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'deceased 

At!&& - A synthesis of 12-azaebumane skeleton is described. The synthetic sequence 

has been successfully applied to the preparation of 12-aza analogue of the cerebral 

vasodilator, ethyl apovincaminate (CavintonP) and some related derivatives. 

The ebumamine-vincamine alkaloids represent an important and therapeutically potent group of natural products.' A non- 

natural semi-synthetic derivative, ethyl apovincaminate (Vinpocetine, Cavinton') bas been in medical use in several 

countries as a cerebral vasodi lat~r .~ Although aza analogues of bioactive cyclic compounds are often favorite target of 

analogue research, of the possible azaeburnane skeletons only the 15-aza3, the 17-aza' and 18-aza5 structures have been 

synthesised and published until now. As part of our research activities towanls potentially active analogues of 

vinpocetine, we have synthesised the first examples of 12-azaebumane derivatives: 

7-Azahyptantine was prepared according to the literature'.'' (Scheme 1). The reduction of ninile Q, however, was more 

conveniently performed - particularly on a larger scale - by using Ni/AI alloy instead of the reported catalytic 

hydrogenationL0 (see Experimental). 

scheme 1 Preparation of 7-azatryptmine 

1 i) Me ( i i )  - ( i v )  

M e .  R e f . 7 .  - Rcf.8. R e f . 9 .  

N H 2  H 

Rearcnfs: ( i )  N a N H 2 ;  ( i i )  c n ( O ~ t ) ~ ;  ( i i i )  p h N H M c ;  ( i u )  N a N H z I P h N H M e ;  ( v )  H C H O / H N H e z ;  

( v i )  M c z S 0 4 .  K C N ;  ( v i i )  H 2 1 R a n c y  NI (Rcf.10.) o r  N I - A i / N a O H  ( s e e  Exp.1 
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For construction of rings C and D we followed the route elaborated on by S h t a y  and w-workers for the synthesis of 

the corresponding carba analogues" (Sceheme 2). Thereaction of 7-azatryptamine (9) with 3-ethyltetrahydropyran-2ane" 

(adyl-6valerolactone) in refluxing chlorobenzene resulted in amide (Z) in good yield. Bischler-Napieralski closure 

of ring C was performed in retluxing POCI, with simultaneous chlorination of the terminal OH group. Subsequent 

treatment with NaOH solution resulted in intramolecular N-alkylation to give the desired key intermediate @) - the aza 

analogue of "Wenkert's enamhe"" - in good yield. 

Scheme 2 Furnishing the 11-azaindolo[2,3-a]quinolizidine skeleton 

1.POCL3/xylene 

OH - 
H P h C i ,  r e f .  

( l o ) b  (11)~.= 
a c h a r a c t e r i z e d  a s  f u m a r a f c  s a l t  ( r e c  Exp.). i s o l a t e d  b o t h  i n  p e r c h i o r a r e  s a l t  

a n d  in h a r e  f o r m  ( s e e  Exp.). T h e  c ~ r r c r p o n d i n g  c f h y i  e s t e r  ( l l a )  h a s  a l s o  b e e n  

p r e p a r e d  ( s e e  Exp .  ). 

Of the several available strategies for the construction of the E ring, the acrylate addition - reduction - nitrosation - NO- 

elimination sequence" was chosen (Schemes 2 and 4). In the reaction of methyl acrylate with enamine @), laner proved 

to be less reactive than the corresponding C-compound (presumably due to the electron withdrawing effect of the 

pyridine N atom): No reaction was observed under those conditions which were successfully used in the case of the carba 

analogue." The desired addition could be realized, however, when a strong base (KO'Bu) was applied. This behaviour 

can be rationalized by assuming the deprotonation of the NH group: the negatively charged azaindole ring would have 

no more electron withdrawing effect on the conjugated exocyclic double bond. The resulting adduct was converted for 

easy isolation into iminium perchlorate (I?), which was isolated in 45% yield. 

Catalytic hydrogenation of 2 introduces two cbiral centre into the molecule simultaneously, and results consequently in 

the formation of diastereomeric products. From the reaction mixture two diastereomer perchlorate salts @ x HCIO, and 

Il x HCIO,) were isolated and separated by kinetic crystallization in nearly quantitative (95.5 %) overall yield, in a ratio 
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of 2.2:l. The quinolizidine ring exists in both isomers in t h e m  configuration, which is indicated by the Boblmann 

bonds (2800 - 2700 cm-') in their ir spectra,'+ by the signal of the 12b proton at 3.3 ppm in the 'H-nmr spectra, and 

by the C-4 (56.9 ppm) and C-7 (21.9 ppm) carbon signals in the "C-nmr spectra." Further analysis of the 'H-nnu 

spectra of the corresponding bases @ and 1L) allowed determination of the & or arrangement of the C(12b)H 

and C(l)& groups and made it possible ta select the isomer which is stereochemically equivalent a) with the 

corresponding vinpocetine intermediate. The assignations were based on the CH,(Et) proton signals, which showed the 

same characteristic stereodependence as in the case of the analogue carba derivatives!' 

