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Institut fiir Orgeniache Chamie der Universitiit Hennover, 

Schneiderberg 1 B, D-3000 Hannover 1 

(Receioed in Germany 24 Norwmber 1986) 

Abetract: The enantioselective synthesis of the tetracyclic lactam 2 is 
reported which by enantrodivergent techniques is converted into (+)- as 
well as (-)-vincamiw via the corresponding eburnamonine enantiomers. 

The natural occurence of both enantiomera is ona of the special features of the group of vinca 

alkaloids. (-)-Eburnamonine (1) obtained on degradation of the alkaloid vincamine’ (2) turned out 
3 to be the enantiomer of (+)-eburnamonine (‘) isolated from Hunteria eburnea. As this situation 

calls for an enantioaelectiue approach to both pure enantiomara we accordingly considered an 

enantiocosplementing synthesis from a common optical pure intermediste. 

As the cyclopropane cerboxeldehyde 2 had served well already for a total synthesis of racemic 

aburnamonine’ wa considered this compound an ideel starting material for an enentiodivergent 

approach to both enantiomera. 
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Scheme 1. 
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The Pictet-Spengler cycliration of this eldehyde with tryptemine had been shown to be highly 

stereoselective in the recemic series already. Lectern 4 is formed with high preference (85 : 15) 

and offers good opportunities to arrive at both pure enentiomera by applying the selected 

inversion principle. 



2036 K. HAKAM er al. 

0 

9aRs H 

9hR s -CtlfCO,C~ 

2. Scheme 

As nucleophillc ring opening reactions accompanied by decarboxymethylation have been shown to 

generate lecterns 2’ and 6” it waa decided to.focua on lactam 2 for C3-inversion. In our synthesis 

of noreburnamonine6 It was shown a few years ago already that iaomerraatlon at C3 takes place on 

proton catalyzed cyclization to form acyl lndole 1. The hydrindane-like ring combination of this 

pentacyclic lectern obviously prefers the thermodynamically more stable cia-configuration. Opening 

of the y-lactam, alkylation with methyl bromo-acetate and subsequent Dreckmann cyclization should 

after decarboxylation generate ketone 1Da showing the absolute configuration of c-j-1. Treatment - 

with methyl-cyano-acetate however, in an alternate ring-opening decarboxylation sequence converts 

lactam + into lactam 6. On opening of this y-lactam end subsequent rotation - whrch amounts to a 

formal inversion at Cl6 - this intermediate recyclizea to the pentacyclic lactam 8 with the (+)-1 

configuration - reaaon enough to look for an enantioaelective preparation of la&am 4, as these 

enantiodlvergent processes mentioned above hold good promise to provide both pure enantiomers from 

this particular intermediate. 

This lactam being easily available from cyclopropane-aldehyde 3, formation of this cyclopropane 

ring from bromo-malonate 12 and the correapondlng unsaturated aldehyde 11 in a base catalyzed 

Michael-addition cycllaation sequence vra 13 obviously becomes the decisive enantioaelective key - 

step. 
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Scheme 3. 

For high diastereoselectivity we choose the symmetric bromo-malonate 12a which indeed gave rise, 

with excellent selectivity (85%), to an easily purified product.+ 

This good selectivity in contrast to other cyclizations was, however, only obtained with the sodium 

hydride/toluene reagent in the presence of TWA. Without this additive the main reaction product 

with this particular sterically hindered diester proved to be the unwanted dihydrofuran 11. 

Accordingly this crowded dieater however, caused enormous difficulties in the later trans- 

esterification to fofm the corresponding dimethylester 1 and we therefore subsequently, with the 

additional aim ef gaining some insight into the details of the reaction, switched over to the non 

symmetric diester 12b. Thia ester of course can in principle give rise to cis-trans isomers in the - 

cyclopropane product, but we were pleased to note that again one dieater aldehyde proved to be by 

far the moat abundant reaction product. As a similar result waa obtained with the corresponding 

benzyleatar 12~ we used this compound for the determination of the relative configuration of the - 

cyclization product. 

As mild hydrogenolysis generated the sldehyde acid 14d showing no indication of any lactol - 
formation and a very clear aldehyde signal in its Wlff spectrum, the benzylester group as given in 

formula E has to be orientated trans to the aldehyde carbonyl group. 

On trans-esterification both dlastars 14b and 14~ both gave rise to the same optxally pure (see - - 
Experimental) dimethylester 3 * and as dlazomethane converted the acid 14d into 14b these - - 

+ 

++ 

The choral alcohol (see E in Scheme III) was prepared according to Oppolzer7 (no detailed 

work-up given). The material obtained by us in contrast to Oppolzer’s assignment proved to be 

the cis-exo compound (see formula in Scheme III) as a strong Overhauser effect (17.5%) was 

measured for proton HA and one of the geminal methyl groups. Very probably, endo-alkylation 

takes place as expected but epimerisation of the kinetic controlled product may occur under 

reaction or work-up conditions. 

