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PARTIAL SYNTHESIS VIA INDOLE ALKALOIDS: A NEW 
HEXACYCLIC DERIVATIVE OF (-)-TETRAHYDROALSTONINE 

BERNARD MOMPON,+ THIERRY VASSAL, and PHILIPPE POIRIER 

Lahatoires dEtudes et de Resberch Synthelabo, 31 avenue Paul Vaiiiant Couturier, 92220 Bagneux, France 

AssTRACT.-oxidation of (-) tetrahydroalstonine 5 with t-butyl hypochlorite affords 
the enamine 7. Compound 7 reacts with formaldehyde to give, after reduction with sodium 
borohydride, a hexacyclic product (8) and a non-cyclized product (9). The structures of these 
compounds have been established by spectroscopic analysis, mainly 'H and I3C nmr. A 
mechanism is proposed to explain the cyclization. 

The eburnane group of indole alkaloids (1) has long been associated with interest- 
ing pharmacological properties. (+)-Vincamine, (-)-eburnamonine, and some of their 
derivatives have been shown to be useful in the treatment of certain cerebrovascular dis- 
eases (1,2) and consequently have been the object of numerous synthetic efforts. 

Strategies employed for the synthesis of these natural alkaloids frequently involve 
the reaction of an enamine of type 2 with a suitable electrophile that permits formation 
of the E-ring (3-6). Such enamines have also been used for the synthesis of other penta- 
cyclic compounds (7-9). Thus, Potier et af. have prepared compound 3 from enamine 
2a by reaction with formaldehyde followed by a subsequent reductive step (10). 

The present paper describes an extension of the above methodology to the synthesis 
of the novel heterocycle 8 via an enamine 7 derived from the natural product (-)- 
tetrahydroalstonine (5 ) .  The isolation of compound 9 offers an explanation of the cycli- 
zation mechanism (7-8). 

RESULTS AND DISCUSSION 

Oxidation of (-)-tetrahydroalstonine ( 5 )  with t-butyl hypochlorite afforded the 
stable iminium salt (6 (1 1,12). Treatment of this salt with NH, gave the unstable 
enamine 7 which was successively treated with HCHO, perchloric acid, and boro- 

2a R = H  
1 2b R=C,H, 

3 4 

'Oxidation by t-butyl hypochlorite was preferred over mercuric acetate because of reported superior 
yields (13,14). 
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hydride as described by Potier et a/. (10). Two new products, 8 and 9 ,  were obtained, 
and these were isolated chromatographically. 

The structure of the hexacyclic derivative 8, C23H26N204, was deduced from the 
following data: microanalysis, ms (molecular ion at mlz 394) and ',C-nmr spectroscopy 
[signals at 77.7 and 77.9 ppm (15)l demonstrated the presence of an extraoxygen atom 
and two extra methylene groups. 

The presence of an oxygen-containing ring [cf. product 3 (lo)] is indicated by the 
'H-nmr spectrum. The D 2 0  exchangeable indole NH signal is now absent and two 
doublets at 5.88 and 5.08 ppm (AB system,JAB= 11 Hz) and two resolved doublets of 
doublets at 4.17 and 3.70 ppm (AB part of an ABX system;]AB= 13 Hz;JAX= 10 Hz 
andJBx= 3.5 Hz) ate observed. 

Compound 8 probably arises from reduction of the iminium salt derived from com- 
pound C (Scheme 1) thereby giving rise to two new asymmetrical centers at C-3 and C- 
142 together with the generation of a cis- or trans-quinolizidine ring conformation. 

SCHEME 1 

Protons H-3, H-14, H-15, H-19, and H-20 were identified in the 'H-nmr spec- 
trum by double resonance experiments and coupling constants (in particularJ3, 14= 10 
Hz;JI4, 15= 11 H Z ; J , , , , ~ = ~  HZ;J,9,20=9 Ht) were measured. The observed chemical 
shifts and coupling constants suggest the following configuration (17): H-3, cy; H-14, 
p; H-20, 01 and H-19, p. 

The presence of Bohlmann bands at 2820-2600 cm- in the compound's ir spec- 
trum (CHCI,) indicated a trans-diaxal relative conformation of the N-4 lone pair and 
the vicinal hydrogen H-3 (18,19). 

