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Abstract-Addition of a.accrox) acrilic acd ( ).mcnrhyl ecter IO enamine I produces about 40% asymmerric 
induction. Ihe compound obtained. %. can k converted into (-)-vincaminc with ease and in good yield The 
caralync cffcc~ of metal ion\ on the cpimerwuon of IIN vincammc~pwmcammc system was mrc\rlpkd 

The recognition of the valuable therapeutic effect’ of 
(+)-vincamine alkaloid 111 greatly stimulated work on a 

rational synthesis.’ We reported in a prehminary com- 

munication such a synthesis:’ meanwhile [his has been 

developed into an enanrioselectivc method. 

iLEXI.T!S AVD DIsc’u!Sl0s 

Pfeparafion of enamine I 
One of the key intermediates in the vincamine 

synthesis is the cnaminc 1. which has already been 

described by Wenkert.’ w-Chloropropylcthylmalonic 
acid dierhyl ester was used as the starting material. 
because it can be obtained more readily and in better 

yield than ~hc corresponding bromo derivative.’ and the 

amount of his-alkylation is considerably lower. 
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The product was obtained by one of two routes: (a) 

The ester wab partially hydrolysed with an equivalent 
quantity of alkali and decarboxylated with acid, or 

hydrolysed and dccarboxylated by heating with acid and 
converted into its methyl ester. The reaction of the 
w-chloro valeric acid ester obtained with tryptamine 
gave a good yield of the desired amide 2. which was then 
cyclised with phosphorus oxychloride followed by 
basitication IO give the enamine 1.’ 

(b) The ester was hydrolysed with alkali, and after 
acidifying gave the crystalline carboxylic acid 3c.’ which 
on heating with acid or melting yielded ~hc lactone 4. 

It should bc mentioned that when w-chloropro- 
pylethylmalonic acid diethyl cskr was hydrolysed with 

*Rcf 3 IS conqtdcrcd a\ rhc fic~i communicanon of the writ\ 

70% (or more concentrated) sulfuric acid insread of 

alkali. or when lactone 4 was subjected 10 Gmilar treat- 
ment, a ~-membered laclonc 5 was obtained. in the latter 

case by ring contraction. Lactone 5 is presumably for- 

med by the I.?-sigmatropic rearrangement of the inrer- 
mediate carbonium ion 6. leading IO ;L thermodynamicall) 
more stable ion. Lactone 5 is an approximately 1 : I 
mixture of diastereomers. as has been c\tablished b) 
Ollis and others.” 

The reaction of lactone 4 with rryptamine in 

chlorobenrene yields almost quantitatively the amide 7. 

Instead of tryptamine the cheaper rryptophan may be 
used. Tryptophan is decarboxylatcd according to the 
method of Kamctani‘ by heating in diphenylmelhane. 

and the tryptaminc formed is acylated without isolation. 
in the same medium, with lactone 4. In this wa). ba\cd 

on tryptophan. a yield of 8SR may bc obtained. 
On fusion, the hydroxy acid amide 7 is converted into 

the amide 2. The same amide 2 can be obtained b) 

reacting tryptaminc a! a temperature of about 230Y’ with 

lactonc 4 in the presence of tryptaminc hydrochloride 
salt as calalysr. 

However, the reaction of amide 7 with POCI, proved 
10 be the best method: this leads IO rmg closure and 

substitution of hydroxyl by chlorine. and gives after 
basifying the cnaminc I. 
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Preparation oj the hydroxy acid ester 9b 
In methyknc chloride. a-acetoxyacrylic acid methyl 

ester.’ readily obtained from pyruv~c acid methyl ester 
with acetic anhydride, is added IO the cnamine I in the 
presence of a small amount of methanol a\ proton 



source. The acetoay derivative, isolated as the pcrch- 

lora~e So, is formed in good yield. and can easily be 
converted with sodium methoxide~methanoi or with 

H(~i/rncthanc)l into the hydroxg acid Sb. However. the 
carhjn-nitrogen double bond in & can be conveniently 
reduced direcOy. catafyficalty or with sodium horn 
hydride. This gives a mixture of Pa, containing a cis CID 

ring linkage. and its trans-epimer 10s. Catalytic 

hydro~enati~~n is highly stereoselective, and yields pre- 

dominantly the cis product Pa. 
The selectivity proved to he tem~rature~e~ndent, 

when the reduction wa\ carried out with sodium 

borohydride in methanol. At temperatures helow O”C, a 
ratio of 3: 7 was observed. while at room temperature the 

ratio of trans 100 to 9a increased IO 2:3. 

Catalytic hydrogenation is less selective. if the reac- 

rion is carried out on the deacetylated com~und 8b. 

This confirms our general experience that the higher the 
spatial requirement of the substitucnts in position 1. the 
higher it the ratio of the &r product in the reduction 
product, when reduction is carried out with PdlC catalyst 

or with sodium ~rohydride. 
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The separation of the <*is and rr~n~ isomers is exe 

pdiently undertaken in the dcacetylated form. Com- 
pound 9b is a readily crystalli7ablc substance, easily 
identified, and has been prepared eartier by another 

route.’ 

The PMR spectra of compounds 99, b and lOa, b arc 
characteristic. The C-?” proton exhibits a one-proton 

quartet due to the d~stere~toplc protons at the neiph- 
bourinp C-3’. in the spectra of the &-type compound\ 
9n.b the signals of N,- H and COOCH, are seen at 
lower 6 values than in the rrans derivatives (lOa, b. while 

the -CH2_CHI protons show the opposite trend (\ce 

Table II. 

Compountt indolc XH -ctM?i, -k’H.JH, 

Jill 7.X? 3.60 1 ” __ 
9b i.xs 3.fdl 1 IO 

108 I1.m 3.Ko Il.73 

Mb 94b 3.x’: 066 

The IR spectra show the Bohimann bands charac- 

teristic of the trans-axial arrangement of the 12hH and 
the lone pair of Ihe netghhourinp nitrogen. In the most 
likely confo~ation of 9~. b Ihe ester. of Ma. b the ethyl 
group is close to the indol nucleus. This retufts in 

shielding of the appropriate protons. The X,-fj is 
deshielded by the carbonyl group in Ma, b. 