The absolute conflguratlon of aldehyde 1 and the products resulting from it was of course 

unknown at this stage and no efforts were made to determine it. The configuration drawn in 

Scheme I wss derived from the fact that the C3-epimerisation route (see below) did give rise 

to the absolute configuration of natural vincamine. 
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transformations also prove the relative configuration of this diester. These results, without 

however establishing the detailed conformation of the transition state, can be taken as an 

indication for an arrangement like 16 with the very bulky configuration inducing ester group being - 

held in a apace sector minimizing interactions with other subatituenta. 

As noticed in the rscemic series the Pictet-Spengler cyclization with i and tryptamine gave rise to 

mainly one tetracyclic la&am 4, which however did not crystallize as readily as its racemic 

counterpart. tkmever, after purification by flash chromatography crystala of one very pure 

enantiomer were also obtained eventually in this case but these proved to be much more soluble and 

additionally less stable than the corresponding racemic mixture on which we reported earlier. 
0 

This is in our experience a very general phenomenon which is also noticed with lactams 1 and 1, 

and which turned out to be extremely helpful in the preparation of optical pure la&am 2 (see 

below). As similar observationa were also msde with other lactama the formation of quite different 

crystal structures from these two species may be an sccsptable explanation. 

Nucleophilic ring-opening and decsrboxymethylation uneventfully gensrated lactsma 58 and fi as 

described in the racemic series.4’5 For the crucial cyclisstion the nitrile 2 was hydrolyzed to 

the corresponding scld 5b which sccording to earlier results cyclized readily on treatment with - 

trifluoroacetic acid anhydride. To our surprise in contrast to the lactam behavlour mentioned 

above a small amount of crystals was obtained directly from this cycliration. The surprise was 

even greater when shift-reagent as well as rotation msasurements proved these crystsla to be the 

racemic mixture wll known from former work. Luckily the bulk of the material from the cyclizaticn 

again was oily at the beginnlng and could easily be proven to be one pure enantiomer. The 

appearance of the smell amount of crystals however, raised the suspicion thst in one of the 

reactions racemisation does occur at least to a small extent, particularly ss the optical purity 

of aldehyde 1 and la&em 2 had been checked again and again very thoroughly. 

As carbon-16 is s quarternary centre and racemisation therefore was thought to be quite lmprobeble 

we first of all checked the optical purity of acid 2 end the corresponding methylester just to 

find out that both represented pure enantiomers. These findings leave no doubt thst partial 

racemisation occurs in the cyclization step, without however giving any indication on the 

mechanlstlc details. Possible explanations that can be offered et the moment first of all rely on 

the fact that protonation of the indole system is highly probable under the reaction conditions 

(see II). Starting from z racemisation may result either from a refro-Michael process (see 19) or 

an electrocyclic ring opening of the corresponding enol (NJ.+ Configurational identity may be lost 

in both ring open Intermediates 19 as well as 20 by conformatlonal changes. - 

Of course the high insolubility of the racemic mixture is very helpful in this situation and 

offers an opportunity to gain pure ensnticmers in spite of this unexpected process. 

+ Thus second explanstion wss forwarded by Professor Dr. L.Overman at s discussion in Hannover. 
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4. Scheme 

Treatment with Heerwein reagent and subsequent methanolysia generates aminoeater 9a from 1 which - 

after alkylation uith bromoacetete (9b) smoothly underwent Dieckmann cyclizatlon to form after - 

decarboxylation the pentacyclic ketone m in more than 80% yield. Removal of the keto group can 

be achieved either by Raney-Nickel deaulfuriaation of thioketal lob or via xanthogenate 10d which - - 

is easily obtained from the borohydride reduction product 1Oc and gives rise to (-I-eburnamonine on - 

tributyl-tin-hydride reduction.9 

For the production of the (+I-enantiomer opening of the &lectern in compound 5 ia mandatory; but 

it had been ahown in the racemic aeriea already4 that to achieve this, extra strain has to be put 

on the molecule by closing a further S-membered ring in a fluoride anion catalyaed Dieckmann 

cyclizatlon, to form the pentacyclic ketolactam 21. - 

Scheme 5. 

Sequential treatment of this ketolactam with Heerwein reagent and methanol gives rise to D-keto- 

ester 22 whrch after refluxing with sodium methanolate in methanol and subsequent treatment with 

trifluoro-ecetic acid ia smoothly converted into oxwburnecaonine 8. Using the Borch reduction 
10 

one can easily tranaform this capound into (+I-1 identical in all details with the natural 

occuring eburnsmonine enantirxner. 

Until this stage we had relied completely on well eatabllehed procedures 11 
via the cyanohydrin from 

(-1 or (+I-1 for further elaboration to optical pure vincamine. Unfortunately, In our hands this 

technique did not work at all and after additionally a whole series of Cl-nucleophiles12 had 
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proven also to be completely useless, we formed the impression that steric hindrance might be the 

explanation for these failures. This was the reason for attempting a msthylenation process that had 

been worked out by Lombard0 13 on the basis of the Nozaki reagent 14 and had proven to be 

particularly useful with sterically hindered ketones. 