Table 1 Stereo-correlation of the characteristic nmr signals of carban- and azaindolo[2,3-alquinolizine structures 

Me@) 12b-H C-4 C-7 

carba &s 1.16 3.33 56.7 21.9 
(12b-H:a; I-Et:a) 

carba trans 0.67 3.32 56.9 22.1 
(12b-H:m; I-Et: ) 

llJ base 0 1.12 3.33 56.8 21.7 

U base (trans) 0.68 3.33 56.9 21.9 

Interestingly, in the 'H-nmr spectrum of the protonated form of 11 (HCIO, salt) - where the bridgehead nitrogen atom 

becomes stereogenic - the diastereomeric C I D - a  and C I L - Q g  forms exhibit separate signals; in our case in a ratio 

of approx. 9:1, in favour of the CID-~ans species (see Exp.). 

The selected &isomer (JQ) was resolved with dibenzoyltartaric acid in practically quantitative yield (Scheme 3). The 

corresponding enantiomeric acids [(+)-and (-)-W and ethyl esters [(+)- and (-)-121 were also prepared in good yields 

by hydrolysis or trans-esterification of (+)- and (-)-10, respectively. The optical purity of the isolated enantiomeric 

methyl ester bases [(+)- and (-)-rn were checked by optically active nmr shift reagent [Eu(tfc),l : no peak duplication 

was observed (positive control: racemic 10, see Exp.). 

scheme 3 Optical resolution of (*)-Sa 

D B T  - d i b c n r o ~ i t a r f a r i c  a c i d  

T h e  c o r r c a p q n d i n g  e a r b o x y l i c  a c i d s  [ ( + I -  a n d  I - I - - ]  h a v e  a l s o  b e e n  p r e p a r e d  

( s e e  Exp.). 
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The separated enantiomem were compared with the corresponding vinpocetine intermediatelJ by using circular dicbroism 

spectroscopy, to select the enantiomer of identical absolute configuration. Although no unambiguous conclusion could 

be drawn from the spectra, (-)-14 was suggested as the most likely enantio-equivalent isomer (i.e.lS,IZbS) and was 

consequently selected for further transformations. This suggestion was proven later by the CD analysis of the final 

product: (-)-ethyl 12-azaapovincaminate [(-)-u gave practically identical CD spectrum to that of vinpocetine (Figurel). 

Methyl ester [(-)-rn was next converted to ethyl ester (12); this m-esterification was found w be most conveniently 

performed at this stage of the sequence. The reaction was performed with potassium kn-butoxide in abs. ethanol w give 

(-)-u in high yield (Scheme 4). 

Nitrosation at the a position of the ester side chain was carried out with M-butyl nitritelpotassium m-butoxide in 

dimethylformamide solution. Contrary to the carba analogues,16 the hydroxyimino-propionate intermediate ring-closes 

d, and hydroxylamino-ester [(-)-a was directly obtained from the reaction. The product was isolated and purified 

in Ldibenwyltartrate salt form. 

Scheme 4 C o n s t r u c t i o n  o f  the E r i n g  

- 
E t O O C  EfOOC 

OH 

a prepared from t h e  c o r r e s p o n d i n g  L - D B T  *alt (Scheme 3.1 b y  e x t r a c t i o n  ( s e e  E x p . )  

p u r i f i e d  L-DBI s a l t  ( s e e  Exp.1 

Elimination of hydroxylamine from the carba analogue of U can be easily performed by acidic t~eatment.'~ However, 

with compound a, no reaction was obsewed under similar conditions. Preventing the protonation of the hydroxylamine 

group by the neighbouring, positively charged protonated pyridine nitrogen atom seems to be reasonable explanation of 

this failure. After several unsuccessful attempts, finally the oxidative elimination of the NHOH function led us to the 

desired azaapovincaminate derivative [(-)-M, which was purified d Ldibenznyltamate salt form. As a side product, 

the corresponding azaeburnamonine a was also isolated in comparable yield (mp 183 - 185 "C). Based on their CD 

spectra [(-)m was shown to have identical absolute configuration (3S.169 to that of vinpocetine (Figure 1). Compound 

[(-)-MI was tested for it's cardiovascular activity, and exhibited no considerable effect. 



HETEROCYCLES, VOI. 37, NO. 3,1994 ?en 

Figure I CD spectra of vinpocetine and it's 12-aza analogue [(-)-MI 

N- of wmp.: CAVINTON (------) 
Mo1.w.: 350.42 
Solvent: elhand 
Molar wm.: 0.77621 mmol/l 
L = 325.6 nm Deps = - 4.673 
L = 294.2 nm Deps = + 3.625 
L = 278.4 nm Deps = - 5.212 
L = 231.2 nm Deps = + 66.998 
L = 203.2 nm Deps = - 14.511 
L = 255.0 nm Deps =(+ 3.486) 

Name of comp.: (-)-1_4 (- ) 
Mo1.w.: 351.44 
Solvent: ethanol 
Molar canc.: 0.24684 mmolll 
L = 298.8 nm Deps = + 3.857 
L = 271.2omDeps = - 11.442 
L = 231.8 nm Deps = + 30.543 
L = 205.2 om Deps = - 14.296 
L = 248.0 om Deps =(+ 2.705) 

EXPERIMENTAL 

Melting points were taken o n  a Buchi 535 capillary melting point apparatus and are uncorrected. Ir spectra were obtained 

on a Nicolet 20 DXC FT-IR spectrophotometer. 'H and "C nmr spectra were recorded either on a VARlAN VXR-300 

(30001) and 75(C) MHz) o r  on a VARIAN EM-360 (60 MHz) spectrometer. Elemental analyses for C,H,N were 

performed on Heraeus C,H,N Rapid model. Circular dichroism spectra were recorded on a Jobin Yvon Dichrograph 

111. insuument. Abbreviations LDBT and DDBT are used for L- and DdibenroyltaRrate. 

