A in
kurehi alkaloids towards oxidative deamination teo form the essential

Y =3 keteo structure of stergid hormones is:

,w° >hi>§,,

\
Tyee A My Type B % Type C

Thus the kurchi alkaloids could be roughly divided into three types
A, B and C,

The compounds belonging to type A are helarrhimine, conkurchine,
conamine, eonarrhimine, holarrhidine, having a primary amino group at
positien 3, Type D are the alkaloids with a secondary amino group at
J-position, vis: isoconessimine, conimine, conessidine, IMNemethylholarrhi-
mine, Type C are the alkaloids with a tertiary amino group at pesitien 3,
Conessine, tetramethyl helarrhimine, trimethyl conckurchine, conessimine,

o d

holarrhenine, holarrhetine, belong te this type.
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The alkaloids of tyve A and B have been comverted inte type € which
were obtained in increased yield by methylation®:C. The methylation
resulted mostly in conessine and tetramethylholarrhimine., The inter-
relationship of kurchi alkaloids has made it highly feasible to convert
the total alkaloidal fraction inte a fow major alkaleids which may be

available in larger quantities for further reactioms.

N=N,N'=N', Tetramethylholarrhimine, fully methylated derivative
of holarrhimine, attracted the attention as the starting material for
steroidal hormene synthesis sinee i) no degradation problems are involved
such as opeming up of the heterveyelie ring; ii) a primary alcoholie
group at C-18 is already present in the molecule and iii) ease of
isolation from natural source,

Preliminary studies directed towards the synthesis of conjugated

Hooleyoa

Chg e
3
enanines of type B' from A' with the aid of reagents such as mercuric

agetate which has been widely used in the field of heterocyclic compounds
by Leonard gt al.}®® did met yield any fruitful results, cither with
conessine or with tetramethylholarrhimine,

In a subsequent experiment hydroxyl group at C-18 was acetylated
and the tetramethyl holarrhimine-acetate thus formed was treated with
mercuric acetate. lHowever, this was also recovered unchanged.

Favre and lhriniorln used mercuric acetate for dehydrogenation
of dihyiroconessine (148) and assigned on the basis of infrared speetrum,
the structure Nemethylpyrroline to the isolated product. The infrared

frequency is close to the region of 1632-1640 u-l, which according teo
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Lukes et u.in is characteristie of A?‘pyrrollnu. The isomerie 2 alkyl-

idenepyrrolidines exhibit maxima between 1006-1676 on )

« The reaction
was reinvestigated by Kasal et s,.l' and on the basis of infrared spee-
trum and chemical evidence the dehydrogenated product was assigned the

structure (209), 1 methyl-2-methyleden-pyrrolidine of conesaine base,

f“b EHs
CHj3
ne ::(/ (148) “f,:;‘ :'E (209)

“g/ \c\‘b H CH3 "

In the present work conessine when treated with mercuric acetate
was recovered practieally unchanged from the reaction mixture. Silver
oxide was also found inefficient for dehydrogenating any of these com-
pounds,

The next approach which was attempted was to eliminate both the
nitrogens in tetramsthylholarrhimim through Cope elimination reaction ',

Bhattacharyya et g[." have reported that conessine (113) on
treatment with 2 mols of hydrogen peroxide forms a di-Neoxide (151).
The pyrolytic degradation of the di-Neoxide resaults inte an elimination
product (152) charaeterized by UV spectra as containing a 3:5 diene
systen,

Likewise tetramethylholarrhimine (210) was treated with 2 mols
of hydrogen peroxide with the presumption to obtain the di-N-oxide (211)
whieh on pyrolytie degradations would result in apohelarrhimine (212).
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2 “ l"Cf-Hz,’g, C"'?. n-N-Ceng,

H
¢ (210) n{- \“\‘ (am
(212)

bt

liowever, tetramethyl holarrhimine when exposed te two mols of
hydrogen peroxide failed to form a di-N-oxide as expected, instead,
2 mone-N-oxide was formed., Even under a variety of experimental con-
ditions only the mono-N-oxide was obtained, The formation of the Neoxide

was evident from IR spectrum and other typical charasteristics of
Neoxides.

