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ABSTRACT 

Indole acetic acid and methyl 1,4,5,6-tetrahydronicotinylacetate 

obtained by hydrogenation of methyl nicotinylacetate were combined in 

the presence of base to yield methyl 1-(3-indoleacetyl)-1,4,5,6-tetra- 

hydronicotinylacetate in 45% yield. This, upon heating in polyphosphoric 

acid, yielded in 73% 20-deethyl-5,17-diketo-2,16-dihydrovincadifformine 

with complete stereospecific formation of all five chiral centers. Re¬ 

duction of the two keto functions led to 20-deethyl-2,16-dihydrovinca- 

difformine, whereas reduction of the lactam and oxidation of the 2,16 

carbon-carbon bond yielded 20-deethyl-16-ketovincadifformine. 16 keto- 

pseudovincadifformine was prepared in the same manner starting from 

methyl 5-ethyl-nicotinylacetate. 
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INTRODUCTION 

In the total synthesis of indole alkaloids with an Aspidosperma 

skeleton, utilization of a Schiff base of tryptamine for cyclization at 

the indole 3-carbon site has failed or has required a later rearrangement, 

of an intermediate tetrahydro-3-carboline. However, in 1976 Wenkert, 

et al.’*" published an example of such a cyclization wherein an intact 

Aspidospera ring system with the correct stereochemistry at all chiral 

centers was obtained. It is the object of this work to study the trans¬ 

formation of this cyclization product or related substances into naturally 

occurring products. 

1 
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Since their isolation the "dimeric” or bisindole alkaloids vinca- 

leukoblastine 1 and vincristine 2 have been under intensive investigation 

2 
due to their activity against several types of cancer, particularly 

leukemia and Hodgkins disease in man. Unfortunately, as in the case of 

most naturally occurring biologically active compounds, these substances 

are isolated only with great difficulty and in low concentration from 

3 2 4 
the plants Vinca rosea, Catharanthus roseus, Catharanthus ovalis, 

and Catharanthus longifolius.^ As a result, these compounds and, partic¬ 

ularly their individual monomer units have held the attention of many 

research groups over the last two decades. 

OH 

vinblastine 1; R ■ CH^ 

vincristine 2; R « CHO 

Early analysis of vincaleukoblastine (VLB), known also as vin¬ 

blastine, and vincristine (VCR), indicated these compounds to be indole- 

indoline dimers.^ When VLB was heated in concentrated hydrochloric acid 

in the presence of stannous chloride, the indole and indoline portions 

were cleaved reductively and could be separated.^ The indoline portion 

was identified as deacetyl vindoline 3 and the indole portion as 



O 

velbanamine 5, whose structure was determined later by Neuss, et al. 

Vincristine under the same conditions gave demethyldeacetylivindoline 4 

and velbanamine 4.^ Reduction of VLB and VCR with lithium aluminum 

hydride gave the same pentahydroxy product. From this evidence it was 

summarized that VCR was - formyl VLB. Later a combined effort of - 

the staff from the Eli Lilly and Company, and the group of Buchi con¬ 

firmed this assumption with the complete structure elucidation of both 

VCR and VLB.5 * * * 9 

VLB(R=CH3) SnCl2 

or  > 
VCR(R=CHO) HCl 

4; R=H 

OH 

5 

Catharanthine 6, also isolated from Vinca roseas,^ underwent 

similar transformations as the dimers when treated with concentrated 

hydrochloric acid.^ The products, obtained in poor yield, were de- 

carbomethoxycatharanthine 7, the dehydration product of velbanamine, i.e 

cleavamine 8, and a- and (3-dihydrocleavamine 9, 10. Expectedly, it was 



4 
found later that the addition of a reducing agent, such as stannous 

12 
chloride, increased greatly the yield of cleavamine. In subsequent 

13 
investigations by Kutney, et al. it was discovered that under milder 

conditions, acetic acid and zinc dust, catharanthine gave all four 

possible carbomethoxydihydrocleavamines♦ However, when sodium boro- 

hydride was used as the reducing agent, only the 1,2-reduction products^ 

a- and g-carbomethoxycleavamine 11, 12, were obtained• 

11 ; R1 = H, R2 = C02CH3 

12 ; R1 = CO„CH„, R2 = H 

6 
AcOH 
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Although none of the members of the velbanamine or cleavamine series 

have ever been isolated from a natural source, two of their transannular 

14 
cyclization products are naturally occurring compounds. Both a- and 

8-pseudovincadifformine 13, 14 were isolated by Le Men, et al.^ several 

16 
years after Kutney, et al. demonstrated that the oxidative cyclization 

of the a- or $-ethyl isomer of carbomethoxydihydrocleavamine yielded the 

respective isomer of pseudovincadifformine. If one could envision a 

similar cyclization of C-20 epimeric carbomethoxyvelbanamine, the pro¬ 

ducts would be pandoline 15 and epi-pandoline 16. These compounds have 

been isolated from several plant sources: Pandaca calarea Mgf., Pandaca 

17 15 
debrayi Mgf., Pandaca caducifolia Mgf., Melodinus polyadenus Boiteau, 

18 
and Eruatamia obtusiuscula Mgf. The absolute configuration of these 

19 21 
compounds was published in 1974, * while the relative stereochemistry 

13 18 
.was determined in 1976 by C NMR analysis. Reductive opening of 

pandoline or epi-pandoline yields carbomethoxyvelbanamine 17, 18 as a 

mixture of isomers epimeric at the carbomethoxylated site (C-16). This 

relationship to the dimeric indole alkaloids VLB and VCR have made the 

pseudovincadifformine and pandoline isomers interesting as well as im¬ 

portant targets for the synthetic chemist. 

13; R2 = Et, R1 = H 

14; R1 = Et, R2 = H 

15; R2 - Et, R1 = OH 

16; R1 - Et, R2 = OH 
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18 

It has been established that the Iboga, Corynathe-Strychnos and 

Aspidosperma classes of indole alkaloids arise in nature from a combina¬ 

tion of the iridoid glucoside secologanin 19, derived from geraniol, with 

21 22 
tryptophan 20. * This is in agreement with earlier postulations of 

23 24 
Thomas and Wenkert that the "Cg-C^g unit of these complex alkaloids 

arose from a geraniol-derived monoterpene. As depicted, a combination 

of secologanin with tryptophan forms a mixture of vincoside 21 and 

isovincoside 22. Although it was first believed that only vincoside 

25 26 
with a 3 6-stereochemistry was biotransformed into the alkaloids, 9 

later reports have shown that 3 a-isovincoside or strictosidine undergo 



7 

27 
the important biological transformations. The next step in the bio¬ 

synthetic pathway entails enzymatic hydrolysis of the strictosidine 

glucoside moiety, followed by reduction, producing geissoschizine 23 

28 
and corynantheine aldehyde 24. Some rearrangements and reduction of 

the ever present aldehyde leads to preakuannicine 25. This undergoes 

reductive ring opening to stemmadenine 26. Dehydration leads to dihydro¬ 

pyridine acrylate, dehydrosecodine 27. This compound may undergo ring 

closure (via an intramolecular Diels-Alder reaction or a stepwise ionic 

mechanism) to yield either tabersonine 28 or the Iboga alkaloid 

catharanthine. Tabersonine is recognized as the predecessor of the 

Aspidosperma alkaloids. An alternative opening of preakuammicine, 

producing after dehydration the isomeric dihydropyridine acrylate 29, 

29 
also has been proposed. Reduction of this dehydrosecodine to the 

^3(14) _seco(j£ne isomer 30 followed by ring closure would lead to pseudo- 

vincadifformine 13 and epipseudovincadifformine 14. Pandoline 15 and 

20-epipandoline 16, in turn, can be ascribed to a biosynthetic hydrox¬ 

ylation of a dehydro or dihydro precursor. 

v 
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25 

-13, 14 

The identity of the monomeric indole alkaloids which served as the 

building blocks for VLB, VCR, as well as other similar dimeric indole 

alkaloids, such as leurosine 31 and leurosidine 32, remained unknown 

31 
until the late 1970s. While vindoline appeared to serve as a satis¬ 

factory precursor for the Aspidosperma segment, the "Iboga-like" moiety 

eluded discovery. However, recently several groups have found that 

labelled catharanthine was incorporated into anhydro-VLB 33, which 

32 33 34 
previously had not been isolated from £. roseus. * * Attempted in¬ 

corporation of catharanthine N-oxide, carbomethoxycleavamine and 
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33 
deoxycatharanthine failed. Disappointingly, further administration of 

anhydrovinblastine to plant shoots of C. roseus did not result in any 

34 
measurable incorporation into VLB or VCR. However, this problem was 

35 36 
rectified by using cell-free extracts of C. roseus. * In this case 

3 36 
there was incorporation of (21 -H) anhydrovinblastine up to 1*87%. 

Yet, these results are not completely conclusive. It has been shown by 

Potier, et al. that anhydrovinblastine is oxidized readily with oxygen 

37 
to leurosine in vitro. More recently in vitro experiments have shown 

38 
that anhydrovinblastine oxidizes readily also to VLB and leurosidine. 

Thus the question remains whether these highly sought dimers are in vivo 

artifacts or anhydrovinblastine or enzymatic products of (2. roseus. 

31 ; Rx « CH3, R2 = Et, R3 « OH 

32 ; R = CHO, R2 = Et, R3 = OH 

20f IS1 
33 ; Rx - CH3, R2, R3 * H ’ 

The members of the cleavamine-velbanamine series first attracted 

attention for synthesis in the mid 1960s. The first approach to the 

39 
synthesis of dihydrocleavamine was reported by Harley-Mason, et al. 



Condensation of triester acetal 34 with tryptamine was found to afford 

tetracyclic amide 36. Base promoted decarboxylation, reesterification, 

reduction, and mesylation of the resultant primary alcohol led to the 

quaternary salt 38. Reductive cleavage produced a mixture of a- and 

dihydrocleavamine 9, 10. 

