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Abstract. Synthesis of optically active deetnylcatharanthlne (1) was 
perfcrmed in a few steps. While stadying various approaches and reaction 
conditions new rearrangements (2 - 8 - 9 and 92 - 22) and new 
heterocyclic systems (e.g. g,9,&2,&l) tere d:scovered. - -- -- 

Coupling oi racemlc 20-deethylcatharantnine2 (I) with vlndoline by tne - 
fragmentatlve method yields 20'~deethylanhydro-vlnblastine which shows 

3 
significant antrtumor activity . In addition to its blologrcal interest, 

synthesis of & may serve as a model study for preparing (+)-catharanthlne, 

an alkaloid oi eminent importance (see following paper). 

We have already outlined our synthesis of racemic 2 in a preliminary 
4 

communication , now we also report the preparation of the pure enantlomers. 

Cne key step of our synthesis 1s the construction of the ISO- 

qulnaclldrne ring which we carried out by cycloaddition at room temperature 

between 2-chloroacryloyl chloride and the dlhydropyridlne derivative z5. 

The reaction WRS monitored by UV spectroscopy and TLC. After completion the 

reaction was quencned with metnanol and the product isolated as two eplmeric 

methylesters 1.e. 2s (20 %) and $! (5 %). Note that no isomer 2 was formed, 

but a small amount (-1%) of the cyclobutane derivative 5 was isolatea 

as the product of a 12 + 2] cycloadditron. 

The presence of the rsoqurnuclldrne skeleton in both 2~ and 1~ 1s 

apparent from the 
1 
H and 

13 
C NMR data. The small differences in the proton 

chemical shifts between compounds 2~ and 12 (see Experimental) were 

interpreted oy the analogy of 6-chloro-6-cyano-blcyclo[2.2.2]oct-2-enes 
6 

analysed by Roulllard et al . This establlsned the stereochemistry at C7 

as depicted In the formulas. 

The structure elucrdatron of compoun; 4 wasao:ompllshed by one- and 

two-dimensional NMR methods (Table II) The proton assignments were based 
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Scheme I 

C02CH2C6h5 

H 

on extensrve sprn-decouplrng experrments. Connectrvrtres between rdentrfred 

protons and protonated carbons were obtarned by HETCCR experrment Both the 

proton ano the carbon spectrum measured in CDClj solution at ambient 

temperature was complrcated by the presence of two conformers due to 

restricted rotation about the amide bond. 

The cis-fused stereostructure was concluded on the basis of differential 

NOD experrments. Some of the measurements were repeated in deuterobenzene 

solution also, where unfavourable overlapprng of some of the multlplets was 

avoided. NOE experrments turned out most convincing in those cases too, 

wnen rt was rmpossible to distrngulsh between vicrnal and long range cross- 

ring (w) couplings (1.5 - 4.4 Hz range). Selective irradiation of the H-6 

signal showed enhancement on the resonances for H-l and H-5, whrlc 

saturation of H-2B enhanced the resonance on H-l, which demonstrated that 

these protons were on the same face of the molecule and the seauence of the 

vicinally related protons is H-5 - H-6 - H-l - h-2 Saturation of B-6 had 

no effect on the H-b protons, thus the coupling between H-6 and HSa must be 

of long range origin. 

Removal of the benzyloxycarbonyl protectrng group by hydrogenation was 

pTeClu?ed by the presence of the doublebond Acid treatmentwasmore successful, 

using hydrogen bromide in acetic acid and in tnrs way Jb and & were obtained -- 
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from 2s and 2s respectively In nxgh yield 

Scheme II. 

2b.HBr -- 

\ 

CO&H, 

First we attempted to reach our target compound (A) by simple 

intramolecular alkylatlon using 1 readily obtalned by alkylatlon of zk with - 
tryptophyl bromide 

For this an SN2 type reactlon is not very promising because of sterlc 

reasons, but there is precedence In tne literature for alkylation with a 

carbocatlon. 

Thus in his approach to catharanthlne Bbchl 7 
used solvolytlc condltlons 

to a similar ring-closure. However his compound contalned two methoxy groups 

at the same carbon (C-J) at which we have the chlorine and methoxycarbonyl 

substituents. Thus in Buchl's case the developing carbocation was stabllizeci 

by electron-donating groups. 