3-(2-Aminoethyl)pymol0[2,3-blpyridine (7-azatryptarnine) (@. To a stirred solution of nitrile a'' (48.0 g, 0.3 mol) 

in a mixture of ethanol (600 ml) and 2.5 N NaOH (600 ml) nickel-aluminum alloy (Fluka No. 72240,580 g) was added 

in 1 h, while keeping the temperature below 20°C. After stirring the mixture for another hour at room temperature the 

catalyst was filtered off and the ethanol was evaporated under reduced pressure. The resulting aqueous solution was 

extracted with dichloromethane (5 x 100 ml), the dichloromethane solution was dried over anh. NaSO,, then evaporated 

to dryness to yield 6 (44.6 g, 90.6 46) as a yellow solid, mp 126 - 127°C . For identification a sample was converted 

into acetate salt, and had identical melting point to the published datai0 (155 - 160 "'2). 



1812 HETEROCYCLES. Vol. 37. No. 3,1994 

N-(2-Ethyl-5-hydroxypentanoyl)-7-azatryptaie 0. A solution of m i n e  &) (116.8 g, 0.725 mol) and 3- 

ethyltetrahydropyran-24 (a+thyl4-valerolactone, 105 g, 0.82 mol) in chlorobenzene (700 ml) was retluxed for 3 

h. The solvent was evaporated under reduced pressure and the residue was crystallized with ether to g ive1  (161.6 g, 

77%), mp 91 - 92 "C. Recrystallization from ethyl acetate gave pure 7 monohydrate, as a white powder, mp 92 - 94°C; 

u: 3600 - 2400 (NH + OH), 1635 (C=O), 1065 (C-OH) cm"; 'H-nmr (60 MHz, DMSOdJ: 11.40 (IH, b, indole NH), 

8 .29(1H,dd, l  = 4.8and 1.4Hz),8.05(1H,dd, l  = 7.1 and 1.4Hz),7.30(1H, b),7.10(1H, d d , 1 = 7 . l  and4.8 

Hz,arom.),8.00 (lH,b,CONH),4.10-1.00(16H,m,6xCH,+ CH + OH + H,O),0.80(3H,t,I = 6.2Hz, 

CHJ; Anal. Calcd for C,&N,O,: C, 62.52; H, 8.20; N, 13.67. Found: C, 62.68; H, 7.84; N, 13.06. 

ll-Aza-1-ethyl-2,3,4,6,7,12-henahydroindolo[2,3]quinoline (8). A solution of amide (Z) (20.0 g, 0.07 mol) in a 

mixture of phosphoms oxychloride (100 ml, 1.07 mol) and xylene (100 ml) was stirred and refluxed for 1 h. The 

mixture was evaporated under reduced pressure, and to the residue 4N NaOH solution (300 ml) was added. The solution 

was stirred at 100°C for 1 h then diluted with water (700 ml) and extracted with dichloromethane (5 x 100 ml). The 

organic solution was dried over anh. NGO,, then evaporated to dryness m give 12.8 g (71%) of solid product which 

was used for the next step without further purification. For analytical sample the solid residue (1.28 g) was dissolved 

in hot ethanol (10 ml), treated with charcoal, then a hot solution of fumaric acid (0.58 g, 5 mmol) in ethanol (7.5 ml) 

was added while stirring. The resulting salt was allowed to crystallize at 5°C overnight then was filtered off and washed 

with ether to give 0.39 g yellow solid, mp 208°C. Recrystallization from methanol (32 ml) resulted in pure fumarate 

(8 x C,H,OJ (0.38 g, 20%), mp 225 - 226°C; ir: 3200 -2200 (NH'), 1705 (COOH), 1660, I628 (C=C) cm-'; Anal. 

