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Abstract-The /?-acylpyridine reductioncycli7ation route has been applied to a short synthesis of the 
Aspidosperma alkaloid ring system. The resultant 20-deethyldehydroaspidospermidine has been trans- 
formed into 2Odeethylvincadifformine by N,-carbomethoxylation and photorearrangement. 

For many years the two-reaction scheme of hydro- 
genation of I-aiky~-3-acylpy~dinium salts and cy- 
chzation of the resultant 2-piperideines has been the 
cornerstone of a general method of alkaloid syn- 
thesis.2 Thus, for example, the two-step procedure of 
hydrogenation of I-tryptophyl-3-acetylpyridinium 
bromide and acid-catalyzed cyclization of the re- 
sultant 1,4, 5, 6-tetrahydropy~dine la leading to an 
indoloquinolizidine (3) had formed the basis for an 
early synthesis of the alkaloid eburnamonine’ and 
constituted a model for subsequent syntheses of other 
tetrahydr~arboline-by indole akaloids2 Since the 
cyclization step, an apparent electrophilic substi- 
tution at the indole r-C site, was known to proceed 
by way of interaction at the indole /I-C center, 
followed by Wagner-Meerwein rearrangement and 
deprotonation? and since the intermediate indolenine 
(2a) seemed suited ideally for a second cyclization 
(via interaction of the enol of the a&y1 group with 
the proximate indolenine imine), leading to the pen- 
tacyclic nucleus (4) of the Aspidosperma alkaloids, it 
had been of interest for a long time to exploit the 
general alkaloid synthesis scheme for the synthesis of 
Aspidosperma and related based. This task now has 
been accomplished and, as the ensuing discussion 
illustrates, a short, direct route to the angularly 
unsubstituted Aspidosperma skeleton has been intro- 
duced. 

On the assumption of the enhancement of the 
lifetime of the cyclization intermediate (2a) increasing 
the competitiveness of the second ring closure over 
the skeletal rearrangement the starting vinylogous 
amide required structural modification, albeit with- 
out interference in the brevity and simplicity of 
the reaction scheme. As a consequence the cycliza- 
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tion tendency of the vinylogous imide lb, prepared 
readily by the N-acylation of 3-acetyl-1.4,5,6- 
tetrahydropyridine’ with indoleacetic anhydride, was 
investigated. The extra CO group was expected to 
increase the stability of the intermediate indolenine 
(2b) by the presence of the y-lactam unit and/or 
decrease the rate of the Wagner-Meerwein rear- 
rangement by diminution of the migratory aptitude 
of the rearranging moiety. The expectations were 
met, when it could be shown that treatment of the 
vinylogous imide lb, with boron trifluoride etherate 
at room temperature produced indolenine 2b in the 
form of its hydration product 57-9 in 72% yield. The 
same reaction at elevated temperature led to keto- 
lactams 7a and t3a in 39 and 42% yield, respectively. 
Thus the pentacyclic nucleus of the Aspidosperma 
alkaloids became available in one step from a simple 
achiral precursor.‘“‘3 

In order to transform ketolactams 7 into sub- 
stances more representative of the Aspidosperma 
alkaloids, their keto groups had to be removed. For 
this purpose several reduction procedures were devel- 
oped. Thus, for example, Wolff-Kishner reduction of 
either 7a or 8a yielded a mixture of lactams 7h (5 and 
7%, respectively) and 8b (86 and SO%, respectively),‘* 
indicative of bridgehead isomerization during some 
stage of the reduction process. Lithium aluminum 
hydride (LAH) reduction of lactams 7h and 8b 
yieided deoxopentacycles 7e ‘(83%) and & (86”/,)‘“, 
respectively. Alternatively, reduction of ketolactams 
7a and 8a with LAH and subsequent Oppenauer 
oxidation of the resultant afcohols (7d and &I, re- 
spectively) led to aminoketone fe (49 and 46x, 
respectively), ‘” illustrative of a base-induced equi- 
libration of ketones 7e and 8e during the latter 
oxidation process. Wolf&Kishner reduction of ketone 
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7e afforded a mixture of deoxopentacycles 7c (28%) 
and lk (21%)‘” The aminoketone intermediate (7e) 
en route to the deoxygenated pentacycles could be 
obtained also by the reduction of the p-toluene- 
sulfonylhydrazones of ketolactam 7s or 8a with LAH 
(60 and 26’j/,, respectively). This unusual reduction, 
which in the latter case also yielded a minor quantity 
(9%) of deoxoamine &, had been expected to produce 
exclusively deoxygenated compounds. The prepon- 
derant lack of removal of the ketone CO group by the 
hydride reduction of two sterically distinct to- 
sylhydrazones and the recovery of only one ketone 
points to a reaction path involving ol-imine H (i.e. 
H-20) abstraction, enamine N-aluminate formation, 
N-N bond reduction and, on aqueous work-up, 
H(20) reintroduction in a stereochemically unique 
manner and hydrolysis to ammonia and ketone 7e.14 
Utilization of hydrides other than LAH in the reduc- 
tion of hydrazones yielded deoxo products. Thus 
reduction of the tosylhydrazone of ketolactam 7a 
with sodium cyanoborohydride and diborane pro- 
duced lactam 7b (20%) and amine 7c (40%) re- 
spectively. 