H R CQ£H3 

34 ; R * C0oEt ~ ~ z 

35 ; R = H * 

OO2CH3 

36 

1) OH 

2) CH30H,H
+ 

CO2CH3 

OMs 
1) LiAlK 

■4 9 + 10 
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40 
A subsequent publication by the same authors described an im¬ 

provement in the synthesis of intermediate 37. Exposure of triester 

acetal 34 to sodium cyanide in dimethyl sulfoxide yielded diester 35. 

This condensed with tryptamine to yield amide ester 37 in a more direct 

route. It was discovered also that a mixture of all four possible a- 

and g-carbomethoxydihydrocleavamines could be obtained from quaternary 

salt 38. Treatment of the quaternary amine salt with potassium cyanide, 

followed by acid hydrolysis in methanol yielded a mixture of all four 

41 
carbomethoxydihydrocleavamines • 

In a similar vein 18-hydroxydihydrocleavamines could be obtained 

40 
from amide 37. Formation of the thiolactam with phosphorus penta- 

sulfide, desulfurization with Raney nickel and base hydrolysis yielded 

acid 39. Combination of acid 39 with acetic anhydride and sodium 

acetate afforded amide acetate 40. Reduction yielded 18-hydroxydihydro- 

cleavamine 41. 
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In the 1960s similar investigations were being conducted by the 

42 
group of Kutney. A suitably substituted succinate 42 was condensed 

with tryptamine, affording a succinimide 43. Reduction to the tertiary 

amine 44 and cyclization by oxidation with mercuric acetate provided an 

overall 37% yield of four isomeric products. NMR spectroscopy of the 

two major products showed a one-proton multiplet for the proton of 

the most abundant product while the other product showed a doublet for 

the same proton. On this evidence the major isomer was assigned 

structure 45 and the minor isomer 46. Hydrogenolysis of the benzyl 

protecting group of 45 and treatment of the resulting primary alcohol 

with methanesulfonyl chloride gave quaternary ammonium salt 47. Upon 

reductive cleavage both 4 a- and 4 3-dihydrocleavamine were obtained. 

The product stereochemistry was controlled only by the stereochemistry 

of the starting succinate. 

In continuation of his work in this field Kutney reported the syn- 

43 
thesis of 18-carbomethoxydihydrocleavamine. Conversion of 4 g-dihydro- 

cleavamine into its chloroindolenine 48 was accomplished with t-butyl 

hypochlorite. Solvolysis in glacial acetic acid and sodium acetate 

produced a highly polar material suspected to be quaternary salt 49. 

Treatment of the salt with potassium cyanide in dimethylformamide yielded 



14 

1) 10%Pcl/C/AcOH/H2 

2) C1S02CH3/Pyr 

3) NH3 

OMs 

47 

in 27% 18 g-cyano-4 fl-dihydrocleavamine 50. Hydrolysis with potassium 

hydroxide in diethylene glycol and esterification of the resulting acid 

with diazomethane gave a 58% yield of 18 8-carbomethoxy-4 8 - dihydro¬ 

cleavamine 51. 

The hydration product of cleavamine, i.e. velbanamine, was synthe¬ 

sized first by Büchi, et al.^’^'* Starting with isoquinuclidine 52, 
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46 
previously utilized in the synthesis of ibogamine, oxidation with 

oxygen and potassium t-butoxide yielded ketol 53. Reduction, periodate 

cleavage, protection of the resulting ketone as its dimethyl acetal, 

followed by a Hofmann reaction with hydrolysis yielded isoquinuclidone 

55. Hydrogenolysis of the benzyl protecting group and condensation of 

the free base with indole-acetic acid provided amide 56. Acid-catalyzed 



16 

cyclization yielded pentacyclic methoxyketone 57. Cleavage of the methyl 

ether and subsequent treatment with base resulted in a retroaldolization, 

leading to unstable dion 58. Reduction'to diol 59 was followed by 

further reduction with tin and stannous chloride, yielding alcohol 60. 

Oxidation to ketone 61 and successive treatment with ethylmagnesium 

bromide and lithium aluminum hydride gave in an overall 0.4% yield 

velbanamine 5 plus a small amount of isovelbanamine 62. 

52 53 

1) NaBH 

2) NalO. 
4 

1) HC(0Me)3 

4 pl SA 

2) NaOCl 

1) 10% P d/C 

H2 
2) Sodium-3-indoleacetate 

l-ethyl-3-(3-dimethylaminopropy1)- 
carbodiimide 
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1) EtMgBr 
2) LAH 

Velbanamine 5 

Isovelbanamlne 62 
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Kutney, e£ al. utilized dihydrocatharanthine 63, available from the 

47 
reduction of catharanthine, or in poor yield via oxidative cyclization 

43 
of carbomethoxy dihydrocleavmine , as the starting point in their syn- 

48 
theses of isovelbanamine and velbanamine. Reduction, tosylation and 

exposure to triethylamine resulted in ring opening to secodiene 64. 

Combination of 64 with osmium tetroxide led to tetrol 65 which upon 

hydrogenolysis and subsequent periodate cleavage yielded ketol 66. 

Further reduction with lithium aluminum hydride yielded isovelbanamine 

62. Treatment of the latter with aqueous sulfuric acid gave velbanamine 

5, while concentrated sulfuric acid provided cleavamine 8. 

64 

OsO, 
4 
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Utilizing an oxidative fragmentation as a key step in its synthetic 

plan, the group of Nagata, et al. also achieved a total synthesis of 

49 
vebanamine. Hydroxylactam 67, available from previous studies on 

the synthesis of isoquinuclidines,"^ upon exposure to lead tetraacetate 

undergoes fragmentation, yielding the tetracyclic ketolactam 68. De¬ 

hydration of the aminal with acid to the corresponding eneamine 69 was 

followed by osmium tetroxide oxidation and reduction of the latter 

product to yield tetracyclic ketone 70. Addition of ethylmagnesium 

bromide to ketone 70 resulted in a 5:4 mixture of velbanamine 5 and 

isovelbanamine 62. 
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A total synthesis of velbanamine and isovelbanamine has been 

reported by Takano, et al«~^ Beginning with the previously synthesized 

52 
pentacyclic thioamide 71 , a thio-Claisen rearrangement was affected 

with 2-ethylallyl bromide producing a mixture of two thioamides 72 

(3a and 3B) • Alkylation with methyl iodide gave the sulfonium iodides,* 

which upon hydrolysis afforded lactones 73. Treatment of each isomer 

with aqueous iodine gave selectively the corresponding iodolactones 74. 

Upon addition of aqueous base each isomer gave its epoxy-lactam, which 

upon exposure to dilute acid generated lactams 75. Reduction and 

selective mesylation of the resultant alcohols 76 yielded a mixture of 

quaternary ammonium salts 77. Reduction of the latter gave a separable 

mixture of velbanamine 5 (30.5%) and isovelbanamine 62 (17%). 

In the study directed toward establishing the stereochemistry of 

the 20-hydroxy group in pandoline and epipandoline, Wenkert, et al. 

produced 16 a- and 16 B-carbomethoxyvelbanamine and 16 a-carbomethoxy- 

18 
isovelbanamine, respectively. Treatment of the latter two compounds 

with sodium borohydride in acetic acid was found to parallel its Aspido- 

sperma counterparts, by the C^-C^ bond being cleaved reductively to yield 

16 a- and 16 3-carbomethoxyvelbanamine and 16 a-carbomethoxyisovelbanamine. 

Catharanthine, perhaps the most well-known member of the Iboga 

45 
family, was synthesized first by Buchi, et al. Addition of vinyl- 

magnesium bromide to ketone 57, previously introduced in the synthesis 

of velbanamine,^ followed by hydrogenation yielded alcohol 78. Re¬ 

duction of the a-indolylmethoxy group with lithium aluminum hydride 

gave 79 which was transformed into catheranthine in the following manner. 

Formation of the chloroindolenine and addition of sodium cyanide yielded 
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velbanamine 5 
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hydroxy nitrile 80. Acid-catalyzed dehydration, hydrolysis of the 

nitrile and finally esterification gave catharanthine. 

LiAlH4 

1) KCN H2S04 

3) KOH/ HOOH 

4) CH2N2 

catharanthine 6 

Kutney has described a synthesis of catharanthine using cleavamine 

53 
as his starting material. Treatment of cleavamine with t-butyl hypo¬ 

chlorite and sovolysis of the resulting chloroindoline gave the quater¬ 

nary salt (81). Immediate exposure of the salt to an excess of 

potassium cyanide yielded the desired 18 g-cyanocleavamine 82. This 

upon alkaline hydrolysis and esterification gave 18 g-carbomethoxy- 

cleavamine 12. Transannular cyclization of 12 had been shown previously 

54 
by the same group to yield catharanthine. 



23 

cleavamine 8 

1) (CH3)3COCI 

2) NaOAc.HOAc 

NaCN MC2N , 

catharanthine 6 

More recently, Sundberg and Bloom reported a total synthesis of 

deethylcatharanthine.^ Unlike previous syntheses,the carbomethoxy group 

is incorporated in the starting material. Condensation of 1-benzene- 

sulfonyl-2-lithioindole with ethyl pyruvate, followed by dehydration 

yielded 83. Diels-Alder addition occurred upon heating 83 with an excess 

of l-carboethoxy-l,2-dihydropyridine 84, giving adducts 85 and 86 in yields 

of 38 and 5%, respectively. Alkaline hydrolysis of 85 removed both ester 
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and benzenesulfonyl groups and under more vigorous conditions the 

urethane. N-chloroacetylation and careful reesterification gave 87. 

Photocyclization of the latter produced 88 in 55 yield. 

As an application of their work with palladium catalyzed reactions 

Trost, et al. have reported the synthesis of alcohol 79,"^ an intermediate 

45 
near the end of Biichi's synthesis of catharanthine. Aldehyde 89, ob¬ 

tained from the Diels-Alder addition of 1,4-dipivaloxy-1,3-butadiene to 

acrolein, was condensed with tryptamine. Reduction of the resulting 
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imine yielded diester 90. Formation of isoquinuclidine 91 was achieved 

by a palladium-catalyzed cyclization of 90. Transition metal-catalyzed 

cyclization of the latter produced the Iboga ring skeleton 92. Pivalate 

cleavage with methyllithium, Moffat oxidation, and exclusive exo addition 

of ethylmagnesium bromide yield the desired intermediate for Buchifs 

synthesis. 