Pyrelysis of the mono=t-ox ide described in the sequel revealed
that the Neoxide is attached to the 3-pesition of the stercid muecleus.

Sinece the primary aleohel at C-18 is axial, it was thought that
it would be intramelecularly hydrogen bonded with the nitrogen at C-20

as in the fig., thereby decreasing the basicity of nitrogen for the

M“ formation, o/*fll_‘cas
Hzc 1] 'cﬂb

With a view to get a di-Ne-oxide, namely, 3 and 20-Neoxide the
neighbouring C-18 hydroxyl group was acetylated to aveid the possible
inteference. The tetramethylholarrhimine acetate thus formed was then
treated with two mols of hydrogen peroxide. H wever in this case also
3 —mono=Neoxide of tetramethyl holarrhimine was isolated as the only
product.
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The tertiary nitrogen in the acetylated heolarrhimine is pre-
sumably protected aganirst the agtion of hydrogen peroxide through the
seven membered transition state as

o i CH3
\\C,CHa 0/3\ LCHp - _czo woe_
o7 —Nocn Ng cH bo CN—-Chs e P =
\ 3 3 Hy 'f H3 CHy agc@("cm OH N-U-Hb)z

CHy, \«!_-—cuz,

[ HC CHz 2. “cl CHz F”?_ HC CHy, IH; HI CHz

‘YCH;SCO

The solvelytic removal of the Neacetyl group in compound is facilitated
by nueleophiliec attack to hydropereoxide anion. PFarthermore, in tetro~
methyl holarrhimine there is a possibility that the dimethylamine group

at 20 (i) is protected from the astion of hydrogen peroxide, through
sterie hindrance,

It is werthwhile to recall that !l-iuﬂnhn reported that
allyl methylamine and allyl diethylamine oxides did mot rearrange on
heating with agueous sodium hydrexide and were recovered unchanged
except for small amounts which were transformed into dimethylamine and
diethylamine and to an unidentified decomposition product, Later
Cope ot al."" showed that the failure of rearrangement may be inter-
preted by probadly a hydration which interferes with the rearrangement
either sterically or through the influence on the dipole moment of the
anine oxide or the dieleetric constant of the solutien,

Normally however, the reaction proceeds smoothly even at low
teaperstures with the elimination of dialkylhydroxylamine,

e wcf
R -N/ o Ng o
x Q Ro-N H = e=e
L2 . -
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e ceww wa waw w —n=uxiae 1D vetramethylholarrhimine, the
elimination proceeded with ease as expected, forming 3:5 dieme.

The N-oxides in general are highly hygrescopic. Mpisture was
removed from tetramethylholarrhimine N-oxide by azeotropic distillation
of its benzeme solutién., The pyrolytie decomposition was brought about
by subliming the compound at 220°/0,05 mm pressure, The crystalline
sublimate was reerystallized from acetone ether. The crystalline com=
pound thus obtained was found to be basic in character, and it showed
the presence of nitrogen. The retention of one of the two dimethylamine
groups was evident from its IR speectrum (Fig.31) which showed the N-CHgy
band at 2820 c-l and the (0H) group at 3390 cn-l. The elemental analysis
of the compound also supported the presence of only one of the twe
dimethylamino groups with the primary alcokol grouping intract. In the
UV spectrum, the compound showed absorption at 233.5 mu and 242.5 mu
characteristic of A’wh.toromlu' diene system. The values are in
agreement with the reported values by Dorf-nnlu. Considering the
physical data and the reactivity of ecarbon at position 3, it was con-
cluded that the compound obtained on pyrolysis has the structure (214).
The mono N-oxide of tetramethylholarrhimine was hence assigned structure
(213).

OH CH3 OH CH3
Ho CH N(CHgz), CHa CH =N(CHz),

CH
+ HO-N-CHj3
C.—
3
H (213) (214)
HSC 10
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The presence of a free hydroxyl group in compound (214), the diene
base, was groved by acetylating the compound (vide IR speetrum,Pig.32).