Calcd for GH,N,O,: C, 65.03; H, 6.27; N, 11.37. Found: C, 65.54; H, 6.29; N, 11.51. 

ll-Aza-1-e(hyl-2,3,4,6,7,12-henahydr0-1-(2-meth0~ycarb0nyIethyI)-1~-indoI0[2,3-~1]quinoIi~in-5-ium perchlorate 

($9. Cmde enamine (8) (25.3 g, 0.1 mol), methyl acrylate (20.8 ml, 0.23 mol) and potassium m-butoxide (13.4 g, 

0.12 mol) were dissolved in dimethylformamide (500 ml) containing 0.5% water. The solution was stirred at room 

temperature for 20 h, then evaporated to dryness under reduced pressure. The residue was dissolved in methanol (1000 

ml) and, while cooling in ice-bath, 60% perchloric acid (approx. 41 ml, 0.25 mol) was added to set the pH to 2. The 

resulting potassium perchlorate was crystallized at 5°C overnight then filtered o& To the filtrate IN NaHCO, solution 

(approx. 300 ml) was added to set the pH to 7. The methanol was removed under reduced pressure, and to the residue 

ether (500 ml) was added. the product was allowed to crystallize at 5°C overnight then was filtered off and washed with 

distilled water and ether successively to give iminium perchlorate @) (19.7 g, 45 %), mp 180 - 182°C; ir: 3270 (NH), 

1700 (C=O), 1620 (C=N), 1220 (C-0-C), 1070 (b, CIO,) cm-'; 'H-MU (60 MHz, DMSO-d6 - CDCIJTMS): 12.60 

(lH,b, NH), 8 .68(1H,dd,J  = 4.8and 1.4Hz), 8.32(1H,dd,l = 7.9and 1.4Hz), 7 .33(1H,dd,J  = 7.9and4.8 

Hz, arom.), 4.40 - 3.90 (4H, m, 2 x NCHJ, 3.60 (3H, s, OMe), 3.50 - 1.60 (I2H. m, 6 x CHJ, 0.78 (3H, t, 1 = 6.2 

Hz, CH,/Et); Anal. Calcd for C&,N,O,CI: C, 54.61; H, 5.96; N, 9.55. Found: C, 54.60; H, 6.00: N, 9.55. 

(1RS,12h~-ll-Aza-l-ethyI-l-(2-methoxyearbnnylethyl)-l,2,3,4,6,7,12,12b-0ftahydroindolo[2,3~lquinolizine 

0. lminium perchlorate @) (17.6 g, 40 mmol), dissolved in a mixture of dimethylformamide (460 ml) and water (2.4 

ml) was hydrogenated in the presence of 10% palladiumlcharcoal catalyst (1.16 g) by bubbling a hydrogen stream 

through the stirred solution for approx. 5 h (tlc). After filtration the solution was evaporated under reduced pressure to 

dryness. The residue was crystallized with ethanol (100 ml) at room temperature to yield &perchlorate (LO x HCIO,) 
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(11.6 g, 66%), mp 221 - 223°C; ir: 3680 - 3200 (NH), 1712 (C=O), 1650 (C-N), 1110 (CIOJ, 1607, 1588, 780 

(arom.) cm"; 'H-nmr (60 MHz, DMSOddTMS): 10.80 (IH, br s, NH), 9.30 (IH, b, NH*), 8.43 (IH, dd, 1 = 4.8 

and 1.4Hz), 8.10 (IH, dd,J  = 7.9 and 1.4Hz). 7.23 (IH, dd, J = 7.9and4.8H2, arom.), 4.80 (IH, b, 12b-H), 

3.65 (3H, s, COOMe), 3.80 - 1.10 (16H, m, 8 x CHJ, 1.07 (3H, t, 1 = 7.1 Hz, CH,/Et); Anal. Calcd for 

C&I,N,06CI: C, 54.36: H, 6.39; N, 9.51. Found: C, 54.18; H, 6.73; N, 9.03. 

The corresponding base was prepared with chloroform and I M NaHCO, by standard procedures, and was recrystallized 

from 5x volume of ethyl acetate to give pure L!2 (6.6 g, 74%). mp 112-114°C: ir: 2800, 2755, 2690 (N-CHJ, 1738 

(C=O), 1283, 1165 (C-0-C),1608, 1586,768 (arom.) cm-I; Wnmr (300 MHz, CDCI,/TMS): 8.32 (IH, s ,  NH), 8.20 

( lH ,dd , I  = 4.8and 1.4Hz),7.75(IH,dd,J  = 7.9and 1.4Hz),7.04(1H,dd, l  =7 .9and4 .8Hz ,  arom.),3.55 

(3H, s, OMe), 3.35 (IH, s, 12b-H), 3.10 - 1.40 (16H. m, 8 x CHJ, 1.13 (3H, t, I = 7.1 Hz, Me); "C-nmr (75 MHz, 

CDCI,): 174.5 (C=O), 148.7, 142.4, 133.6, 125.8, 119.2, 114.8, 110.4 (azaindole), 65.9 (N-CH), 56.8, 53.8 (2 x 

N-CHJ, 51.4 (OCHJ, 39.3 (ClqO, 32.3, 30.7, 28.5, 28.4, 21.9, 21.7 (6 x CHJ, 7.9 (CH,/Et); Anal. Calcd for 

C&I,,N,O,: C, 70.35; H, 7.97; N, 12.31. Found: C, 70.46; H, 8.04; N, 11.90. 