OCO(CH3)3 1) tryptamine 

Js^CHO 0CH3 MgS04 

OCO(CH3)3 OCO(CH3)3 

89 

90 

5 mole % 

1) (CII3CN)2PC1C12 

AçBF, 
^  4  

2) NaBH4 

Et3N 
•OCC(CH3)3 

91 
OCO(CH3)3 

92 

79 
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Pseudovincadifformine, pandoline and their C-20 epimers have re¬ 

ceived much less attention than their nine-membered ring equivalents, 

the cleavamines and velbanamine. Pseudovincadifformine was the first. 

54 
of the indolines to be synthesized. Employing 18 a - carbomethoxy-4a- 

dihydrocleavamine, obtained from the reduction of catharanthine, as the' 

starting point, Kutney, et al. effected an oxidative cyclization of the 

latter with mercuric acetate, producing pseudovincadifformine 13 as well 

as coronaridine 93 and dihydrocatharanthine 94. Isolation of both 

coronaridine and dihydrocatharanthim indicates the presence of an 

immonium ion-enamine equilibrium, allowing epimerization at the C(20) 

position. Interestingly, pseudovincadifformine had not been isolated 

yet as a natural product at the same time of this report. 

93 94 
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Scott, et al. reported one of the products obtained upon heating 

dihydrostemmadiene acetate on silica gel as a compound with the pseudo- 

vincadifformine skeleton.^ However, this product with unknown stereo¬ 

chemistry at C-20 denoted as pseudodihydrocatharanthine was isolated in 

only 1.5% yield. 

It was not until 1980 that Kuehne, et al. reported the first and 

only total synthesis of pseudovincadifformine, pandoline, and their C-20 

58 
epimers. The biomimetic synthesis started with indoleazepine ester 96 

obtained from decarboxylation of the corresponding diester 95. Dében¬ 

zylation and condensation of the resultant amino ester 97 with 5-bromo- 

4-ethylpentanal provided, presumably through secondine 98, a 4:1 mixture 

of pseudovincadifformine and its C-20 epimer in 41% yield. Amazingly, 

this ratio reflects the same ratio Le Men obtained upon isolation of 

59 
pseudovincadifformine 13 and epipseudovincadifformine 14. 

96 U-H 

5-bromo- 
4-ethylpentanal 

pseudovincadifformine 13 

epipseudovincadifformine 14 

98 
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In the same manner Kuehne also synthesized pandoline and epopandoline. 

Condensation of the amino ester 97 with an excess of the epoxy-aldehyde 

98 led to a 1:1 mixture of pandoline 15 and epipandoline 16 in 64% yield. 

Final proof of structure was shown by reduction of each epimer to its 

corresponding known 16 a-carbomethoxy product, i.e. 16 a-carbomethoxy- 

18 
velbanamine and 16 a-carbomethoxyisovelbanamine. 

Harley-Mason, et al. mimicked the conditions of.Buchi's synthesis 

of the dimeric alkaloid voacamine^ * ^ to produce the first coupling 

62 
between vindoline and a cleavamine. This simple alkylation of vindo- 

line with a mixture of 16 a- and 16 B-hydroxydihydrocleavamine 41 in 

acidic medium represented the first successful effort toward synthesis 

of the class of dimeric alkaloids represented by VLB and VCR. Unfor¬ 

tunately, the stereochemistry of the coupling products was not described. 

Coupling a carbomethoxycleavamine was attempted first by Atta-ur- 

Rahman. J A mixture of £$- and o-carbomethoxycleavamine obtained from 

reductive opening of catharanthine was treated with N-chlorobenzotriazole, 

producing chloroindoline 99. When it was combined with vindoline in 
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acidic methanol, it was claimed to give rise to *^-anhydrovin- 

blastine 100. However, once again the stereochemistry at C-16* was not 

explained. . 

R = vindolinyl - 10 

100 

Kutney e£ al. in their study of the coupling of chloroindolines from 

20 3-dihydrocleavamine 10 and 16 g-carbomethoxy-20 g-dihydrocleavamine J.QJ. 

with deacetylvindoline hydrazine 102 also appeared to obtain the sought- 

6 A 1 
after dimers. The H NMR signals of the vindoline aromatic region of 

the resultant dimer however, appeared shifted relative to VLB. An X-ray 

analysis showed the products of these cationic alkylations to be C-16T 



epimers of the naturally occurring dimers. 

Following a biogenetic hypothesis that the vinblastine type alka¬ 

loids are formed in nature by direct coupling of catharanthine and 

65 66 
vindoline,both Potier1s and Kutney’s groups reported the coupling 

of catharantine N^-oxide 104 with vindoline to produce anhydrovin- 

blastine. In contrast to other results, this produced the desired 161 

(S) 105 product in 50% yield, with only 12% of the undesired 16' (R) 

106 product being formed. Potier attributed this result to a kinetic 

process, allowed by the low temperature of the modified Polonovski 

reaction. This provided the first and to-date, only synthetic entry 

into the stereochemically correct VLB and VCR systems. 
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+ 107 

R « vindolinyl - 10 

Encouraged by these results, several groups attempted to complete 

the synthesis of vinblastine or vincristine through coupling of a suit- 

67 68 69 
ably functionalized Iboga derivative with vindoline. 9 * However, 

67 68 
this led to irreproducible or poor yields of the expected dimeric 

products. This was generally attributed to competitive C^-C^ bond 

fragmentation in the absence of the £^0,15 double bond of catharanthine. 

In lieu of these research lines Potier, et al. investigated the 

functionalization of anhydrovinblastine. Their first discovery was of 

the anhydrovinblastine oxidation in the presence of oxygen alone to 

38 
leurosine in 40-50% yield. Kutney, et al. were able to achieve the 

same results in the oxidation of anhydrovinblastine with t-butylhydro- 

70 
peroxide. 
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Potier then completed the first and only selective synthesis of 

vinblastine and its C-20' epimer,^ leurosidine. Tréatment of N'^ 

oxide 107, obtained after hydrogenation of anhydrovinblastine, with 

acetic anhydride led to an unisolated intermediate enamine 108. Re¬ 

action with osmium tetroxide led to preferential attack of this bulky 

electrophile. Reduction of the resulting hemiaminal gave leurosidine 

32 in 30% yield. In contrast thallium triacetate underwent axial attack 

producing an oxidation product, whose reduction and hydrolysis gave 

vinblastine 1 in 30% yield. 

anhydrovinblastine 

104 

CH302C vindoliny-10 

107 

1) Tl(0Ac 

2) NaBH4 
)NaBH4 

vinblastine 1 leurosidine 32 
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33 

Although there exist several methods for the formation of the 

Aspidosperma alkaloid ring skeleton, there are only a few cases in which 

a substituted tryptamine moiety is utilized in a successful, intra¬ 

molecular electrophilic attack on the indole $-carbon position. In most 

cases the resulting spiro intermediate, usually obtained via the Schiff 

base of tryptamine, undergoes rapid rearrangement to a tetrahydro-B- 

carboline.^ 

73 
This problem was circumvented elegantly by Büchi, et al. in their 

synthesis of vindoline. Acid-catalysed cyclization of vinylogous imide 

109 and subsequent intramolecular trapping of the indoleninium ion by 

the sidechain enol yielded tetracycle 110. Shortly afterwards Wenkert, 

et al. reported a similar cyclization of imide 111, yielding 5,16-diketo- 

20-deethylaspidospermidine 112.^" 

O 

109 
110 
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O 

H 

BF3etherate 

111 112 

The fact of no rearrangement taking place in these two examples is 

not surprising. In both cases the potentially migrating carbon is a 

to an amide function, thus possessing lower migratory aptitude than one 

a to an amine unit. Secondly, the migration competes unfavorably with 

the indolenine - enol interaction. However, the most important aspect 

of the double cyclization scheme was its demonstration of a one-step 

entry into the basic ring skeleton of the Aspidosperma alkaloids. The 

possibility of transformations to the pentacyclic nucleus leading to the 

Aspidosperma as well as Iboga alkaloids was intriguing. 

Examination of substance 112 showed that its proper functionali- 

zation would lead to several natural products. Ethylation at C-20 and 

reduction of the keto functions would provide (±) aspidospermidine 113, 

whereas carbométhoxylation at C-16, oxidation of the C(2) - C(16) bond 

coupled with the previous transformations would lead to (±) vincadif- 

formine 114. However, the possibility of entry into the molecular 

framework of the Iboga alkaloids was most intriguing. The introduction 

of a C-14 ethyl group which might be incorporated in the starting 

pyridine, and reduction of both carbonyl groups would lead to either a 

or 3-dihydrocleavamine 9, 10. Furthermore, carbormethoxylation at C-16 

and dehydrogenation of H-2 and H-16 yielding a vinylogous urethane could 



35 

be expected to produce a- or {5-pseudovincadifformine 13 or 14. More 

Importantly, the product then would need only the introduction of a 

hydroxy group at C-14 to yield pandoline 15 or epipandoline 16 as well 

as the dihydroindole portion of vinblastine. 

R^H; R2=Et; 13 

R1=Et; R2=H; 14 

RL=H; R2=Et; 9 

R1=Et;R2=H; 10 

Construction of 1-(6-indolylacetyl)-3-acetyl-l,4,5,6-tetrahydro- 

pyridine 111, the precursor to the cyclization product 112, was effected 

74 
by combining 3-acetyl-l,4,5,6-tetrahydropyridine, obtained by hydro¬ 

genation of 3-acetylpyridine, and an activated form of indole-3-acetic 

acid. Previous workers used an equimolar mixture of dicyclohexyl- 

carbodiimide (DCC), indole-3-acetic acid (IAA), and 3-acetyl-l,4,5,6- 
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tetrahydropyridine to produce 111 in 56% yield.*** However, it was 

assumed that in this case the actual acylating agent was not the mixed 

anhydride of DCC and IAA, but indole-3-acetic anhydride itself. This 

postulation was proved correct, when a combination of 3-acety1-1,4,5,6- 

tetrahydropyridine and indole-3-acetic anhydride^ provided the desired 

imide 111 in 70-80% yields. This material then was cyclized, as re¬ 

ported earlier, yielding pentacycle 112. 

