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Ahsrract+z)-Homoehurnamtninc (3). preciously prepared in connection with lhc lotal %ynthcGr of (Ikbumammc 

(1). ha\ been convcrtcd into (-l+mcamine (2) 

At the time that our synthesis of ( 2 l-cburnamine (l)$ was 

completed’ only one total synthesis: of ( + l-vincaminc (2) 
had been reported. In view of the reported phar- 

macological properties of vincaminc’ and its possible 
clinical use. and Ihc fact Ihat the yield in the penultimate 
stage of the published synthesis was extremely low an 
alternative synthesis seemed desirable, and an obvious 

route from our synthetic intermediate, homochur- 

namcnine (3). suggested ilself. Thus, oxidation of 
dihydr[~xy~m~burnamenine f4) under appropriate 

conditions should afford the dioxo compound (5) which on 
reaction with sodium mcthoxidc should give vincamine 

directly. either by mcthanolysis of the N.-CO bond 
followed by cyclisation. or by a benzil-benzilic ester type 
of transformation following nucleophilic attack by 

m&oxide ion at either CO group. In the event the 
oxidation of dihydroxyhomocbumameninc proved IO tx a 

complex reaction from which the dioxo compound 5 was 
never obtained. and vincamine was cvcntually prepared 

by a stepwise process. 

Our first attempts to form the dioxo system at posilions 
16 and if’ were performed using d~ydroxy~m~- 
burnam~nin~ lactams (61 and 6b)’ as models. Since 

churnamine glycol (7) is reported’ to be oxidised to 

17-hydroxyebumamoninc (8) by brief trcafmenf with 
Sarcft’s reagent. the use of this oxidant was investigated; 
however. with 6a serious loss of material was encountered 

and no useful product could be isolated. The USC of the 

py~din~-sulphur trioxide complex in DYSO and triethy- 
laminc’ on 6a led to a multiplicity of products and again no 
useful product was obtained. 

Since the glycol-amides (Q and 6b) are formally 
carbinolamines they may bc susceptible to oxidation by 
cupric salts. However. with cupric acetate and ammonium 
nitrate in aqueous acetic acid 6b was unaffected at room 

temperature. and at loo0 was slowly converted into a 

product of higher R, value which was also the product 
obtained when 6b was treated under the same conditions 

with acetic acid alone. That this product was almost 
certainly the ketone (9b) obtained by acid-catalysed 
dehydration of 6b was established by the isolation of the 
analogous ketone (9a) by similar treatment of the 

glycol-amide ($a). In 9a the ketone CO absorption was 
observed at IRdcm ’ and the C-17’ mcthylenc group 

+I’relimmary communication. K. H Gibson and J E Saxron. 
(Ytrm. C’rmtm. 1490 (1969). 

:Thc wnfigurarion~ rhown arc thou of fbc nalurallyuccurring 
alkaloids. all synthew compounds reported here are raccmtc. but 
only one cnanriomer IS dluctnlcd 

resonated as an AB system of IUO doublets ccntred on 

T 5.82 and 5.02. with J = 19.5 Hz. 
Following these initial experiments we turned our 

attention IO the oxidation of dihydroxyhomoebur- 

namcnine (4). which was prepared in almost quantitative 
yield by the osmium Ietroxidc hydroxylation of homoe- 

bumameninc (3). Although this material appeared to be 
homogeneous (TLC analysis) only a poor yield ( - 36%) 
of crystalline material could be isolated, and it was 

therefore concluded that hydroxylation proceeds on 
either face of the homocburnamcninc double bond to give 

a mixture of diastereoisomeric cis-glycols. This was 
supported by the NMR spectrum of the mixture. which 

exhibited two broad singlets at : 3.87 and 4.37; since these 
signals together accounted for one proton, they wtrc 

interpreted as the C-17’ proton resonances of the two 
stereoisomers. L’nfortunately, the glycol (4) could not be 

obtained by reduction (LAH) of the lactam #a) owing IO 
the formation of an insoluble aluminate complex with the 

glycol function. 
Oxidation of the glycol(4) was limited by the necessity 

to use non-acidic conditions in view of the ease of the 

acid-catalyscd dehyd~tion of this type of system. As with 
the lactam (6a) Saretr’s reagent gave no useful product. 

neither could the desired product bc obtained by use of 
I-chlorobcnzotriazolc? silver carbonate on cclitc.’ or 

pyridinc-chromium trioxidc in dichloromcthanc” Oxida- 

tion with the pyridine-sulphur trioxide complex in DYSO 
and f~ethyiamine was then investigated in some detail. 