Using this reagent the exo-methylene compound 21 was easily obtained in 85% yield without any 

problems.+ Having arrived at this olefin the remaining transformations were uneventful. Radical 

bromination (24a) followed by acetate substitution and hydrolysis led to 24c via 24b oxidation - - - 

with manganese dioxide gave smoothly rise to apovincaminal 24d which on further oxidation was - 

easily converted into apovincemine 24e. - As the apovincamine-vincamine conversion is s well 

established process 4b this enantioselective synthesis is providing easy access to both enantiomers 

of eburnamonine as well as vincamine. 

24 

a: X = Ctipr b: X= CH20Ac 

d: X= cH=O 

Scheme 6. 
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EXPERIMENTAL 

1 
Ii NMR spectra were taken on the following instruments: 6D’MHz (Varian EM 36D), 90 MHz (Bruker 

WH 9D), 200 MHz (Bruker WP 2OD), 4OD MHz (Bruker UH 400). 13C MR data were measured with Eruker 
WP 200. IR: Perkin-Elmer 457 and 590. MS: finnigan MAT 312 (70 eV). UV: Beckman 3600 (CH OH). 
Rotations: Perkin-Elmer 241 (CHCl 589 nm, 18 “C). C,H Determinations: Heraeus-CHN Rapi -3. flash 
Chromatography: Merck Silica (D.Os’- 0.063 nun). 

Preparation of benzyl[exo-diphenyll-isobornyl-malonate: 150 g mono-benzylmalonste is transformed 
into the acid chloride by treatment with 138 g thionylchloride at room temp. After 30 h under 
reflux the surplus thionylchloride is evaporated and 90 g (0.46M) of the crude acid chloride is 
slowly added to a solution of 65 g (0.2M) exo-diphenylmethyl-isoborneol and 13 ml Hijnig base In 
130 ml dry dioxan (as the temperature of the mixture may rise sharply, for large scale operations 
cooling with ice water is recommended). After 3 h the mixture is poured into dilute aqueous acid 
and extracted with ether. The combined extracts are washed with soda solution and with brine. After 
evaporation of the solvent filtration over silica gel (petroleum ether/ether 7 : 1) yields 85 g 
(84%, lest step) of the pure mixed malonate. lH NMR (CDCl 90 MHz): 6 = 0.76 [6] s, 1.22 [3] 8, 
0.95 - 1.7 [5] m, 2.71 [2] s; 2.80 [l] dd, J = 13 Hz, J .3i Hz, 4.22 [l] d, J = 13 Hz, 5.11 [21 q, 
J = 12 Hz, 5.19 [l] d, J = R Hz, 7.0 - 7.4 [15] m. MS (60 ‘T): Ffc 496 m/e (l.%), 302 (20), 206 (19), 
167 (72), 107 (63), 91 (100). 

Bis[exo-diphenylmethyll-isoborny’l-malonate: 7.20 g of the above mixed malonate is dissolved in 50 
ml dioxan. 1 g Pd/C (10%) is added and the mixture is shaken with hydrogen for 3 h (TLC). After 
filtration the solvent is evaporated and 4 g of the remaining acid’is dissolved in 50 ml dry 
dichloromethane. 4.8 g exo-Diphenylmethyl-isoborneol is added and this mixture slowly (1.5 h) 
treated with a solution of 3.4 g DCCI in 50 ml dry dichlorcmsthane. The solution is filtered, the 
filtrate washed with soda solution and brine and the solvent evaporated. The residue after 
purification yielded by flash chromatography (petroleum ether/$her 10 : 1) 4.28 g (61%. last step) 
of colourless crystals, m.p. 185 “C. IR (CHCl ): 1750, 1730 cm 1H t#lR (CDCl 90 MHz): 6 = 0.77 
il:i ~111&24J[p3ss~,0.~Rl- 1.70 [lOI m, 74 f23 dd, J = 8 Hz, J’=‘13 Hz, 4.2D3;2] d, J : 13 Hz, 

l&3.54 d, i2i3.41 d, 
- 7.3 [201 m. 

is 
C NP(R: 165.36 8, 145.39 s, 

i2R:D4 d, 127.53 d, 127.04 d, 126.51 d, 126.01 
144.59 s, 129.05 d, 128.90 d, 

, 125.77 d, 125.49 d, 81.43 d, 
52.91 d, 51.95 d, 50.40 s, 47.60 d, 47.39 s, 39.69 tr, 32.83 tr, 30.06 tr, 21.85 q, 21.60 q, 11.34 

?’ 
MS (170 0~): M+ 708 m/e (la), 302 (27), 206 (21), 193 (9), 167 (lOD), 165 (21), 152 (16), 91 

24). - C49H56D4 (708.99) Calc. C 83.01, H 7.96: found C 82.74, H 8.14. 