The first problem to be solved was the introduction of a carbo- 

methoxy group at C-16. This functionality was required in the synthesis 

of a- or g-pseudovincadifforaine, 13 or 14. Refluxing 112 with two 

molar equivalents of sodium hydride in dimethyl carbonate yielded a 

complex mixture of N- and C-alkylation products. Carbométhoxylation of 

ketone 115, obtained in 55% yield from the addition of tosylhydrazine 

to pentacylce 112 followed by lithium aluminum hydride reduction of the 

O 

crude reaction product and aqueous work-up, was found also to yield a 

mixture of inseparable products. In view of these poor results an al¬ 

ternate approach was needed. It was decided to incorporate the carbo- 

methoxy group in the starting material. 
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Claisen condensation of ethyl nicotinate with methyl acetate and of 

3-acetylpyridine with dimethyl carbonate gave methyl nicotinylacetate 

118 in high yield. Hydrogenation of the latter gave methyl 1,4,5,6- 

tetrahydronicotinylacetate 119 nearly quantitatively. Treatment of 119 

116 

a » ÇH3C02CH3; b * NaH; c « CH3OCC>2CH3; 

d » 5% Pd/C, H2 

with indole-3-acetic anhydride did not produce the desired imide. In¬ 

stead, a mixture of products was obtained, which proved to be inseparable 

by normal means. NMR spectroscopy of the mixture suggested the major 

product to be the diacylation product 120. This postulation was based 

on several pieces of evidence: a) integration of the NMR spectra 

showed nearly two indole moieties for every methoxy group; b) a singlet 

was observed at 5.40 ppm, probably corresponding to the enol proton; 

c) the infrared spectra showed only carbonyl absorption bands above 1715 

cm ^ (including a 1780 cm ^ vinyl ester band). 
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R = -OCOCH2(3-indolyl) 

a = indole-3-acetic anhydride, THF 

It is known that the reaction of acylating agents and vinylogous 

76 
amides leads first to reversible O-acylation, followed by N-deproto- 

nation. In the case of the acylation of tetrahydropyridine 121 the 

resultant imine 123 then undergoes N-acylation and O-deacylation. In 

the case of the acylation of ketoester 119 the intermediate N,0-diacyl- 

immonium salt 126 possesses an acidic hydrogen and thus can undergo 

deprotonation instead of O-deacylation, yielding a diacylated product. 

o 

121 122 
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122 

i r -h+ 

«A 
1?5 

Unfortunately no conditions for the selective hydrolysis of the 

enol ester could be found. 

126 127 
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To overcome the obstacle, a study of the acylation of the monoanion 

of 119 was undertaken next. Whereas two monoanions (128 and 129) can be 

imagined, it was assumed that formation of anion 128 would be preferred. 

Furthermore, it was hoped that chelation of the counterion between the 

negative oxygen and the ester carbonyl oxygen would mask the oxygens 

from chemical reactions, leaving only the nitrogen available for 

acylation. 

129 

To test this hypothesis, the vinylogous amide 119 was combined with 

one equivalent of sodium hydride in tetrahydrofuran and the anion inter¬ 

acted with acetic anhydride.^ The NMR spectra of the crude reaction 

mixture showed the absence of enol or imine protons, suggesting structure 

130 for the reaction product. On this assumption the anion was formed 

once again and exposed to indole-3-acetic anhydride. The major product, 

isolated in 45% yield, gave spectral data in complete accord with the 

desired product 131. 
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When the vinylogous imide 131 was heated in an ether solution of 

boron trifluoride etherate two inseparable products were obtained whose 

NMR spectra indicated the presence of vinyl hydrogens and whose infra¬ 

red spectrum showed no carbonyl absorption above 1705 cm These facts 

suggested the products to be the stereoisomers 132. Thus the anticipated 

reaction sequence (see below) had been diverted at the stage of the 

second intramolecular condensation and, instead, had yielded carbinol- 

amine ethers. 
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O2CH3 

■ft 

Whereas boron trifluoride-catalyzed reactions under a variety of 

conditions failed to give the desired pentacycle, heating of 131 in 

78 
polyphosphoric acid at 100°C led in 72% yield to a product, whose 

• * 

spectral data fitted the desired structure. Even though five chival 

centers had been formed, only one stereoisomer had been produced. Its 

o 

coupling data. Thus the 4Hz coupling of H-21 (doublet at 3.58 ppm) 

indicated aH(20)-H(21) cis relationship. The same relationship existed 
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between H-2 and H-16, as revealed by the 2 Hz coupling of H-16 (doublet 

at 3.89 ppm) and H-2 (doublet of doublets at 4.21 ppm; second J = 4 Hz). 

Irradiation of the H-2 signal caused the H-16 and N -H doublets to be- 
a 

come singlets* Since, as in the formation of pentacycle 112, both the 

indoline and pyrrolidone units maintain cis fusions with the cyclo¬ 

hexanone moity, structure 133 represents the relative configuration of 

the cyclization product* 

For a total synthesis of a- or g-pseudovincadifformine 13, 14f 

pentacycle 33 needs a 14-ethyl group. Hence a synthesis of such a 

79 
compound was undertaken. Ketalat;ion of 3-acetyl-5-bromopyridine 

with ethylene glycol, metal-halogen exchange of the resultant ketal with 

n-butyllithium, alkylation of the g-pyridyllithium with ethyl iodide and 

aqueous acid hydrolysis gave 3-acetyl-5-ethylpyridine 136. 

0.0 
ethylene _ _ V 

glycol ^ 

PTSA i35 

134 
1) n-butyllithium 

2) Ethyl Iodide 

3) aq. HC1 

Further work followed the route developed for the construction of 

pentacycle 133. The vinylogous imide 139 was obtained in 37% yield, but 

failed to crystallize. This may have been the reason for the lower yield 

(47%) of its cyclization product 140 than that observed in production of 

pentacycle 133. The NMR spectra confirmed the stereochemistry of 140 
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as in the case of 133. However, the spectra failed to provide an 

answer to the stereochemistry of the C-14 ethyl group. Comparison of 

13 
the C NMR spectra of pentacycles 133 and 140 revealed a downfield 

shift of 13.5 ppm (from 20.1 ppm (133) to 33.6 ppm (140)) for C-14 upon 

introduction of the ethyl group. This large shift is typical for an 

80 
equitorial alkyl substituent on a cyclohexane chair. 

N 

O O 
Nall 

(MeO)oC0 

137 

136 

OCHo 

140 
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Whereas compound 140 possessed the five-ring system and all side- 

chains for g-pseudovincadifformine 13, it was in too high an oxidation 

state and its two nuclear keto groups had to be reduced. The experiments 

were carried out on model 133. 

Reduction of pentacylce 133 with sodium borohydride in methanol gave 

hydroxyester 141 in 79% yield. Although NMR spectroscopy failed to 

determine the relative stereochemistry of the C-17 hydroxy group, it was 

assumed that the single product came from hydride attack from the least 

hindered a face. Epimerization of either C-16 or C-20 should not occur 

under the mild conditions of the borohydride reduction. 

Alcohol 141 proved to be quite stable to most acids, but exposure 

to polyphosphoric acid at 100°C yielded the unsaturated ester 142 in 

yields up to 85%. The new double bond was conjugated with the ester 

leaving H-20 unfazed, as indicated by the 3.78 ppm H-21 doublet (J=3 Hz) 

in the NMR spectrum. Hydrogenation of 142 gave saturated ester 143 

in nearly quantitative yield. Hydrogen 21 once again was a doublet 

(6 3.95 ppm, J=3 Hz). However, H-2 now appeared as a doublet (3.47 ppm) 

with a coupling constant of 10 Hz, which did not reflect coupling to 

N^-H, since a deuterium exchange in deuterium oxide did not change the 

coupling characteristics. Thus a trans relationship had to exist between 

H-16 and H-2, as illustrated in formula 143. 

* 
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Q 

142 h ► 

10% Pd/C 

CO2CH3 

143 

Reduction of the lactam proved to be a major obstacle. Reduction 

of 143 with diborane produced two isolable products in low yield. The 

less polar product, isolated in 12% yield, suprisingly was found to be 

the N -ethylation product 144. Its structure assignment was based on 
cl 

the absence of any N-H band in its infrared spectrum, on the presence 

of a 1.09 ppm methyl triplet in its NMR spectrum and on its mass 

spectrometry. The ethylating agent was most likely traces of boron 

trifloride etherate present in the diborane. The less polar product 

(16% yield) was identified as the desired ester 145. It showed no lactam 

carbonyl absorption in its infrared spectrum and the *4l NMR and mass 
> 

spectra were consistent with structure 145. Attempts to increase the 

yield by changing solvents, temperature or reaction time, failed. 

Furthermore, blocking N as its boron trifluoride salt did not suppress 
a* 

N^-ethylation. 

O 

144 143 
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To avoid this problem, it was decided to reduce the amide and 

ketone functions of ketolactam 133 concurrently. Treatment of the 

compound with diborane yielded an unstable material, whose infrared 

spectrum revealed a boron-hydrogen stretching band at 2600 cm ^ and 

conjugated ester absorption at 1710 cm \ These facts suggested formula 

146 as a possible structure for the reduction products by analogy with 

the boron difluoride 3-diketone enolate chelates 147 intermediates in 

the boron trifluoride-catalyzed 3-acetylation of ketones with acetic 

anhydride.^ 

This observation offered a path for the exclusive reduction of the 

lactam without any ill effect on the ketoester unit. Thus the diborane 

reduction of pentacycle 133 was repeated, but the solution of the latter 

was pretreated with two equivalents of boron trifluoride etherate. Pre¬ 

sumably through intermediate 148 ketoester 149 was obtained in 79% yield, 
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The stereochemistry of the ketoester was based partly on its TI 

NMR spectrum and partly on the configuration of ketone 115^ into which 

it was converted on being heated in dimethylformamide and sodium cy- 

82 
anide. Hydrogens 2 and 16 had a cis relationship, as shown by the 

2 Hz coupling of the H-16 doublet at 4.65 ppm. 

150 

115 

Reduction of the keto group of ketoester 150 by various means failed. 