Creary' has shobn, that solvolytlcally generated a-oxo-cations are also 

viable and can derive slgnlflcant stablllzatlon by a con]ugatlve lnteractlon. 

In our case an addltlonal stablllzlng factor should be the presence of the 

C=C bond, which, as known from the classical work of Wlnsteln, can enhance 

the rate of solvolytlc reactions by several orders of magnitude Thus the 

formation of a carbocatlon from 3 at C-J seemed to be feasible. 

Although the carbocatlon has formed indeed under solvolytlc conditions, 

fast rearrangement took place and g was formed, which then itself underwent 

second rearrangement yleldlng 2. The mechanism of this reactlon sequence and 

the stereostructure of compounds $j and p have been discussed earlier'. 
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same 

room 

It 1s noteworthy tnat the lsoquinuclldlne moiety of 1 underwent the 

type of rearrangement on reduction with litnium-aluminium-hydride at 

temperature giving rise to AL_ 

- 

7 = 

The structural assignment of A& was mar?e on the basis of 
1 
H and 13C 

cnemical shifts and coupling patterns of the ring protons (Table III) and 

spectral analogies to 2, a compound of known structure 9 . Corroboration of 

the structure was obtained through KOE difference spectroscopy. Saturation 

of CH20H protons resulted In enhancement of protons H-2a, Fi-2p, H-8a, H-88 

ana H-J, which is in accord with the spatial arrangement of the alluded 

protons, as studied on Dreldlng models. 

After trying several modifications (saturation of the C=C bond, 

protectlon the double bond by halolactonization, adding catalysts, etc.) 

turned instead of alkylation to acylation of the nitrogen of 22 to be 

followed by homolytic cleavage of the C-Cl bond. Acylation was performed 

we 

With 

the mixed anhydride of lnuole-3-acetic acid and trimethyl acetic acid giving 

10. == 

It has to be mentloned that acylatlon of the endo-chloro-derivative 

&_HB~ gsx,re therearranged products &22 and AZ:. Their structures were 

established by NMR. 

/ 
,a x = Cl 

x i2 _X = Br 

$g.HBr 
H 

( C2H& N ;a 
CO&H, 

Vie have performed elaborate high-field (4OC MHz) NOE, ard two-dlmensi- 

onal neterocorrelated NNR studies to Justify the structure of the rearranged 

products. ljetalls of the NMR work will be reported elsewhere, togetner with 

the NMR data of other corrpounds with the sarre skeleton. Some of the charac- 

terlstlc NMR features of tne 6-azablcyclo[3.2.l]oct-3-ene ring systems 

(comoounds 12a ===' --- 1& and ;p), 2-aaablcyclo[2.2. 2]oct-5-ene ring systems (e.g. 

compound 1) and 3-azablcvclo[3.2.l]oct-6-ene ring systens (e.g. compound &&) - 

are collected in Table V Of particular note is the value of the olefinic 

coupling increasing together witn the ring size. 
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It 1s to be empnaslzed that the reactlon sequence 

1691 

entirely different from the one involving the exo-chloro-derivative 

7-88 = = 2. One possible mechanism of the new rearrangement is the 

following. In case of 4b stereoelectronic factors favour the detachment of a 

chlorine anion being assysted by and synchronized with the formation of a 

delocalized cation followed by establishment of the new C-N bond (SchemelII). 

The carbocatlon 1s then stabilized by nucleophlllc attack of the halide 

anlon. A subsequent acylation yielcls 4.. The fact that both 12~ and J.zb were --- --- 

isolated, substantiates this mechanism. 

Scheme III. 

CO&H, 

X = Cl or Dr 

An intermediate, slmllar to &i but not isolated was postulated by French 

authors" In the reaction of catharanthinic acid with mercuric acetate. Our 

finding supports their hypothesis. 