'The numbering system is of the biogenetic type (16). 
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In order to confirm the hexacyclic structure 8, Potier's compound (3) was prepared 
(10). All the spectroscopic properties, in particular the 13C-nmr data (Table l ) ,  were in 
agreement with the presence of the extra ring (C-24: 77.5 and 77.7 ppm in 3 and in 
product 8, respectively, against 66.9 and 68.0 ppm for the non-cyclized compounds 9 
and 10) and confirm the proposed stereochemistry IC-3: 65.8 and 66.2 ppm in 3 and 
product 8, respectively; C-6: 22.5+0.5 ppm in 3,5,9,10, and 8 (15)}. 

T A E ~ E  1. Carbon-13 Chemical Shifts of Compounds 3,5,8,9,  and 1W 

Atoms 

c-2 . . . . . . . . .  
c-3  . . . . . . . . .  
c-5  . . . . . . . . .  
C-6 . . . . . . . . .  
c-7 . . . . . . . . .  
c-8 . . . . . . . . .  
c-9 . . . . . . . . .  
c- 10 . . . . . . . . .  
c-11  . . . . . . . . .  
c-12 . . . . . . . . .  
C-13 . . . . . . . . .  
C-14 . . . . . . . . .  
C-15 . . . . . . . . .  
C-16 . . . . . . . . .  
C-17 . . . . . . . . .  
c-18 . . . . . . . . .  
C- 19 . . . . . . . . .  
c-20 . . . . . . . . .  
c-21 . . . . . . . . .  
c-22 . . . . . . . . .  
C-23 . . . . . . . . .  
C-24 . . . . . . . . .  
C-25 . . . . . . . . .  

3 

136,l 
65,8 
5 3 3  
22,5 

111,o 
127,O 
118,8 
1 1 9 8  
122,o 
109,l 
136,9 
42,4 
28, l  
- 
- 
- 
- 

25,3 
56,2 
- 
- 

77,5 
79,1 

5 

1 3 4 3  
60,O 
53,6 
22,o 

107,9 
127,3 
118,l 
119,3 
121,2 
111,o 
1362  
34,5 
31,5 

109,6 
155,8 

18,6 
72,7 
38,6 
56,3 
5 1,3 

168,l 
- 
- 

Compounds 

8 

135,9' 
66,2 
54,7 
22,7 

111,7 
126,9 
118,9 
120,o 
122,3 
109,2 
136, lb 
47,7 
34,O 

108,4 
157,3 

19,5 
74,O 
39,O 
57,5 
52,O 

169,5 
77,7c 
77,9' 

9 

132,9 
61,3 
49,6 
22,3 

106,3 
128,l 
118,9 
120,5 
122,7 
110,3 
138,l 
146,5 
42,0b 

111,2 
157,9 

18,6 
73,2 
39,gb 
54,9 
5 1,6 

169,2 
66,9 

114,8 

10 

136,7 
59,9 
5 2 3  
22,7 

l l l , b b  
128,6 
119,l 
121,l 
122,7 
110,3b 
138,9 
35,4 
32,5 

1 10,3b 
157,O 

18,9 
73,3 
38,8 
56,8 
5 1,7 

169,2 
68,O 
- 

PChemical shifts in pprn from internal TMS in CDCI, solution except compound 9 in 1: 1 CDC1,- 

b* 'These assignrnents_may be interchanged within any column. 
CD3OD. 

Compound 9 was shown by microanalysis and ms (molecular ion at m/z=394) to be 
isomeric with 8, but other spectroscopic properties preclude the compound from being 
a stereoisomer of 8 and suggest instead the noncyclized structure 9. 

The 'H-nmr spectrum of 9 differs from that of 8 in that signals due to H- 14 at 2,lO 
ppm and the protons of the C-25 methylene at 3,70 and 4,17 ppm are absent. Instead, 
two broad signals at 4,68 ppm (1H) and 4,80 ppm (1H) are observed, which are com- 
patible with the presence of an exocyclic methylene group (20), which is attached to C- 
14 because the two protons H-3 and H- 15 have now become allylic in nature, thereby 
explaining their paramagnetic shifts by 0.85 ppm and 1.10 ppm, respectively, com- 
pared to their chemical shifts in compound 8. 