In an attempt to carry out a reduction-dehydration-hydrogenation sequence 

the keto group was reduced by sodium borohydride, but the ester alcohol 

isomer mixture could not be dehydrated despite various efforts of acid- 

catalyzed elimination of water or alcohol derivatization and subsequent 

elimination. Attempts of executing a O-derivatization-hydrogenolysis 

procedure also met with failure. Thus treatment of the ketoester 150 

with one equivalent of sodium hydride, followed by one molar equivalent 
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of diethyl chlorophosphate, yielded a compound difficult to isolate in 

pure state, whose infrared spectrum showed a carbonyl absorption band 

at 1705 cm \ signifying an unsaturated ester group, and whose NMR 

spectrum exhibited two ethyl groups as a multiplet at 4.23 ppm (CH^) and 

broad tripet at 1.36 ppm (J = 7Hz, CH^). 

150 
145 

151 

Unfortunately, with enol phosphate 151, neither hydrogenation t>ver several 

83 84 
catalists nor copper hydride reduction were successful. Reduction 

85 
with lithium triethylborohydride resulted in an attack on the phosphate, 

yielding back starting ketoester 133. Finally, reduction with lithium 

in ammonia yielded a mixture of products, none compatible by thin-layer 

chromatography with ester 143. 

Even though alternate methods of synthesis of ester 143 thus had been 

unsuccessful, the earlier procedure of initial reduction of the keto 

group of ketoester lactam 133 and subsequent reduction of the lactam 

carbonyl function was in hand. The last reduction could be improved to 

a 40% yield by interaction of the lactam ester 143 with 2,4-bis- 

86 
(4-methoxyphenyl)-2,4-dithiox-P,P-1,2,3,4-dithia-diphosphetane and 

87 
reduction of the resultant thiolactam with Raney nickel. 
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143 145 

a) 2,4-bis-(4-methoxyphenyl)-2,4-dithiox-P-l,2,3,4-dithià-diphosphetane 

b) Raney nickel 

Unfortunately the last step of the synthesis of the pseudovincadif- 

formine model 158 proved to be unsuccessful. Various oxidations, e.g. 

with lead tetraacetate, failed to produce 158. 

As a final point on the pseudovincadifformine synthesis it was hoped 

that the oxidation could precede one or both reductions of lactam 133. 

In analogy with the lead tetraacetate oxidation of ketone 115, which had 

88 
yielded a ca. 10:1 mixture of iminoketone 156 and vinylogous amide 157, 

oxidation of ketoesters 133 and 149 led to vinylogous amides 152 (96%) 

and 153 (83%), respectively. The NMR spectra of both compounds re¬ 

vealed H-21 doublets (at 4.32 and 3.40 ppm respectively), characteristic 

of a H(21)-H(20) cis relationship (j = 6 and 5Hz, respectively). 
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red. 
>- 

154 R - 0 

155 R * H2 

a) Pb(OAc)4, CH2C12 

Reduction of the keto group of pentacycle 153 proved difficult. No 

simple reductions, e.g. with sodium borohydride, worked and keto group 

89 
removal by conversion of 153 into a vinylogous thioamide, followed by 

desulfurization by Raney nickel, proved to be a poorly reproducible 

procedure. On one occasion refluxing pentacycle 153 in dimethoxyethane 

with an equimolar amount of 2,4-bis-(4-methoxyphenyl)-2,4-dithiox-P>P-1, 

2,3,4-dithiadiphosphetane yielded a material whose reduction with Raney 
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nickel gave in poor yield a substance identical by thin-layer chroma- 

90 
tography with an authentic sample of 158* 

158 

In parallel with the experiments in the model series, reactions 

designed to lead to g-pseudovincadifformine itself were undertaken. 

Pentacycle 140 thus was transformed into vinylogous amide 160 by follow¬ 

ing reactions* Diborane reduction of lactam 140, protected as its boron 

a) BF etherate; b) B^ in THF; c) NaOAc, MeOH,; d) Pb(0Ac>4 

difluoride complex, followed by hydrolysis gave ketoester 159 in 44% yield. 

Oxidation of the latter with lead tetraacetate produced amide 160, whose 
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NMR spectrum exhibited a H-21 doublet (3.48ppm) with coupling 

(J « 5Hz) characteristics of a H(20) - H(21) cis relationship. 
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EXPERIMENTAL 

All reactions unless stated otherwise were performed under nitrogen, 

using solvents which were either distilled from drying agents under 

nitrogen immediately before use, or were distilled and then stored under. 

rigorously dry conditions. Infrared spectra were recorded on Perkin- 

Elmer 137, Beckman Acculab Model 8, and I.R. 8 spectrophotometers as neat 

films or dichloromethane solutions and are tabluated in cm-''". ''"H NMR 

spectra were recorded on EM-390 (90 MHz), and Varian XL-100-15 (100 MHz) 

spectrometers as deuterochloroform solutions with TMS as internal standard 

13 
(6 = Oppm), unless otherwise noted. C NMR spectra were recorded on the 

Varian XL-100-15 instrument operating at 25.05 MHz in the Fourier trans¬ 

form mode, as CDCl^ solutions. Carbon shifts are reported in ppm down- 

field of TMS; (TMS) * (CDCl^) + 76,9 ppm. Low resolution mass spectra 

were recorded at 70 eV on a Finnigan 330 GC-MS spectrometer and ions with 

m/e 40 and intensity 20% of the base peak listed. High resolution mass 

measurements were performed on a C.E.C. 21-11013 employing the peak 

matching method. Ultraviolet spectra were recorded on a Cary-17 spectro¬ 

photometer. Microanalysis were performed by Galbraith Laboratories, Inc. 

Methyl Nicotinylacetate 

A mixture of 9.0 g of methyl nicotinate, 20 ml of methyl acetate, 

and 4.8 g of sodium hydride were refluxed for three hours. After it was 

cooled to room temperature, the reaction mixture was poured onto 50 g of 

ice and the resulting solution washed twice with ether. The aqueous layer 

was neutralized (pH 6-7) with 6N hydrochloric acid and saturated with 

sodium chloride. It then was extracted three times with dichloromethane 
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and the extracts dried over sodium sulfate and concentrated in vacuo. 

The resulting oil crystallized from ether-petroleum ether, to yield 8.22 g 

(71%) of the desired product, mp 73-75°C; ir (CHCl^) OH (enol) 3350 (m), 

0=0 1739 (s), 1689 (s), 1660 (s),C=C 1625 (m),cm_1; ^"H NMR (CDC13) (7:4 keto- 

enol mixture) 6 3.97 (s,2,CH2), 3.71(s,3,OMe), 3.76 (s,3,0Me), 5.62 (s,l, 

olefinic CH), 7.1-9.1 (m,3,aromatic ft's), 7.56 (d,l, J=6Hz, H-2). Found: 

C 60.26, H 5.06, N 7.82% (Calcd for C^NCy C 60.26, H 5.11, N 7.44%. 

Methyl 1,4,5,6-Tetrahydronicotinylacetate 

A solution of 4.0 g of methyl nicotinylacetate in 25 ml of methanol 

was hydrogenated at 3.5 atm over 0.5 g of 5% palladium-charcoal. Once 

hydrogen absorption had ceased, the catalyst was filtered and the methanol 

removed under vacuum. The residual oil crystallized from ethyl acetate- 

ether, to yield 2.5 g (61%) of the desired product, mp 40-42°C; ir (CKCl^) 

NH 3460 (m), C=0 1735 (s), 1590 (s) C=C 1525 (m) cm-1; uv (MeOH) L„ 304 nm 

(E 27,400); 1H NMR (CDC13) 6 1.76 (m,2,H2~5), 2.32 (t,2,J*6Hz,H2-4), 3.19 

(m,2,H2-6), 3.47 (s,2,CH2), 3.64 (s,3,0Me), 5.86 (s,l,N-H). Found: 

C 5870, H 7.13, N 7.69% (Calcd for CgH^NO^ C 59.00, H 7.15, N 7.65%). 

Methyl 1-(g-Idoleacetyl)-1,4 a5 % 5-tetrahydronicotinylacetate 

A solution of 7.72 g of methyl 1,4,5,5-tetrahydronicotinylacetate in 

30 ml of tetrahydrofuran was added dropwise to a suspension of 2.05 g of 

50% sodium hydride in 50 ml of tetrahydrofuran at 0°C. After 30 min. 

14.0 g of indole acetic anhydride was added as a solid. The reaction was 

left stirring at room temperature for 48 hours. Then the mixture was 

cooled to 0°C and quenched with 30 g of ice. Dichloromethane, 100 ml, 

was added and the mixture washed twice with 1 N aqueous hydrochloric acid, 



56 

twice with saturated sodium carbonate solution, dried over sodium sulfate 

and concentrated in vacuo. Chromatography of the viscous residual oil 

through silica gel and elution with 8% acetone in dichloromethane and 

crystallization of the eluates from methanol yielded 6.40 g (45%) of the 

desired product, mp 120-123°C; ir (CHC13) NH 3470 (m) C=0 1740 (s), 1680' 

(s), 1655 (m), C=C 1610 (m) cm-1; uv (MeOH) X 291 nm (E 26,900), 285 
max 

(25,100), 220 (35,800); 1H NMR (CDC13) S 1.72 (m,2,H2-5), 2.22 (t,2, 

J=6HZ,H2-4) 3.56 (m,2,H2*6), 3.64 (s,3,0Me), 3.64 (s,2,C0CH2), 3.99 

(s,2,8-indolyl CH2), 6.9-7.6 (m,5, aromatic Hs), 8.10 (s,l,NH), 8.84 

(s,l,H-2); m/e 340 (M+, 46%), 182 (28), 156 (13), 131 (17), 130 (base), 

110 (20). Found: C 67.05, H 5.94, N 8.23% (Calcd for 
c
19
H
2o

N2°4: C 67‘05> 

H 5.92, N 8.23%). 