+ A systematic study of the reaction times later revealed that the 48 hour waiting period 

suggested by Lombard0 for optimum efficiency of the reagent was not necessary in our case. Best 

results were obtained after 24 hours. 
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Z-Ethyl-Z-formyl-l.l-cyclopropane-dicarboxyllc acid-bis[exo-d~phanylmethyl]-iaobornylester (14~): 
1 Q (14.1 mnol) of the above eater and 0.1 ml Br, in 7.5 ml chloroform is treated with 750 mo 
sodium fluoride at 70 OC for 10 min. Another O.l‘ml Br is added and heating is continued for 10 
min. The reaction mixture is diluted with ether, the i#organic salts are filtered off and the 
solvent is evaporated. 750 mg of the remaining bromomalonate and 420 mg WA is dissolved in 8 ml 
toluene and added to 430 mg sodium hydrrde (50% oil suspension). Immediately after that 2.5 g 
a-ethylscrolein is added under rapid stirring. After 30 mln the reaction mixture is poured into 
dilute aqueous acid. After extraction 
(53%) of colourleaa cr atals are obtained from ether 
lH NMR (CDCl3, 200 MHz!: 6 = 0.37 [l] d, 3 = 
E3] s, 0.9 - 1.7 Cl31 m, 2.65 - 2.95 121 
d, J = 13 Hz, 5.26 [11 d, 3 = 8 Hz, 5.38 [l] d, J = 8 Hz, 6.95 [l] a, 7.0 - 7.4 1201 in. lfC WR 
(CDCl 1: 196.44 d, 167.42 s, 165.29 s, 146.37 s, 146.31 s, 144.95 s, 144.56 a, 128.75 d, 128.67 d, 
128.63 d, 128.48 d, 127.40 d, 127.18 d, 126.35 d, 126.05 d, 84.81 d, 83.64 d, 52.46 d, 52.38 d, 
52.10 d, 51.93 s, 51.25 d, 50.37 d, 48.22 d, 47.41 a, 74.25 a, 43.83 d, 42.52 a, 33.79 tr, 33.44 
tr, 30.38 tr, 30.16 tr, 22.29 tr, 22.27 q, 21.84 q, 21.55 q, 20.94 q, 17.43 q, 12.53 q, 12.35 q, 
11.89 q. MS (200 OC): no molecular ion M+ 302 m/e (21%). 206 (151, 193 (71, 181 (91, 167 (loo), 
165 (231, 152 (16). C54H6205. 0.5 H20 (800.1) talc. C 81.06, H 7.93; Found C 80.98, H 7.96. 

4-Ethyl-2,3-dihydro-2,2_furandicarboxylic acid-bia[exo-diphenylmsthyl]-isobornylester (15): 
100 mg of the branomalonate sa prepared under 14s dissolved in 1 ml cyclohexane is treated with 
100 mg sodium hydride (80% oil suspension) andeaolution of 150 mg ethylacrolein in cyclohexane 
for 30 min at room temp. work-up as above yields 42 mg (42% of dihydrofuran 15. IR (CHCl 1: 1740, 
1600 15W 1095 1035 iH NMR (Cm1 E 0.70 [3 a 0.74 [S] a, OXI [3] s, 0385 [31 3 
s, 1:23 131 s, l:l9 [3j a, 1.10 [3] ?t,2:o.M%: ‘1 25 - 185 [;4] m, 2.74 [2] dddd, 3 = 8 Hz, J = 
13 Hz, 4.15 (11, 3 = 13 Hz, 4.24 111, 3 = 13 Hz,‘5.;5 [l];J = 8 Hz, 5.37 [l], J = 8 Hz, 5.70 tl1 
a., 7.0 - 7.3 [201 m. l3C NnR (CDCl 1: 167.78 s, 167.42 s, 146.38 a, 146.32 6, 144.10 a, 137.34 d, 
128.52 d, 128.40 d, 128.29 d, 128.39 d, 127.46 d, 127.24 d, 125.91 d, 125.85 d, 125.46 d, 114.66 a, 
87.58 s, 83.00 d, 82.34 d, 52.92 d, 52.83 d, 51.59 a, 51.41 a, 50.95 d, 50.78 d, 48.23 d, 48.13 d, 
47.41 a, 39.40 tr, 33.22 tr, 32.94 tr, 30.24 tr, 21.85 q, 21.78 q, 21.73 q, 21.60 q, 19.18 tr, 
12.11 q, 11.80 q, 11.60 q. MS (220 *Cl: M+ 790 m/e (W), 304 (14), 206 (12), 193 (151, 181 (Ill, 
167 (loo), 165 (23), 152 (13), 91 (25). As this product obviously is useless for the synthetic 
procedure no further characterization was undertaken. 