The alcohol 96 can he easily resolved with dihenroyl 

tartaric acid.” Optical purity can he readily checked by 

KMR in the presence of an optishift reagent. Attempti at 

the racemi~tion of the undesired enanti(~mer were 
unsuccessful. We therefore attempted to improve the 
optical yield with the aid of asymmetric induction. 

Pyruvic acid was esterified with ( - t-menthol” When 
the product was boiled with acetic anhydride, a-ace- 

toxyacrylic acid i-I-menthyl ester was ohtaincd. Ad- 

dition to Ihe enamine 1 proved successful, and after 
sata~y~ic reduction, afforded about 41% of the desired 
enan~iomer 9~. The latter substance can be c~~n~erted 
without isolation by boiling in a sodium methoxide~me- 

thanol system into the methyl ester 9b. When processed 

appropriately, (-)-menthol can be recovered almost 
quantitatiyel~. The product 9b of ahout 40% optical 
purity can be converted by means of dibenroyl tartaric 

acid into a completely optically pure product. 
The addition reaction has also been carried out with 

a-acetoxyacryiic acid f-)bornyl ester, but in this cast 
the opkal yield was somewhat lower v;llh maintenance 
of the desired direction of rotation. 
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Sbnthew of brnca alkalord\ and related iompound+ll Ina! 

‘Ihc ester 9b can be converted in Iwo ways in10 
vincamine. IIs dirccl oxidalion can be performed in a 

pyridine-SO, t DMSO system.’ buI Fetizon’s reagent” 

(silver carbonatelcelite) has been found most convenienr. 

In boiling Ioluenc. it convcrIs 9lx in good yield into a 
mixrurc of vincamme llr and cpivincamine lib. while 
Ihe oxidising agenI is easdy separaled and can be 

recovered almost quanIiIaIively. 
I’incaminc and epivincamine form an equilihrium 

mixlure in roluene al aboul 100°C of aboul 80% vin- 

caminc and 20% epivincamine. According IO our ob 
servaIions. the raIe at which Ihe equilibrium is es- 

Iablished is catalysed by certain metal ions. while in- 

hihiIcd by oIhcr melal ions. Ag’. Hg’ and Hg” ions 

proved IO he Ihe best catalysts. In the presence of their 

41s. e.g. acetates. and preferably in a solvent. e.g. 
accIoniIrile a~ the boding point equilihrium is established 
in ;I few hour\. whereas the presence of Fe” and par- 
Iicularly of Zn” ions inhihils epimerisation. One of the 

explanaIions of Ihis phenomenon may be the following: 

According IO Pearson’s classification.” Ag and Hg ions 
belong IO Ihe group of sofI acids, while Fe” and Zn” fall 
in Ihe borderline region. The indole-nirrogen of vin- 

camine is a sofI base. reacting primarily wiIh sofI acids. 
which Ihus weakens the N,-C,, bond, decreases Ihc 

activabon energy of the bond opening. and thereby 
caIalyses Ihe cpimcrisation. On the other hand. Fe” and 

Zn” ions arc preferentially bound IO the carbonyl oxygen 
or IO Ihc oxygen of the hydroxyl group. both of which 
arc considered as hard bases: ring opening is thereby 

inhihired. 
The epimerisaIIon-accelcraling acIIon of Ag ions is 

also exerIed during oxidation with Petiron’\ reagent 

When the Iolucne or nylcne solulion is further boiled 

afIcr the IcrminsIion of Ihc reaction. Ihe quanIiIy of lla 
increases a~ the expense of Ilb. A rise in IcmperaIurc 
shifIs the equilibrium in the dire&on of vincamine. 

However. epimerisabon can be carried out mosI readily 
in the sodium mcIhonide/meIhanol sysfem. from which 
the le\s soluble vincamine cryslals separate. so IhaI the 

equilihrium gradually shifIs. 

The preparauon of MnO,/cehIc is described in Ihc 
ex.pcrimenIal part. This reagent. which is easier IO filler 
off afrer the reaction Ihan Ihc usual acIivaIed MnQ- 

reapems. U;IS also found advantageous for the oxidation 
of 9b in boiling Ioluene. The procedure yielded a mixlure 

of 11~ and Ilb conlaining chiefly cpi-vincamine. The 
suhscquenI epimenration with Sa0CHJmcIhanol gave 

vincamine in 64% ylcld. The yields by this method were 
noI ;I\ consisIenI as Ihose using the FiIizon-reagent. 

In Ihe oIher method of conversion of the esIer alcohol 
9b mIo vmcamine. 9tr was hrsI cyclised with potassium 

r-huroxide. The hydroxylactame 12 formed is. similar IO 

Ihc suhsIance prepared hg Saxton, a mixture of the IWO 

diasIcreomcrs. in spite of the facI that 0s is a stcreo- 
chemically homogeneous compound. ‘Thus. iI 1s evidem 
IhaI Ihe epimcrIsaIion of Ihe carbon aIom nexI to the 
carbon)-1 group is camlysed by rhe base. The configura- 
Iion of Ihe carbon atom adjacent IO the hydroxyl group 
has noI been mvcsIigaIed. as iI is eliminaled in the IaIcr 
course of the reaction. Oxidation of I2 wiIh acIivaIcd 
manganese dioxide gives 13. the conversion of which 
inlo v incamine in Ihe sodium meIhonide/meIhanol 
sysIem is already known.” 

The above reactions can be realized wirh borh Ihc 
racemic and the op~cally active 9b. Racemic vincamine 

can be resolved with dibenzoylrartaric acid, huI na- 

Iurally. the previous resolution of 9b is preferred. The 

oxidation of vincamine wirh pomssium dichromare and 

iIs suhsequenr reducIion gave “rrans-vincamine”.” 

which also occurs naturally. 
The C-3 epimer of Ilb was obIained in a similar way. 