20-Deethyl~5>17~diketo-2,16-dihydrovincadifformine 

In a dry flask 1 g of methyl l-(£-indoleacetyl)~l,4,5,6-tetrahydro- 

nicotinylacete was combined with 5 ml of polyphosphoric acid and heated 

on a steam bath under vacuum for two hours. The mixture was cooled in 

an ice bath and dissolved in 50 ml of anhydrous methanol. It then was 

poured onto 300 g of ice, brought to pH 6.5*7.5 with aqueous ammonia and 

extracted three times with dichloromethane. The extract was dried over 

sodium sulfate and evaporated in vacuo * Crystallization of the residual 

light brown oil from methanol yielded 610 mg of the desired product. 

Concentration of the filtrate, chromatography of the oily residue on a 

short silica gel column and elution with 10% acetone in dichloromethane 

yielded an additional 122 mg of desired product. The total yield was 732 

mg (73%), mp 175~182°C; ir (CH2C12) NH 3340 (m), C=0 1740 (m), 1720 (m), 

1690 (s), C=C 1615 (m) cm-1; uv (MeOH) X 296 nm (E 3,620), 245 (7,870); max 
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■hi NMR (CDC13)(7:2 Keto enol mixture) 6 1.2-1.8 (m,4, (CH^), 2.4-2.8 

(m,3,H-38, H-6o ,H-20), 3.26 (d,l,J=17Hz,H-68), 3.58 (d,l,J=4Hz,H-21), 

3.82 (s,3,0Me), 3.89 (d,l,J=1.5Hz,H-16), 4.14 (m,l,H-3a), 4.21 (dd,l,J= 

1.5,3.5Hz,H-2), 4.60 (s,l,H-2 of enol, 4.97 (d,l,J=3.5Hz,NH), 6.6-7.2 

(m,4, aromatic Hs), 12.78 (s,l,0H of enol); m/e 340 (M+, 39%), 309 (19), 

308 (42), 240 (14), 216 (10), 170 (10), 157 (13), 131 (10), 130 (base), 

73 (24). Found: C 66.88, H 5.93, N 8.23% (calcd for C19
H
20

N204: C 67-05» 

H 5.92, N 8.23%). 

5 ,16-Diketo-20-deethylaspidosperaadine 

A mixture of 20-deethy1-5.17-diketo-2,16-dihydrovincadifforaine, 

100 mg, and 100 mg of sodium iodide were refluxed in dimethyl formamide 

for 2 hours. After cooling, the mixture was poured onto 10% aqueous hydro¬ 

chloric acid, washed with ether, made basic with aqueous ammonia and ex¬ 

tracted with dichloromethane. The extract was dried over sodium sulfate 

and evaporated. Crystallization of the residual oil from methanol gave 

74 mgr of ketolactam 112. All spectra was in complete accordance with 

those previously reported^ for ketolactam. 

20-Deethyl-17-q-hydroxy-5-keto-2,16-dihydrovincadif foraine 

To a solution of 1.0 g of 20 deethyl-5,17-diketo-2,16-dihydrovincadif- 

foraine in 30 ml of 5:1 methanoIdichloromethane at 0°C three 50 mg 

portions of sodium borohydride were added over a 15 minute period and the 

mixture was allowed to stir for five minutes. It then was poured onto a 

10% aqueous sodium bicarbonate solution and extracted three times with 

dichloromethane. The extract was dried over sodium sulfate and concen¬ 

trated in vacuo to yield a light brown oil. The latter was crystallized 
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from methanol-ether yielding 800 mg (79%) of the desired product, mp 179- 

181°C; ir (CH2C12> NH,0H 3375 (m), C=0 1720 (s) 1675 (s), C=C 1600 (s) 

cm ■*"; uv (EtOH) X 310 nm (log E 3.44), 248 (log E 3.85); NMR (CDC1,) 

6 1.5-2.8 (m,7,H-33, H-16, H-20, (CH2)2), 2.17 (d,l,J=17Hz, H-6a), 2.98 

(d,l, J=17Hz, H-68), 3.15 (s,l,0H), 3.75 (s,3,0Me), 3.9-4.4 (m,4,H-2,H-3a, 

H-17.H-21), 4.45 (s,l,NH), 6.7-72 (m,4, aromatic Hs); m/e 342 (M+, 17%), 

157 (12), 131 (12), 130 (base), 84 (9), 83 (18). Found: m/e 342.1563 

(Calcd for C19
H
22
N204: m/e 342-15793)- 

20-Deethyl-16,17-dehydro-5-keto-2 , 16-dihydrovincadif f ormine 

A solution of 600 mg of 20-deethyl-17-hydroxy-5-keto-2,16-dihydro- 

vincadiff ormine in poly phosphoric acid was heated at 100° for three hours. 

It then was cooled to 0°C and dissolved in 50 ml of anhydrous methanol. 

The solution was poured onto 75 g of ice, made basic to pH 8-9 with aqueous 

ammonia and extracted with dichloromethane. The extract was dried over 

sodium sulfate and concentrated ±n vacuo yielding 405 mg (74%) of the oily 

product, ir (CH2C12) NH 3350 (m), C=0 1705 (s), 1690 (s), OC 1610 (m) 

cm'1; uv (EtOH) X 303 nm(log E 3.42), 245 (log E 3.80); 1H NMR (CDC1,) 

Ô 1.2-2.0 (m,5,H-20, (CH^), 2.4-2.7 (m,3,H-3&, H2-6), 3.73 (s,3,0Me), 

3.78 (d,l,J=3Hz, H-21), 4.0 (m,l,H-3a), 4.35 (s,l,H-2), 4.48 (s.l.NH), 

6.3-7.1 (m,5,H-17, aromatic Hs); m/e 324 (M+, 27%), 265 (16), 239 (30), 

235 (23), 233 (29), 221 (29), 220 (34), 214 (51), 207 (40), 206 (61), 205 

(50), 200 (29), 180 (19), 167 (44), 130 (base) 103 (23), 91 (27), 83 (27), 

77 (50). Found: m/e 324.1468 (Calcd for « m/e 324.14737). 
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20-Deethyl-5-keto-2,16-dihydrovincadif formine 

A solution of 405 mg of 20-deethyl-16,17-dehydro-5-keto-2,16- 

dihydrovincadifformine was hydrogenated in 20 ml of methanol over 200 mg 

of 5% palladium on charcoal for six hours at 3.5 atm. The mixture was 

filtered through Celite and concentrated in vacuo. Crystallization of 

the solid from methanol yielded 404 mg (99%) of desired product, mp 

158-160°C; ir (CH2C12) NH 3375 (m), C=0 1730 (s), 1690 (s), C-C 1610 (m) 

cm-1; uv (EtOH) X 300 ran (log E 3.09), 249 (log E 3.48); NMR 
max 

(CDC13) 6 1.4-1.9 (m,6,H2-17, (CH^), 2.13 (d,l,J=17Hz, H-6a), 2.1-2.8 

(m,2,H-3g, H-16), 2.85 (d,l,J=17Hz, H-6g), 3.20 (s,l,NH), 3.47 (d,l,J= 

10Hz,H-2), 3.70 (s,3#,0Me), 3.95 (d,l,5=3Hz, H-21), 4.14 (d,l,J=13Hz, 

H-3a), 6.5-7.2 (m,4, aromatic Hs); m/e 326 (M+, 19%), 240 (6), 180 (9), 

157 (9), 144 (12), 130 (base), 96 (11), 83 (20), 41 (13). Found: m/e 

326.1627 (Calcd for C19
H
22
N2°3: m/e 326-16302)- 

20-Deethyl-2,16-dihydrovincadifformine 

To a solution of 325 mg of 20 deethyl-5-keto-2,16-dihydrovincadif- 

formine in 10 ml of tetrahydrofuran at 0°C 3 ml of 1M tetrahydrofuran 

solution of diborane was added dropwise. After two hours water was 

added and the mixture poured onto aqueous sodium carbonate. It then was 

extracted three times with dichloromethane. The extract was dried over 

sodium sulfate and evaporated under vacuum. (Thin-layer chromatography 

of the residual dark oil on silica gel indicated the presence of two 

products and much material on the baseline). Preparative thick-layer 

chromatography on silica gel and elution with 10% acetone in benzene 

yielded two products as oils. The faster moving product (Rf=0.65) wt 

42 mg (12%), was identified as 20 deethyl-l-ethyl-2,16-dihydrovincadif- 
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foraine, ir (CH^l^ C=0 1735 (s), C=C 1605 (s) cm-1; -Si NMR (CDC13) 

5 1.09 (t,3,J=7.5Hz, Me), 1.2-2.5 (m,13,H-3&, H-5o, H2~6, H2-17, H-20, 

H-21 (CH2)2), 2.8-3.4 (m,4,H-3a, H-58, NCH2), 3.60 (s,3,0Me), 3.78 

(d,l,J=9Hz, H-2), 6.2-7.1 (m,4, aromatic Hs); m/e 340 (M+, 28%), 254 (41), 

182 (28), 172 (25), 158 (48), 149 (26), 148 (25), 130 (37), 115 (22), 96 

(base). Found: m/e 340.21530 (Calcd for C21
H
28
N202: m/e 340-21506)- The 

slower moving product (Rf=0.35) 51 mg (16%), was identified as the de- 

sired product, ir (CH2C12) NH 3375 (m), OO 1725 (s), C=C 1605 (m) cm-1; 

1H NMR (CDC13) 6 1.2-2.6 (m,13,H-33, H-5o, H2-6, H-16, H2-17, H-20, H-21, 

(CH2)2), 3.0-3.3 (m,2,H-3a, H-58), 3.61 (brdd, 1, J=9Hz,H-2), 3.67 

(s,3,0Me), 6.5-7.2 (m,4 aromatic Hs); m/e 312 (M+, 22%), 226 (34), 168(21), 

156 (21), 144 (47), 96 (base). Found: m/e 312.18460 (Calcd for 

m/e 312.18376). 