With the 20-deethyl derivative (7~) of the Aspi- 
dosperma alkaloid aspidospermidine” in handI it 
became of interest to create access to 2-dehydro 
derivatives of the pentacycles. As a consequence 
several of the aforementioned synthetic intermediates 
wcrc exposed to oxidation. Treatment of ketolactam 
7a and ketone 7e with lead tetraacetate” yielded 
vinylogous amides 9a (85%)16 and 1Oa (51%), re- 
spectively.‘x Whereas a similar oxidation of amine 8c 
afforded indolenines 12b (68%) and c (7%). de- 
ethylaspidospermidine (7~) was degraded by lead 
tetraacetate. However, its oxidation with potassium 
permanganate led to the 20-deethyl derivative (12a) 
(45%) of the Aspidosperma alkaloid dehydro- 
aspidospermidine.‘5 

Since many of the natural Aspidosperma bases are 
pentacyclic nuclei with 2,16-dehydro-16-cdrbo- 
methoxy substituents, it was of interest to develop a 
scheme of introduction of this functionality. Hence 
N,-carbomethoxylation of the above indolenines or 

a,,R=R'=H 

b, R=C02Mc, R'= H 

C, R=H,R'=C02Me 

their tautomers and photochemical rearrangementI 
of the resultant 2, l6-dehydrourethanes were under- 
taken. Whereas, in principle, the latter could be 
expected to undergo irradiation-induced carbo- 
methoxy migration to either C( 12) or C( 16) it was 
hoped that the rearrangement involving the double 
bond would require less activation energy than that 
affecting the benzene ring. Treatment of indolenines 
12a and b and vinylogous amides 9a and 10a with 
sodium hydride and methyl chlorocarbonate yielded 
urethanes 13a (63%), 13b (72%), 9b (77%) and lob 
(58x), respectively. Irradiation of enamides 13a and 
b and urethanes 9b and lob produced vinylogous 
urethanes 13~ (30%),m 13d (IS%), 9e( 15%) and 1oC 
(25x), respectively, and decarbomethoxylation prod- 
ucts. Vinylogous urethane 13d was accompanied also 
by its tautomer (12d) (22%). whose treatment with 
acetic acid transformed it into the conjugated form 

(13). 

13CI, HtZOo!, R= CO+ie,R'= H 
b, H(208), R= COIMe,R'= H 
C, H(ZOmJ, R= H, R'=C02Me 
d. HtZOLV, R= H. R'=C02Mc 

The above discussion has illustrated the applica- 
tion of the /I-acylpyridine reduction-cyclization route 
in Aspidosperma alkaloid synthesis by the seven-step 
construction of 20-deethylvincadifformine (13~) in 
two segments, the prior synthesis of 20-deethyl- 
dehydroaspidospennidine (12a). (fi-acetylpyridine+ 
3 - acetyl - 1,4,5,6 - tetrahydropyridine+lb+7a + 
7c+ 12a), followed by a carbomethoxylation process 
(12a+13a+lk). 
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EXPERIMENTAL 