Irradiation of AL in methanol-water qave in fact the desired (+_I-S-OXO- 

-20-deethylcatcarantine c&z) and its isomer 2: in a ratio of about 1:l (16 % 

yield ). Thus ring closure took place not only at the lndole 2 but also in 

the lndole 4 posltlon. Compound _13 obtained in this reaction proved to be -- 

identical by spectral (IR, NMR, MS) and TLC comparison with authentic 

material" . Structure Al was conflrmed by spectral data (IR, NMR, MS) and 

X-Ray analysis 

Because the Indole-azocine-derivative ii has a new ring system, we 

preparea some derivatives from It After reacting of A$ with P2S5 it was 

transformed to 5-thloxo-derivative 10 Desuifurlsation (RaNI) of ip in boil- 

ing ethanol gave compound 17. _ Tne thiolactam ;$ was also converted to the 

salt &i and reduced with NaBH3CN In aqueous methanol containing acetic acid. 

In this case the double bond of the pyrrole ring was saturated as hell, 

resulting in &z. (see 12). 
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Scheme IV. 

C SzhrrAYetal 

Among the products of photolysis carried out ln methanol or In 

methanol/water an uncycllsed, rearranged product (12) was obtalned probably 

formed by slmllar reactlon sequexe as lnvolvlng 2. 

Scneme V. 

H 18 CC 
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The structure and stereochemistry of J__ was deduced on the basis of NKF 

spectral comparison with the afore-mentloned compounds &l and 8' (Table III). 

Although the proton and carbon spectra of Lz were complicated by slgnal 

splrttrngs due to amide rotational rsomerrsm, the occurence and locatlon of 

a methoxy substituent was evident from the NMR data. The singlet of one 

proton lntensrty at 6.05 ppm (and at 5.48 ppm in the other amide isomer) must 

belong to an isolated proton on the six-membered ring, and 1s therefore 

assigned to H-2. The stereochemistry of the C2-methoxy group is most probably 

p (pseudoaxial). This orientation, via y-gauche effect, may be one factor 

which causes an upfleld shift on C-8, In comparison with its value in 

compound Ai. 

The photoreaction 1s solvent dependent E.g. rn aqueous tetrahydrofurane 

irradiation of _lQ led to the cycllsed products JJ and 21 and to an uncyclisea -- -- 

by-proauct 20 with a rearranged skeleton. Its structure was elucidated by 

NMR. Complete KMR discussion, together with that of U_a, &2& and other --- --- 

related compounds will be the sublect of a forthcoming paper. 

T-50 

To generate carbon radicals the trlbutyltln hydride combined with azo- 

-bls-lsobutyronltrlle (AIBN) or UV irradiation is a known method. In our 

case the first method (n Bu8SnH + AIBN) only reduced the compound ie. 

Irradiating compound AL in methanol in presence of catalytic amount of 

trlbutyltln hydride the yield of 5-oxo-20-deethylcatharanthrne 22 increased 

to 20-22 8 and the reaction proved to be faster (l-2 hours) 

The above synthesis constitutes a short and simple procedure for 

preparing (+_)-5-oxo-20-deethylcatharanthine. For the removal of the 0x0 

group we developed a one-step method, while Sundberg removed it in three 

steps via the thlolactam 
2a . Our BF3.Et20/NaBB4 system reduced &2 to 4 In 

almost quantitative yield 

In order to prepare the optically active derivatives we initially 

performed the resolution of Jb with dibenzoyl-L-tartaric acid Acylation of 

the pure drastereomerlc salt, as was done with the racemrc compound gave the 

dextrorotatory lndolyl-acetyl derlvatlve (+ )-LO. Photochemical ring closure _= 
of (+)-A2 followed by selective reduction led as shown by CD (Fig.l), to a 

product [(lGS)-20-deethyl-catharanthlne] possessing the opposing absolute 

configuration as natural (+)-catharantalne. 
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Figure 1. CD curves of (+)-catharanthlne H2S04 and (16S)-1 In H2S04/C2H50H. 

By a similar sequence, but using dibenzoyl-D-tartaric acid gave (-)-3, 

selective reduction of which, gave (16R)-20-deethylcatharanthine. 

Experimental SectIon 

Melting poir.ts were determlned on a hot stage microscope and are 

uncorrected. Infrared spectra were recorded on Specord 75 IR (Carl Zeiss 

Jena). The NKR spectra were obtained with a \arian XL-100 and Varlan XL-400 

Instrument, Mass spectra were determined on a AEI MJ-902 (70 eV) Instrument. 

Thin layer chromatograms (TLC) were made with DC-Alufollen Pieselgel 60 F254 

Merck 5554. Column chromatography separations were carried out on slllcagel 

(0.063-0.200; Merck 7734). 

