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ABSTRACT 
The racemic mixtures of the two epimers of 3,4-diethyl- 1,2,3,3a,4,5- 
hexahydro-canthinone-6 (3,4-diethyl-2,3,3a,4,5,6-hexahydro-6-oxo- 
I H-indolo- (3,2,1 ,de)( 1 ,S)naphtyridine) have been prepared. They were 
separated by crystallization of one of the synthesis intermediates. 

identification of the configuration was possible by 1H NMR 
spectroscopy after running a 20 J- resolved spectrum of the “cis”- 
isomer. 

INTRODUCTION 

The therapeutic qualities of vicamine (11, vincamone (2) and vlncamate methyl ester (3) are 

well recognized’. 

This knowledge inspired us to prepare new compounds with a similar structure, in order to 

check their possible pharmaceutic propertles. Thus we found that 3,4-diethyl- 1,2,3,3a,4,5- 

hexahydro-canthlnone-6 (412, a structure close to vincamone (2) but without the D-ring, 

showed interesting properties concerning hemodynamic action and cerebral metabolism. In 

the present study we describe the synthesis of this compound, the separation Into two 

racemlc mixtures, as well as the identification of the cis and trans modiflcatlons by ‘H NMR 

spectroscopy. Throughout this study cls and trans refer to the disposition of the protons at 

Ii-3a and H-4. 
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2 5 
EFSULTS AND DISCUSSION 

SYNTHFSIS 

Many efforts have been undertaken in order to prepare the E ring in vlncamlne (1) and related 

derfvatlves. The progress in that work can be followed in the Specialist Periodical Reports 

“The Alkalolds”3. For the present study the work of Le Men et al.4 is specifically interesting. 

They obtained eburnamonlne [(-hrlncamlnel from the ring contraction of (-1 homovlncamone 

after a Beckmann rearrangment of the derived &oxlme compound5. Le Men and his coworkers 

synthesized compounds analogueous to vlncamone, but without the D rlng6. 

In the present study we have modlfled the procedure of Le Men et al. in order to obtain the 

present compounds. The successive reactions are represented in Scheme 1. First the 

trlcycllc 2-ethyl- 1-[(2-methoxycarbonyl-ethyl)-propyll-1 ,2,3,4-tetrahydro-R-carboline (7) 

was prepared from a reaction of ethyltryptamlne (5) and 4-formyl-hexanoate methylester(6). 

The latter could be prepared from the condensation of I-pyrrolldlno-butene and methyl 

acrylate. The enamlne was prepared by reaction between pyrrolldlne and butyral. During the 

cyclisatlon to (7) a second chlral center is introduced. In a following step the fourth ring 

was introduced as a lactam between the ester group and the nitrogen of the lndole system. In 

the scheme only one of the enantiomers is proposed. In fact two racemlc mixtures (cls and 

trans) of D-homo-dlethyl-hexahydro-canthlnone are obtained. If 8a is the racemlc mixture of 

the trans enantiomers then 8b Is that of the corresponding cls enantlomers. On this phase of 

the reaction the two racemic mixtures could be separated by crystalllzatlon. Dissolved in 

ether the racemlc mlxture of the trans derlvatlves crystallizes readily. The racemlc mixture 

of the cls-derivatives was recovered from the mother liquor. From this point on parallel 

reactions are applied on both the racemlc mlxtures . In the presence of tertbutylnitrlte, 

oxlmatlon occurs in the position of the carbonyl function In 8a and 8b, yielding respectively 

the trans and cls modifications of D-homo-hydroxyimlnodlethyl-hexahydro-canthlnone 9a and 

9b7. 
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Now a Beckmann rearrangement 

Scheme 1 

occurs7, followed by a rearrangement causing the 

rlngcontractlon. Then 9a or 9b is first treated by ethoxyethanol, then the reaction mixture is 

treated with sodium hydroxyde and flnally it 1s treated wlth 3 N HCl in order to yield the two 

racemlc mixtures of trans and cls 3,4-dlethyl- 1,2,3,3a,4,5-hexahydro-canthlnone-6 (4a and 

4b respec-tlvely). 