With rigorously dried reagents no oxidation was observed. 

neither was oxidation observed in the presence of one 
equivalent of water: however. with the addition of I% 

water to substrate oxidation of 4 proceeded with 
rcproduciblc results, and preparative plate chromato- 
graphy of the product led IO the isolation of three 

compounds, two of which were identified as Iht two 
epimtrs of the desired compound (10). The third product, 

obtained in insufficient amount for secure identification is 
tentatively regarded as the product II of dehydration of 
10; it was only obtained when the pyridine-sulphur 
trioxidc complex was added directly to the reaction 
mixture. i.e. without prior solution in DMSO. and is 

presumed IO arise by int~molecu~ar elimination of 
sulphutic acid from the bisulphate ester of IO. 

The epimcrs (IO) are formally acyloins and should 
therefore be susceptible to oxidation by cupric acetate. As 
expected. both cpimers were converted by means of 

cupric acelate in methanol info the same product. which 
melted at I98-201.5”; unexpectedly. however, this 
product exhibited M’ . 794 and gave IR. UV. and mass 
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spectra identical with those reported’ for (2 J&ur- 
namonine (12)‘” m.p. 201-202”. 

ammoniacal silver nitrate.” Alternatively. the frag- 

mentation may be analogous to the base-induced decom- 
position of formic acid esters to carbon monoxide and 
alkoxide ion (13 - 15 + 12). The third possibility involves 
fragmentation of the mixed anhydride (16). itself obtained 
by attack of acetate on the dioxo compound (5) followed 
by a benzilic acid type of rearrangement. and is formally 
analogous to the acidcatalysed dccarbonylation of 
a-hydroxy acids. 

The attempts at the preparation of the dioxo compound 

5 having proved abortive, a stepwise route to vincamine 
was then developed. Alkaline hydrolysis of the cpimers 
(IO) afforded a mixture of hydroxy acids which were 

esterihed by means of diazomethane to give the methyl 
esters (17). m.p. I!%196”.” together with a compound, 
m.p. 145-150”. which is probably (+ J-methyl ehur- 

namoninate. although an authentic specimen was not 
available for direct comparison. 

The final stage in the preparation of vincamine involved 
oxidation of the hydroxy-ester (17) by means of 

pyridine-sulphur trioxide complex in DMSO-NEt, con- 

The degradation of 10 to eburnamomne by thus mild 
reagent seems at first surprising. bum can be explained in 
three ways. all of which depend for the initial stage on 
oxidation to the desired dioxo compound (5). One 
possibility is that water present in the reaction mixture 
results in formation of vincaminic acid (13). which is then 
oxidatively cleaved by the cupric acetate (I3+ 144 It); 
this is directly analogous to the formation of ebur- 
namonine by the oxidation of vincaminic acid with 
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taining a trace of water. Chromatography of the product 
afforded ( 2 )-vincamine (2). m.p. 228-229”. identical with 
authentic ( t )-vincamine by TLC comparison in three 
different solvent systems. and by comparison of IR and 
mass SpCCtIp.” 

EXFYRLWW AL 

hi ps were measured on a K&r hot-srag~ appara~s. IR spectra 
u’crc rccordcd on a Umcam SP ?oo spcctropl~Iomc~er. or on a 
Pcrkm-Elmer P I< 125 inslrumenr: LV spectra wcrc recorded on 
a Urucam SP &IO or SP XOOA spccecuophotomelcr (95% clhanol as 
wlvenl). NMR spccrn were measured on Varian AhO or A60A 
utslrumen(s. uirh tc~ramcrh)lsilanc as inrcrnal standard. and mass 
spectra were recorded on an A.E.I. MS 902 spectrometer. 

I.!.~.~.h.‘.l!.l!h~ . Mclhydro . I rrhyl . 4. 0x0 - 1.12. (fl 

CIXO) rrinufh~lmrindo/~~[?.3-o]yuinol~:int (Lb. A sdn of (r 

(28 mg) m glackclal AcOH (2.5 ml) uas heated a! 8S--W for I! hr in 
a dry N: ahno5phcrc. Most of 0~ AcOH was evaponkd under 
reduced pressure and the rc5iduc was partitioMd bctwccn CHCl, 

clnml) and aqueou\ EaHCO, (10 ml). The aqueous win wa\ 
cxtrackd with further portion\ of CHCI, (2x Sml) and the 

comkncd extract\ *erc dried (h’a:SO.) and cvaporalcd. The 
residue 135 C mg) wax chromakgraphcd on a preparalive pIarc 
IZOcm x ?Ocm x I mm: I I K~c\clgcl G~K~xlgcl HF,,.) tvlih 
bcrucnc~5Q EWH as elucnl (IWO runs). ‘Ibc rclcvanr portion of 
Kieulgcl ua\ cxlraclcd with &OH After evaporation of the 
MCOH the rc\lduc was crrraclcd mlo CHCI, and evaporation of 