The mass spectra of Ihe four vincamine isomers differ 
markedlv. This will be reporIed in derail in anoIher 

communication. 
C’omprund 9b proved IO he a vcrsalile inrermediatc. Its 

use In Ihc synrhesis of orher alkaloids will be discussed 

m our next communicalion. 

IR qxctra were recorded urth a Spcctromom qtccfrophw 
tometer. I‘hc ‘H-NMR ytcclra UE~C ohrarned usmp a I’crkm 
Elmer RI! (MIMcI mstrumenr. chcmral \hlfls arc repoflcd in 
ppm (6) downfield from ‘TSIS Ma\\ spcclra (54s) ucrc recorded 
wth an AEI MS YO! msIrumcnI ITOe\‘. ion wurzc Icmpcrrlurc 
l.(D’. dircil mwlronl 51 p5 arc uncorrc&d 

TU a \&ton of &rum (268~. I lf~molc~ rn A ethanol 
r!OOml) crhtl-rn&m~~ acd drerh)l c\lcr t?IY 6g; I 16mokI ua\ 
added. AlIe; \Irnmg for a fcu minulcs a wluliun of I43rr~rno~3~ 
chloropropane (IRhg. I IX mole) m clhand (100ml) was added 
and IIN mrxlurc \Irrrcd ~$1 room temp. for 0 5 h and rhercaftcr 
twrkd for ! h under rcflux After remwing half the crhanol ~hc 
rwduc u-as dllu~ed with wa~cr 1500 ml) and cxrracfcd with hen. 
xnc Habmp ctaporarcd ~hc wl~cnr the rc\iduc u’a\ fracrtonally 
dr\fillcd III LL)IW IO yield 180 I g (WlKSl b ‘* f% p IM- 
lW/! mmHg. n,,“. I 4421 (Found C’. 54 3. H. X.02: (‘I. 13.1 I 
c‘alc for C,,H1,(‘lO. (264 ?41 C’. 54 43. H. 1.W; Cl. 13.3Y%1 IR 
(near)- IDicrn ’ I(‘~.()) ‘H.NMR cC’C’LI. J I’ (4H. q. 
-C(HX’H, .I. 3 hD I!H. I. -(‘Hr(‘l): I 25 (hH. I. 4’(WX’ll:-(‘H,I. 
0.82 (311. I. -(‘H:-cIj,l 

tA1’3a 0OOg. 0 4!molc) ua\ Mcd in aq HHr (484;. .Wml) 
under mrroKcn for UI h After coolmg the wlutiun wa\ extracted 
ulrh hcnrcne Ha\my rcmotcd the wlvcnl the “crude acrd” 
(02.2 PI ua\ ohfrmcd The “crude acrd” t I!.! g) ua\ bolled m a 
mwure of (‘H..(‘I, (hornI). ah5 mclh;uwl (IOml) and p. 
Mrcnc\ulfomc .tcrd monoh)dratc (I 08) for 31 h After icwlmg 
the organic pharc uat wpararcd. wa\hcd arlh aq NaJO, ((%I. 
waler and dried. Ihc whcnl ua\ rcmovcd and (he rcslduc 
di\Ulcd rn ~ra~w~ IO 1 lcld Jb I I I.5 g; qT R”I 1 a\ a colourlc\s 011 
13~ IN-lO8’;ll mmlly n,? I4538 (Pound (‘. (143: H. S 19. 
Cl. IY.57 (‘AC for (‘.H,.C’IO: (1% 00 (‘. 33 78. H. X.46. (‘I. 
IY.84) IR Incarl’ I:i!cm ’ ((‘0) ‘ii NMR fC’(‘1.1 3.fA (JH. s. 
-oCH,). 142 c!H. I. -<‘H,4’11: ! U-2 I! (111. m. 420: 088 
(iH. I. -(‘H,, 

tf31 ‘To J win of 3a 151 Ig. O.!molct in ab\ crhanol (14Omll 
the soln of I(OH I 12 X y. 0 2.3 molcl m the xamc wlvcnr f 140 ml) 
wa\ added otcr a perwd of I h Afrcr \trnmg for ! h ;II room 
temp. rhc cthanul ua\ rcmobcd tn I(ICUO and the rc\rduc 
dicsolscd in uatcr (!Oml). cwaclcd wlh hcnrcnc (3 x !Omll lo 
rccwcr the urxhanped \I;rrrmp makrnl 135%) The water phax 
uas acldlficd ulrh Wi H:SO, ulrh ioolinp. ‘The prccrprlatcd 4 
wa\ wparsrcd rnd healed rn a harh 41 ITO-IW for I.! h I)i\rrl~ 
lalion ,n I’u~-Uo Ka\C Jb IA Y(g. !)%I &nrical wth the cxter 
prepared axordmg proccdurc .A 

y-~‘hloropropyl crh)l malomc acrd dtelhyl c\rer 1!0Op. 
076mok) and SaOH 110O.g. ! 5 mok) uere boiled in warcr- 
crhand mlxlurc iho0 ml. W%I for O.? h uhilst rtinrnp After 
c\aporarmg Wml of wlvcnr the rc\duc u-a\ twllcd for further 
0.5 h. cooled IO 20’ and wzdrficd utlh cone hydrochlorrc actd IO 
pH I. The scpar&d cr)\tal\ u’crc wdxhed with ualcr and dried. 
IO yield k IlMg. X4%). m p 1%l.W Il:ound C. !O..C!: 11.: S7 
(‘AC for (‘.H,.O, rlwI.lY~ (‘. (0 3‘. H. 7 W.] IR tKHr). 1700. 
l’?C cm ’ (C=OI 



IRo6 C. SZANrAY Cl al. 