2-Ethyl-2-formyl-l,l-cyclopropane-dicarboxylic acid[exo-diphenylmethyll-isobornylbenzylester (14~): 
the bromoester 12c is prepared as described above (see 14s) and 6.3 g (10.9 mm011 of this compound 
as well as 1.83 g (21.2 rnmol) of ethylecrolern is dissolved in 20 ml cyclohexane. This solution is 
quickly added to 800 mg sodium hydride (50 I, oil suspension) and the resulting mixture IS stirred 
for 15 min at room temp. For work-up it is poured into dilute ice cold aqueous acid and extracted 
with dichloromethane. The same solvent is used for the subsequent filtration on silica gel and the 
resulting crude product is dissolved An petroleum ether/ether (1 : 1) from this solution 1.6 g 
(25%) of one pure dlaatereomer crystallize spontaneously. Further materra can be obtained from 
mother liquors on chromatography. m.p. 123 OC; o E -68.6” (c = 1.85). IR (CHCl ): 1740, 1720 
Ctl -l. hi NMR (COCl 400 MHz): 6 = 0.75 [3] a, O?$? [3] s, 1.25 131 s, 0.87 - 1.93 cl21 m, 2.82 
[l] dd, J = 13 HI,~: = 8 Hz, 4.12 [l], J = 13 Hz, 5.18 121 AB-q, J I 12 Hz, 5.25 Cl1 d, J = 8 Hz, 
7.44 [51 a, 6.9 - 7.32 [lo] m, 8.71 El1 s. I% N+lR (CDCl ): 197.39 d, 166.61 a, 165.94 s, 134.79 a, 
128.91 d, 128.86 d, 128.78 d, 128.46 d, 128.31 d, L28.083d, 127.19 d, 126.33 d, 125.99 d, 82.99 d, 
68.25 tr, 53.18 d, 51.60 s, 50.81 s, 47.91 d, 47.46 s, 53.93 d, 41.40 s, 32.82 tr, 30.17 tr, 23.68 
tr, 22.97 tr, 21.76 q, 21.29 q, 11.44 q, 11.05 q. MS (80 OC): W 578 m/e (l#), 302 (511, 206 (271, 
193 (8), 181 (61, 167 (731, 91 (loo), 86 (281, 84 (43). C38H4205 (578.8) Calc. C 78.66, H 7.32; 
Found C 78.64, H 7.35. 

ent-2-Ethyl-2-formyl-l,l-cyclopropane-dicarboxyl~c aciddimethylester (3): a solution of 24.3 g 
(4.20 nnnol) of the mixed diester 14~ in 240 ml ether and 60 ml dichloromethane is cooled to -20 “C 
and at this temperature a solutionof 36 g (642 nvnol) KOH in 240 ml methanol 1s added slowly. After 
5 days at -20 OC the saponification is complete. The reaction mixture 1s concentrated, water is 
added and neutral components are extracted with ether from which the choral iaoborneol can be 
regained. The remaining aqueous phase is acidified with sulfuric acid and again extracted with 
ether. This ether solution is esterifred with diazomethane and evaporated to yield 7.5 g (83%) of 

= l5.5O (e = 3.3)] aldehyde 3 which in every apectroacoplc 
the enantlomerically ‘ure [% to the racemic mixture reportea earlier.8 In shift reagent detail was completely ldentic 
experiments with Eu(tfc13 thus product however, in contrast to the racemic mrxture gave rise to 
only one set of resonance signals (ratio aldehyde to Eu(tfc) : 8.4 mmolf3.4 mnol). To additionally 
prove the configurational stability of the cyclopropane camp und it is refluxed for 24 h in xylene b 
without any change in rotation values. 

2-Ethyl-2-formyl-l,l-cyclopropane-dicerboxylic acid-D-[exo-diphenylmethyll-isobornyleater (14d): 
50 mo (0.087 nxnol) of diester 14c 1s after addition of 50 mq Pd/C (10%) hydroqenated in dioxan. 
After 2 h the solution is filtered and the solvent is evaporated to yield.35 mg (83%) of the acid 
14d which does not form any lactol -> see NIR data. lH FMR (COCl 90 MHz): 6 = 0.78 [31 a, 0.8 
m s, 1.26 [31 a, 0.05 - 2.03 [121 m, 2.86 [11 dd, J : 13 Hz, J .3; Hz, 4.25 [11 d, J = 13 Hz, 
5.37 [11 d, J : 8 Hz, 7.1 - 7.4 [lo] m, 9.03 [l] s. 

ent-l0-Ethyl-4-oxo-l,2,3,4,6,7,12,l2D-octahydro-l,3-cycloindolo[2,3-a1qu~nolizin-3~-carboxyl~c 
acidmethylester (4): 4.9 g tryptamine (30.6 mmol) is dissolved in 40 ml warm toluehe and 7.2 g 
(33.6 mmol) of aldehyde 1 dissolved in 5 ml toluene is added after 2 h at room temp. the solvent is 
evaporated i.vac. and the remsining oil is dissolved in 40 ml acetic acid and left at room temp. 
for one week (TLC control!). Uster IS added and the reaction products are extracted with dichloro- 
methane. The organic phase is washed with sodium hydrogencarbonate solution and brine, dried 
(MgSO 
lacta R 2. All pure enantiomera of this series did create problems with crystallization in contrast I 