The two protons of the N-CH,OH group resonate at 5.38 and 5.50 ppm (AB quar- 
tet;J,= 1 1.5 Hz) and the presence of a hydroxyl function being confirmed by the ir 
spectrum in CHC1, (free and bonded O H  at 3704 cm-' and 3546 cm-', respectively). 

The 13C-nmr spectrum is in agreement with the proposed structure 9 (Table 1) in 
particular by the presence of two additional signals with respect to 5 at 66.9 ppm 
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{C-24: cf 68.0 ppm observed for the N-CH,OH of compound 10) and 114.8 ppm 
[exocyclic methylene group (20)). 

Double resonance proton nmr experiments confirm that the configurations of the 
asymmetric centers at C-19, C-20, and C-15 remain unchanged ~ 1 9 , 2 0 = 1 0  Hz; 
Jzo ,  15=5 Hz) (17). The configuration at C-3 remains to be defined since the two empir- 
ical rules governing the chemical shift of the proton H-3 (2 1) and the size of the coupl- 
ing constant J 3 ,  (2 1) cannot be applied (H-3 is deshielded by the exocyclic double 
bond at C- 14 and there is no H- 14). 

The presence of Bohlmann bands 28 15-2760 cm-' in the solution phase (CHCI,) ir 
spectrum of compound 9 favors a trans-diaxal relative conformation of the N-4 lone pair 
and the vicinal hydrogen H-3 (18,19). 

The reaction of HCHO and the enamine 7 obtained from (-)-tetrahydroalstonine 
(5) affords, after treatment with perchloric acid and sodium borohydride, the expected 
oxa-E homoeburnane type, hexacyclic product 8. This product probably arises from the 
nonisolated intermediate C (Scheme l), which, in acid, rearranges to an iminium salt 
that is readily reduced by borohydride. The resulting product has a trans-trans-configu- 
ration (i.e., a trans-diaxial configuration of the N-4 lone pair and of H-3 and a relative 
trans-configuration of H-3 and H-14). The other reaction product, compound 9, pre- 
sumably results from the condensation of HCHO with the indole nitrogen and with C- 
14 of the enamine 7 affording initially the intermediate A (Scheme 1). Dehydration of 
A would afford the iminium salt B which on borohydride reduction would afford com- 
pound 9. 

The isolation of compound 9 is, however, significant in that it suggests an explana- 
tion of the cyclization mechanism leading to 8. This mechanism, which presupposes a 
dehydration step (i.e., A-B), is further supported by the fact that the enamine 2b 
when reacted with HCHO in an analogous way affords exclusively compound 4 (22). 
The presence of the ethyl group in effect prevents formation of the exocyclic double 
bond and subsequent cyclization. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-Melting points were determined on a Biichi 5 10 melt- 

ing point apparatus and are uncorrected. Optical rotations were measured on a Perkin-Elmer 141 
polarimeter. The ir spectra were recorded with a Perkin-Elmer 177 instrument. The uv spectra were mea- 
sured in 95% EtOH solution using a Beckman DK-2A spectrophotometer. Mass spectra were obtained on 
a V.G. Micromass 7070F (70 eV, 200"). Microanalyses were obtained with a Perkin-Elmer 240 analyser 
coupled with a Tektronix 3 1 calculator. 'H-nmr spectra were determined on a Bruker WP 200 SY in 
CDCI, solution. Chemical shifts are expressed in ppm with respect to internal TMS and coupling constant 
in Hz (s=singlet , d =doublet, t = triplet, q=quadruplet, m =multiplet, br=unresolved broad signal). 
',C-nmr spectra were measured on a Bruker W P  80. TIC was carried out on Merck 60F-254 silica gel plates 
using mixtures of CHCI,-MeOH, 99: 1 and 97:3; spots were revealed by uv and by Dragendorffs reagent. 