The acid k (19.0~; 0.1 mok) was heated cautiously under 
stirring to Ixt-1600 and after the evolution of gas ceases it was 
kept at that temp. for a further 0.5 h. Fractionation in cacao gave 
11.6~ (91%) 4 B.p.: 128132116mmHg no”. 1.4507. (Found: C. 

65.74; H. 9.49. Calc. for C,H,,O, (128.17): C. 65.59; H.9.449f). IR 
(neat). 174Ocm ’ (GO). ‘H NMR (CCL): 4.22 (2H. I. CO-U- 

CH,), 260-1.30 (?H, -CH,-, CH-); 0.94ppm (3H. I. -CH,- 

CH,) 

2.Ethyl-4pmronolid 5 

(A) A solution of k (&Og: 0.257 mole) in a mixture of cone 

H,FO. t 175 ml) and water (I20 ml) was boikd under nitrogen for 
I7 h. After cooling the dark solution was diluted with water 
(2OOml). and cx~racrcd wtth benretie. The organic phase was 
washed with aq. NaHCO, (5%). water and dried After removal 
of the solvent the residue was fractionally distiiled to yield 5 

(23.8g; 72.8951 as a colourkss oil. b.p. IOI-IO~fl4mmHg. n,“: 
1.4312. (Found: C. 6S 62: H, 9.36. Calc. for C,H,,O, (12S.ltI: C. 
65.59; H. 9.44.) IR (neat). 1765 cm ’ (C-0). 

5 15 a I : I mixture of diastereomcrs. For the GC separation and 
NMR assignments see ref 6. 

(RI The lacton 4 was treated wtth rulfurtc acid as dcscritwd 
above (AI. S was obtained in 7!.9Lk yield. 

S-a-Erhyl.6.hydroxy~caltmyl.rrypraminc 7 

(A) A suspension of ttryptophan (I.Og: 4.9lmmole) in 

diphrnyl-methane (40ml) was hcatcd under nitrogen in an oil. 
bath at 260-270”. After the CO, cvdutton had ceased (IO-IS min) 
lactonc 4 (0.95 g; 7.42 mmok) was added and she mixture boiled 
under reIIux for Mmin. After cooling the red solution was 

diluted with benzene (ZOmI). The precipitated crystals were 
filttrcd off after rtandmg several hours and washed with CH,Ct, 
to yield 3 (1.24 g; 88X). m.p. 72-74”. (Found: C. 70.52; H. x.43; 

5. 9.55 Calc. for C,.H,N,O, (288.38I. C. 70.80; H. 8.39: 4, 
9.71%). IR (KBr): 3260 &d:NH); I620 (CONH,) cm ‘. 

(II1 A soln of tryptaminc (l6.Og; ICHImmole) and 4 (12.88: 
100 mmok) m xykne (100 ml) was boiled for 4 h. The mixture 
was kept in a refrtgcrator overnight as the precipitate filtered off 

(27.8 g) and recrystallized from dichlorocthanc (90 ml) IO yield 7 
(26.2g: 90.895). Tk white crystalline powder melted at 72-74’. 

I _ Erhyl 1.2.3.4.6.7 . hexahydm . indolol2.3 - al - quinolizinicrm 

ptrchloralc 
(A) 7 (14.4g; .(OmmoleI was dissolved in POCI, (135ml: 

1.47 mole) and boikd for 8 h. After removal of the POCI, in 
racuo ~hc residue was dissolved in l.2.dic~or~tha~. Under 

cooling and stirring water (60 ml) and aq. KaOH (4M) was added 
until tbr pH reached I I. Tk water was separated, washed with 

dichlcroethant (20 ml) and the combined organic phase was dried 
and evaporated. The remaimng red oil was dissolved in methanol 
(15 ml) and acidified with 709f pcrchioric acrd until pH S was 

reached. After cooling overnight the crystals were separated 
yieldmg the desired 41 (14.2 p; 80.8%) with m.p. 175-177” (lit.’ 
17c-177.5°). 

(RI Tryptaminc (3 2Og; ZOmmok) and Jb (l.IIOg; IO I mmok) 
were dissolved in xylcnc (32 ml). K,CO, (5.5Og; 39.8 mmok) 
powder was added to the soln and boikd for 72 h while after 16. 
40 and 48 h IRop. of 3b were added. After cooling and littering 
OR and solid phase the xykne was removed in c’acuo. the resduc 
dissolved in benzene (50 ml) was washed with diluted acetsc acid 
(I : 1; ? x 30 ml), water and dried. The bcnrcnc was di&Ilcd off 
unttl crystals began to separate at the bottom of ~hc Rask. After 
dilutmg with hcxanc and cooling overmght the while crystals of 2 
(d.?! g. 7g.gSXi1 were filtered off. m p 123-125’ (lit.‘ 124-126”). 

The amide 4 was convtrtcd to the desired pcrchloratc ace 
cording to Wtnkcrt‘s method * 

(C) ‘To fk solution of tryptaminc (4.8Og; tOmmolcI in 4 
(7.8og. 61 mmolc) tryptamineHC1 (06Og: 3 mmolcl was added. 
‘The mixture was slowly heated under nitrogen to 23O-240’ and 
kept a~ that temp. for IS h whtk the water formed was con- 
tinuously removed Unchanged 4 was distilled off (3.45g: 
26.gmmole) in cacuo. The residue was dissolved in knrcne. 
extracted with !S HCI (2 x 50 ml). washed with wafer, dried and 

evaporated. The work-up followed proccdurc B IO yield 2 (d 35 IL; 
49.l9E). 

I - (2’ . Acctoxy - ?’ . mer~xyca~ony/ . rrhyl) - 1 rrhd . 
12.3.4.6.7 . huahydm - IZH - indo&[2,3a]aquinofi:inc . ! . &m 

prrchlvmrc ga 
To a soln of enamine 1 (7.09g. 28.1 mmok) in CH,Cl, (lOOmI) 

aacetoxy-methyl-acrylate (lO.OOg. 69.4 mmok) and .WcOH 

(I ml) were added. and the reactton mixture was allowed to stand 
at room temp. for 2 days. Tk soln was evaporated in VOCYO and 
the resulting otl was trifuratcd with pctrokum ether (3 x JO ml). 

