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THE SYNTHESES OF C-NOR D-HOMOSTEROIDS 

THE PRINCIPAL NATURAL CCMNWNW CWTAlNINGTHRC-woID-~ 

Alkaloids having the steroid or the C-nor Dlmmosteroid skekton were isolated from plants of the lily 
family and, in particular, of the Vemtrum sclromoccurlorr and Zlgcrdcruw specks.’ 

OftheVaatrvmspecies.twoclosely~~havebecn~fortherPpeuticpurposes,the 
VrrrrtnrmcJbvmL.(WhiteHelkborsorH~)ofEnropeandaorthanAsiaandtheVarrtrym 
&id2 Aiton (Green Helkbore or “boar’s foot”) of North Amerka. 

TheHdlebore~~widtlyinFrrrnceinmounCaiaousanas:itisa~~ pkntwitha 
perennialrhixome,whosestemcanreachaheightof 15mandwhkhgrowsatbetween600andW10m 
illmountaillpastulW. 

These plants, wllich are pokoMn& especkny for cold-blood4 animals, have phamlaceutical 
propertks which have been known for a very lon# time? asearlyastheh4iddkAgestheywereMed 
for the purposes of witchcraft, in the tnatment of fevers, as sedatives, cardiMonics, emetics, poiaolls 
and insecticides. 

The rhizome in particular has emeWcathf& properties (Codex 1864); it is a source of hypotensive 
and vasodiMory alkaloids: the protoveratri~. These alkaloids are present in the form of a&am&s, 
alkamine esters or glycosides. Two groups can be di&&hed at the present time following a 
classificationproposadbyF~:‘theaItaloidsof~~OroupwhichcoaEPintrvoorthree 
atomsandtboseofthec- groupwhichc4mtainuptowventonineOatoms(~l). 

Therhizameextractserewen-lurown~hhypotensiv~,tbispbumPaoticalpropertybeineduetothe 
p~ofallcaloide~as~~3mdtoother~~oftbeacaobvrn~~ 

Teratog&pmpe&shaveakobeen&auvedincutain-oftbe~group,like 
jervine3,forexampk~F~y,ithesban~ltht~ofc~ fMl@boVCtbC 

prop&es of illsec~~ 
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Juvemtfum 
Q’=JP 

4 0: mvemtrurtl group 

3: R = 0 (Jewlnef 
38: R-H, 

4: R= H (wmrine} 
M8 

5: R = OH (veratrunlne) 

A~ to Kupchan,' there arc fifty or so known strums and appkximate~y as many unknown. 
Some of the best known akakkh have been the obje&s of syntbctic work; these are vcrariae 4,’ 

vaatmmine 5,’ jer&c 3” and some related compounds which all beloog to the iapmrtrvm group; the 
only member of the c-m group which has b&n the object of a synthesis is verficiae 6 and that 
oldy recently.” 

Some new structures have been cstabli&d concerning the alkaloids of the “‘hexacyclic” ceucrutnurr 
group, these arc edwardi&e 7,” @rmi&nine 8,13 sewertzidi~ 9:’ cdpctisiue 10,” ktdmirb 11“ and 
imperia&e 12” whose authors seem to alpee as to their identical structmv, and finally korsidinc 13:’ 
korsevW Ml9 and vemtrcnone lS.= 

These are complex molecules which have six or even seven rings. two of them containing nitrogen, 
various tunctioasl groups and a high number of asymetric szarbom. 

The! vpriow aptheses of c-nor ~~rnos~~ known at t&c present time can be put into five 
catcgorics.t 

1. HemiqWhwu. T~WI form a large group and have the advantage of starting from product8 of 
aatsuaf and thaefor~ opticafly active origin, aud whose stereochemistry is well de&n& Unfortmmtefy 
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R,=OH; R.=Me 

(verticine) 

(edwardinine) 

a R, = d-MeCH(OH)CMe@H)CO 
Rs = I-EtCHMaCO 

(germinallnine) 

0 (mwerkldlm) lo (etdpatlslne) 

11 (kuahmlrina) 

12 (ImperIaline) 

they require the use of delicate degradation reactions, modScations of the skeleton or functional grou@s, 
with the same problems of stereochemistry and yield as in the case of total syntheses. Nevcrthekss 
hemisynthesis allows us to obtain highly elaborate products which would otherw& be almost unobtaio- 
able. 