‘H 
The relatlve conflguratlon of the protons on C-3a and C-4 was assigned by 1H NMR 

spectroscopy. The ‘H NMR data of both racemlc mlxtures are gathered in Table l.Because of 

the complexity of the 1H NMR spectrum of the cls isomer, a 2D J-resolved spectrum was 

rune, which allowed to assign all the resonances in the region 8 2X-3.00. In the F2 
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JARI F 1 .3.4 . _ Dlethvl_l-6 @la and 4hI 

Chemical (CDC13, TMS) 

H-l A H-l B H-2A H-28 H-3A H-4 H-5A H-58 H-7A H-7B H-8 H-9A H-98 H-10 

4a 2.76 2.42 3.53 3.08 3.83 2.14 2.92 2.39 2.51 2.38 1.17 1.98 1.31 1.02 

or 1.02 or I.17 

4h 2.80 2.64 3.29 2.52 3.55 2.32 2.88 2.72 2.94 2.42 1.16 2.09 0.86 0.89 

f-OUDl_ 

3J( I A,2A) 

4a 4.2 

4b 5.2 

5J(3A, 18) 

4a 2.0 

4b 2.4 

2J(9A,9B) 

4a 14.4 

4b 14.0 

3J( I A,281 WA,IB) 

10.8 16.4 

11.6 16.8 

5J(3A, 1 A) 3J(4,5A) 

2.8 3.6 

3.2 3.0 

3J(9A, 10) 3J(9B, 10) 

7.6 7.6 

7.6 7.6 

3J( 1 B,2A) 

1.6 

0.8 

3J(4,5B) 

12.4 

4.4 

4J(58,9A) 

I.2 

or 0.89 or 1.17 

3J( 18.28) ?J(2A,2B) 3J(3A,4) 

5.0 14.4 11.6 

4.0 11.6 4.4 

2Jt5A.58) 3J(4,9A) 3J(4,9B) 

16.4 2.8 9.2 

17.2 2.8 10.8 

2J(7A,7B) 3J(7A,8) 3J(78,8) 

12.4 7.2 7.2 

12.4 7.2 7.2 

dimension the chemical shifts could be determined, while the coupling constants could be 

measured from the patterns In the Fl dimenslon (see Fig. I). These data, together with the 

data from the less complex spectrum of the racemic mixture of the trans isomer provided the 

necessary information for discrimination between both compounds. 

Fig. 1 : 1H NMR Spectrum of cis-3,4-diethyl- 1,2,3,3a,4,5-hexahydrocanthinone-6 in CDC13 
solution 
Inserts : 2 D J-resolved NMR spectroscopy. 
A : The contour plot. B : The projection of the resonances in the F2 direction (region 6 
2.00-b4.00). C : The corresponding multiplets as found in the F I direction (lOHz/cm). 
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From the gemlnal coupling constants it is possible to discriminate between the resonances of 

the protons on C-l and C-S on one hand and those on C-2 on the other. The Barfield-Grant 

effect 9 presumes that the coupling constant between the geminal protons in posltlon of a 

system should be more negative than in a corresponding system without double bond 

([ 16.2/ 17.41 Hz versus [ 12/ 131 Hz). The vlclnal couplings of these resonances - those on C-5 

belong to an ABX subspln system and those on C-l to an ABXY subspln system - allOW a 

certain dlscrlmlnatlon between the protons on C-l and C-5. Because of its implantation on 

the rlgld system of the rings A and B and containing moreover a further sp2 carbon (from the 

carbonyl group), the D ring in the tetracyclic rlngsystem shows Ilttle flexibility. For the D 

ring a half chair conformation 1s highly probable. Here C-4 1s outside the plane formed by the 

other 5 carbons. in this case the ethyl group on C-4 can only be in a pseudo-axlal or pseudo- 

equatorlal position. These are the only cases to be considered, because eplmerlzation on C- 

3a gives an enantlomer of one of the cases under consideration. The rigid conformation of 

ring D allows the identlflcatlon of the two isomers. Indeed from the coupling constants 

between H-4 and H-5, no doubt 1s left concerning the puckering. 