(1~,12bSR)-ll-Aza-1-ethyl-l-(2-methoxy~honylethyl)-l,2,3,4,6,7,12,12baetahydroindolo[2,3~ 

0. The ethanolic mother liquor from preparation of perchlorate (JQ) was left to crystallize at room temperaNre for 

3 days. The separated crystals were isolated by filtration and the crude product (5.2 g) was recrystallized from methanol 

(75 ml) to give m-perchlorate  a x HCIO,) (4.7 g, 26.6%), mp 222 - 223 "C; ir: 3426, 3279, 3078 (OH + NH + 
NH*), 1727, 1714 (C=O), 1221 (C-0-C), 1112 (CIO,), 1609, 1587, 774,756 (arom.) cm-'; 'H-nmr (300 MHz, DMSO 

d,fTMS; minor peaks in parentheses: see Discussion): 11.00 (11.50) (lH, s, NH), 9.00 (10.10) (lH, m, NH+), 8.30 

( lH,dd,  J = 3.4and 1.4Hz),7.94(1H,dd,J =6 .4and  1.4Hz),7.13(IH,dd, J = 6 . 4 a n d 3 . 4 H z ,  arom.), 4.85 

(4.55) (lH, d, I = 10.6 Hz, 12b-H), 3.67 (3H, s, COOMe), 3.80 - 1.10 (l6H, m, 8 x CHJ, 0.76 (0.55) (3H, t, J = 

7.4 Hz, CH,/Et); I%-nmr (75 MHz, DMSOdJ: 173.2 (C=O), 143.7, 142.6, 127.5, 126.5, 117.7, 116.0, 108.1 

(azaindole), 66.7 (N-CH), 54.7, 51.4 (2 x N-CHJ, 53.6 (OCHJ, 38.7 (Clqn, 31.3, 28.7, 28.1, 23.4, 18.8, 18.5 

(6 x CHJ, 6.8 (CHJEt); Anal. Calcd for C&l,N,O,CI: C, 54.36; H, 6.39; N, 9.51. Found: C, 54.28; H, 6.40, N, 

9.40. 

The corresponding base a) was prepared as above (10) and recrystallized from ethyl acetate to g i v e u  (3.3 g ,  95%), 

mp 136 - 1 3 7 C ;  ir: 3330 (NH), 2800, 2760 (N-CHJ, 1718 (C=O), 1203, 1037 (C-0-C), 1604, 1579, 772, 761 

(arom.) cm-'; 'H-nmr (300 MHz, CDCIJTMS): 9.21 (IH, s, NH), 8.23 (lH, dd, J = 4.8 and 1.6 Hz), 7.73 (lH, dd, 

I = 7.7 and 1.6 Hz), 7.00 (lH, dd, J = 7.7 and 4.8 Hz, arom.), 3.80 (3H, s, COOMe), 3.34 ( lH,  s, 12b-H), 3.02 - 

1.26 (14H, m, 7 x CHJ, 2.01 (IH, m), 1.17 (IH, m) (CH,IEt), 0.68 (3H, t, J = 10.5Hz, CH,/Et); "C-nmr (75 MHz, 

CDCI,): 175.2 (C=O), 149.1, 142.6, 133.5, 125.5, 119.1, 115.5, 110.3 (azaindole), 66.3 (N-CH), 56.9, 53.8 (2 x 

N-CHJ, 52.3 (OCHJ, 39.5 (C/q/), 32.9, 32.0, 28.3, 25.4, 22.0, 21.9 (6 x CHJ, 7.3 (CH,IEt); Anal. Calcd for 

W:,N,O,: C, 70.35; H, 7.97; N, 12.31. Found: C, 70.45; H, 7.99; N, 12.56. 

(1R~,12bSR)-l1-Az~-l-(2-ethoxyesrbonylethyllthyl-l,2,3,4,6,7,12,12b~tahydroindolo[2,3+]quinolizin~lla). 

Methyl ester (11) was trans-esterified as described for transformation of compound a) to (see below) to y i e l d r n -  

ethyl ester UW(67.5%),  mp 85 - 86°C ir: 3290 (NH), 2770 (N-CHJ, 1708 (C=O), 1140 (C-0-C), 1606,1584,790, 

769 (arom.) m'; 'H-mnr (60 MHz, CDCIJTMS): 9.35 (IH, b, NH), 8.25 (IH, dd, J = 4.8 and 1.4 Hz) 7.75 (IH, 



dd,J = 7.9and 1.4Hz),6.99(1H,dd,J = 7.9and4.8H2, arom.),4.30(2H,q,l = 7.1 Hz,CH,lOEt),3.31 (IH, 

br s, 12b-H), 3.30 - 1.30 (16H, m, 8 x CHJ, 1.38 (3H, t, 1 = 7.1 Hz, CH,/OEt), 0.70 (3H. t, 1 = 7.9 Hz, CH,); 

Anal. Calcd for C,,H&& C, 70.95; H, 8.22; N, 11.82. Found: C, 71.17; H, 8.09; N, 12.33. 