(+ )-2-(Benzvloxycarboryl)-7-exo-chloro-2-azablcvclo~2 2 21oct-5-ene-7- 

-endo-carboxyllc Acid Methyl Fster 3a ==, (+)-2-(Benzyloxycarbonyl)-7-endo- 

-cnloro-2-azablcyclo[2 2.2]oct-5-ene-7-exo-carboxyllc Acid Methyl Ester 46 ~ =_ 
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and (t)-3-(Benzyloxycarbonyl)-7-chloro-3-azabicyclo~4.2.O]oct-4-ene-7- 

-carboxyllc Acid Methyl Ester 2. To a solution of dry pyrldlne (47.5 g, 

0.6 nol) In 1L of dry methanol at -65 OC 22.7 g (0.6 mol) of NaBH4 then 

dropwlse 91 mL (102.4 g = 0.6 mol) of benzyl chloroformate were added. ?he 

mixture was stlrred for an addltlonal hour at -65 OC and the solvent was 

evaporated in vacua. The reaction was checked by TLC (toluene.ethylacetate = 

= 10:2); pyrldlne Rf = 0.1; 1-(benzyloxycarbonyl)-1,2_dlhydropyridine 

Rf 
= 0.65, and by UV spectrum of the residue In methanol imax = 305 nm, 1,2- 

-dihydropyrldine, Amax = 260-270 nm unchanged pyrldlne; Amax = 230-240 MI 

1,4-dihydropyridine . The residue was dissolved in chloroform and water. The 

organic extract was dried (Na SO ) and evaporated in vacua. The residue 

(127.0 g = 100 % yleld)was so:vei In dry acetonitrlle to which 74.9 g 

(0.6 mol) of 2-chloro-acryloy l-chloride was added and stirred at room tem- 

perature for one day. The cycloadditlon was monitored by UV spectroscopy. 

The peak at x = 305 nm disappeared at the end of the reactlon. After the 

addition of methanol(160 mL)the reaction mixture was stirred for one day. 

Then it was made basic pH = 8-9 with trlethylamlne and evaporated in vacua 

The residue was solved in benzene and washed with water. The benzene 

fraction was dried (Na2S04) and evaporated in vacua The residue was 

separated on a slllca gel column with toluene. ethylacetate = 1O:l as the 

eluent. The eluted product was evaporated and crystallised from ethyl- 

acetate-hexane to give 38 8 g (116 mmol, 19 3 %) 2~ mp 85-86 Oc. IR. (KBr) 

1752 cm 
-1 ( ester C=O b 1700 cm 

-1 
(amide C=O). 

1 
H NNR (100 I%z, CDC13, 60 OC): 

d 1.98 (dd, lH, J = 14 + 2H2, H-8B), 2.72 (m, lH, J = 14 + 2.5 + 2H2, H-8a), 

2.81(rr, lH, E-4), 3.C5 (m, lE, J = 10 + 2.5 + 2Hz, H-3A), 3.49 (dd, lH, 

J = 10 + 2Hz, H-3B), 3.74 (s, 3H, COOCH3), 5.19 (s, 2H, -COOCH2-), 5.26 (dd, 

lH, J = 6 + 1 Hz, H-l), 6.36 (m, lH, J = 8 + 6 + 1.5 HZ, H-6), 6.45 (m, lH, 

J = 8 + 6 + lHz, H-5), 7.34 (m, 5H, aromatics). See Table I. for 
13 

C NMR 

data. Anal Calcd. for C 17H18C1 N04: C: 60.80; H, 5 40; Cl, 10.56, N, 4.17. 

Found: C, 61.03; h, 5.31, Cl, 10 54; N, 4.16. MS, m/e 337l, 336l, 335 (M'), 

304, 300, 216l, 215, 1711, 170, 137, 91, 80, 65. The mother liquor of 22 and 

tne fractions containing 4~ and 5 were together evaporated and the residue 

was purlfled through a slllca column with hexane:ethylacetate:triethylanlne = 

= 6 1:l as eluant. The fractions containing 4_a and 5 were evaporated -- 

separately and crYsta11lsed at -70 OC from hexane yleldlng 4~ (9.7 g. 