The fimal proof of the structure of the diene base was obtained
from the protontmagnetic resemance studies. In PMR speetrum (Fig.35) the
tertiary methyl group at C-19 resonates as a sharp simglet at 9,087
equivalent to 3 protons, The secondary methyl group at C~20 appears as a
doublet at 7,087, the coupling comstant being 7 ecps. Absence of IN-methyl
signal in PMi was moteworthy. The OH group resonates as a singlet at 6,727
exchangable with D' .

It should be mentioned here that the diene base was also obtained as a
by-product by Cerny et al o © in the course of the Hofmann degradations of
the alkaloid holarrhidine, isolated from H.antidysenterica bark. McKenna
ot a1™ also obtained this compound onmly in low yields during the Hofmenn
degradation of tetramethyl helarrhimine to neutral apohelarrhimine.

Since it was not possible to eliminate the amine group at C=20 by
Cope rearrangement, a fofmann degradation was resorted io.The methiodide
(218) of the diene base (214) was converted with silver oxide teo rather
unstable methohydroxide (218), Sublimation of (216) at 175-80°/0.1 mm
pressure gave a semi-¢rystalline compound, erystallized from acetone-ether,
The physieal charocteriotics were in agreement with the reported values
for apoholarrhimine (212). An anthentic sample, prepared folleowing the
Haworth's P"“"‘“““ showed no depression in mixed melting point,

e
on  gH,  .-T on GHy M
Hy CH— Hy @H—N.
A \ : ?‘CC“D;
"
CH3),
—_— gt B

5
e - (216 (22
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The PMil spectrum of apohelarrhimine (Pig.30) showed a three
proton singlet for C=19 methyl group at 9.17 . The secondary m thyl
proton at C-21 in ring ¥ appeared as s doublet at 8,487, with J= 7 eps.
Absence of 3P and 20 Nemethyl group sigmals are in comsonance with the
atructure, C=3, C=4 and C-8 protons appeared as a diffuse mltiplet
while the methylene protons attaghed to the carbom bearing the ether
linkage shows an unsymmetrical quartet integrating for 3 protens,

This sequence of reactiona .mu“ & procedure for the
synthesis of apoholarrhimine in good yields (68f) from tetramethyl-
holarrhimine., However, further conversien of apoholarrhimine to
possible intermediates in aldosterone synthesis via selective epoxi-
dation at /| double bond or by direct chromic aeid oxidation was not
very suceessful sinee it led to a number of undesired products.
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EXPERIMENTAL
Tetramethylhelarrhimine oceurs in kurchi bark only in traces.

However, it could be obtained in increased yields by methylating the
total erude alkaloids. !olarrhimine, 3 N methyl holarrhimire, 20 Ne
methyl helarrhimine, holarrhidine present in mimute amounts, are
converted into tetramethyl holarrhimine,

The method of isolatien and separation of tetramethyl holarrhi-
mine has been deseribed in Chapter IIT of the thesis.

A recrystallized sample of tetramethylholarrhimine from ethanol
showed a melting point 226-30°, [O(1, = «45.5° (c=.01 abs.alcohol)
Analysis: Found- C 76,92, H 11,03, ¥ 7.18%, CogllyqONy requires
C 77,02, H 11.34, N 7.21%. MM speetrum, taken in CDCl, showed C-10
methyl group (singlet 8,97 T), The C-21 secondary methyl protons
(doublet at 8,987 , Ju 7 cps). The 3 =N-methyl preton (a singlet
at 7.707); olefinic proten at C~8 (diffuse mmltiplet at 4.677).
Proton of the hydroxyl group resonates as at singlet at 6,477, IR
spectrum (Pig.5) showed & band at 3320 en™' (0#1), shoulder at
2620 o' (N-Clly) and 1065 en™" (5:6 double bond),