Optical resolution of (*)-u. To a well stirred solution of racemic base [(+)-MI (10.25 g, 30 mmol) in ethanol (150 

ml) (-)-0,O'dibenzoyl-L-tartaric acid monohydrate (5.65 g, 15 mmol) was added at 5 T ,  and the mixture was stirred 

at the same temperature for 1 h. The precipitated salt was filtered off and washed with cold ethanol to yield (-1- 
(IS,12bS)-M x LDBT salt mowhydrate (10.2 g, 95%), mp 142 - 144°C; [a], = -122.9" @ = 0.8, ethanol - DMF 

21); ir: 3470 (NH), 1720 (C=O), 1265, 1112 (C-0-C), 1625, 1600, 726 (arm.)  cm-'; 'H-nmr (300 MHz, CDCI, + 
DMSOdJTMS): 11.40 (lH, b, NH), 8.11 (4H, m), 7.55 (ZH, m), 7.43 (4H, m, 2 x Ph), 8.06 (lH, dd, J = 5.3 and 

1.5 Hz), 7.85 (lH, dd, 1 = 7.8 and 1.5 Hz), 7.08 (IH, dd, I = 7.8 and 5.3 Hz, mom.), 7.47 (2H, b, 2 x COOH), 

6.01 (ZH, s, 2 x CHI tartrate), 3.53 (3H, s, COOMe), 3.52 (lH, s, 1Zb-H), 3.20 - 1.30 (14H, m, 7 x CHJ, 1.78 (LH, 

m), 1.40 (IH, m, CHJEt), 0.99 (3H, t, I = 7.9 Hz, CH,IEt); "C-nmr (75 MHz, CDCI, + DMSOdJ: 173.8, 169.4, 

164.9(3xC=O), 132.9, 129.4, 129.1, 128.O(Ph), 145.7, 137.6, 133.7, 128.1, 120.7, 114.8, 109.8(azaindole), 72.2 

(CHltartrate), 65.6 (N-CH), 55.8, 53.0 (2 x N-CHJ, 50.9 (OCHJ, 38.7 (Clql), 31.3, 29.6, 27.7, 27.5, 20.6, 20.5 

(6 x CHJ, 7.6 (CH,); Anal. Calcd for monohydrate C,H,,N,O,,: C, 63.59; H, 6.04; N, 5.85. Found: C, 63.3; H, 5.54; 

N, 5.53. 

To the mother liquor (+)-0,O'dibenzoyl-D-tartaric acid monohydrate (5.65 g, 15 mmol) was added at YC, while 

stirring. Isolation of the salt as above resulted in (+)-(lR,IZbR)-1Q x DDBT salt monohydrate (10.2 g, 95%). mp 144 - 

146 "C; [a]. = + 122.6" (g = 0.8, ethanol - DMF 2:l); it, 'H- and "C-nmr spectra are identical with those of (-)-s. 
Determination of the optical purity of (+)- and (-)-10. Racemic base [(f )-KJ (35 mg) was dissolved in CDCI, (1 

ml). To thissolutionEu(tfch (tris[3-(triRuoromethylhydroxymethylene)-(+)-cphorato],europium derivative) (10 mg) 

was added and the 'H-nmr spectrum was recorded at 300 MHz. The following peaks were splined most significantly: 

COOMe (3.63 and 3.61 ppm) and 12b-H (3.52 and 3.45 ppm). The same experiment was carried out with both 

enantiomeric bases [(+)-and (-)-&?I (liberated from the wrresponding DBT salts as described below): no peak duplication 

was observed in both cases (detection limit of the other enantiomer approx. 5%). 

(lS,lZbS)- and (1R,1ZbR)-ll-Aza-lsthyI-1,Z,3,4,6,7,lZ,lZbtahydroindolnZ,]quinolinl-pmpionic acid 

W- and (+)-m. Dibenzoyltartrate [(-)-1Q x LDBT] (3.0 g, 4.3 mmol) was dissolved in a mixture of IN NaHCO, 

(15 ml) and benzene (45 ml) while stirring. The layers were separated, the aqueous phase was extracted twice with 

benzene (10 ml each), then the combined organic phases were washed with water (2 x 10 ml). The benzene solution was 

dried over anh. NhSO,, then evaporated to dryness. The resulting oil was refluxed in ethanolic NaOH solution (0.1 g 

NaOHl45 ml 95% EtOH) for 2 h. To the solution acetic acid (0.6 ml) was added to set the pH to 4, then the solvent 

was removed under reduced pressure and the residue was crystallized with water at 5°C to give acid (-)-(IS,12bS)-rn 

(1.06 g, 75 %), mp 262 - 265 "C, [u], = + 103 " @ = 1, 10% AcOH); ir: 3290 (NH), 3MX) - 2200 (NH'), 1680 

(C=O), 1590 (C=C), 1270 (COOH), 772 (mom.) cm-'; 'H-nmr (60 MHz, pyridine d5/TMS): 11.00 (IH, b, COOH), 

8.80 (lH, b, NH), 8.40 (IH, dd, J = 4.8 and 1.4 Hz), 7.80 (IH, dd, J = 7.1 and 1.4 Hz), 7.07 (IH, dd, J = 7.1 

and 4.8 Hz, arom.), 3.38 (IH, b, 12b-H), 3.20 - 1.30 (16H. m, 8 x CHJ, 1.00 (3H, t, 1 = 6.2 Hz, Me); Anal. Calcd 

for C,&N,O,: C, 69.70; H, 7.70; N, 12.83. Found: C, 69.78; H, 8.03; N, 12.26. 
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The enantiomeric acid was prepared by the same procedure starting from (+I-K! dibenzoyltartrate to yield (+)- 

(IR,12bR)-& (1.13 g, 80%), mp 264 - 267 T; [a]. = - 99" & = I ,  ethanol); ir and 'H-nmr are identical with those 

of (-)-mi Anal. Calcd for C,&I,N,O,: C, 69.70; H, 7.70; N, 12.83. Found: C, 69.70; H, 7.76; N, 12.63. 