0~ (‘HCL ~icldcd an amber 8urn (24.6 mg 92.3%); IL... (in CHU,) 
I’24 tkclonc). 1632 (b.lacram)cm ‘. A,. (0 227 l28,400). 276 

16550). 2X3 (blO0). A.. 2V2nm 14730). I (in CDCI,) 8.96 (3 H. I. 
I~7Hz.. CH:CH,). 6.X-88 (II H. m). 582 (I H. d. I: 19.5H1. 
N.CljH’-(‘0). ‘4 (I Il. \. C,,H). 502 (I H. d. / = 19.5Hz, 
N.Clllj’~(‘O~. 4.9 (I H. m. C,Hlj’l. 2.3-295 (4 H. m. aromaric 
prolon\). mic 3X.168 (I(w): C,H,:Nu’:OI requires. 3!!.168). MS 
(2). 33(‘1). 23 (II). 276 (I!). 265 132). 31 (14). 183 (43). 

I)lh~dm.t~h~~morhumamtn~ne (4). Hoinocburnamcnir~ 
(I IC mg)’ wa\ dissolved in dr) p)-ndinc (0.5 ml) and a soln of 
o\rnium IcrroxKlc ( 100 mg) m dry p)-ri&ne (I ml) was added. ‘Ihe 
mIxlure uil\ slured al ambicnr rcmp. for !? hr under S, A \oln of 
sodium merablsulphllc I IW mg) in pyridine 12 ml1 and waler (3 ml) 
ua\ added and \Ilrnng was conrinucd for a fwthcr 2 hr. The \dn 
was cxkdcrcd uirh (‘HCl, (4 x 6 ml) and rhc combmcd cx(racIs 
wcrc ua\hctl with brmc and lhcn dried (Na:SO.). EvaporalIon of 
ktc solvenl and Irnuration of ~hc residue with bcrvenc gave a 
palc~ycllou cr)sla)lmc marenal 1143.6mgl. shnnkagc CO. I Is”. 
then m.p. ICZ-160”. uhrh u-a\ virtually a tin& spot on Tl.C 
analysis Rccrys~alhsa~ion from bcrvrne gave drh~dmx+mtur- 
humomenm~ (4&‘mg 36.Y;). m p 158- 164’ tdccl; I’,. (KCl 

disc) 3Wl (broad. Olll. m franrhands. 1010-1062 (complex 
band\; C-OH)cm . A,.. 16) 224 (!X.Joo). 284 (?3301. 292 (6170). 
A ‘?l nm (‘o(X)) Im F.tOHI. I (In CfX‘I,) 9 On (3 H. I J = 7 Ht. .L - 
CH..CH.).6.6-89 115 H. m). 5.7-63 (2 H. m. C,,tjOlj). 3.87 and 
4 t7 (I H. IUO br’\. (‘,. H[i\omers]). 2.63 0 (5 H. m. arommc 

proIon\ .md (‘,.Oll~. rn,c l!h IOX (100. C,H,N,Q rcquue\. 
J!b IW1.30n II!,. _Y: I 191. W 117). 291 (IX). 279(!31.!6: (47). 238 

I!X).?3’(lY) lf,und (‘.‘I X. H.“. x.8 s (‘,H,S,O,requrrc\. 
(‘. ‘16. H.XIl. s. Xb’;I 

IA) A u)ln of p)tiinc-\ulphur lrionldc complex (38Omg) in 
DMSO (2.Oml anhyd and O.?Xml contain& 0.01% waler: 1% 

ualcr lo \ub\lrarr~ ~1s added 10 a vigorously slimed rmxlure of 4 
l48.9mg). DMSO (I Oml. anhyd). and trkthylaminc 0 ml). ‘Ihe 
mixture uas slurcd at room temp. under dry N2 for 16hr. al the 
end of u!uch time some 5larting material was still preunr (Tl.C 
;maly\l\) More pyndmc-sulphur tnordc complex (200 mgl was 
added, and the mixture stured for a further I8 hr. then partitioned 
bclu-ten crhcr-cthhlcne chloride (2: I. 3Oml) and brine (3oml). 
Tbc orl(anrc layer was washed wrh further portions of brine 
(2 r 15 ml) and rhen dried (M(gSO.) After evaporation of ~hc 
\olvcnl rhc residue wa\ chromak~dphrd on a preparative phre 