) and evaporated. The crude product is purrfied by flash chr~atography to yield 5 g (50%) of 
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to their rscemic counterparts which are readily crystallizing compounds of low solubility. All 
spectroscopic data *are in caaplete agreement. 
C19H2003N2 (324.1) Calc. 324.1473; Found 324.1473 (MS) a5R9 = -32.3O (c = 3.07). 

ent-lQ-Cyanmethyl-la-ethyl-3-oxo-2,3,5,6,.ll,llb0-hexahydroindolo[B,7-b]indole (Se): 2 g (6.17 ~1) 
of lactam 4 is dissolved in 80 ml dry dimethylformamid-a, 1.6 g potassium cyanide and 400 mg 
lithium iodide are added. The mixture is refluxed for 2 h, poured into sodium hydrogencarbonate 
solution and extracted with dichloromsthane. After evaporation of the solvent, chromatography with 
dichloromathane/ether (1 : 1) yields 900 mg (50%) of nitrile 59. Acidification of the aqueous phase 
and extraction provided the rest of the materielas an acid whzh on subsequent esterificetion give 
rise to lectern 4 again, thus improving the efficiency of this transformation. Again spectral data 
of the nitrile corresponds perfectly to those of the racemic mixture. 
C1RH19N30 (293.2) Calc. 293.1528; Found 293.1528 (MS) aso = +95.W’ (c : 0.95). 

ent-D-Noreburnamonine-l&one (7): 6 g of nitrile 5s is added to a solution of 30 g potassium 
hydroxide in 50 ml methanol end 30 ml water. Afteraddition of 2 ml hydrogen peroxide (35%) this 
mixture is heated for 3 h at 80 OC, diluted with aqueous acid and under still alkaline conditions 
neutral by-products are extracted with ether. Subsequently the solution is acidified and extracted 
with dichlorcmethane to yield after evaporation 5.6 g of the crude acid 2. To reduce oxidation 
products formed in the process this product is dissolved in 60 ml dichloromethane and treated with 
1 g tetraethylasnnoniumtetrahydridoborate for 30 min. For work-up the mixture is shaken with dilute 
acid. The organic phase is dried (HgSO 

t 
), evaporated and 4.2 g of the acid prepared thia way is 

left in 135 ml trifluoro acetic acid a rornn temp. for 15 h. After evaporation the residue is 
dissolved in dichloromethane and washed with soda solution and brine. On evaporation of the 
dichloromethane 1.92 g (49%) of diiactam6 1 is obtained. (Leaving this product in ether at low 
temperature led to the formation of crystals of the racemic mixture. After complete removal of 
these crystals the mother liquor proved to be one pure enantiomer and can be used as such.) 
C1RHlRN202 (294.1) Calc. 294.1368; Found 294.1368 (MS) a5S9 = -228s (c = 0.64). 

ent-4,1E-seco-0-Noreburnamonine-la-carboxylic acidethyleater (9a): 500 mg of lactam 1 are 
dissolved in 10 ml dry dichloromethane and a solution of l g triethyloxoniumhexafluorophosphate in 
15 ml dry dichloromethane is added. After 15 h at room temp. this mixture is treated with 5 ml dry 
methanol and left at room temp. for another 4 h. The dichloromethsne is extracted with dilute 
aqueous acid and this water phase is extracted a fe 
adjusting to ptl R by the addition of soda the ester a 

times with ether which is discarded. After 
9a is extracted with dichloromethsne and 

spectral data obta‘ned after evaporation of the solve;;f proves to be completely identical to those 
published already. t 

snt-lR-oxo-Eburnamonine (10a): to a solution of 200 mg of ester 98 in 6 ml acetonitrile 1 ml of 
HOnig base and 2 ml of bromoacetic acidethylester is added and the mixture stirred under reflux for 
3 h under argon. Dichloromethane is added and the solution is washed with aqueous sodium hydrogen- 
carbonate, dried and evaporated to yield 240 mg (96%) of diester W. This material is redissolved 
in 5 ml dry dioxin 250 mg sodium hydride (50% oil suspension) is added and the resulting mixture 
is treated with eight drops of ethanol. After 15 min water is added and the O-ketoester is 
extracted with dichloromethane. After evaporation of the solvent the residue is refluxed for 4.5 h 
in a solution of 400 mg lithium iodide in 40 ml dimethylformamide and again evaporated. The residue 
is dissolved in dichloronmthane and washed with dilute acid, sodium hydrogencarbonate, and brine. 
After evaporation and purification by chromatography (ether) a yiel 
obtained. m.p. 181 V, a = -134.0° (c I 0.6). IR (KBr): 1710 cm- 

3885 - 1.80 [21 m, 

St of,‘~,o:,;;; ke;zH$ ia. 