- 28.9 mmol, 4 8 % 

1742 cm-l 

) and $j (1 8 g, 5.4 mmol, 0.9 %) 4a mp 38-42 OC, IR (KBr) 

(ester C=O), 1700 cm-l (amide C=O) lH ;;R (lOOMEz, CDC1 

6 1.94(m, 1H, J = 14 + 2 5 + ~Hz, H-8a), 2.86 (m, 
3' 

60 Oc). 

H-3A), 2.90 (m, 
1E, J = 10t 2 5 + 2 hz, 

1H, H-4 ), 3 04 (dd, 1H, J = 14 + 2.5 Hz, h-8r?), 3 22 (dd, 1H, 

1 lsotoplc peak 
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J = lO+ 2H2, H-3B), 3.63 (s, 3H, COOCH3), 5.10 (s, 2H, -COOCE2-), 5.24 (dd, 

lH, J = 6 + 1.5 E-;z, H-l), 6.48 - 6 55 (multiplets, 2H, H-5 and H-G), 7.32 

(m, 5H, aromatlcs). H-8a was ldentlfled by its long-range (w) coupling with 

H-3A in both 3a and 4a compounds =ZZ == The upfield shift of H-8a and the downfield 

shift of H-8P In the proton spectrum of 22 relative to that of 3a confirmed == 
the exo stereostructure of the carbomethoxy substltuent in 42. See TaDle I. 

for l3 C NMR data. Anal. Calcd. for C 17H18C1N04; see 2s C, 60.80; H. 5.40; 

N, 4.17, Cl, 10.56. Found: C, 61.12; H, 5 64; N, 4.01; Cl, lC.40. MS m/e 

337l, 336=, 335(M+), 35C1 , 216l, 215, 1711, 

IR. (KBr) 1740 cm-l (ester C=O), 
-1 

170, 91, 80, 65. 5 mp. 61-63 OC. 

1700 cm (amide C=O). See Table II. for 'h 

and l3 C by' data S, m/e 337l, 336', 335 (M+), 334, 292=, 290, 216=, 215, 

1711, 170, 91, 80, 65. 

(+_)-7-Exo-chloro-2-azablcyclo[2.2.2]oct-5-ene-7-endo-carboxyllc Acid 

Methyl Ester Hydrogen Bromide Salt 3b. A solution of 22 (10.0 g, 29 78 rmnol) - == 
in 1 5 N hydrogen bromide in acetic acid (90 mL) was stirred for ten minutes. 

After all the starting material reacted as it was proved by TLC the reaction 

mixture was evaporated The residual oil was solved in 5 mL of acetone and 

crystallized from ether giving 8.4 g product (29 72 mmol, 99.8 %) & mp. -- 

188-189 OC; IR; (KBr) 1745 cm-' (ester C=O), 2400-2900 cm-l (=NH;). 
1 
H NMR 

(100 MHz, CDC13, 50 'C)* 6 2.20 (dd, lH, J = 13.5 + 2 Hz, H-8@), 2.72 (m, 

lh, J = 13.5 + 2.5 + 2 Hz, H-8a), 3 04 (m, lH, H-4), 3.09 (m, lH, J = 10.5 + 

+ 2 + 2 Hz, H-3A), 3.60 (dd, lH, J = 10.5 + 1 5 Hz, H-3B), 3.80 (s, 3H, 

COOCH3), 4.81 (dd, J = 6 + 1 Hz, H-l), 6.43 (m, lh, J = 8 + 6 + 1 Hz, H-b), 

6.72 (m, lH, J = 8 + 6 + 1 Hz, H-5), 6 9 (b, lH, NH) See Table I. for 13C 

NF_R data Anal. Calcd. for CgH13 BrClNO: C, 38.25, H, 4.63: Br, 28.28, 

Cl, 12 55; N, 4.96. Found C, 38.14; H, 4 63; Br, 28.30; Cl, 12.47; N, 4.92. 

(+_)-7-Endo-chloro-2-azabicyclo[2.2.2]oct-5-ene-7-exo-carboxyllc held 

Methyl Ester Hydrogen Bromide Salt &. A similar reaction of $=a (10.0 g) has 

carried out with HBr/CH3C0,H 

8.0 g (28.31 mmol, 95 1 %)Lmp. 