In the case of 4b the vlclnal coupling constant between H-4 and the two protons on C-5 are 

respectively 3.0 aand 4.4 Hz. That means that the projection of the bond C(4)-H(4) almost 

bisects the angle H(5A)-C(5)-H(58), thus showing two times a dlhydral angle of about 60’. 

As In this case the ethyl group on C-4 is pseudo-axlal, an angle of about 60’ must occur 

between H-3a and H-4, corresponding indeed with a value of 4.4 Hz. In thls case it is evident 

that H-3a and H-4 are In a cis dlsposltion. 

For the other compound (4a) the ethyl group must be in a pseudo equatorial position. Here H-4 

and H-58 are in a quasi-antlperlplanar dlsposltlon and therefore a value of 12.4 Hz is 

possible for the corresponding vlcinal coupling. As the dlhedral angle between H-4 and H-5a 

1s 60’ a coupling constant of 3.6 Hz 1s expected. In the rlgld structure H-3a and H-4 must be 

antlperiplanar. A value of 11.6 Hz for the mutual coupling constant 1s expected. In 8a, H-3a 

and H-4 are trans. 

The two structures 4a and 4b are shown In Fig. 2, lilustratlng the relatlve position of H-3a 

and H-4. 

Fig. 2 
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Our proposal agrees with Le Men et a1.6. In the corresponding 2 chaho vrncamlnes, where a 

cls-relationship 1s obtained between the protons on C-3a and C-4, they find 2-4 Hz. 

More lnterestlpg features can be derived from the Table with the 1H f@lR data. The 

difference In values for 2J(2A,2B) 1s strlklng. 

If the proposed staggered configuration for the D ring 1s accepted, in the cls modification 

(4b) the ethyl group can take the equatorial posltlon on the nitrogen of the C-rlng. In this 

case the electron lobe of the nitrogen is parallel wlth one of the protons of C-2. A value of 

“11 Hz’0 is expected for the geminal coupling constants between the protons on a 

neighbourlng carbon. The coupling constants between H-4 and H-5 agree wlth a flattened 

conformation of the D ring, thus avoiding the parallelllsm between the electron lobe of the 

nitrogen on the C ring and the ethyl group on the D ring. However, in the trans modification 

this leads to the unfavorable synaxlal disposition between the ethylgroup on C-4 and the 

ethyl group on the nitrogen of the C rlng. Because of the staggered situation of the D-rlng, 

the tension between the two ethyl groups can be avolded if the C ring accepts another 

conformatlon. In this case the parallelllty between the electron lobe of the nitrogen and one 

of the protons of C-2 1s lost, leading to coupling constant of -14 Hz if the electron lobe of 

the nitrogen bisects the projection of the two protons on C-210, as in the conformation 

proposed in fig. 2. 

Taking into consideration the syn upfield rule (which holds if compounds with the same 

conformations are compared, thus for the present compounds only for the D rlng valuable 

conclusions can be drawn) the same conclusions can be drawn concerning the cls and trans 

modifications. From the vlclnal coupling cosntants it can be concluded that in both 

compounds, the H-5 at the lowest field must be the pseudo-equatorial proton. In the cls 

modlflcatlon now H-3A IS syn to the ethylgroup, thus expected at a higher field than in the 

trans modification. In the trans modification H-58 1s syn to the ethyl group, thus there H-5B 