(20 cm x 20 cm x I mm. I : I Kiesclgel G- Kkselgel HF:,. doubk 
run u\mg EtOAc-l”r 0.X8 ammoma as clufnr). Melhanolk 

extracr& of rhe rclevanr ponions of adsorbent. followed by 
evaporation of rhc solvcnr. ex&tcticm of the retiduc wirh CHCI, 

and evaporarion of rhc CHCI, kd 10 rhc noblion of rhrcc 

products. 
16.17’ Dihydro 16.17. dehydru - 17’ oxohomcnbumamminc 

(II) (4.9 mg. 10.7%) was okamcd as an amber gum; I’,.. (in 
CHCl,). 1700cm ‘. qualitative L:V spectrum showed a disloricd 

1nd0k chromophone (A . 233.275 nm). m/t Uw, (44). 294 (23). 2Y! . 
(18). ?f: (IW). 265 (9). 252 (I I). 248 (14). 236 (79). 

The h&r R, Isomer of I6 - hydrox! 17’ orodi- 

hydrohomoehumommure (IO) (8.9 mg. (18.34) was obtained as an 

amber gum; Y,. (in CHCl,) 1700. 1617cm ‘. m/r 324 (100; M 1. 
295 (82: M’-El). 294 (73. M’-CH,O or M’-Er-Il. 293 (55, 
M’-CH:OHl. 277 (IfI. M.-H:(IEr). 267 (82. M.<O-I(IL 265 (41. 
M’CH:O-F,O. 252 (41. M’CH.CHOHCO). 237 132. M’- 

CHOHCCLIW. 224 (32. .M’-CH:CHOH CO-CH,CH:l. 
The Iowcr R, Isomer of I6 hydmxv . I” oxodihudm. 

hontoebumomeninr (IO) (12.6 mg. 26%) was also ohtaincd as an 

amher gum; Y,. (m CHCl,) 1700. 1617cm ‘, m/t 324 l.50). 295 

(100). 294 (30. 293 (300). ?b7 (30). 265 (25). 252 (35). 21’ (20. 224 
0) 

To each producr was added twice 11s wcighr of copper acetalc 

and 2.2.5 and 5 ml of MeOH respectively. The solns were rcfluxed 
for 4hr and rhen the M&H uas evaporated In I’UCW The 

residues were examined by TLC analysis which showed rhar I1 
was unaffecrcd by rhc ~rcauncnt bur the two Isomers of IO had 

been converted 10 rhe same compound. Corn- I I wa\ Isolated 
by prcpararirc plare chromatography lF.rOAc-IS 0.88 ammoma) 
and Ihe IW spccrrum of the product (3.0 rnRI wa\ 0~ saame as hid 
of rhe sl~tng malertal. The combined produci from the wo 

isomers of 10 was isolarcd 110.1 mg) by prepararibc plarc 
chromalography (I<1OAc-I% 0.88 ammonial and ihcn rccry. 
slallised from ttOH 10 give ebumamoninc (4.3 mg) as colourlc~~ 
pnsms. m.p. 1911-201.5’ (hr.‘” m.p. 201-202’). idcntKal in IR 
\pcctrum (Kc.1 disc). U!’ \pccrrum (in EIOH). and ma\\ 
spectrum 10 rhc puhhshed dala.’ 

(Bl U;hen rhe oxidallvc procedure was rcpcatcd uirh dropwise 

add&on of the pyndinc-sulphur rrioxlde complex m ucl DMSO 
soln over I hr. ~hc rsolarcd producls ucrc chunamonit~ (IO.? mp. 
24.2’7,). high R, IO (6 3 mg. 134). and low R, IO (I! 5 mp. 2’ ‘5) 

( I )-Vincominc (2). Dth)droxycbumameninc 4 ( 135 mg) wa\ 
dissolved m dry DMSO (I ml) and dry mcrhylaminc (5 ml) wa% 
added. ‘Ibc !-phase rmxfure was srirred vlgc)rously under h’: whllc 

a coln of pyndmcrulphur rrioxldc complex ( I.03 g) m dr) DMSO 
tS ml) containtnp wet DMSO to.75 ml: O.OlQ H:Ol *a5 added 
dropwise dunng 5 min. The mixlure was slirrcd at room icmp. 
under N: for 18hr. and then dilured with 2: I i~~,():Cll~Cl~ 