1.0 [31 tr, J = 7.5 Hz, 2.20 [2] ABq, J = 14 Hz, 2.73 [41 ABq, ?= 17 Hz, 2.91 
- 3.50 [4] m, 4.23 [I] s, 7.28 - 7.50 [31 m, 8.30 - 8.43 [l] m. MS (110 OC): M+ 308 m/e (loo%), 
279 (39), 167 (39), 168 (33), 180 (39), 222 (35), 224 (57), 251 (32). C H N 0 (308.2) Calc. 
308.1524; Found 308.1524 (MS). Calc. C 73.99, H 6.54, N 9.09; Found C 7f?61? b g.55, N 9.07. 

(-)-Eburnamonine (-)-1: route A: 10 mg of ketone 10a dissolved in 1 ml chloroform is treated with 
220 mg 1,3-propanethiol and a few drops of borontzluorate etherate. After 17 h at room temp. 
dichlorcmethane is added and this solution is wasQdF;;;t;CEtium h drogencarbonate, dried and 

~y~~“ra:8~O’p2~1~~dl~6m~ :‘P~2sfm’“;~~J’r:]~‘2.5D - 3.05 [lb] 
20 6 FHz): 6 = 1.03 [31 tr, J = 7.5, 

7.47 [31’m, 8.33 - 8.40 [ll 
m, 3.14 - 3.24 [l] m, 3.40 - 3.50 

(21 m, 4.10 [l] s, 7.25 - m. MS (140 OC): H+ 398 m/e (77X), 369 (R), 
341 (a), 323 (16), 292 (ll), 266 (ll), 263 (15), 251 (ll), 219 (loo), 196 (23), 184 (30), lR0 (20)~ 
178 (45), 177 (48), 154 (27). C 
This thioketal is stirred in ac a? 

H N 0 S (398.1) Calc. 398.1486; Found 398.1484 (MS). 
o % &#h2Raney-Ni, filtered and evaporated to yield 5 mg (70%) 

(-)-eburnamonine identical with a sample from natural sources. 

Route 6: 40 mg of ketone 10a is dissolved in 1.5 ml dry dichloronxsthane, taken to -78 ‘C and 
treated with 0.2 ml of a Insolution of L-selectride. After 15 min 1 h11 methanol is added and the 
mixture is taken at room temp. and diluted with dichloromethane. This solution is washed with 
sodiun hydrogencarbonate, dried and evaporated to yield 39 mg (97%) of alcohol a. C19h22N202 
(310.2) Calc. 310.1681; Found 310.1680 (MS). 
22 mg of this alcohol 1Oc is dissolved in 3 ml dry tetrahydrofuran, 50 mg sodium hydride (50% oil 
suspension) is added andafter 10 min at rocm temp. this mixture is treated with 0.3 ml of carbon 
diaulfide and 0.4 mol methyl iodide. After 1 h at room temp. the mixture is hydrolyzed with dilute 
acid, extracted with ether (*hich is discarded), brought to pH R with soda solution and extracted 
with dichlorcmethane. After evaporation of the solvent 24 mg (85%) of the xanthogsnste @ is 
obtained. 

Eburnamonine-17a-xanthoqenate 10d: IR (CHCl ): 1700, 1060 cm-l. ‘H N(R (CDCl 200 rmr): 6 = 0.95 
T3T tr. J = 7.5 Ht. 1.20 - 1.45 f31 m. 1.5S3- 1.75 [l] m. 2.10 - 2.45 123 m.3;.5R 131 a, 2.60 - 
2.80 [31 m, 2.80 I’ 3.04 [l]-m, 3:3i -‘3.41 [2] m, 4.19 Cl] a, 5.67 111 ai 7;25 - 7.45 [31 mv R.30 
(S6), Re40 196 [l] (l3), m. MS 180 (l3O‘sC): (21), 168 M+ 400 (26), m/e 167 (9%), (33), 293 149 (loo), (l6), 292 125 (44), (l9), 279 123 (SO), (la), 263 lli (31)s (31). 229 (12)~ 224 
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C H N 0 S (400.1) Calc. 400.1279; Found 400.1278 (MS). 10 mg of xanthoganate w ia diesolved 
iK1 3 1 t 1 ens and after addition of 1 ml tributyl-tin hydride and a few mg of AIBN refluxed for 29 2 8 8 
90 min, taken to dryneaa and purified by TLC (dichloromethane/methanol 20 : 11. 4 mg (59%) of pure 
(-)-eburnamonine ia obtained this way. 