The residue was dissolved in McOH (IOml). and acidilicd with 
709c HCIO, aq. to pH 5 under ice-cooling. The separated salt was 

filtered off. washed wtth cold MeOH and ether to yield & (8 400. 
6M6). m.p. IS2-lSC (Found: C, S5 40; H. 5.60: N. 5 90. Calc. for 
C,,H,.ClN,O, (496.93): C. 55.58; H, S.RR: N, 5.634) IR (K&I: 

3480 (indok NH); 1740. 1736 toCOCH,. CQ,CH,): 16.30, 
1525 cm ’ (C=N). 

I - (2’ . Hydmxy . V _ merhuxycorbonyl - rfkyl) f 1 . trhy! . 
1.2.3.4.6.7 - huahydro _ l2H - mdolo12.3 . alquinoli:inc . ! . ium 
pcrrhlomrr IJb 

A soln of 6a (03Og. 0.6mmok) in HCI-McOH (IOml; 0 161 

HCI per ml) was heated under reflux for 2 h. thereafter 11 was 
evaporated to dryness. The residue was dissolved in wafer 
(I!, ml) treated with 5% tia,CO,aq to pH 8 and extracted wirh 
CH,CI, (3 x IS ml). The organrc layer was dried (MgSO,). and 
concentrated in vacua. The restdual dark oil was dissolved in 

MeOH (5 ml). and a&Bed with 7% HCIO.aq. 10 pH 6. The 
product was filtered off and recrysdliscd from MeOH to yield 

a (0.2Og. 73%); m-p. 180-181’ (Found: c, 55.49; H. 5%: h’. 
MI. Calc. for C:,H,,ClN,O, (45490): C, 55.44; H. 5%; K. 

6.159k). IR (KBrI: 3430, 3360 (OH. indok SHt; 1718 (CO,CH,I; 

1620, 153Scm ’ (CGQ. 

Ifi - (2’ Acdoxy . 2’ . merhoxyrarbony! . ethyl) . lo . ethyl . 
1.2.3.4,6.7,12,17~ h. and 12b@ - urrohydm - indolo(2.3- 

a]qrinolirinc IOa 
(A) ‘To a stirred suspension of b (2.00~. 4.0 mmolc) in McOH 

(2OOml) KaBH. (0.4Og) was ad&d portionwise a1 room temp. 
Aflcr the addition was complete, stirring was continued for 
I5 min. Tbc mixture was acidified with AcOH to pH 6. and 
evaporated IO dryness in cacuo. The residue was treated wtth 5% 
aq. Na&O, and ex~ractcd wtth etkr. The organic layer was 
evaporated and the resulting otl (I Sgl was separated hy prt- 

parativc TLC [silica gel, knrenc-McOH (14: 3). R, IQ 291. 

ctutton with ether]. 

Compound 9r. 0 IS g (3&k m.p. 144’ (from !&OH). (Found: 
C. 69.~8; H. 7.77: K. 7.06. Cak for C,,H,!,O, (398.49) C. 
69.32; H, 7.58; S. 7.03%). IR (KBr): 3410 (indok SH); 2780,274O 

(Rohlmann bands); 17SO (OCOCH,I; 172Ocm ’ (CO,CH,I. MS 
(m/c: ‘XV 3% tM’: 38): 397 (20.8): 268 (25); 267 (IO); I97 (21.6); 

i70 (31); 169 (36). ‘H MiR id; CIXI,): ?.a! (IH. s. indolc SHI; 
7.30 (dH, m, aromatic): I.% (IH. q. J IO. 2.4~~5. 2-H); 3.M (3H. 

s. CO,CH,); 3.48 (IH. s. 12bH). ?.O!ppm (3H. s. OCoCH,l. 1.22 

(3H, I. J 7.0~~s. XH,CH,I. 
Compound IC. 0.45g (2&I (Found: C. 6920; H. 7.35, N. 

7.22. Cak. for C H \; 0 (3pR49): C. 69.32: H. 7.!H; N. 7.034). 3, 10**. 
IR (KBr): 3420 (indok SH); 27UO. 2740 (Rohlmann hands): 
174Ocm ’ (OCOCH,. CO,CH,I MS (m/r; a): 3% (M’. 34.6); 3% 
(23.5): 268 (22.5); 267 (100); 170 (13.6); 169 (141. ‘H KMR (6. 
CM,%): 8.60 (IH, s, indolc NH); 7 22 (4H, m, aromatic); 5.27 

(IH, q. J 9.3. 2.6~~s. f-HI; 380 (3H. s. (‘O,Clj,I; 3.29 (IH. s. 
12hH); 2.00 OH. s. OCOCH,I: 0.73ppm (3H. 1. I 7.0~~s. - 
CH,CH,). Ilr hydrochlori&m.p 174” (McOH-cthcr). 

(II) to a prchydrogcnatcd suspension of lock PdlC in SicOH 

(50ml) a win of & (7.5g: 15.Immole) in MeOH (350ml) was 
added. and the suspension was stirred for 2 h under H:. The 
catalyst was then removed hy tiltratmn. and the filtrate was 
evaporated to dryness. The resulting perchlorate. which could 
have been used for the nrx~ step w&our purification (7.OOg)* was 
dissolvd in m aq. acetone (35 ml) and the soln was treated with 
15% aq. NH,OH IO pH 8. The crystallute product was separated by 
filtration and recrystalliscd from MCOH to yield 9a (d 7Og. 784). 
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PreparaIIvc TLC of the mother-liquor Isce above) yielded Ihc 
isomer IL 10.40 g. 6 6% b 