2. Syntheses by chtysem ring-contnxtion. Starhg from a compound with a more or less hydro- 
genated chrysenic skeleton and of known stereochemistry, it is possible to obtain a C-nor D-homosteroid 
by contraction, of the C-ring. The teams which have done research along this route have applied the 
methods which they had aheady used for ring-contra&ms ia tbe steroid &Id, in general, oxidative 
cleavage followed by recyclisation by internal aldol react& 

The &rting chrysene is more or less readily access&k and, moreover, these syntheses often have 
the drawback of a poor yield at the key-step of the openine of the C-ring. 

3. L.&WV syntUres of the DCBA type. Stating from a Ilr&, a C-ring is constructed onto it, 
followed by a B-h and finally an A-ring. These syntheses involve classical reactions and allow us to 
obtain the C-nor Momosteroid system quickly. 
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18 (korsldine) 14 (korstweridltw) 

15 (veratremone) 

4. Conoagcnt syna&is. The only convcrgcnt Syntbe8ia known at the present time has allowed the 
prcpaaion of O-methyl C-nor Dhomo cquilenin by joii two blocks AB on the one hand and DC oo 
tJk?other. . 

5. Lhar synthesw of the ABCD type The only author apnrt from oursclvcs who has published 
studies along this route does not seem to have obtained the desired tctracyclic compound. 

ThisroutestemsintmstiPetonsinmorethanonere~~Apriori,itsbouldrevealitselftobeas 
fruitful as the IXBA route. Let us note that it requires the preparation of intamediates which possess 
tllc rare perhydrobcnx(e)indcn-2ale structure. 

The jcn&t~~ids have led to important research into bemisynthcsii which is quoted by Eescr.’ Since 
the publication of this work in 1959, other important papers have appeared ano which we can quote 
those of Masamune,‘- Johns and Laos,= Johns,- Kupchan,- HuiVma~,~ and more recently 
those of Kutney.“~ 

hhsamune’s hembydeses.‘qp2) The C -nor Dhdmosteroid system is obtained by dcgrad&n of 
hwgenin 16 or its derivatives such as acetate 16a Thus Iksamua has successfully syntbesixed 
vcmrine 4, jcrviae 3, lldeoxo jcrviae I and vcmtnmine 5 using as relay the C-nor D-homosteroid 17 
derived from natural hecogain 16.=* 

16(R=H) 
1Ba (R = ococHcs 17 
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Kupchan’s ht?misynthese.s. This atltbr has auccessfuuy syntberized c-mr -ma tuub@e3 

of the classical hormones: testosterone, cortisone and progesterone. Thus jervine 3 was transformed in 
nine steps into C-nor Momotestosterone acetate 18,m the initial dqpad&m aaction bein that used by 
Friedu in his study on the stmcture of jetvine 3. In another paper, Kupchan3’ tnmsfomed jcrvine 3 in 
eight steps into an amdogue of C-nor Dbomoproeesterolle (19). Fhany, attempt8 to obtain an analo#ue 
of cortison? have only resulted in the C-nor Dhomosteroids 20 and 21. 

0 & Ii ‘. 

I 

k k 
\ 

2 
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Kwtney’s hemisyn!hes& of vaiicine 6. Verticine 6 is one of the simpkst members of the hexacyclic 
ceveratrum group. The synthesis recently descrii by Kutney”* uses the acetate of natural hec~6&1 
(Ma) which is delpaded accord& to a known methodS then transformed into an exocyclic de5n 22 with 
an overall yield of 75%. 

Startingwiththecompwnd22aBrstreactionscquencetotallineninestepsiscaniedontandresults 
in a functionalisation at Cl8 and then a degradation of the Ering whik kavin6 an acetyl pup at 
position 17. 