The obtained 22 was crystallized from hexane. 

190-191 OC; IR: (KBr) 1765 cm-l (ester C=O) 

2400-2900 cm-l (=NH>) 'H NMF (~OOMHZ, CDC~~, 50 OC): 6 2.05 (m, 1H, 

J = 14 + 2.5 + 2.5 Hz, H-8a), 2.92 (dd, lH, J = 14 + 1.5 Hz, h-88), 3.05 (m, 

lh, H-4), 3.10 (m, lH, J = 10 5 + 2.5 + 2 Hz, H-3A), 3.41 (dd, lH, J = 10 5 + 

+ 1 5 Hz, H-3B), 4.0 (s, 3H, COOCH3), 4.88 (dd, lH, J = 6+ 1 Hz, H-l), 6.55 

(m, 11' , J = 8 + 6 + 1 EZ, H-6), 6.79 (m, lH, J = 8 + b + 1 hz, H-5), 9.0 (b, 

lH, LgH ). See Table I for l3 C NMR data Anal. Calcd see 2b_, Found- C 38.56, 

h, 4 86, Br, 28.57, Cl, 12.30, N, 5.22 

1: isotopic peak 
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(+_)-2-{l-i2-(Indol-3-yl)-l-oxo-ethyl]~-7-exo-chloro-2-azab~cyclo~2.2.2] 

act-5-ene-7-endo-carboxyllc AcIdMethyl Ester ig. To a stlrred solution of 

Indole-3-acetic acid (5 8 g, 33.1 mmol) and 4.6 mL (3.3 g, 32.8 mmol) of 

triethylamine In dlmethylformamlde 4.1 mL (4.01 g, 33.2 mmol) of trlmethyl- 

acetyl chloride was added dropwlse between -5 OC and -10 OC. After 2Or;unutes 

stirring at room temperature a thick suspension was obtalned, to which a 

solution of 8.0 g (28.4 mmol) of hydrogen bromide salt z$ and 4.6 mL of 

triethylamine in dimethylformamlde was dropped between 0 o and -5 OC. Then 

the reaction mixture was stirred at room temperature for an addltlonal hour. 

Tne precipitated trlethylamlne hydrogen bromide and hydrogen cnloride salts 

were filtered and washed with ethylacetate. The mother liquor was evaporated. 

Tne residual oil was dissolved In ethylacetate, washed twice with water 

and dried over sodium sulfate. The ethylacetate solution was evaporated to 

give I_0 as white crystals which frere flltered (8.5 g, 23 8 mmol, 83.8 %). -- 
Recrystallization from chloroform-methanol yielded the analytical sample, 

mp. 201-202 Oc IR (KBr) 1630 cm-l (amide C=O), 1725 cm-l (ester C=O), 

3250 cm-l (indole NH) 
1 
H NMR (100 MHz, CDC13, RT): 6 1.95 + 2.00 

(da each, lH, J = 13 + 2 Hz, H-8p), 2.76 (m, lP, J = 13 + 3 + 2 Hz, H-8a), 

2.86 (m, lH, H-4), 3 15 + 3.17 (m each, lH, J = 11 + 3 + 2 Liz, H-3A), 3.58 

(dd, lH, J = ll+ 2 Hz, H-3B), 3.73 + 3.75 (s, each, 3H, COOCH3), 3.89 (d, 

lH, J = 15.5 Hz, C3'C-HA), 4.10 (d, lH, J = 15.5 Hz, C3'C-HB), 5.04-5.88 

(dd each, lH, J = 6 + 1 5 Hz, H-l), 5.98 (m, 0.5 H, J = 8 + 6 +1.5 Hz, H-6), 

6.3 - 6.5 (m, 1.5 H, H-6 and H-5), 7 1 - 7.65 (m, 5H, aromatlcs), 8 2 (b, 

lH, NH) The presence of two conformers is due to restricted rotation about 

the amide bond. See Table IV. for 13 
C NMR data. Anal Calcd. for 

ClgHlgC1N203: C, 63 60, H, 5 34, Cl, 9.88; N, 7.81. Found: C, 63 40, H, 5.57; 

Cl, 10.17, N, 7.79.MS m/e 3601, 358 (al+), 324l, 322, 301, 299, 238, 157, 

130, 121, 119, 117, 103, 93, 91, 81, 80, 77. 