Mp were determined on a Kofler micro hotstage and are 
uncorrected. IR spectra were recorded on Perkin-Elmer 137 
and 257 spectrophotometers and UV spectra of 95% EtOH 
soins on Cary 14, Gary 17 and Unicam SP 1800 spec- 
trophotomete~. Mass spectra were obtained on Finnigan 
3300, CEC 2i-1108 and AEI MS902 spectrometers. 
‘H NMR snectra of CDCI, soins with Me.Si as internal 
standard ($ = Oppm) were-taken on Varian EM-390 and 
XL-100-15 spectrometers and on experimental 240 and 400 
MHz instruments built at the the Institut d’Eiectronique 
Fondamentaie, 91405 Orsay, France.” Photochemical ex- 
periments were carried out in a cooling quartz reactor with 
an imme~ion high-pressure mercury Hanau TQ 150 lamp 
assembly under argon. 

Lacrum 5. A soin of 28.7 g (86mmoi) indoieacetic 
anhydridcb and 9.56 g (86 mmol) freshly prepared 3-acetyl- I, 
4, 5, 6-tetrahydropyridine5 in 300 ml dry THF was stirred at 
room temp under N, for 24 hr and then evaporated. The. 
CH7Ci, soin of the residue was washed with lO”l, HCI and 
5% ‘NaHCO,aq, dried (Na,SO,) and evapor&d. Crys- 
tallization of the residue from MeOH gave 17.3 a (71%) of 
I-(indoie-3-a&y]] lb: mp 142-143”; s&tra idet&ai “&th 
those of an authentic sample.” 

A so111 of 1.00 g of lb in 15 ml BF,-etherate, freshly 
distilled from calcium hydride, was stirred at room temp for 
12 hr and poured into ice water. The mixture was washed 
with ether. basified with NH&OH and extracted with 
CH,CI,. The extract was dried iNa,SO,) and evaporated. 
Washing of the residue with ether yielded 770mg (72%) of 
crystals whose crystaiii7ation from acetone led to colorless 
needles of 5. : m.p. 167-168”; UV (EtOH)&,. 244 nm (log L 
3.90) 297 (3.50);’ IR (Nujoi) OH, NH 3M(m), 3350 (m), 
C=O 1658 (s). C-C 1613 (w) cn-‘: m/e 300 (M +* 27% 282 . ,. 
(86) 240(44), 239(base), i3&4), l29(51). (Found:6,68.07; 
H, 6.71; N. 9.24. Calc for C,,Hx,O,N,: C, 67.98; H, 6.71; N, 
9.33%). 

Kefoiucrums 70 u& 8~. A soin of I .80 g of lb in 30 ml 
freshly distilled BF,etherate was heated at 85” for IOmin. 
Work-up as above and crystallization of the crude product 
from MeOH gave 200mg crystalline 7~: m.p. 205-207”; 
spectra identical with those of an authentic sample.‘O Thick- 
layer chromatography of the evaporated mother liquor on 
Brinkman PF-254 silica gel and development with IO: 1: 1 
~nzcn~accton~isopropyi alcohol led to 500 mg more of 
7a (combined yield: 7OOmg, 39%) and 760mg (42%) of 
crystals whose crystaiiizrtion from MeOH-ether gave col- 
orless needles of Sp: m.p. 194-196’; UV (MeQH) &,, 
242nm (log ( 3.87). 297 (3.45): IR (KBr) NH 3300 (m), 
C-0 1710 (s), 1675 (s), 1605 (m) cm ‘; ‘H NMR 6 i&2.9 
(m, IO, methyienes, methines), 3.58 (d, I, J = 12 Hz, H-21), 
3.8 4.4 (m. 2, H-2, H-3), 6.5-7.3 (m, 4, aromatic Hs); m/e 
282 (M ‘, base), 130 (45%). (Found: 73.65; H, 7.09, N, 8.86. 
Calc for C,,H,,O,N,: C, 73.52; H, 7.14; N, 9.02%). 

A soln of IO0 mg of lb in 50 ml MeQH was irradiated for 
I hr and then evaporated. Chromatography of the residue 
on 5 g of Merck silica gel (activity II) and ciution with 4: I 
CH,Ci,-EtOAc yielded 20 mg (20%) of amorphous, solid 6: 
UV(EtOH)~~=~2~ nm (log c 3.83). 294 (3.64); IR (~im)NH 
3290 (m). C=Q 1670 (s), C-C 1615 (m) cm-‘; ‘H NMR 6 
1.2-3.0 fm. 7. methylenes, H-3). 1.73 (s, 3, Me), 4.15 (s, I, 
H-21). 4.31 (m, I. H-3). 4.77 (s. 1. H-2). 6.7-7.4 (m. 4. 
aromaticHs),m/e282(M+,21%)~ 131 (Ii), 130(ba&,ll6 
(10). 