The thus obtained C-nor Dhomosteroid 23 leads in en steps to vertkinc 6. 

2. Syntheses by contmction of the C-rfq of a hy&vchryme 
Joluuon’s ryntlrwcJ.- Johnson is the or&u&or of this method, which be described in 1%3# and 

which he used in the case of acetoxy methoxy metayl dodecahydrochrysene 25 which can be obtained in 
five steps startin6 from s-methoxy 2-tetralone 24.w 

We should note that the hydrochrysene 25 does not have quite the same staeoc&nistry as the C-nor 
~homosteroidsofnaturalo~butisclosertobiliary~;infact,tberrcetoxylisinthe3aposition, 
whiletbeAandBringsareinac&junction.Nev&h&ss, thetiofthecompound2She@dJohnsoa 
ctaL#to&velog,an~reactioasequencewhichrllorPtdtbemtoobtaintbeCaorD 
homosteroid#iaIvestepsandwhicbwastbeasuccerrdunyu#clbyKPtne~withacompouodwhose 
&ucturewassimilarto26. 
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P MO 

Ma n’ I & -J 
26 

S-metboxy 2-t&alone XBA’ hydrochrysene 27 was oxidised by lead tetraa&ak whichresultedinthe 
formation of an acetoxyl group at position 12.@ Elkktion of acetic acid aiIorded the 11,12-&hydro 
compound 28 which gve dialdehyde 29 after ozonolysis. This is easily cyclised; the resulting aldol30 is 
oxidised by Jones’ mnt and then deformylated by potassium hydroxide in aqueous dioxan which 
leads to a mixture of the C-nor D-homo steroid diketones 31 and 32. 
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The~ofdiketomcs(31aml32)iso~intheretio9:1withaaov~~ofu)$~ 
from37.The~3iisisolptedby~~The~frcwdikdow!3ltothe~of 
monoketones (33+34) requkes several steps: reduction by LiAl& of the k&o&c group at Cu. and 
acetylation, Birch reduction of the aromatic rin# Ieading to a cyclobexenone witb hydro8enolysis of the 
11-acetoxyl, condensation of methyllithium and rearomati&ion of the D+ing, foRowing which 33 and 34 
can be separated by prqmrative thin layer chromatography. 

Reduced by sodium whys&, ketone 33 yields in three steps the racemk alcohol 17 one of whose 
enantiomers proved to be identicai to the product .obtained by degradation of 5,6dihydrovera&am& 

Kutney’s ~ynthub of wwine 4. This synthesis, published in 1967, also involves a contraction of the 
C-ring of a hydrochrysene.uoAf 

Starting from 6-methoxy Z-tetralone 36, which will form the C and D-rings, the authors construct the 
B and A-rings by means of two ~~~~n readions; the rcduc~ of the 4,S and 89 doubk 
bonds (steroid number) foflowed by acetylation and finally oxidation at position 12 leads to hy& 
chrysene 36 where the A&C-ring junction is tmns+-trrms ami wbcrc the acctoxyl is 3fl. 

The kast favourable step of this sequence is the oxidation of the methykne at position 12, where the 
conversion yield does not exceed 1696. 

Compound 36 then u&rgoes a contraction of the Grin8 via an intermediary formation of diahkhyde 
37 which ;1pives diacetate 38 after intramokctdar aidol reaction and acetyiation. After aikaline elimina- 
tion, this affords the C-nor IMomosteroid 39, which has the advantage of possessing, in position 8, a 
tertiary proton visible in NKR. 

Birch reduction of 39 leaves intact the 9,ll-ethyknic doubk bond and yields dienone 49, which, by 
hydrotrenation followed by reductive alkyiation with lithium in liquid ammonia and methyl iodide, then 
reintroduction of tbe double bond in 1513 and fhrally a&ylation, affords acetate 41 which has been 
resolved into its enantiomers, one of which is identical to the compound of natural origin resulting from 
the degradation of heco&n 16 in thirteen ~teps.~ 

Kutney effected the fInal stages of the synthesis by using as relay the opticany active acetate 41, 
obtained by degmdation of hecogenio 16. The compound 41 leads in nine steps to verarine 4, identical to 
the naturany occurril& product. 



jJyzJ+“flO 
A 

41 40 
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where the junction of the C and D r@s is hums. It is interesting to note that, in the course of the 
reduction, only the ‘qrethoxylated ri4g of 56 was reduced. 