(+_)-3-{l-[2-(Indol-3-yl)-ethyl] )-1-(nydroxy-methyl)-3-azablcycloi3.2 l] 

act-6-ene 11. == 1.0 g (2 9 mmol). Of 2 was dissolved in 50 mL of dry THF, to 

hnlch litnlum aluminlum hydride (0.5 g) was added at -20 'C and then stirred 

at r.t for 2 hours at whlcn point TLC showed that all the starting material 

nad been consumed. The mixture was cooled while water was added in small 

portions After a half hour stlrrlng the mixture was filtered and then 

evaporated The resic7ue was crystallized from ethylacetate to give A& (489 mg, 

1 73 m~ol, 59.7 %), mp. 77-82 OC IR (KBr) 3390 cm -' (indole NH), 3570 Clll 
-1 

(-OH), See Table III fcr 'H and l3 C NMR data. MS m/e 283l, 282 (M+), 281, 

220, 205, 152, 144, 143, 130, 115, 105, 103, 93, 91, 81, 79, 77, 58, 44, 42 



1698 c %!hTAYeta~ 

(+)-6-{l-[2-(Indol-3-yl)-1-oxo-ethvl]) _ - -=a-chloro-6-azablcyclo[3.2.ll_ 

Get-3-ene-5-carboxyllc Acid Methyl Ester 12~ and (+)-6-(1-[2-Indol-3-yl)-l- --- - 
-oxo-ethyllj-2a-bromo-6-azab~cyclo[3.2.1]oct-3-ene-5-carboxyl~c Acid Methyl 

Ester &Zb. Method A.Acylatlon with Indole-3-acetic anhydride In CH2C12. To - --_ 

a stirred solution of 4g hydrogen bromide salt (622 mg, 2.2 mmol) and 0.6 mL 

(435.6 mg 4 3 mmol) of triethylamine in dry dichloromethane, 1464 mg 

(4.404 mmol) of indole-3-acetic acid anhydride dissolved in 100 mL of 

dlchloromethane was added. The reaction solution was stirred at room 

temperature for 4 days. The CH2C12 solution was washed with water and dried 

(Na2S04) and evaporated in vacua. The residual oil was purlfled by silicagel 

column chromatograpny (eluant. toluene:aceton = 2:l) to give a mixture of 

12~ and I& which was crystallized from aceton-hexane. mp. 131-184 OC. IR: --- --- 

(KBr) 1650 cm-l (amide C=O), 1750 cm -' (ester C=O). pg 'H NMR (400 MHz, 

CDC13, RT): 2.1 - 2 3 (m, 2H), 2.90 (m, IH), 3.3 - 3.9 (m, 4H), 3.78 (s, 3H), 

4.39 (m, lH), 5.69 (m, lH), 6.88 (m, lH), 7 05 - 7.52 (m, 5H), 9 25 (bs, 1H). 
13 

C NMR (100 MHz, CDC13, RT): 6 32.02, 34.68, 41 70, 50.61, 52.45, 58.09, 

62 63, 107.07, 111.43, 118 42, 118.94, 121.64, 122.90, 126.59, 127.07, 133.00, 

136.35, 169.21, 170.56. && 'H NMR (400 MHz, --- CDC13, RT). 2.1 - 2.4 (m, 2H), 

2.99 (m, la), 3.3 - 3.85 (m, 4H), 3.73 (s, 3Hj, 4.59 (m, lH), 5.79 (m, lHj, 

6 79 (m, lH), 7.04 - 7 51 (m, 5H), 9.30 (bs, 1H). 13C NMR (100 MHz, CDC13, 

RT) . 6 31 40, 34.68, 41 71, 50 68, 51.30, 51.96, 62 20, 107.06, 111.28, 

118 36, 118.57, 121.62, 123.22, 127.14, 127 72, 131.92, 136.21, 168 61, 

170.26 MS m/e 404 (M+ I& 82Br), 402 (M+ lzb 
80 

Br), 

37cl), 
--- 

358 (M+ 123 35Cl), 

--- 373, 371, 360, (M+ Lzn 

324, 323, 322, 308, 295, 196, 157, 156, 130, 105, --- 
96, 94, 93, 91, 77, 51, 50, 44, 38, 36. Anal. Calcd. for ClgHlgC1N203: 