(2). Ifl (? . Hydrory . 2’. mcfhorycarbonyl - rfhyl). lo . nhy/ 

. 1.2.3.4.6.7.12.12bo . % and I!bfl ocfahydh, indolo[?.! 
alquinolkinr lob 

1.4) Compound 8b 12.00 g. 4.4 mmokl was hydrogcnaled otcr 
10% PdlC fl.Og) tn M&H (100 ml). When the H, consumpuon 
had ceased. IIK caIaJys1 was removed by filIraIion. the filIraIe 
was evaporakd. The residue was [reared wirh 5% aq. Na,(‘O, 
(50 ml). and extracred wiIh CH,CI,. The organic layer was dried 
lMgS0.l and cvaporarcd. The crude producr was recr)rIalhsed 
from M&H (‘0 ml) IO yield % (0 9s g, 61%). m p. 2.34’ (Found 
I’. ?0.47: H. 7.92: N. 8.04 Calc. for C,,H,N,O, (35645). I’. 
7O.Y: If. ‘91: S. 7 !%%I. IR (KRrl .34!0 (OH. mdok SHl: 2X20. 
2750 (Hohlmann bands); 1742cm ’ lCO,CH,l. MS (m/r. Ql 356 
IM’: 23). 355 (I!); 2&l (24); 267 (IOOl. 170 (10 5). 169 (12.8) ‘H 
SMR 16. I‘lX’I,J~ 7RC IIH. s. Indolc SHl; 7 26 14H. m. 
aromaricl: 4.uI lIH. 2. J X.6. 4.4 CDS. 2’.H). 3 60 13H. s. COCH,l: 
3 .36 (IH. s. I!bH); l.lOppm (3H: I. J i.l cps. -CH,-CH,i. 

The moIhcr-liquor. which consIsIed of a mIxIure of 9a and I)1 
was subJccIcd IO preparative TIC IsIhca gel. CHtCl,-MeOH 
(20 Il. R, 9b > 16. clubon with aceronel. 9tt IO IO g. moral yield 
I 05 g, 67%) and I& (02Og. 13%) wcrc collccIcd: m.p. 165-167. 
(Found C. 70 52. H. 7.7R. S. 7.m. Cak. for C,,H,N,O, 1356.40 
C. 70.75; H. 7.91: N. 7 86%) IR IKRrl 3450. 33Ro (mdolc SH. 
OH). 2R00-27M (Rohlmann bands); 1745cm ’ fCOtCH,l MS 
(m/r: ‘I): 356 tM(‘: 2R): 355 112.4). 26I3 124); 267 1100); 169 (I! 51 
‘If NMR IS. CIx‘I,l- 946 IIH. s. indolc NH). 7 2s 14H. m. 
aromaIicl: 4.66 (IH. q. J 6 6. 2 6 cps. ?.Hl. 3.K7 13H. s. CO,CH,l; 
3.62 IIH. s. I!bH). 0.66ppm 13H. I. J 7.0~~s. -C’Ht-<‘J!,l 

lL3) Compound 9a (4.7Og. I I 7 mmokl was dissolved In HCI- 
MeOH (I20 ml: 0 I6 g HCI per ml). and Ihc soln was refluxcd for 
2 h The \olvcnI teas evaporakd tn P(IW~. and [he residue was 
dlssolvcd In acetone 150 ml) and wafer l5Omll. IhcreafIcr [he soln 
was [realed with 5% aq Na,CO, IO pH R The separalcd crysIaJ. 
lute producr was hhered off and washed uIIh waIcr IO ywld 9t1 
13 5?g; x591. 

11’1 Compound IOa II 00~. 2 5 mmokl was rcfluxcd In me. 
Ihanohc SaCK‘H, (30 ml: 54 mp Nal for I h. The SaWH. was 
decompoud u_iIh A&H. and ~hc soln was evaporarcd IO dryness 
in cocuo. The residue was suspended in 5% aq. SaHCO, and 
cxIracIcd wIIh CH,CI,. The soben was dried (MgsO.). evap. 
oraled under reduced pressure. and rccrystalhscd from MdJH IO 

)ICld Ifi 1073g. n2?n,, 

( ) lo Hh~/ . Is I!’ hvdroxy 2’ . mcthoryc-a&my/ 

rfhvl) . 1.!.3.4.6.‘.1!.l!ba octoh&o indo/o[?.3-alquino/I:ln~ 

I l.9b 
(-1% l!.!Ogl was dissolved m CH,CI, 132mll and D 

dibcnro)lIarIarIc acid (!.!Ogl m Mct)H 14mll was added IO Ihc 
soln. and allowed IO sIand a1 5’ for 2 days The crysIallinc product 
was uparakd by IilIraIwn. washed wIIh cold CHtCI:. dIssolvcd In 
I)MF f!ml) Ircatcd tvIIh I% aq SH,OH. ‘The crysrals were 
IilIcrcd off. washed unh waler. and rccrysIallixd from DMF-waler 
IO ykld I-I-9t1 (ORRg; WI. m.p. 235-237’. (~112 w (C I. 
CHCI,, 

o~.~rnor~crylrc arid (- ~mmrh~lrsrcr 

( l~McnIhyl-pyruvafc l!g.INlg; 0 I7 mole)” and p-TsOH 
(I 4Ogl was rcflurcd In Act0 II30 ml) under argonc for 20 h. The 
Act0 was removed rn tacno. and residue was scparaIed by 
dcsIIllaIIon IO ykld Ihc brlcd compound (34 OOg. 79%): b.p. 
11%I!O”/? Hg mm. n,,” 1.4570. IRtKBrl. _%0.2930. !XW)(CH,); 
1-W. I-20 (ester CO): I642cm (C-Cl. ‘NMR (5. CIx‘I,l: h.C# 
llH. d. J 3cps. olcfinicl. 5.50 IIH. d. J 3 cps. okfimcl; 4.90 (IH. 
m. 3.H). 2 25 ppm (3H. I. o(‘IX’H,l (ok: 78.4’ lc 5.0. 
CHCI,l. 