A second Birch reaction Rives ketolS8 after hydrolysis and this, after tritylation of the alcohol group, 
followed by direct alkylation with 3,3-ethyknedioxy I-iodobutane (NaH, glyme at SW’), and elMnation 
of the two protectinq groups and &tally intramolecular cyclisation, yields the tetracyclic compound !!9. 

The angular methyl at the A&ring junction is introduced by reductive methylation of 59, which 
yields the compound 60 as a mixture of two isomers d&ring only in their methyl stereochemistry, and 
which are, moreover, difficult to separate. Finally it must be emphasized that the B,C junction thus 
obtained is cis whereas it is trnm in natural compounds. 

The synfhem of Bhattacharyya and h4nkhetjce. These linear syntheses of chrysotIuorenes following 
a scheme of the DCBA type use classical alkaline condensation reaf~&~ (stobbe, Dieckmann) StadW 

from a substituted indanone.‘pso 
1-i&none 61 leads after bromina&n and malonic condensation, followed by methylation and 

deuuboxylation, to the ester 62 which already possesses the angular methyl at the junction of the A,B 
rings. Ry Stobbe condensation, followed by decarboxylation and esteritlcation, 62 yields the ethyknic 
diester 63. 

The tricyclic keto ester 64 resulting from a Dieckmann condensation of the dkstcr 63 yields, after 

saponitlcation and decarboxylation, a mixture of ketones of which the compound 65 was isolated with a 
1096 yield. 

By Man&h-Robinson annelation, followed by catalytic red&ion, compound U atfords the tetra- 
cyclic compound 66 (14% yield) where the junction of the B,C rings is cis, that of A,B beinq unknown 

Following on from this, various C-nor Dhomosteroids were 8ynthesizcd by MuLhejeeJ’p start& 

from the liquid mixture of isomeric tricyclic ketones 68, prepad in tbc same way as that of 65 starting 
from S-methoxy l-i&none 67. Treated with diethylaminobutanone methiodhk in the presence of 
MeONa/MeOH, the mixture 62 yielded a tetracyclic ketone 69 whose dioxolan In was reduced acco&rg 
to Birch. The reduced compound 71 has been hydrolysed to Rive the ketone 72, the latter beb changed 
into the tmns-anti-tmna compound 73 by a Birch reduction. On the other hand, the unsaturated 
tetracyclic compound 69 has, .by a Birch reduction, followed by hydrolysis and acetylation, yielded a 
unique C-nor Dhomosteroid 74 in which the rings A, B and C are tmns-anti-rmn.r. 
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JoRnson’s total synthesis of oemrmminc 5. This ingenious linear synthesis of the DCBA type allows 
us to obtain the desired compound quickly.9S 

It can be divided into two parts: 6rstIy. the total synthesis of the tetracyclic relay 17 already used in 
h4asamune’s w~rk,~’ and, secondly, the change to Vera&amine S by linking up a suitable piperidinol ring. 

In the first sequence, the condensation of ethyl &ethoxy rbromo crotonate on Hagemann ester SO 
affords 75, which, wben cyclised, yields the bicyclic ketodiester 71. 

The compound 76 is aromatised immediately afterwards, which is interest@ on a practical level, 
since general observation shows that aromatisation reactions are only really advantageous at the start of 
a synthesis because they often give poor yields in the case of elaborate multifunctional compounds. 

With two successive anneh&ns with vinylketones, followin classical methods, Johnson ct al. 
obtained the tetracyciic compound 78. A Birch reduction results in a reduction of the 8.9 double bond 
and leads to the tmm ster~bemistry desired for the three centres 8.9 and 10. It unfortunately involves 
a partial reduction of the &in8 which must then be rearomatised. After saponification foIlowed by 
resolution into its antipodes, compound 79 was found to be identical to the product of natural origin 
obtained by degradation of veratramine 5. 