Tetramethyl holarrhimine acotate
Tetrumethylholarrhinine (250 mg) was treated with 3 ml pyridine

and 3 ml acetic anhydride. After overnight reaction at room temperature
the mixture was treated with benzene (25 ml) and partially evaporated
under vacuum. ilesidue was then treated with excess of aqueous ammonia
and the precipitate was taken in ether. The ether layer was washed

free of alkali and evaporated to dryness. The solid compound was
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erystallized from acetone-cther, m.p. 138=40°, lit. 130=-40°,

Avalysis: Found- € 75.21, 1 10.07§, CpH 0N, requires C 75,32, H 10,00%,
IR spectrum (Fig.28) showed sharp bands at 1740, 1250 em ) for acetate
group. PMR speetrum (Fig.34) of tetramethylholarrhimine acetate (CC1,)
showed C-19 methyl protons (singlet at 9,057). C-21 methyl- (doublet
centered at 9,107, J= 7 cps), acctate methyl (at 8,087), 3 f=N-methyl
(at 7,00%), C=21 Nemethyl (7.977 ). Quaternary acetoxy-methyl ~C=CH =0Ae
(non equivalent quartet centered at 6,77 ), C=8 proteon {(a diffuse o

maltiplet at 4,087).

tion of mercuric te on tetr hola: ne
Tetramethylholarrhimine acetate (200 mg) was taken in 10 ml of
8% acetic acid and refluxed for 4 hours after adding 325 mg mercurie
acetate. The resction mixture was then diluted with excess of water, a
stream of hydrogen sulphide gas was bubbled inte it., The precipitate
formed of mercury compound was filtered through Celite. The filtrate
was basified with ammeonia and the precipitate taken in chloreform,
The chloroform layer was washed free of alkali and evaporated. The
erude compound was chromatographed over basic alumina (Grade-II) and
was eluted with solvents of increasing polarity. DBenzeme eluate on
evaporation gave & erystalline compound of m.p. 135-137°, Ne
depression with authentic tetramethyl holarrhimine acetate. The
I speetrum (Fig,20) of the compound showed strong absorption bhands
at 1740 and 1250 om T, accounting for the presence of acetyl group.
fience it was concluded that the reaction has not taken place., Other
variations of the experimental comditions such as inereasing reaction
time, varying proportion of mercuric acetate to the base gave the
same results.
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Tetramethyl helarrhimine (210) to tetramethyl hel ne 213
Tetramethylholarrhimine (210) (1 gm) was suspended in 10 ml of
absolute aleohel and shaken for 15 mimutes, To this suspension 0,66 ml
of hydrogen peroxide (30%) was added dropwise and the reaction mixture
was allowed to shake for 24 hours at room temperature. The reaction
product was dried over benzene. Crystallizatien of the compound from
aleohol~acetone gave shining product, melting at 182-84° (yield 0,95 gm).
The product was hygrosecopie in nature., The compound was found teo
absorb moisture immediately characteristic of N-oxides, It was practi-
cally insoluble in most of the solvents,
Analysis: Found- C 70,89, H 10,91, N 6,68, C, H 0N, + HOH requires
C T1.04, ¥ 10,97, N 6,638, IR speetrum (Fig,30) showed bands (twe)

-1

in the region 970080 em = for N— D besides at 2820 c-‘l for l-al,.

The hydrogen bonding with the moisture was evident frem broad hydroxyl

band at 3333 .-4 accompanied with a shoulder at 3571 u‘l as well as

by broadening of the double bond absorption at 1667 cm * due to HOH

bonding vibrations,

Tetramethyl holarrhimine acetate (260 mg) was disselved in 5 ml
of absolute alcohol and was shaken for 15 minutes. 1 ml of hydrogen
peroxide (30%) was added to the reaction mixture and sheken overnight.
On filtering the reaction product and drying over benzene (210 mg)
the compound obtained showed a melting peint of 180-82°, There was no
depression in m,p, when admixed with tetramethyl helarrhimine-N-exide.
Tl spectrum was superimposable with that of 3 -mono-N-exide prepared

earlier.