o-Accfoxyacrylic .rcId I-lmcnrh~ksIcr II7.2g. 64 Ommokl 
was added IO [be soln of enamine 1 fi 16g; 2X.4mmok) In 
I-HuOH 190 mll The mIxlure was allotted IO sIand a1 room Icmp. 
under argone for 3 days. The solvenr was removed in I’OCUO. and 

Ihc residue was [reared with cold pcirolcum ether l2OOmll IO 
remove cxccss rcagen1. The resulImg red oil gas hydrogenated In 
M&H (2OOmll over I@% PdlC When the HI consumpuon 
ccascd (560 ml). the caIalys1 was removed by tilfrabon. NaoCH, 
(I 64 g) was added IO the FdIraIc and the soln was refluxcd under 
N: for 6 h ThereafIer [he reaction mixfure uas ctwkd IO 0’. and 
[he crysIallmc producr wds colkcfed by filIraIIon. washed with 
cold M&H IO yield li)-9b (26011). The moIhcrhquor *as 
acdrbcd wuh 71% aq. HCIO. IO pH 5. and concenIraIed in I’WUO 
IO 30ml. The crysIallme ( Mb pcrchlorale was hlkrcd off. 
washed u-IIh MCOH. dissolved in DMF l! ml). and IrcaIcd wIIh 
15% aq NH.OH IO pH9 ‘The whItc crysIals U-crc scparaIcd b) 
filtraled. washed wIIh waIcr IO ykld l- )+I ll sOgl. [a],, 7 -W 
(c I. CHCI.). AfIer [hc usual rcsolulmn of the (‘I-9b wnh 
I~JIbcnroyl~IarIanc actd I O4g of (-)-WI was obIamcd. ToIal 
yield of I-)%: 2.54~ (25%). The prcparalrvc ‘IT.1 Iuc above) of 
rhc crude produc1 1200 mgl &rained from the IranstrIerificaIwn 
gave a mIxIure of l*l% and (- )-9b @Cl mpl: [olt, .’ M’ fc I. 
(‘HCI,) OpIical yield: 41% 

(-)_Epirinc-aminr (-kllb 
Compound I -1-W 15OOmmp; I4mmokl uas rcfluxcd uIIh 

FC1ironrcagcnI fAg,CO,-cc111c. 4 Ogl In dr) bcnrenc (32 ml1 
under surrmg m NI armosphcrc for l4h. The reagent was 
removed by filIraIron. and the soben uas cvaporalcd In Iacyo 
‘The crude product was scparakd by preparaII$c TI.1‘ Ialumma 
T)p ‘I’. CH,Cl?/McOH I IO0 0 2). elufion uiIh CH,(‘l..~McOH 
IlOO..O: H, llr> lib) IO yield ( kllb (!!Omg. WT): m p IX:- 
IIW (from ether). (Found C. 71.30; H. 7.25: N. 7 IUI C’alc. for 
Ct,H,S,O, (35444). C. 71.16: H. 7 39. S. 79o”rl IR (KHrr 
1750cm ’ ICO,CH,l. MS (m!r. 91. 354 (M’: 77 5); 353 1411. 307 
(41); 295 121): 2ti (10). 252 (1001: 224 120) ‘H NMR 16. CIX‘I,)~ 
7.22 14H. m aromaucl; 4 37 IIH. s. OH): 3.66 l3H s. CO,CH,). 
ORJ 13H. I. J ‘Ocps. -CHr(‘H,l. [a],, - -3? s Ic. 0.xX. CHCl,l 
When 0~ rcacIIon was carrkd OUI wIIh (I )-9b. ( ! l.cpIvmcaminc 
u-as isolalcd: m p !l(P (from MeOHl 

To a solulmn of KMnO. (I9 2 pl in waler (I20 ml) purrlied 
CCIIIC” (lg 0 pl was added. To the boiling suspcnsmn a soluuon 
of MnSO.~4H,O (22.2 gl in waler (30 ml) and sodrum hydroxldc 
140%. 23.4mll u-as added drop WIK sImulIancously and under 
v~porou\ sIurIng Affer sIirring for I h the solid phase uas filrcrcd 
off. washed vuh u_aIcr unIIl II hccamc colourlcss. and dried In 
au The rcagcnr Ihus obIamcd (35 Opl I\ hydraIcd. and can bc 
sIorcd uIIhou1 loss of acIIvIIy IkhydraIIon was performed In 
IUO ways: Ial b) ar+oIropIc dcsIillafIon with bcnrenc. or Ihl b) 
dr)Ing 31 110‘ The dch)draIcd rcagcn1 can bc \Iorcd under 
bcnzcnc. 

f*). \‘inc-amrnr 1: ).I lr 
(A) I’ompound (:)-9b 1200mg. 0.56mmolcl uas slured and 

healed under r&r In Ioluenc (20 mll with HnO,~cliIc (I 3 gl for 
25 h. and Ihcn Ihe reagem uas removed hy filIraIIon. uashcd 
uith ho1 Ioluenc. The filIraIc *as etaporaIcd in t’acuo ‘The 
rcslduc was rcflured under S: m McOH 15 ml) conIammp NaW’H, 
l2Ompl for I h. .AfIcr coolmg a1 (r: the cr)sIallme produc1 uas 
filIcrcd ofl. and uashcd wiIh Md)H IO yield 1: 1-I la ( 1% mg: 
64%). m p 234-236” Ifrom chlorobcnrcncl (Found: C’. ‘I 00. H. 
‘42.S.7 s Calc for C,,H,S,O, 1354.44): I‘. ‘1.16. H. - 39. S. 
‘9WZl. IR IKRrl. 3400-2950 IsIrong. hren band. OH). I”Ocm ’ 
lI‘O,I‘H,l. htS Imir. 9%) 3s4 IM’. 100). 325 fI4l: .W’ 131). 295 
(45). 26’ 151). 252 (g7l ‘H NMR 16. c‘Ix’I,l -2’ 1411. m. 
aromaucl. 460 (IH. 5. OH): 393 IIH. s. 3.H). 3W 13H. s. 
CO,CH,l. O.Wppm f!H. I. J 7 2cps. -CH,-<‘H,l 