20-Deethyl-2.16-dihydrovincadifformine 

A solution of 120 mg of 20 deethyl-5-keto-2,16-dihydrovincadifformine 

and 80 mg of 2,4-bis-(4-methoxyphenyl)-2,4-dithiox-P,P-l,2,3,4-dithiadi- 

phosphethane in hexamethylphosphoramide was heated at 100°C for 1.5 hours. 

Upon cooling the mixture was washed once with sodium carbonate, five times 

with brine, dried over sodium sulfate and concentrated in vacuo. Fil¬ 

tration of the residual, light oil in 8% acetone in dichloromethane 

through silica gel yielded 40 mg (35%) of the desired product. Spectra 

ir, NMR and m/e were identical with those of previously prepared 20- 

deethyl-2,16-dihydrovincadifformine. ^ 
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20-Deethyl-17-keto-2 ,16-dihydrovincadif formine 

Boron trifluoride etherate, 1.1 ml was added to a solution of 1.1 g 

of 20-deethyl-5,17-diketo-2,16-dihydrovincadifformine in 25 ml of tetra- 

hydrofuran at room temperature. After 24 hours the mixture was cooled 

at 0°C, 11 ml of a 1M tetrahydrofuran solution of diborane added dropwise 

and the mixture was left stirring at 0°C for five hours. After the 

mixture had returned to room temperature, a 1:1 mixture of acetic acid 

and methanol was added slowly until hydrogen gas evolution had ceased. 

Then 75 ml of a saturated solution of sodium acetate in methanol was 

added and the mixture refluxed for 45 minutes. After cooling it was made 

basic with aqueous sodium carbonate and extracted three times with 

dichloromethane. The extract dried over sodium sulfate and evaporated 

under vacuum. Chromotography of the residual brown oil on silica gel 

and elution with 5% acetone in dichloromethane yielded 890 mg (79%) of 

the desired product as a foam, ir (CH^Cl^) NH 3400 (m), OO 1735 (s), 

1710 (s), C=C 1600 (s) cm uv (MeOH) X 295 nm (log E 3.40), 245 
max 

(log E 3.78); “hi NMR (CDClg) Ô 1.2-2.7 (m,9,H-3g, H2-4, H-20, H-21, 

(CH2)2), 2.9-3.3 (m,3,H-3a,H2-5), 3.83 (s,3,0Me), 4.03 (dd, 1,J«1.5, 3Hz, 

H-2), 4.65 (d,l,J=1.5, H-16), 4.75 (d,l,J=3Hz, NH), 6.5-7.15 (m,4, 

aromatic Hs); m/e 326 (M+, 28%), 295 (14),226 (30), 167 (17), 149 (40), 

144 (28), 143 (18), 130 (27), 115 (21), 96 (base), 63 (13). Found: m/e 

326.1627 (Calcd for C19
H
22
N2°3: m/e 326*16302>- 

20-Deethyl-17-ketovincadifformine 

At room temperature 300 mg of 20-deethyl~17-keto-2,16-dihydro- 

vincad if formine was combined with 410 mg of lead tetraacetate in 10 ml 

of dichloromethane. After stirring for 20 minutes the mixture was poured 



onto saturated aqueous sodium carbonate and extracted three times with 

dichloromethane. The extract was dried over sodium sulfate and concen¬ 
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trated in vacuo. Silica gel chromotography of the residue and elution 

with 15% acetone in dichloromethane yielded 244 mgr (82%) of the desired 

product as a foam, ir (CH^Cl^) NH 3370 (m), C=0 1718 (s), 1660 (s), C=C 

1580 (s) cm-1: uv (EtOH) X 345 nm (log E 4.19), 297 (log E 3.84), 288 
max 

(log E 3.82), 243 (log E 4.24); 1H NMR (CDC13) 6 1.2-1.7 (m,3,H2-14, 

H-158), 1.7-1.9 (m,l,H-15a), 1.9-2.2 (m,3,H2-6,H-20), 2.3-3.2 (m,6,H2~3, 

H2~5, H2-6), 3.40 (d,l,J=5Hz, H-21); 3.80 (s,3,0Me), 6.84-7.46 (m,4, 

aromatic Hs), 10.07 (s,l,NH); m/e 324 (M+ 49%), 292 (13), 222 (20), 196 

(20), 180 (21), 167 (24), 154 (32), 140 (22), 118 (35), 110 (24), 96 

(base), 68 (13), 31 (44). Found: m/e 324.14680 (Calcd for ^i9H20N2°3: 

m/e 324.14737). 

3-Acetyl-5-bromopyridine Ethylene Ketal 

To a solution of 1.5 g of p-toluenesulfonic acid monohydrate and 

120 ml of ethylene glycol in 600 ml of dry benzene 10.0 g of 3-acetyl-5- 

bromopyridine was added and the reaction mixture refluxed overnight (at 

which time the formation of water had ceased) in an apparatus containing 

a Dean-Stark trap. Triethyl amine, 3 ml, was added to the cooled mixture 

and the latter washed three times with water. The organic layer was 

dried over sodium sulfate and concentrated in vacuo. This led to 11.9 g 

(97.5%) of a crystalline solid, mp 50-52°C; ir (CRC13) C-H 2995 (s) C=0 

1430 (s) cm-1; 1H NMR (CDC13) 6 1.66 (s,3,Me), 3.93 (m,4, ketal (CH^) 

7.94 (t,l,J=2Hz, H-4), 8.65 (m,2,H-2, H-6); m/e 243 (M+, 5%) 230 (28), 

228 (30), 186 (21), 184 (22), 158 (10), 156 (11), 82 (base), 50 (45), 

43 (96), 42 (75). Found: m/e 243.9899 (Calcd for CgH^BrNO^ 
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m/e 243.98944)• 

3-Acetyl-5-ethylpyridine 

A 2.4 M solution of n-butyl lithium in 28 ml of hexane was added at 

room temperature to 50 ml of freshly distilled tetrahydrofuran. The 

mixture was cooled to -78°C and a solution of 3.84 g of 3-acetyl-5-bromo- 

pyridine ethylene ketal in 60 ml of tetrahydrofuran, kept at -78°C, was 

added dropwise. The mixture was left stirring at -78°C for 30 minutes. 

Subsequently 11.4 g of iodoethane in 60 ml of tetrahydrofuran at -78°C 

was added at such a rate as to keep the reaction temperature at -60°C 

or below and the-mixture then kept stirring at -78°C for two hours. The 

latter was warmed to 0°C and 50 ml of cold water and 100 ml of petroleum 

ether added consecutively. The reaction mixture was extracted three times 

with 1 N hydrochloric acid, the extract made basic with sodium carbonate 

and extracted with dichloromethane. The residual extract was dried over 

sodium sulfate and concentrated vacuo. The residual oil was dissolved 

in 150 ml of water containing 4 ml of 6 N hydrochloric acid and refluxed 

for 12 hours. After cooling to room temperature, the mixture was made 

basic with aqueous sodium carbonate and extracted with dichloromethane. 

After drying over sodium sulfate the extract was evaporated in vacuo and 

the residue distilled in a kugel-rohr at 75°C/0.2 Torr, yielding 1.79 g 

(76%) of 3-acetyl-5-ethylpyridine, ir (CH2C12> C=0 1695 (s) cm
-1; 1H NMR 

(CDC13) S 1.25 (t,3,J=7Hz, He), 2.57 (s,3,C0Me), 2.68 (q,2,J=7Hz,CH2), 

8.05 (t,l,J=2Hz,H-4), 8.60 (d,l,J=2Hz,H-6) 8.95 (d,l,J=2Hz,H-2); m/e 121 

(M+, 35%), 106 (84), 78 (base), 51 (70), 50 (51), 43 (50). Found: m/e 

149.08420 (Calcd for C9HnN0 : 149.08406). 
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Methyl 5-Ethylnicotinylacetate 

A solution of 7.60 g of 3-acetyl-ethylpiridine in 25 ml of dimethyl 

carbonate was added dropwise to a suspension of 5.20 g of 50% sodium 

hydride in 200 ml of dimethyl carbonate at 90°C. The mixture then was 

refluxed for 12 hours, cooled to room temperature, 300 ml of ice water 

added and the reaction mixture washed three times with dichloromethane. 

The aqueous layer was brought to pH 6-7 with aqueous ammonia and ex¬ 

tracted with dichloromethane. The extract was dried over sodium sulfate 

and concentrated in vacuo. Kugel-rohr distillation of the residue at 

125°C/0.04 Torr yielded 9.24 g (82%) of liquid product, ir (CH^Cl^) OH, 

NH 3360 (m), 00 1745 (m), 1690 (s), 1655 (m), OC 1630 (s), 1595 (m), 

1575 (m) cm-1; -’ll NMR (CDC13) (8:3 keto-enol mixture) 5 1.25 (t,3,J= 

7Hz, Me),. 2.69 (q,2,J=7Hz, CH2), 3.80 (s,3,0Me), 3.85 (s,3,0Me of enol), 

4.03 (s,2, C0CH2), 5.69 (s,l, enol CH), 7.84 (t,l,J=2Hz,H-4 of enol), 

8.02 (t,1, J=2Hz,H-4), 8.49 (d,l,J=2Hz, H-6 of enol), 8.62 (d,l,J=Hz, H-6), 

8.78 (d,l,J=2Hz, H-2 of enol), 8.95 (d,l,J=2Hz, H-2).. Found: C 63.69, 

H 6.44, N 6.56% (Calcd for CnH13N03 : C 63.75, H 6.32, N 6.76%). 

Methyl 5-Ethyl-l,4,5 ,6-tetrahydronicotinylacetate 

A solution of 3.0 g of methyl 5-ethylnicotinylacetate in 50 ml of 

methanol was hydrogenated at 3.5 atm. over 0.5 g of 5% palladium/charcoal 

for 12 hours. The catalyst was removed by filtration through Celite. 