T 1 - ta

The 3f-mono-N-oxide of NeN-N'-N' totramethyl holarrhimine
(500 mg) (213) was dried over toluene and subjected to pyrelytic
cleavage at 210~220°/0.05 mm vocuum in a Wood's metal bath for 30
winutes. The white sublimate (456 mg) was collected and erystallized
from acetone-ether which erystallized clusters of small needles., An
analytical sample was obtained by passing the erystalline compound
in benzene-pet-ether over a small column of basic alumina (Grade II)
and eluting with pet—ether-benzene, The pure crystalline compound
separated out had a m,p. of 126-128°,

Analysis: Found- C 80,17, H 10,49, N 4.50%, Copll, N0 roquires C 80,44,
H 10,77, N 4.82%, The IR spectrum (Hg. 31) indicated charecteristie
absorption at 3990 om ® for hyiroxyl group, s band ot 1067 em * for
double bond and an absorptien at 2820 en” " for N-CHy. The UV absorption
spectrum showed 7\ - of the hetercanmular diene system at 233.5 ™

and “3.5 .

ene d

Basic diene (50 mg) was treated with agetic anhydride (0.5 ml)
and pyridine (0.5 ml) and was left overnight. Benzene was then added
repeatedly and was removed under vacuum, Fxcesa of water was then
added and the reaction mixture was basified with ammonia, The preei-
pitate was then taken in ether, washed free of alkali and evaporated.
A colourless oily compound was obtained which was dried under high
vacuum, IR speetrum (Fig.32) showed the absence of hydroxyl band at

-1

3330 em ~ and the formation of an acetate was evident from abgorption

bands at 1740 and 1250 ex ', The presence of N-Cily group and 5 5 deuble
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bonds were shown at 2820 em » and 1813 om (diene regions) respecti-

"l’t

D 21 e 5

The diene base (500 ng) was dissolved in 40 ml dry acetone and
excess of methyl iodide (5 ml, freshly distilled) was added and
refluxed for 2 hours. Solvent was removed and the residue (400 mg)
washed with ether repeatedly. m,p. 210-220°, The compound was insoluble

in gcommon non-polar solvents,

Methiodide compound (215) te hydrexymethyl compound (216)

The methiodide compound (106 mg) was treated with 5 ml methaneol
and 106 mgn of freshly prepared silver oxide, and shaken for 6 hours.
Another lot ef 0 ug of silver oxide and § ml methanol was added and
the reaction mixture wos shoken overnight. Methanol was then removed
under vacuum and finally was dried under high vacuum. Solid material
separated out which was transparent in the begimning and slowly became
dull and amorphoums This substance was found to be strongly basic.
Hydroxy methyl compound (218) te spoholarrhimine (212)

The amorphous hydroxymethyl compound (218) was transferred
into a sublimation unit and sublimed at 175-80°/0,02 mm pressure in
Wood's metal bath for 30 mimutes. The sublimate was treated with 58
HC1 and organic layer taken in ether, ether evaporated and residue was
erystallized from methylene chloride. The erys=talline material was
further recrystallized from acetene-ether to a constant m,p.94-95%,
11t.%06°, Apoholarrhimine separated out as white plates (85 mg).

The compound was analysed for C, M, 0. Found- C 84.20, H 9,838,
requires C 84,57, H 10,07%. IR spectrum (Pig. 33) showed the presence

of u diene system at 1639 em~’ and an ether limkage at 1210 em >,




PMR speetrum of apoholarrhimine (Fig.36) showed C-18 methyl protens
(at 9.107T)., The secondery methyl proton {at C-21, ring B - doublet
at 8,487 with Ju7 cps). C-3, C~4 and C-f protons as diffuse maltiplet
while methylene protons attached te carbon bearing ether linkage

showed unsymmetrical quartet integrating for 3 pretens.