A soln of 1OOmg of 6 in 15 ml freshly distilled 
BF,-ethcratc was heated at 95” for 15 min. Work-up as 
above led to 40mg each of lactams 7n and 8a. 

L0ctom.r 7h an& Rh. A soln of I .OO g of 7a, 5 g Na and 15 
ml hydrazine hydrate in 150 ml freshly distilled ethylene 
glycol was heated at 160” for I hr. distillable material then 
removed at 170“ and the remaining soln heated at 210” for 
2 hr. The latter was poured into water and extracted with 
CH,CI,. Evaporation of the extract and crystallization of 
the residue 950 mg, from acetone yielded 740 mg crystalline 

i3b m.p. 203-204”; spectra identical with those of an authen- 
tic sample.” Silica gel chromatography of the mother liquor 
and elution with 2: I cyclohexane_EtOAc led to 75 mg (total 
86% yield) of 8b and 50mg (5%) of crystalline 7b m.p. 
217-219”; UV (EtOH) &,_ 246 nm (iogc 3.85). 299 (3.40); 
IR (film) NH 3400 (m), C=Q 1675 (s), C-C 1610 (m) cm-‘; 
‘H NMR 6 1.1-1.9 (m, 9, methyienes, CH), 2.13, 2.20. 2.75, 
2.83 (4line AB, 2, 2 H-6), 2.71 (m, 1, H-3), 3.38 (dd, I, 
J= 12, 6Hz, H-Z), 3.93 (d, I, J=3Hz, H-21). 4.16 (dd, I, 
J = 14.4 Hz, H-3). 6.6-7.2 (m, 4, aromatic Hs). Exact mass: 
m/e 268.1570 (Caic for C,,H,ON,: m/c 268.1576). 

‘Reduction of i.OOg 8i’uider ihe &me Wolff-Kishner 
conditions and work-up as above yielded 765 mg (80%) of 
8b and 65 mg (7%) of 7b. 

A mixture of 200 mg of 7a, 200 mg ’ p-toiuene- 
suifonyihydrazine and 100 mg p-toiuenesuifonic acid in IO 
ml EtOH was stirred under N, at room temp for 24 hr and 
then evaporated under vacuum. A mixture of the residue 
4 ml dimethylformamide and 4 ml suifoianc in 5 ml cy- 
clohexane was heated under N, for 4 hr. The cyciohexanc 
was removed by evaporation and the other solvents by 
distillation at 140~/0.~1 Torr. A CH,Ci, soin of the residue 
was washed with 5% NaOH soin, dried (Na,SO,) and 
evaporated. Chromatography of the residue on silica gel and 
elution with I : I CH,Ci,-EtOAc yielded 60 mg (32%) of 7b. 

Aminoketone 7e. A suspension of 800 mg LAH and I .oO g 
of 7~ in 200mi anhyd THF was refluxed under Nz for 2 hr 
and then acidiiied with 5% HClaq. Evaporation of the 
organic solvent. treatment of the remaining soin with a sat 
K,CO,aq, sodium tartrate and then aqueous ammonia 
extraction with CH,Ci, and evaporation of the dried 
(Na,SO,) extract led to a solid, whose crystallization from 
MeOH yielded 780 mg (81%) crystalline 7d: m.p. 203-205 ; 
m/e 270 (M-, 71x), 252 (23). I78 (46), 130 (99) 122 (98) 
98 (base). 