PREPARATION OF ENAMINE 7.-lminium salt 6: (I 9 a ,  2Oa)-I 6,17-di~ydro-I6-(methoxyrarbonyl)- 
19-methyloxayobimbaniurn chloride.-Freshly distilled triethylamine (7.5 ml) was added to a stirred solution 
of tetrahydroalstonine (5) (10 g) in CH,CI, (250 ml), cooled, and maintained at - 10". t-Butyl hypochlo- 
rite (3 ml) in CH,CI, (250 ml) was then added dropwise. Stirring was continued for a further 30 min after 
completion ofthe addition; then the solution was washed three rimes with H,O (300 ml), dried (Na,SO4), 
and the solvent removed in vacuo. The amorphous residue (10.5 g) was dissolved in 1% methanolic HCI (6 
ml of HCI in 600 ml of MeOH), and the resulting solution was heated at reflux for one h. 

After partial evaporation of the MeOH, the solution was diluted with 2 liters of ice H,O and extracted 
three times with CH,CI, (500 ml). The extracts were washed with H,O, dried (Na,S04), and evaporated 
to afford 10.4 g ofthe iminium salt 6. This solid, mp I80-200", could be kept without any special precau- 
tions. 

Calculated for C,,H2,N,O3 HCI: C, 65.20; H, 5.99; N ,  7.24; C1, 12.14%. Found: C, 65.12- 

Enamine 7: Metbyl - (19a,  20a)-3,4,16,17-tetrabydro-19-metbyloxayohimban-16-carboxylate.-An 
65.12; H, 5.78-5.84; N ,  7.08-7.13; C1, 11.87%. 

1 
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aqueous solution of the above iminium salt was basified with aqueous NH,, and the mixture ws extracted 
with CH,CI,. The dried (Na,S04) solution was evaporated to dryness, and the residue was taken up with 
MeOH. Compound 7 crystallized out, mp 190-195', M+=35O (C,,H,,N,O,). This enamine decom- 
posed rapidly in solution, in air, and on heating. 

PREPARATION OF 8 AND 9.-The enamine 7 (8 g) was in MeOH (400 ml), heated to 60" under N,, 
and 40% aqueous HCHO (30 ml) was added. After 20 min, 70% perchloric acid (15 ml) was added, and 
the mixture cooled to 15" (ice bath). Scdium borohydride (12 g) was then added portionwise over one h. 
The reaction mixture was concentrated to 50 ml and the residue diluted with H,O (2 liters). The resulting 
solution was basified with NH, and extracted with CH,CI, (3 X 500 ml). The combined extracts were 
washed and dried (Na,S04). The residue, after evaporation of the solvent, was chromatographed on silica 
gel (60 merck, 200 g). Elution was carried out with toluene containing increasing amounts ofCHC1, and 
then with CHC1,-MeOH. Compound 8 , 4 . 2  g, was eluted with a 7:3 mixture of toluene-CHCI, and was 
recrystallized from CH,CI,-Et,O. Compound 5, tetrahydroalstonine, 1.3 g, was then eluted with a 6:4 
mixture of toluene-CHCI, and was recrystallized from 8:2 mixture CH,CI,-Et,O. Finally, compound 9 
was eluted with a 9: 1 mixture of CHC1,-MeOH to give 1.08 g after crystallization. 

Tetrahjdroalstonine (5): Methyl ( I  9, 20)-I 6, I 7-didehydro-I 9-methyloxayohimban-I 6-carboxylate.-Mp 
23 1' and [ ~ ] ' O D =  - 106" (c= 1.08, CHCI,) spectroscopic and chromatographic properties (uv, ir, 'Hand 
13C nmr) were identical to that of the starting product. 