Ethyl (lS,lZbS)-and (1R,IZhR)-ll-Aza-l~hyl-l,2,3,4,6,7,12,12b-0ftahydroindolo[2,3~]quinolizinel-propionate 

[(-)- and (+)-a]. Dibenzoyltartrate [(-)-Ul x LDBTI (8.1 g, 11.5 mmol) was conveIted to the corresponding base as 

described above. The resulting oil (4.1 g) was dissolved in abs. ethanol (40 ml) and to this solution sublimed potassium- 

m-butoxide (0.41 g) was added below 5°C. The mixture was stirred at room temperature for 10 h, then cooled to 5°C 

again and acidified with 0.2 ml acetic acid. After evaporation of the solvent, the residue was crystallized with water to 

yield (-)-(IS,IZbS)-I2 (3.62 g, 88%), mp 118 - 120°C; [a], = -139.7" (G = 1, ethanol), ir: 3150 (NH), 2810, 2750 

(N-CHJ, 1726 (C=O), 1163 (C-QC), 1612, 1588, 777 (arom.) cm-'; 'H-nmr (64 MHz, CDCI,/TMS): 8.50 (IH, b, 

NH), 8 .18(IH,dd,  I = 4.8and 1.4Hz),7.75(1H,dd,I  = 7.9and 1 .4Hz) ,7 .0 (1H,dd ,  J = 7 .9and4 .8H2,  

arom.), 4.00 (ZH, q, J = 7.1 Hz, CH,/OEt), 3.30 (LH, br s, 12b-H), 3.20 - 1.30 (16H, m, 8 x CHJ, 1.18 (3H, t, 

I = 7.1 Hz, CH,/OEt), 1.1 (3H, t, I = 6.2 Hz, CHJ; Anal. Calcd for &,H,N,O,: C, 70.95; H, 8.22; N, 11.82. 

Found: C, 70.97; H, 8.35; N, 11.70. 

The enantiomeric ethylester (+)-(lR.12bR)-1_2 was prepared by the same procedure starting from (+)-&I x DDBT, mp 

121 - 123°C; [u], = +139.6" & = 1, ethanol), ir and 'H-nmr are identical with those of (-)-a; Anal. Caicd for 

C,,H&O,: C, 70.95; H, 8.22; N, 11.82. Found: C, 70.99; H, 8.46; N, 12.32. 

Ethyl (3S,16S)-12Aza-14,15-dihydro.14-hydroxylaminburnaminelrboxylate MI dihenzoyltartrate and 

base To a suspension of sublimed potassium ten-butoxide (2.21 g, 20 mmol) in dimethylformamide (10 ml), cooled to 

O r ,  &a-butyl nitrite (0.47 ml, 4 mmol) then ethyl ester (-)-a (2.21 g, 6.2mmol) and further quantity of m-butyl 

nitrite (1.1 ml, 9.5 mmol) was added while keeping the temperature below 5°C. The mixture was stirred at room 

temperature for 2 h, then was neutralized by addition of acetic acid (1.2 ml). The dark solution was evaporated under 

reduced pressure and the residue was solidified with aqueous NaHCO, solution and filtered off. m e  crude product (2.4 

g) was dissolved in a mixture of ethyl acetate (25 ml) and water (25 ml), and to the solution (-)-0,O'dibenzoyl-L-tmic 

acid (3.75 g, 10.5 mmol) was added to result in the precipitation of crude salt (3.5 g, 76%) which was finally 

recrystallized from ethanol-water 1:l mixture to give pure (-)-(3S,16S)-D x LDBT salt (1.75 g, 38%), mp 154 - 155 

T; [a]. = -139.7 " & = 1, ethanol); ir: 3540 (OH), 3500 - 2200 (NH and NH*), 1726 (C=O), 1266, 11 12 (C-0-C, 

1026 (N-OH), 1602, 716 (arom.) cm-'; 'H-nmr (60 MHz, DMSO-41TMS): 8.30 - 6.80 (13H, m, arom.), 5.90 (2H, 

s, CHIta~trate), 5.00 (4H, b, hetero), 4.10 (2H, q, J = 7.1 Hz, CHJOEt), 3.90 (IH, br s, H-3), 3.20 - 1.30 (14H. 

m, 7 x CHJ, 1.18 (3H, t, 1 = 7.1 Hz, CH,IOEt), 0.90 (3H, t, I = 6.2 Hz, CH,). 