Atteupted epoxidations

Apoholarrhimine (212) (100 mg) in 2 m) ehloroform was treated
with 2 ml of perbemzeic acid selutien in chlereform (65 mg/ml) and
left at room temperature for 4 days with intermediate shaking, The
compound was then taken in excess of chleoroform and treated three
times with petassium bicarbonate solution. The chloroform layer was
wvas washed free of alkali und evaporated at 45-850° under vaguum. The
reagtion mixture, on TLC in pet—ether-ethyl acetate (5%) showed four
spots with very close R! velues and the usual methods of separation
failed te purify it further, The reaction did not take place on
lessening the reaction time., Hydrogen peroxide (1 mol) was alse
tried but it failed to bring about any conversion.

Chromium trioxide oxidation was nlso tried on apoholarrhimine

which led to a mumber of products with clese R, values (vide TLC).
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SUMMARY
The discovery of the remnkable therapeutic effects of the Mineral
corticoid hormone, aldosterone, has stimulated chemical reaeareh especially
in the direction of its synthesis to such on extent that now there exist a
number of methods of total as well as partial aynthesis of this natural

hormone and some of its closely related 18-oxygenated steroidal intermediates.

Chapter |

A brief review of literature describing the total as well as partial
syntheses of aldosterene and other related 18-oxygenated steroids is the
subject matter of this chapter.
Chapter 11

This chapter describes the methods of preparation af the reagents and

the Materials used in the course of this investigation.
Chapter 111
Isolation of alkaloids from the bak and seeds from Holarrhena

antidysenterica was undertaken by Siddiqui and Pillay in 1932. Severa

different procedures have been reported since then. The method of isolation
of the alkaleids in the present study is a modification of Cerny's procedure.
A systematic investigation of Holarrhona heartwood for its chemical
constituets has also been carried out for the first time in this study. The
besic fraction of the extract of the heartwood was found to contain two new
alkaloida with strong absorption in the carbonyl region only in law yields
besides conesine and other reported alkaloids. The neutral extract was
found to contain (3-sitosterol and lupeol. However structural elucidration

of these comopunds could not be undertaken owing to paucity of the materials.
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Chepter 1V

Conessine has been converted into N-demothyl-conan-4-20(N) diene-3-one,
a Sechiff s base by a modification of the existing methods, in the present work.
The Sehiff's base was converted into its N-oxide, which was cleaved by sodium
metaperiodate to give the corresponding oxime. The oxime on treatment with
nitrous acid yielded 18-aldoprogesterone. This is a new approach of converting
conessine into 18-aldoprgesterons.

? MOM Cl'l‘ M

1] AMO  An
o T %

The generality of the clevage reaction of the N-oxide with sodium
metaperiodate was further extended to the N-oxide of 1 methyl-3:4 dihydro,
6:7 dimethoxy-iseginline. The latter, prepared from vanillin was trans-
formedto the corresponding oxime with sodium metaperiodate.

Chapter V

The 18-aldopragesterone prepared by the above method was compared
with the specimen obtained through an alternate route.

In tba present study, the lactone, 3:3 ethylene dioxy 20 P-hydroxy
5- prognen-18 oic acide was prepared by the known methods. The lactone was
cleaved by lithium aluminium hydride to yield 3:3 ethylene dioxy-18:20-

dihydroxy pregnene which was converted to 18-aldoprogesterone in excellent

" s Cﬂ; c.‘
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yields (65% besed on lactone) by Jone's reagent. This method is superior
to an earlier one (30%, based on lactone) by Wettstein.
Chapter VI

The conversion of 18-aldoprogesterone obtained from conessine trans-
formation into 21-desoxy-aldosterene by an ii P-hydroxylating fungus,

Cumminghmella blakesleeana had been illustrated. Further transformation

of this pracursor into aldosterone had been brought about by

Ophiobolus hexpotrichus. a C-21 hydroxylating fungus.

C||3
CHO CO

QN CHy OH  CHaOH
~—Ci CO O——CH co

_,..\1»- 41
1 !__»..-’.
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Chapter VII

Tetramethylholarrhimine was converted to its 3 -mon-N-oxide which
on Cope'o elimination formed a diene base. The base on Hofmann degradation
gave apoholarrhimine. This is a new and convenient route to apoholarrhimino,

a promising intermediate in the aynthesis of 18-oxygeenated aterooids.
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