Evaporation of the filtrate in vacuo 3.0 g (97%) of the desired product 

as an oil, ir (CH2C12) NH 3300 m, C=0 1735 (s) 1580 (m), C=C 1520 (m) cm"
1; 

uv (EtOH) X 307 nm (E 25,300) -hi NMR (CDC1.) 6 0.95 (t,3,J=6Hz, Me), 
max -i 

1.35 (q,2,J=6Hz, CH2), 1.7-2.0 (m,l,H-5), 2.5-2.9 (m,2,H2-4), 3.2-3.4 

(m,2,H2-6), 3.55 (s,2,C0CH2), 3.70 (s,3,0Me), 6.88 (brd s,l,NH), 7.65 
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(d,l,J«7Hz, H-2). Found: C 62.74, H 8.06, N 6.73% (Calcd for cn
H
17
NÛ3: 

C 62.53, H 8.11, N 6.63%). 

Methyl 1-(g-Indoleacetyl)-5-ethyl-l» 4 » 5,6-tetrahydronicotinylacetate 

A solution of 5.10 g of methyl 5-ethyl-l,4,5,6-tetrahydronicotinyl- 

acetate in 20 ml of tetrahydrofuran was added dropwise to a suspension of 

0.6 g of sodium hydride in 50 ml of tetrahydrofuran at 0°C and the mixture 

left stirring at 0°C for 30 minutes. Then 8.02 g of 3-indoleacetic 

anhydride was added and the mixture left stirring at room temperature for 

48 hours. The solvent was removed under vacuum at room temperature and 

200 ml of water added. The reaction mixture was extracted with dichloro- 

methane. The extract was washed with aqueous sodium bicarbonate and then 

with 1 N hydrochloric acid, dried over sodium sulfate and concentrated 

under vacuum. The oily residue was chromatographed on silica gel and 

eluted with 5% acetone in dichloromethane, yielding 3.17 g (37%) of the 

desired product as on oil ir (CE^Clg) NH 3350 (m), C=0 1740 (m), 1685 (m), 

1655 (m) cm-1; uv (MeOH) X 290 nm (E 24,800), 285 (E 25,090), 225 

(E 33,900); 1H NMR (CDC13) 6 1.78 (t,3,J=6Hz, Me), 1.0-2.0 (m,5,H2-4, 

H-5,CH2), 3.48 (brd s,2,H2-6)', 3.62 (s,3,0Me), 3.7-4.1 (m,4,indolyl 

CH2,C0CH2), 6.8-7.6 (m,5, aromatic Hs), 8.05 (s,l,NH), 8.81 (s,l,H-2); 

m/e 368 (M+, 21%), 256 (32), 226 (20), 182 (18), 124 (base), 41 (18). 

Found: m/e 368.17460 (Calcd for C2I
H
24
N204: m/e 368.17358). (Crystalli- 

zation at 0°C from methanol-hexane led to a crystalline solid, whose 

isolation, however, failed). 
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2 ,16-Dihydro-5,l7-diketopseudovincadifformine 

In a dry flask 2.50 g of methyl l-(8-indoleacetyl)-5-ethyl-l,4,5,5- 

tetrahydronicotinylacetate was combined with 10 ml of freshly prepared 

polylphosphoric acid and heated in a steam bath under vacuum for three hours. 

The solution was taken up in 75 ml of methanol, while being cooled care¬ 

fully in an ice bath. Once solution was complete, the mixture was poured 

onto 100 g of ice, brought to pH 7-8 with aqueous ammonia and extracted 

with dichloromethane. The extract was dried over sodium sulfate and recon¬ 

centrated in vacuo. The oily residue was chromatographed through silica 

gel and eluted with 7% acetone in dichloromethane, yielding 1.184 g (47%) 

of oil. Crystallization from methanol-ether gave crystalline product, mp 

151-153°C; ir (CH2C12) NH 3375 (m), C=0 1740 (s), 1715 (s), 1690 (s), C=C 

1610 (s) cm-1; uv (MeOH) \mav 298 nm (E 3,800), 245 (E 8,100); 'hi NMR 

(CDCl^) 6 (5:1 keto-enol mixture) 0.87 (t,3,J=5Hz,Me), 1.0-1.8 (m,6,CH2, 

(CH2)2), 2.3-2.9 (m,3,H-3g,H-6a, H-20)„3.23 (d,l,J=18Hz,H-6 8), 3.48 

(d,l,J=4.5 Hz, H-21), 3.50 (d,l,J=4Hz, H-21 of enol), 3.80 (s,3,0Me), 

4.0-4.2 (m,l,H-3a), 4.06 (d,l,J=1.5Hz, H-16), 4.18 (dd,l,J=1.5Hz,H-2), 

4.95 (m,l,NH), 6.7-7.3 (m,4, aromatic Hs), 12.69 (s,l, enol OH); m/e 368 

(M+, 50%), 336 (16), 268 (12), 157 (13), 130 (base), 111 (16), 82 (16), 

31 (80). Found: m/e 368.1728 (Calcd for C2I
H
24
N2°4 : m/e 368‘1?35). 

l7-Keto-2,16-dihydropseudovincadif formine 

Boron trifuloride etherate, 0.4 ml was added to a solution of 400 mg 

of 2,16-dihydro-5,17-diketopseudovincadifformine in 25 ml of tetrahydro- 

furan at room temperature. After stirring for 12 hours, the mixture was 

cooled to 0°C and 4 ml of a 1 M solution of diborane in tetrahydrofuran 

was added slowly. The reaction temperature was maintained at 0°C for 
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six hours and then allowed to rise to room temperature for one hour. 

Excess hydride was destroyed at 0°C by careful addition of a 1:1 mixture 

of acetic acid and methanol. After hydrogen gas evolution had ceased, 

50 ml of a saturated solution of sodium acetate in methanol was added 

and the mixture refluxed for 45 minutes. After cooling to room temper¬ 

ature, the mixture was brought to pH 7-8 with aqueous sodium bicarbonate 

and extracted with dichloromethane. The extract was dried over sodium 

sulfate, concentrated in vacuo and subjected to chromotography of silica 

gel. Elution with 5% acetone in dichloromethane resulted in 170 mgr 

(44%) of the desired product as q dry foam, ir (CH^Cl^) NH 3290 (m), C=0 

1735 (s), 1710 (s), C=C 1680 (s), cm-1; (EtOH) X 300 nm (log E 3.50), 
max 

245 (log E 3.82); ^ NMR (CDC13) (17:1 keto-enol mixture) 6 0.90 (t,3,J= 

6Hz, Me), 1.0-2.7 (m,13,H-3&, H2-6, H2-4, H-20, H-21, (CH^), 2.9-3.3 

(m,3,H-3a, H2~5), 3.64 (s,3,0Me of enol), 3.78 (s,3,0Me), 4.03 (m,l,H-2), 

4.59 (d,l,J=1.5Hz, H-16), 4.76 (d,l,J=3Hz,NH), 6.4-7.2 (m,4, aromatic Hs) 

m/e 354 (M+, 44%), 254 (64), 224 (23), 156 (25), 154 (27), 152 (45), 

144 (58), 143 (61), 124 (base). Found: m/e 354.19420 (Calcd for 

C21H26N2°3: m/e 354*19432>* 

17-Ketopseudovincadifformine 

17-Keto-2,16-dihydrovincadifformine, 130 mg, in 5 ml of dichloro¬ 

methane was mixed with 162 mg of lead tetraacetate at room temperature 

with stirring. After 20 minutes the mixture was poured onto 40 ml of 

saturated, aqueous sodium bicarbonate and extracted with dichloromethane. 

The extract was dried over sodium sulfate and concentrated under vacuum. 

Chromatography of the residue on silica gel and elution with 20% acetone 

in dichloromethane yielded 101 mg (78%) of desired product as a foam, 
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ir (CH2C12) NH 3290 (m), C=0 1718 (s), 1660 (s), C=C 1580 (s) cm
-1; 

uv (EtOH) X 345 nm (log E 4.19), 297 (log E 3.84), 288 (log E 3.82), 
max 

243 (log E 4.24); hi NMR (CDC13) Ô 1.03 (t,3,J=6Hz, Me), 1.3-3.3 

(m,12,H25, H2-6, H-14, H2-15, H-20, CH2), 3.48 (d,l,J=5Hz, H-21), 3.81 . 

(s,3,0Me), 6.9-7.5 (m,4, aromatic Hs), 10.11 (s,l,NH); m/e 352 (M+, 52%), 

222 (20), 180 (24) 167 (26), 166 (25), 154 (51), 152 (48), 140 (39), 

124 (base). Found: m/e 352.17850 (Calcd for C2I
H
24
N203: m/e 352*17867)* 

20-Deethyl-16-aspidospermidone^ 

A mixture of 5,16-diketo-20-deethyaspidospermidine, 1.2g, p-toluene- 

sulfonic acid, 10 mg, and 1.2 g of p-toluenesulfonylhydrazide were re¬ 

fluxed in ethanol for 4 hours. After cooling, a crystalline precipitate 

was filtered off, air dried, combined with .5 g of lithium aluminum 

hydride in 20 ml of tetrahydrofuran, and refluxed for 16 hours. The 

mixture then was poured onto 10% aqueous hydrochloric acid, washed with 

ether, made basic with 10% aqueous sodium carbonate, extracted with . 

dichloromethane, dried over sodium sulfate and evaporated. Crystalliza¬ 

tion of the residue from methanol/ether gave 595 mg. (53%) of ketone 115: 

mp. 112-113°C; ir (CH2C12) C=0 1710 (s), C=C 1600 (s) cm
-1; -4 NMR 

(CDC13) 6 0.901.2 (m,l,H-l4a), 1.3-1.5 (m,2,H-148, H-158), 1.8-2.0 

(m,2,5,CH2), 2.11 (d,l,J=3Hz, H-21), 2.2-2.7 (m,5,H-38, H-5a, H-15a, 

H-17, H-20), 2.9-3.3 (m,3,H-3a, H-56, H-17), 3.95 (t,l,J=3Hz,H-2), 6.5- 

7.2 (m,4, aromatic Hs). 
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