Compound 8: Methyl {7aS-(7a,8,1 Ia))-S,6,7a,Ila,Ilb,I  Ic-hexahydro-8-mthyl-7H,8H,I2H,14H- 
9,13-dioxa-ba, I$a-diaubenT(2,3) azuleno { I  ,8,7,cde) anthracene-1 1-carboxylate.-Mp 225"; 
[a)"~=-32.4 '  (c= 1.03, CHCI,); ir(CHC1,) 2820,2750cm-'(Bohlmann bands), 1695 cm-'(C=O), 
and 1620 cm-' (C=C); uv A max(EtOH) 292 nm (~=6300) ,  282 nm (~=7750) ,  227 nm (~=42650) ;  'H 
nrnr(200MH2, CDCI3,ppm)3.50(1H, br,J3,14=10Hz, H-3);3.04-2.60(4H,m, H-5andH-6); 2.10 
( lH ,  tdd,],,,,,=lO Hz,J14,,=10 Hz, ]14,15=11 Hz and]14,25t=3.5 Hz, H-14); 2.54 ( l H ,  dd, 
J15,20=4 Hz and]14,15=ll Hz, H-15); 7.58(1H, s, H-17); 1.40(3H, d,],8,,9=6.5 Hz, H-18); 4.70 
( l H ,  qd,/IS,19=6.5 Hz and/19,20=9 Hz, H-19); 1.57 ( l H ,  m, H-20); 3.04-2.80 ( l H ,  m) and 3.10 
( l H ,  dd,],,,,,~=12Hzand],,~,,,=2.5 Hz)H-21; 3.70(3H,s, H-22);5.08(1H,dr]24.24~=11H~)and 
5.88(1H, d,j24,,24=11 Hz)H-24; 3.70(1H, dd,]25,25,=13 HzandJ25,14=10Hz)and4.17(1H, dd, 

]25,,2s= 13 Hzand]25r,14=3.5 Hz) H-25; 7.45 ( l H ,  d); 7.26 ( l H ,  d); 7.18(1H, t);and 7.08(1H, t)Ar; 
I3C nmr (Cf. Table 1); eims m/z 394 (M+; loo%), 393 (M+-H; 59%), 362 (M+-CH,OH; 11.5%), 198 
(17.4%), 168 (15.3%), and 55 (9.7%). Calculated for C23H26N204: C, 70.03; H ,  6.64; 0, 16.22; N, 
7.10. Found: C, 70.19; H,  6.63; 0, 16.14; N,  7.15. 

Compound 9: Methyl (1 9a, 20a)-14,16-di&hydro-I -hydroxymthyl-14-methylwre oxayohirnban-16-car- 
boxylate.-Mp 214"; Ea)"D=- 101' (c=0.6, CHC13-MeOH, 9: 1); ir (CHCI,) 3400 cm-' (OH), 2815- 
2760 cm-' (Bohlmann bands), 1705 cm-' (C=O), 1620 cm-' (C=C) and 910 cm-' (C=CH,); uv A 
max(EtOH) 291.5 nm(~=5600) ,  281 nm(E=7300), 275 nm(~=7200) ,  and 228.5 nm(r=34500); 'H 
nmr (200 MHz, CDCI,, ppm) 4.35 ( lH ,  brs, H-3); 2.96-2.64 (4H, m, H-5 and H-6); 3.44 ( lH ,  brd, 
]15,20=5 Hz andJ,5,25< 1 Hz, H-15); 7.66(1H, s, H-17); 1.40 (3H, d,J,,,,9=6 Hz, H-18); 4.25 ( l H ,  
qd,],,,,9=6Hzand],9,,o~10Hz, H-19); 1.76(1H, m, H-20);3.15 ( lH ,  d,J2,,, ,~=13Hz, H-2l)and 
3.30 ( lH ,  dd , j , ,~~ , ,=13  Hz and/2,~,,0=4 Hz, H-21); 3.70(3H, s, H-22); 5.38 ( lH ,  d,],4,24f= 11.5 
Hz, H-24) and 5.50 ( l H ,  d,J24,,24= 11.5 Hz, H-24); 4.68 ( l H ,  brs, H-25) and 4.80 ( lH ,  brs, H-25); 
7.47 ( l H ,  d ,  Ar.); 7.44 ( lH ,  d, Ar.); 7.20 ( lH ,  t, Ar.); and 7.12 ( l H ,  t, Ar.); nmr (Cf. Table 1); 
eims; m/z 394 M+';  8.3%), 364 (M+-CH,O; loo%), 363 (M+-CH,OH; 54.8%), 349 (20%), 209 
(12.8%), 182 (12%). and 168 (10%). Calculated forC2,HZ6N204: C, 70.03; H,  6.64; N, 7.10. Found: 
C, 70 .35;H,6 .73;N,6 .94 .  