A soin of 700 mg of 7d, 433 mg of t-BuOK and 695 mg 
fluorenone in 200 ml dry benzene was reiluxed under N, for 
2 hr. The mixture was poured onto ice and a 57; HCLaq 
added. It was washed with ether for the removal of the 
fluorenone, basified with aqueous ammonia and extracted 
with CH,Ci,. The extract was dried (Na,SO,) and evapor- 
ated. Chromatography of the residue, 620mg. on 6og of 
Merck silica gel (activity II) and elution with 3: I 
cyclohexane_EtOAc yielded 420mg (60‘?/) of 7e: m.p. 
115-117“; spectra identical with those of an authentic 
sampie.‘o 

A suspension of 2.OOg 8~ and ISOg LAH in 500 ml 
anhyd THF was refiuxed under N, for 5 hr. Work-up as 
above gave I .OO g (52%) amorphous solid 8d. Oppenauer 
oxidation of the latter, 850 mg, under the above conditions 
and work-up yielded 750 mg (88%) of 7e.r” 

Ketoiactam 7a, 1.2Og, was converted into its tosyl- 
hydrazone by the above procedure. A suspension of 800 mg 
LAH and the hydrazone in 250 ml anhyd THF was rcfluxcd 
under N, for 4 hr. Work-up as above yielded 684 mg (600/,) 
of 7e.” 

Ketolactam 8a, 8OOmg, was converted into tosyl- 
hydrazone by the above procedure for preparation of 7a 
tosylhydrazone. (The hydrazones of 7a and Sa, while not 
isolated, were shown to be different substances by TLC.) A 
suspension of 800 mg LAH and the hydrazone in 250 ml 
anhyd THF was refluxed under N, for 4 hr. Work-up as 
above yielded 200 mg (26”/,) of 7e” and 63 mg (996) crys- 
talline 8c.l’ m.p. 104-106’; spectra identical with those of an 
authentic sample.“’ 

20-Deef~~i~Fidospe~midine (74. A THF soln of diborane, 
2.1 ml of I M, was added dropwise over a 0.5 hr period to 
a soln of 7n tosyihydrazone, prepared from 200 mg of 7n by 
the above procedure. in IOOml dry THF under N2 at 0 . 
After stirring at this temp for I hr the mixture was rcfluxcd 
for 1 hr. poured into sat NaOAc and refluxed for 0.5 hr. it 
then was acidified with So/, HClaq, heated under vacuum for 
the removal of THF, made basic with aqueous ammonia 
and extracted with CH,CI,. The extract was dried (Na,SO,) 
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“Were it possible to make this reaction a general process, 
a tosylhydrozone may serve as an excellent ketone masking 
group during LAH reductions. 

“G. F. Smith and M. A. Wahid, J. Chetn. Sot. 4002 (1963). 
K. Biemann, M. Friedmann-Spiteller and G. Spiteller, 
Ibid. 85, 631 (1963). 

r6For an alternate synthesis of 3-oxo-lth and the N,-acetyl 
derivatives of 7c and 1211 see Y. Ban, T. Ohnuma, M. 
Nagai, Y. Sendo and T. Oishi, Terrohedron Lerlers 5023 
(1972). 

“For early examples of the conversion of indoline alkaloids 
into indolenines or their 2alkylideneindoline tautomers by 
lead tetraacetate oxidation see M. F. Bartlett, B. F. 
Lambert and W. I. Taylor, /. Am. C/rem. Sot. 86, 729 
(1964). 

‘*Lead tetraacetate oxidation of 8p has yielded 11 (33%): UV 
(EtOH) &, 235 nm (log r 4.05). 296 (3.86), 3.37 (4.10); ‘H 
NMR 6 1.0-3.2 (m. 6, methylenes, CH), 2.35, 2.53, 3.06, 
3.26 (4-line AB, 2.2 H-6). 3.73 (d, 1, J = IO Hz, H-21) 4.23 
(m, 1, H-3). 5.48 (s, I, H-16). 6.6-7.3 (m, 4, aromatic Hs), 
8.46 (br. s, 1, NH); m/e 280 (M’, SW/,), 171 (17). 170 
(base), 144 (9), 143 (14) 130 (13), 115 (II). 

19N. C. Yang and G. R. Lenz, Tetrahedron Letters 4897 
(1967). 

20M. E. Kuehne, C. L. Kirkemo, T. H. Matsko and J. C. 
Bohnert, J. Org. Chem. 45, 3259 (1980). 

*‘P. Gonord, S. K. Kan and M. J. Satuade, J. Magn. Res. 
24,457 (1976). S. K. Kan, P. Gonord, M. Fan, M. Sauzade 
and J. Courtieu, Rev. Sci. Instrum. 49, 785 (1978). 

L2The major tautomer in CHCI, soln is 17-oxo-12n. 