(El Compound rzl-9b (?.OOp: 5 61 mmolcl u-as d~ssobcd In 
ho1 xylcne (I00 ml). and FCIIron~rcapcn1 fg Og) was added IU ihc 
soln. and [he reacuon mixlure was rcfluxed and sIIrred under S, 
for 5 h. ‘ThcrcafIcr IRK rcagen1 was filicrcd off ho1. u-ashcd uIIh 
ho1 xylcnc. and ~hc filIraIc was cooled 10 Is” The scparatcd 
~r)sIallIne product was fihercd off. washed uuh cold x!lcne IO 
ykld (:I-lla (I 50~. i2%r The moIhcrbquor was cvaporaIcd IO 
one-Ihud of 11s orIgInal volume and cooled IO -15’ .A further 
0.10 of cr)slallmc f:l.lla ua\ obIarncd 11o1al ylcld I.Wp. XIJ%l 
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f*f- Viffcommf I- )_I18 evaporated in COEYO. and Ihc rerduc wa\ rciqstailised from 
To a hot roln of compound (- Mtx f 10.00 p; 28.0 mm&l in dry 

toluene (400 ml1 F&tzon-reagent I_% 0 g] was added. The reaction 
mixture was rcfluxed and stirred under Nr for 6 h. Thereafter the 
reagent was removed by fiitrrtion. wa&d wtth hot toluene 
(3 x 50 ml). and the tiltr4tc wac evaporated to dryner\ in urcuo. 

‘The residue wa\ dtcsolved in dry MeOH (5Oml). and rcfluxed and 
sttrred under N, with Sa0CH, (1.17gl for 2 h AfIer cooling IO 0" 

the crystalline product wa\ xparatcd by fdtrafion. washed wrth 
cold MeOH IO yield I-bllr t6.,Mg: 65%~). m.p. Zw23.c” (from 

chlofohenrene) [a];: = -44’ Ic I, pyrkhnel. 

ether to ytcld trl-13 IO 566. 7ml: m p 156* Ihi.“: 15%). (Found: 
f’. 74.22; H. 7.02. X. 8.83 C‘alc. for C&iH,,N& t3??.4Oi: C. . _. . . 
74.50; H. 6.87; S. 8 6%). IR (K&l: 1720 ICOt; 1695 cm ’ (am& 
CO). MS lmif: $1: 322 (hi‘: IDO): 294 (86.5); 266 I8Ol; ?!? (771: 

237 (41): I97 (421: 169 140): 16(1 (40.6). 
Com~und (-1-12 (“A”-I%omcr: 0.40~; I.? mmole) war 0x1. 

digd with MnOr a dcscrtbed above IO (+)-13. whrch wav 

purihed by preparative TLC’ (silica gel; benrenc/MeOH (14.3); 
R, 13 > 12 > Ilo; elurion with ether). Yield: 0.2.C g: (63%); m p. 
116’ (from ether); lit.” I lw”. In],, = -80.)” tc 0.90. CHCI,l. 

77rc I-eprmrrs (isomer “A” and “I?“) of ff) _ cis - I4 oxo . llr Ac~now/ed~~menr--The financial help of the Richter &dean 
. hydwxy . E - homo . tbunanr Ii)-12) Pharmaceutkal Company ix gratefully acknowlcdpcd. 

A voht of (II-9b (5.00~; 14.0mmolet in dry tolucne Ifbomll 

and acttophenonc (5.08) was refluxed with r-BuOK IO.68gl 
under N,. and stirred for 4 h. The mIxlure was cooled to 0”. and 

extracted with cold 2.5% aq. H,SO. I3xt3Omll. The combrncd 
acrdic layer was IreaIed with cum NH&H to pH9, and ex- 
Iractrd with CH,CI, (4 x .W ml). The organic layer wa5 dried 

tMgS0.l. and evaporated to dryness in wxro. The crude product 
(38OgI wal recrysdlised from M&H (IS ml) to yreid Isomer 
“.A” I3.lOgl; m.p 193-195” (Pound: C. 77.52; H. 7.48: 9. X.50. 

Calc. for C,H,,N,O, (324.41). C. 77.74; H, 7.45; N. 8.63%). IR 
(KHr): Us0 (OH); l68! cm ’ (amide CO). MS (m/r; ‘Xl: 324 (hi’: 

1001; 323 (391; 296 (9); 29q I7 6); 280 t6..cl: 26; (5s); 265 (IO); E! 
(I?). 

‘The mother-liquor wa\ separated hy preparative TLC (sdrca 

gel. bcnrcn&fcOH (14’31, N, Isomer “A” > immer “R”. elutton 
wIIh ether) IO yreld further O.IOg of isomer “A” (total yield: 
320~; 7Mf. and O.Mg (7.9”kl of isomer “R”. m.p 164-16(* 

(from MeOH) (Found, C, 77.89; H, 7.35; 5. 8.!8%1. IR (KRrr: 
.m (OH). 1670cm ’ IamIdc CO). MS mic; %I- 324 (M’; 1001: 

323 (391; _W (7.X); 295 164). 280 (81. 267 IS.ct; 265 (101. IS? II?). 
When the reaction was carried out utth I ~9ts t2.!Og). the 

iromcr “A” of ( t 1.12 was rsolated as a hydrochloride (I.!< g; 
61%); m.p. 250-X’ (from M&H) [a]g= -!P Ic 1.75. pyrt. 

dme) 

(~)-cis.l4.lc-~~~x~~-~.homo.f&~mone I-l.13 
A voln of Iwmer “A” of (:).I2 in CH,CI, I!0 ml) was stirred 

wrth active MnO, (8.Ogl at room Icmp. for 5 h. The reagent wa\ 
removed by hltratton. washed with CH,CI, ‘The filfrat~ was 
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