06 wm 
(+ other products) 





4. Conocrgrnt synthesis 
This synthesis described by W& has the advan- of beiq quick to carry out, as one might 

The alkyMon of the potassium salt 80 of 2-me0yl cyclohem1Jdionc by I+romome0yl 
f+methoxy naphtakne 81 affords 0e compound 82 with a 713% yield. The latter has been cyclised by 
means of polyphosphoric acid to give a separable mixture of the three C-nor D-bomosteroids 83.84 aod 
85 wi0 an overaIl yield of 14%. 

5. Synthesis of the ABC0 type 
ROJPS research, publisbad in 1973,” gives a Merent approach _. _ _ .~ to the probkm, since it concems a 
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that a s&ctive hydroxymcthylenation at position 3 could only be successfully effected with a 
ba4e~-2-one posacssin& at position 38 a pro&t@ subatitucnt easy to remove at the end of the 
synthcus. These conakhtions dicta&d the choice of 3a-methoxycarbonyl benz(e)indcn-2-onc 8P a8 
the new s* compound. The a-hydroxymethylene ketone 89, which derived from it in good yields, 
wastreateclwLthwthylinyllretone,tollFardtbemixtoreofcompouads~(R=H)aad~1(R=H)in 
which the desired compound n (R = H) is by far the minor product (isolated yield 4%). 

Jd!!Po& 7Lf3 
w w 

w 
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T&e constnlction of all extra &nembered ring onto the c rhq of the benx4e)inden-2-olle 103 involve8 
aneltyhtionatpositioa3ofthelattg.Weconsidmd~thecarbonatposition3of1~,by 
formation of the unTespondinpj u-hydroxymethylene~ a-methoxalyl or a-ethoxycarbonyl derivatives. 
Since none of these interm&ia&s could be obtained 8atisfactorily under a variety of experimental 
condition8. we next tried direct alkylation of 103 with variou8 annelation mts, such as methylviuyl- 
ketone, 4-chloro butan-2_one, 4diethylamino butan-2-one 2,24hytenedioxy 44odobutane, aad t-bntyl 
iOdOti&te, bUt here @aill without any SllCCC88. 

40 106 

Ontheotherhand,treetmentoftheketone10withlithiumdiisopropylamideinTHFat00gavethe 
kinetic enolate 104, which reacted instantly with methyl (a-&thy1 silyl)vinyl ketone, to give the 
Miketone 10!! in 75% yield after chromatography. Mromokcular cycli8ation of 105 usiu4j potassium 
t-butoxide in a t-butanol/toluene mixture, followed by treatment with HBrlAcOH to remove the ttityl 
group, afforded the C-nor Dhomosteroid compound 40, m.p. 153-158”, which was i&n&d a8 beiq 
Kutney’s,’ 8incc it had the same IR, NMR and UV data When the 8dikeMe 105 wa8 cyclised in a 
Jomewhat cruder state, apart from compound 40, we isolated minute amount8 of its isomer 106, m.p. 
19!J-2InP. 

The total synthc8e8 of C-nor Ilhomo8tmoid8 belou in three main categories: 8ynthe8e8 by 
contraction of the C-r& of a hydmchrysene and linear syntheses of the DCBA and ABCD types. 

The syntheses by r&antraction were the earliest discovered. They are generally low and laborious 
and their main advan- ie probably that of haviq allowed chemical correlations to be made between 
the natural C-nor ~homosteroid8 and the hydrochry8enes of known co&uat& which correlations 
demonstrate that the C-nor IMomo8terokls of natural origin indeed have the same hyuJ-uti-tm~ 
Stereochemistry a8 nOti 8taOidS. 

Ahho-@ the total linear SyntbC!86S of the D+C+B+A and AB+C+D type8 arc appardy 

simpler and ea8ier than earlier synthe8e8, up to now they have, however, given rise to only a limited 
number of publications. 
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