14-Hethylene-deaoxy-aburnmnine (23): to a solution of 3.1 ml dibromomethane in 80 ml tetrahydro- 
furan 8.8 a zinc.duat is added and the mixture is cooled to -78 OC. 3.7 ml titanium tetrachlorida 
is added &d stirring is continued at 0 OC for 24 h. To the resulting gray auspenaion 1.53 g (-)- 
eburnamonine dissolved in 7 ml dichloromathane is added and the mixture left uith stirring for 
72 h. The reaction mixture is poured into aqueous aoda solution and the base is extracted with 
dichloromethane. After evaporation of the solvent the crude reaction product is purified by 
chromatography (dichloromethane/wmthanol 50 : 1) and 1.07 g (70%) of he vinylindole is obtained. 
m.p. 120 OC. UV (CH30H): 305, 294, 250 nm. IR (CHCl 1: 1615, 1645 cm- ! . lH TVIR (CDCl , 200 MHz): 
6 = 0.92 [3] tr, J q 8 Hz, 1.0 - 1.9 [4] m, 1.95 - 3.15 [l] m, 2.3 - 2.65 [6]=m11:6;3(c ;.;585;] m, 

- 3.40 [2] m, 3.92 [l] s, 4.50 [l] s, 5.23 [l] s, 7.1 - 7.3 121 m. a 
~,$,,N, (292.4) Calc. C 82.15, H 8.27, N 9.58; Found C 82.52, H 8.05, N 3826. 

. . 

(+I-Apovincaminal (24dl: 400 mg of vinslindole 23 is dissolved in 15 ml dry tetrahydrofuran and 
after addition of 250 ma N-bromo-auccinimide stirred at room temo. for 90 min. Sodium hvdrooen- 
carbonate is added and the reaction product is extracted with dichloromethane. Evaporation of the 
solvent and chromatography (dichloromethane/methanol 100 : 11 yields 270 mg (53%) of the unstable 
broom compound 24a which is imediately transformed into the acetate 24b by refluxing for 3 h ln a 
solution of 2 gpotsssium acetate in 30 ml acetic acid. After evspora=n, redissolving in 
diohloromethsne and washing with aqueous soda solution, removal of the solvent and subsequent 
chromatography (dichlorom-sthanr’methsnol 50 : 1) gives rise to 230 mg (92%) of acetate 24b. lH MR 
(CDCl 1, 200 Mz): 6 I 1.0 [3] tr, J = 8 Hz, 2.92 - 3.14 [ll m, 3.23 - 3.40 [3] m, 4.2nl] 8, 
4.55 121 ABq, J t 12 Hz, 5.22 [l] s, 7.08 - 7.30 [z] m, 7.44 - 7.53 [l] m, 7.6 - 7.68 [l] m. MS 
(170 OC): fl+ 350 m/e (36%), 321 (1001, 291 (191, 280 (881, 278 (171, 260 (341, 235 (101, 221 (14). 
Room temp. hydrolysis (4% potassium hydroxide in methanol, 20 min) provided a 90% yield of 

dioxide oxidation (dichlorcmathsne, room temp., 30 min) 
UV (CH OH): 312, 271, 257, 235 txn (qualitative). IR (CHCl 

90 AHz): 6 I 1.05 [3] tr .I = 7.5 Hz 1.16 - 2.15 161 2 
1: 

4.13 [l] 8, 6.18 [l] 8, ;.lO - 7.33 !2] m, 7.33 - 7.70 !2] m, 
9.54 [l] s. WS (70 CC): M+ 306 m/e (38%), 277 (1001, 247 (191, 230 (92), 228 (la), 220 (111, 193 
(16). a 
further 

5B9 = +348.3O (c = 0.61. 
reatmsnt as described by H.Najer and Y4gaacal 15 generates spovincamine which has been 

transformed into vincamine by W.Oppolzer et al. 

(+)-Eburnsmonine (+)-1 is prepared from lactam 4 according to the procedure described in lit.5 
The following intermediates are characterized aa pure enantiomers. 

ent~-Cysn-la-ethyl-3-oxo-2,3,5,6,11,ll0-hexahydro-1H-indolizino[8,7-b]indole-lO-propionic acid- 
methylester (6): C21H2303N3 (365.2) Calc. 365.1739; Found 365.1735 (tlS) a589 I +95.4O (c = 1.54). 

ent-12ca-Ethyl-l,2.3aa,4,6,7,12,12b0-decahydrocyclopent[1,2]indolizino[B,7-b]indole-3,4-dione (21): 
C12H20N202 (308.2) Calc. 308.1524; found 308.1524 (MS) a5f,9 = -65.9O (c = 1.72). 

ent-2a-Ethyl-5-oxo-2-(l~,2,3,4-tetrshydro-Q-carboline-l-yl)-cyclopentane-carboxylic acidmathylester 
(22): C21H26N203 (354.2) Calc. 354.1943; Found 354.1943 (MS) a589 = +29.5O (c = 0.79). 

ent-19-oxo-Eburnsmonine (8): C19H2002N2 (308.2) Calc. 308.1524; Found 308.1524 (MS) 
a589 = +194.1° (c I 0.7). 
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