is expected to be found at a higher field than in the cls modification, 

EXPERIMENTAL 

Melting points were determined on a Mettler FP 5 and are uncorrected. The UV spectra were 
run on a Perkln-Elmer Coleman 575 apparatus, the IR spectra on a Perkln-Elmer 197, the 
mass spectra on a VARIAN MAT 31 I A apparatus. Except for the spectra of 4a and 4b, the 1H 
NMR data were obtained from a Varian T60 apparatus, 
The 1H NMR spectra of 4a and 4b were run on a BRUKER WH36D apparatus, at 18’C, for 2 W 
solutlons in CDC13 (F.T. mode, pulse width of 2,&sec, quadrature detectlon, resolution 0.208 
Hz/point). The 2D J-resolved NMR experiment was performed with the Bruker FTNMR 2D 
program version 810515. Acquisition size in the F2 dimension : 2K points, in the Fl 
dlmenslon : 14 points. We used zero-filling up to 4 K points in the F2 dimension and to 32 
points in the Fl dimension, Blocks of 8 scans were accumulated. The 2D J resolved spectrum 
was plotted from 214.4 Hz to 917.6 Hz on the t2 axis and t 31.5 Hz on the t 1 axis. For this 
experiment the n pulse was expllcitely measured to be 18.6 usec. 

1 -ovrrollB 
A mixture of 213 g (3 moles) pyrrolldlne and 213 g (1,s mole) potassium carbonate are 
shaken at O’C under nitrogen. 108 g (1,s mole) freshly distilled butyraldehyde is added 
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dropwise. After one night shaking at room temperature, the reaction mixture is diluted with 
300 ml benzene and filtered. Vacuum destlllatlon of the residue gave pure l-pyrrolldlne- 
butene (b-p. 88-94’, 70 mm Hg). Yield : 1 10 g (59 WI. 
NMR (CC141 : d 6.00 (d, 1 HI, 6 4.00 (q, 1 HI, $ 1 .OO (t, 3H). 

~1 ester (61 
(6) is obtained from the condensation of I-pyrrolldlno-butene with methyl acrylate. A 
mlxture of 31 g I-pyrrolldlno-butene and 150 ml acetonltrlle is stirred at O’C under 
nitrogen. A solution of 27 ml methyl acrylate in 50 mL acetonltrlle is added dropwlse. The 
stirring is continued during 6 hours at room temperature and then during 40 hours under 
refluxlng. Then 15 ml acetic acid in 100 ml water is added in small portions. The rel%JXing 
is continued for another 8 hours, The mixture is allowed to cool and saturated with sodium 
chloride. The water phase is isolated and extracted with ether. The organic phases are 
gathered and dlstllled Jn vacuq. 4-t’ormyl hexanoate methyl ester passes at 85’-90’ C at 10 
mm Hg. Yield : 54 W. 
NMR KC141 : 6 9.6 (s, lH), 6 3.6 (s, 3H), $ 1.0 (t, 3H). 

7-ethyl -_ _ _ _ 1 (7 methoxvcarbonyl-ethyl)-orooyl-1 7 X4-tetrabvdro D carboline CU 
50.7 g (0.27 mole) ethyltryptamlne (5) and 38.78 g (0.245 mole) 4-formyl-hexanoate 
methylester (6) are added to a mixture of 500 ml benzene and 50 ml acetic acid. This 
solution is heated to reflux temperature In a Dean-Stark apparatus during 16 hours. The 
reaction mixture is allowed to cool and extracted with 2 X aqueous sulfuric acid. The acidic 
aqueous phase is made alkaline with ammonia and is extracted with methylene chloride. The 
methylene chloride phase is washed with water, dried and evaporated. The dry residue is 
again dissolved In a small quantity of methylene chloride and chromatographed on a column of 
200 g Al203 (eluent : methylene chloride). Thus a fraction of 64 g (0.194 mole) of 7 is 
obtained (64 g; 79.4 %I. 
UV (1 nm, log c) : 225 (4,541; 280 (3,9); 190 (3,8 1). 
MS (m/z, WI : 328 (M+, 100). 
NMR (CC141 : 4 8. I (broad s, 1 HI; 67.0-7.5 tm, 4H), d 3.7 (s, 3H), 6 0.8- 1.2 (m, 6H). 
El. Anal. for C~z802&, talc. (XI : C, 73.15; H, 8.59; N, 8.52. Found : C, 73.24; H, 8.56; N, 8.60._ 