PREPARATION OF 10.-Formaldehyde 40% aqueous solution (300 ml) and HOAc (1.5 ml) were 
added to a solution of tetrahydroalstonine (10 g) in CHCI, (75 ml). After stirring for 24 h at 50°, the solu- 
tion was diluted with ice H 2 0  (1 liter), basified with NH,, and extracted with CHCI, (6x  500 ml). The 
washed, dried extracts were evaporated to dryness. Recrystallization of the residue from CH,CI,-Et,O af- 
forded 4.85 g of product 10. 

Compound 10: Methyi ( I9a, 20a)-16, I 7-didehydro-3-hydroxymethyl-19-mthyloxayohimban-16-car- 
boxylate.-Mp 171-172'; [al"D=- 186" ( c = l ,  CHCI,); ir (CHCI,) 3600, 3450 cm-' (OH), 2810, 
2760 cm-' (Bohlmann bands), and 1690 cm-' (C=O); uv A max (EtOH) 228 nm (~=42000) ,  275 nm 
nm(E=8800), 281 nm(E=8700), and291.5 nm(~=6600) ;  'Hnmr(200MHz, CDCl3,pprn)3.56(1H, 
brd,],,,4=12.5 Hz, H-3), 3.14-2.50(4H, m, H-5andH-6); 1.55(1H, m, H-14)and3.14-2.50(1H, 
m, H-14); 3.14-2.50(1H, m, H-15)7.54(1H, s,H-17); 1.40(3H,d,],,,,9=6Hz,H-18);4.48(1H, 
qd,J,9,18=6HzandJ,9,,o=10Hz, H-19); 1.65 ( lH ,  m, H-20); 3.14-2.50(2H, m, H-21); 3.71(3H, s, 
H-22); 5.56(2H, s, H-24); 7.48-7.35 (2H, m, Ar.)amd7.25-7.05 (2H, m, Ar.); I3Cnmr(Cf. Table 1); 
eims m/z 382 (M+'; 14%). 381 (M+-H; 9.7%), 352 (M+-CH,O; loo%), 351 (M+-CH,OH; 69.4%), 
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337 (22.9%), 251 (lo%), 223 (14.6%), and 156 (42.3%). Calculated for C22H26N204: C, 69.09; H,  
6.85;N,7.32.Found:C,69.06,69.ll;H,6.95,6.72;N,7.26,7.26. 

PREPARATION OF 3 (lO).-Trans-I, 126 artahydro-1,2,3,4,6,7,12,I2b-mcrhanwxyrmthanol-I, 12- 
indolo 2,3a quin0lizine.-mp 148- 149" (EtOAc); ir (CHCI,) 2860-2760 cm-' (Bohlmann hnds); 'H nmr 
(200 MHz, CDCl,, ppm) 3.11 ( lH ,  brd, J3,14=9.8 Hz, H-3); 3.16-2.87 (2H, m, H-5); 2.72-2.56 (2H, 
m, H-6); 2.02-1.55 ( lH ,  m, H-14); 0.97 ( lH ,  qd, J15,15,= 12.5 Hz, J15,14=12.5 Hz, J15,20=12.5 Hz 
and J15,20g=5 Hz, H-15)and 2.02-1.55 ( lH ,  rn, H-15); 2.37 (1H, td, J21,21c=11.5 HZ,]2,,20=11.5 
Hz, J21,20,=3.2 Hz, H-21)and 3.16-2.87 ( lH ,  m, H-21); 5.83 ( lH ,  d,]24,24'=11.5 Hz, H-24)and 
4.96(1H, d, J24,,24=11.5 Hz, H-24);4.01 (IH, dd, J2s,25~=12.8H~andJ25,14=3.4 Hz, H-25)and 

7.15 (1H, td, Ar.); and 7.06 ( lH ,  ddd, Ar.); I3C nmr (Cf. Table 1); eims m/z 268 (M+'; loo%), 267 (M+- 
H; 87.5%), 237(M+-CH20H; 11.8%), and 168(7.7%). CalculatedforC,,H2$J20:C, 76.09;H, 7.51; 
N,  10.44. Found: C, 75.87; H,  7.72; N, 10.34. 

3.43(1H,ddrJ~5~,~5=12.8H~~dJ~5~,~4=lO.5H~,H-25)~7.59(1H, brd,Ar.);7.25(1H, b r d , h . ) ;  
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