(150 ml) The resulrlng soln wac cxtracrcd with brine 14 x IO0 ml). 
dncd (Na:SO.l. and rhc solvcnr evaporated under rcduccd 
pressure. Thc rccduc was dissolved in CHCI, arnl apphcd io a 
prcpararivc plalc (I: I K~xlgel (~:K~esclpcl HI:,... !Ocm x 
!Ocm x I mm) wluch was rhcn debeloped twrcc uirh W 49 I 
I’tOAc CHCl,:O.RR NH,. Afrcr dcrccrwn under \hor~ save L\ 
IA 254 nm) rhc two lower bands (IWO isomers of IO) were removed 

from the plarc and cxrracrcd wirh EWH. After c\apora!ion of rhc 
FrOH the residue was exrracrcd wllh CHCI,. Evaporauon of rhe 

CHCl. pvc a mixrure of 0~ IWO Isomers of I@ I IOR 7 mg; 85% 
from homocburnamcmne). which ucrc dls\olbcd m MeOH 18ml) 
and sS SaOH (I 2 ml) was added. The rcsulrmg soln ~a\ rcllurcd 

for I! hr and then partially evaporakd ur ~~CYO. The residue ua\ 
dissolved in waler l!? ml) and the aqueous win exlrdclcd uith 
(‘H:CI, (2 x I5 ml) The pH war adjusted 10 5-h by ad&ran of ?h’ 
AcOH and rhc soln again extracted wilh CH:Cl: I! x I! ml). ‘Il~c 
lasl cx~rac~s wcrc dncd (Na,SO.) and lhcn cvaporalcd ‘Ihc 
residue was dissolved in I. I CH,Cl,: M&H (6 ml) and an CXCC~S 
of crhcrcal dlazomerhane was added. ‘Ihe soln was left al room 
lemp. for I hr and the excess of dtazomcthanc rhcn desrroyd h) 
addition of glacial A&H. ‘The solvenr was evaporated and lb-c 
residue was chromalographcd on a preparalivc pIarc which wa\ 
developed m 40:58:? EWAC~CHCI:O.K~ NH,. Two band\ uere 
b~\ihlc on crpo\urc al 254 nm and the marcrial In rhc\c hand\ u;,t 
s~pararely cxtrackd wrlh EIOH. the EIOH u-as cvaprakd. and 
rhc residues wcrc rhcn scparaWy cxrrackd mlo CHCI.. ‘Ihc 
compound of four R, value was ohtaincd on evaporation of ttc 
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CHCl, as a microcrystalline solid (7.2 mgl. mp. 193-196”. and is 
(he hydroxy-rrrrr 1171: Found: mir 3.5QC~o78!; C2,H,Kz0, 
rcquircr 3.56.20998. 

The compound of higher H. value crysIalhxd on triIuraIion 
with ether IO give pale ~clbv needles if 7 mgl m.p. 1?7.140”, 
raised IO 145-150” on rccrysfallisaIion from cyclohtxanc, and is 
probably merhyl ebumamoninate. 

The hydroxycctcr If (X.?mg) Icombined maIcrial from 

separaIc preparaIionr1 was dissolved in dry DMSO II ml). dry 
Inethylaminc (3rnll was added, then a solurmn of pyridine- 
sulphur trioxide complex (IKR mgl in dry MS0 (1 ml1 conmining 
weI IXMSO IO.13 ml: O.Olfx H:Ol was added dropwtsc during 

! mm. The soln was stirred under S, for 16hr. then dilurcd with 
2: I tther:CHIClz I25 ml1 and the rcsuhmg soln extracted wIIh 
brine I? x 3 ml). dried (Na,SO,l. and evaporated. The rcsiduc was 
run on a preparative plate II : 1 Kiesclgel G:Kicsclgcl HP&.; 

2U cm x 2Ocm x I mm) which was then developed rwicc with 
!T:74: I EIO.A~~CHCI,:OMSH,. The portion of Kicselgcl 
contauung (he dcsircd product (band of inIermediaIc H, I was 
cxtractcd Mih FtOH. the PIOH w-w evaporated, and the residue 

rxfractcd with CHCI, Evaporauon of the I‘HI‘I, gave t?tf- 
vincaminc (2.3 mgl. identical wuh authentic vincamine by TLC 
comparisonin4:95: 1 McOH:CHC?,:O.ONH,iff,O.iJ). 10:x9: I 
EtOH:CXL:O.(EIISH, (R, 0.!11.40:~9: 1 LWH~CHCl.:NH~ tR, 

0.131. RccrytIallisaIion from M&H gave C * )_vincammc. m.p. 
228-Z_?? (III.” m p. 235!.M:Cl (Found: m/e 354.19259; 
C,,H,N,O, rcquircs: 354194331. idcnrical with aurhcntrc vm 

caminc by comparison of IR and mass spectra. 
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