dro-can-e (8a.a 
50 g (0.56 mole) tamyl alcohol is dissolved in 600 ml dry toluene. 22,4 g (0.56 mole) sodium 
hydride (dispersed in 011, 55-60 RI is added and the mixture is heated under reflux durlng 2 
hours. The reaction mixture Is cooled to room temperature and added to 55 g (0.185 mol) of 
7. After 15 minutes this reaction mixture is poured in water. The organic phase is washed 
with water, dried and evaporated. 
58,3 g white crystals are obtained. This is a mixture of cis and trans compounds. When 
dlssolvlng these 58,3 g in 250 ml ether and shaking at roomtemperature, white crystals are 
obtained. 11 g of what shall be proved the be the cis modiflcatlon (8b) could be Isolated. The 
mother liquor is evaporated to dryness, and the residue is dissolved in a minimum quantity of 
methanol and more methanol saturated with gaseous hydrogenchloride is added to a pH < 7. 
21 g of the trans isomer (8al are obtained after crystallization. 
Data for 8a (trans) : 
IR (CHC131: 2950; 1690; 1610; 1450; 1360; 1330; 1140. 
UV (A nm, log &Xmethanol) : 343 (4.28); 266 (4.06); 293 (3.74); 301 (3.741. 
MS (m/z, WI : 296 (M+, 1001,240, 198, 197, 183. 
NMR (CCL41 : 5 8.5 ( 1 HI; d 7.2-7.3 (3H); < 0.9- 1.3 (6HI. 
El. Anal. for C10H2401Nz. Calc. (RI : C, 76.98; H, 8.16; N 9.44 Found : C, 76.88; H, 8.26; N, 9.50. 
Data for 8b (~1s) 
I R KHC13) : 2930, 1685, 16 15, 1360. 
UV (1 nm, IogC 1 (methanol) : 243 (4.27); 266 (4.02); 293 (3.63); 301 (3.62). 
MS (m/z) : 296 (M+); 28 1; 267; 240; 199; 198; 194; 184; 183; 169. 
NMR KC141 d8.6 (1H); $7.2-7.5 (3H); 63.9 (IHI; cl.1 (3H);(O.8 (3H). 
El. Anal. for C1sHz401Nz. Calc. (IR) : C, 76.98; H, 8.16; N 9.44. Found : C, 77; IO; H, 8.22; N 9.48. 
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- - 3.4 dlethvl I 7 3.3a.e.6.7 octa&&o 7 oxo 6 ~lno(l,2Jlm) 13 
& - ’ - -- -- - 
135 g (0,045 mole) of 8a is d&solved in 200 ml toluene. Successively 59,4 g (0,499 mole) 
tert butylnltrite and a suspension of 0,073 mole sodium tert.amylate in 150 ml toluehe are 
added. The react’en mixture is stirred at room temperature during two hours and then poured 
in 550 ml of a 10 % aqueous ammoniumchlorlde solution. The organic phase is separated, 
washed with water and evaporated. 14.6 g of 9a is obtained (98 WI. The chlorohydrate of this 
compound 1s obtained by dissolving 9a in a minimal quantity of acetone followed by the 
addition of ether saturated with hydrogenchlorlde, until pH < 7 is reached. 10.5 g of white 
crystals are obtained. 
Map. 264-265’C. 
IR (film) : 3400; 2960; 1680; 16 10; 1450; 1380; 1330; 1020; 750; 730. 
UV (for hydrochloride, C = 5.33 x 105 mole/L, CH30H (1 max, loge 1: 258 (4.16), 3.13 (3.7). 

MS (m/z) : 325 (M+); 398, 396,282,268,251,226, 199, 198, 197, 169. 
NMR (base, CDCl3I : 6 8.4 (m, 1 HI, d7.0-7.4 (m, 3HI, 63.5 (d, 1H). 

3J(3a,4) = 1 1 Hz); 0.9- 1.3 (m, 6H). 
El. Anal. for C1gH2302N3. Calc. (WI : C, 70.12; H, 7.01; N, 13.03. Found : C, 70.21; H, 7.06; N, 
13.1 I. 