The corresponding base was prepared with ethyl acetate and I M NaHCO, by standard procedures to give base (4-12 

(88 %), mp 130°C; [a], = -64.2" & = 1, ethanol); ir: 3420 (OH), 3160 (NH), 2798, 2753 (N-CHJ, 1719 (C=O), 

1289, 1153 (C-0-C), 993 (N-OH), 769 (arom.) cm-'; 'H-nmr (60 MHz, CDCI,/TMS): 9.00 (IH, b, N-OH), 8.20 (IH, 

dd, I = 5.7 and 1.4 Hz), 7.86 (IH, dd, I = 7.9 and 1.4 Hz), 7.1 (IH, dd, I = 7.9 and 5.7 Hz. arom.), 4.20 (ZH, q, 

I = 7.1 Hz, CHJOEt), 3.40 (IH, bs, H-3), 3.30 - 1.30 (14H, m, 7 x CHJ, 1.18 (3H, t, I = 7.1 Hz, CHJOEt), 1.00 

(3H, t, I = 7.1 Hz, CH,); Anal. Calcd for C,,H,N,O,: C, 65.64; H, 7.34; N, 14.57. Found: C, 65.86; H, 7.34; N, 

14.01. 
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Ethyl (3S,16S)-12-Aza-apovincaminate a) dibenzoyltartrate and base. A solutionof dibenzoyl-tartrate (-)-(3S,16S)- 

13 x LDBT (7.43 g, 10 mmol) in acetic acid (74 ml) was heated at IOO"C for 2 h. The solution was evaporated under - 
reduced pressure, and the residue was dissolved in ethyl acetate (200 ml) and extracted first with sat. NaHCO, (200 ml) 

then with IN NqCO, solution (40 ml). After drying over anh. NqSO,, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on Merck silica gel (particle s u e  0.063 - 0.200 mm) with 

acetone. The pure fractions were evaporated and the residue was crystallized with ether to yield crude base (0.53 

g, 14%). Tbis was dissolved in ethyl acetate (20 ml) and to the solution (-)-0,O'dibenmyl-L-tanaric acid monobydrate 

(0.51 g, 1.4 mmol) was added. After stirring for I h the precipitate was filtered off and washed with cold ethyl acetate 

to give dibenzoyltartrate (-)-(3S,16S)-M x LDBT (0.82 g, 1.2 mmol, 12%), mp 164 - 165°C; [a], = - 35.7' @ = 1, 

EtOH); ir: 2800- 2200 (NH*), 1729 (C=O), 1641 (C=C), 1266, 1115 (C-0-C), 1601, 1595,714 (arom.) cm-'; 'H-nmr 

(300 MHz, DMSOWMS) :  8.10 (4H, m), 7.50 (ZH, m), 7.37 (4H, m, 2 x Ph), 8.27 (IH, dd, J = 5.0 and 2.0 Hz), 

7.22 (IH, dd, 1 = 7.8 and 2.0 Hz), 7.09 (IH, dd, J = 7.8 and 5.0 Hz, arom.), 5.92 (ZH, s ,  2 x CHItamate), 5.79 

(lH, s,  C=CH), 4.80 (IH, s ,  H-3), 4.40 (ZH, m, CH,IOEt), 3.68 - 1.03 (IOH, m, 5 x CHJ, 1.31 (3H. t, I = 7.5 Hz, 

CHJOEt), 1.82 (ZH, m, CHJEt), 0.76 (3H, t, J = 6.4 Hz, CH,IEt); "C-nmr (75 MHz, DMSOdJ: 170.4, 165.6, 

162.9 (3xC=O), 133.1, 130.0, 129.8, 128.2 (F'h), 146.5, 143.9, 126.8, 125.6, 119.8, 117.2, 105.4 (maindole), 129.6, 

123.2 (C=C), 72.9 (CHItartrate), 62.1 (CHJOEt), 55.8 (N-CH), 50.6, 44.4 (2 x N-CHJ, 39.4 (Clql), 27.0, 26.4, 

17.8, 15.6 (4 x CHJ, 14.0 (CH,/OEt), 8.0 (CH,); Anal. Calcd for C,&N,O,, C, 66.00; H, 5.54; N, 5.92. Found: 

C, 65.62; H, 5.55; N, 5.79. 

The corresponding base was prepared with ethyl acetate and 1 M NaHCO, by standard procedures to give base (-)-14 
(70 %), mp 110 - 111°C; [a], = + 185.9" & = 0.5, ethanol); ir: 2808,2723 (N-CHJ, 1729 (C=O), 1680 (C=C), 

1257, 1175 (C=C), 1608, 770 (arom.) cm-'; 'H-nm (60 MHz, CDCIJTMS): 8.20 (lH, dd, J = 5.0 and 2.0 Hz), 7.70 

( lH,dd ,J  = 7.8and2.0Hz) ,7 .00(IH,dd,  J = 7.8and5.0Hz,arom.), 5.90(1H,s, C=CH),4.45(2H, q , I  = 7.5 

Hz, CHJOEt), 4.20 (IH, bs, H-3), 3.50 - 1.10 (12H, m, 6 x CHJ, 1.40 (3H, t, I = 7.5 Hz, CH,IOEt), 1.04 (3H, t, 

1 =6.4Hz,CHJEt);Anal.CalcdforC,,H,N,O,C, 71.77;H,7.17;N, 11.96.Found:C,71.6;H,7.35;N, 11.79. 
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