__ __ Cis 3.4 diet&l 1 7 3.3a.4.5.6.7-octahydro 7 0x0 6 oxvtmlno-azeolno(l.2.3.lm) 
carbollneo- 

_ _ 13 

The reaction is carr’ed out under the same circumstances as for the trans derivative. 16 g of 
9b is obtained and 11 g of the corresponding hydrochloride. 
M.p. : 236’C. 
IR (for base, film): 3400,297O; 1685; 1610; 1450; 1370; 1330; 910; 730. 
UV (for hydrochloride, C = 2.73 x 10-5 mole/L, CH30HXI max, 1ogC 1: 257 (4.26),308 (369). 

MS (m/z) : 325 (M+), 308,296,283,268,252,239, 226, 2 14, 199, 198, 180, 167. 
NMR (for base) KDCl3) : 48.4 ( 1 HI, 67.0-7.4 (m, 3H), S 3.9 (d, 1 HI, J(3a,4) = 5 Hz), cO.8- 1.3 (m, 
6H). 
El. Anal. for C1eH2302N3. Calc. (WI : C, 70.12; H, 7.01, N, 13.03. Found : C, 70.14; H, 7.08; N 
13.14. 

vl-7~3.3a.4.5.6_hexahydro _- _ _ 6 0x0 1H iaQPlo(3 7,l.de)(l (or cls- 
2,4-dlethyl- I ,2,3,3a,4.5-hexahydro-canthinone-6) 4b. 
9,56 g (0.02461 mole) of 9b is mixed with 40 ml of ethoxyethanol (as a suspension). 3‘17 
(0.07925 mole) NaOH is added and the reaction mlxture is stlrred for 1 hour at 
roomtemperature and then refluxed for 18 hours. The reaction mixture Is evaporated to 
dryness. The residue is dlssolved in 50 ml 3 N HCl and further refluxed for 1 hour. The 
solution is cooled, made alkaline and extracted with CH2Cl2. The separated organic phase is 
stirred for 15 minutes in the presence of 100 g Al2O3. After filtration of the alumlna, the 
filtrate is washed with water, dried and concentrated to dryness. 5.9 g (0.0208 mole) of a 
solid residue is obtained. It is dissolved in acetone in order to prepare the corresponding 
hydrochloride by stepwlse addition of HCl saturated ether. Flltration yields 4.17 g of white 
crystals. 
M.p. (hydrochloride) = 240-24°C. 
IR (base)(fllmI : 2960, 1700, 1635, 1450, 1380, 1320, 1150,9 10,750 cm-‘. 
UV (hydrochloride) (C = 3.13. IO-5 mole/L, CH30H) (1 max, log C 1 : 242 (4.301, 265 (4.00), 
298-303 (3.59) nm. 
MS (m/z) 282 (M*), 281, 267,253. 239, 225, 198, 197, 196, 167. 
NMR : see Table 1. 
El. Anal. for Cla&O1’$. Calcd (WI : C, 76.56; H, 7.85; N, 9.92. Found : C, 76.64; H, 7.96; N, 
10.01. 

_ _ 3a.mvdro -- 6 0x0 - I H _ lndo’gt3 7 l.&)( 1.5)-s 
The same reactions are used as for 4b. but with 9.4 (29 mmole) 9a and yielding 4 g of white 
crystals of the hydrochloride of 4a. 
M-p. (hydrochloride) : 240-241-C. 
IR (base)(fllm): 2960, 1700, 1635, 1450, 1380, 1320, 1150,910,750. 
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UV (hydrochloride) (C = 3.14.10’5 mole/L, CH30H) ( A max, log L 1 : 242 (4.291, 265 (3.991, 
298-303 (3.59). 
MS (m/z) : 282,281,267,253,225, 198, 197, 196, 182, 167, 154, 142. 
NMR (base) KDC13) : see Table 1. 
El. Anal. for ClaH&I1~. Calc. (%I : C76.56; H, 7.85; N, 9.92. Found : C, 76.67; H, 7.81; N, 9.96. 
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