C, 63.60; H, 5.34: Cl: 9.88, N, 7.81, for ClgHlgBrN203: C, 56.59, H, 4.75, 

Br, 19.81; N, 6 95 Found: C, 60.78; H, 5.45: Br, 11.99, Cl, 3.45, N, 6.98 

Method B: Acylation with indole-3-acetic acid and trimethylacetic acid mixed 

anhydride 12~ and A& were obtained from $g in a similar way as In case of --- 
42 starting from 2;. Yield: 19.3 %. Anal. Calcd see above. Found: C, 61.53; 

H , 5.35, Br, 5.57; Cl, 7 48; N, 7 27. np. 171-174 OC. 

(+)-5-Oxo-20-deethylcatharanthlne Lz, (f)-3-(1-L2-(Indol-3-yl)-l-oxo- 

-ethyl])-2-methoxy-3-azablcyclo[3.2 l]oct-6-ene-1-carboxyllc Acid Methyl 

Ester 15 ana -=- (+)-10,13-Methano-4H-pyrldo[2,l-blpy rrolo-[4,3,2_f,g][3]benz- 

azoclne-13 (9H)-carboxyllc acid, 6,7,10,12a-tetrahydro-7-oxo Netnyl Ester U, 

photolysls of 12. 1.0 g, (2.79 mmol) Of 10 was dissolved in a mixture of == 
2.2 L methanol and 300 mL water, to which 1 6 g of sodium hydrogen carbonate 

was added. The reaction mixture was stirred, purged with nitrogen and 

lrradlated by a low pressure mercury lamp (Tungsram Hg-LI 250 W) In an 

lmr@erslon quartz tube for 4-6 hours The wtion was followed by TLC (eluant: 
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toluene:acetone:trlethylamlne = 40.2O:l). Then the methanollc solution was 

evaporated. The residue was dissolved between chloroform and water. 'Ihe 

organic layer was drred over sodrun sulfate and evaporated. The residue 

was purlfled by column chromatography (eluant. chloroform: ethylacetate: 

triethylamrne = 30:8:1) which afforded three compounds listed in order of 

lncreaslng polarity: (a) 148 mg 011 (4.53 mmol, 16.5 %) containing L1 

5-oxo-20-deethyl-catharanthine which was crystallized from acetone-hexane 

mp. 295-298 OC. IR: (KBr) 1640 cm -' (lactam C=O), 1740 cm-'(ester C=O), 

3300 cm-' (indole NH). 
1 
H-NMR (400 MHz, CDC13, RT): 6 1.79 (dd, lH, J = 

= 13.4 + 1.8 Hz, H-17(,,), 2.65 (m, lH, J = 13.4 + 4 + 2.2 Hz, H-17a), 2.94 

(m, lH, H-14), 3.CO (m, lo, J = 10.7+ 2.2 + 2H2, H-3A), 3.59 (dd, lH, 

J = 10.7 + 3 Hz, H-3B), 3.67 (s, 3H, COOCH3), 3 78 (d, lH, J = 15.6 Hz, 

C7-HA), 4.17 (d, lH, J = 15.6 Hz, C7-EB), 5.33 (dd, lH, J = 6.3 + 0.9 Hz, 

H-21), 6.49 (m, lH, J = 8 + 6.3 + 1.7 Hz, H-15), 6.69 (m, lH, J = 8 + 6.5 + 

+ 0.9 HZ, H-20), 7.13 (m, lH, J = 7 8 + 7 + 1.2 Hz, H-lo), 7.18 (m, lH, 

J = 7 8 + 7 t 1.3 Hz, H-11), 7.27 (m, lH, J = 7.8 + 1.2 + 0 8 Hz, H-12), 

7.56 (m, lo, J = 7.8 -t 1 3 + 0 8 Hz, H-9), 8.09 (b, lH, NH). See Table Iv. 

for l3 C NMR data. Anal Calcd for c13H18N203 C, 70.79; H, 5.62: N, 8.69. 

Found: C, 70 64; H, 5.43; N, 8 65. MS, m/e 322 (M+), 243, 215, 214, 201, 

182, 154, 121, 93, 81, 80. (b) 90 mg (0.25 mmol) 011 containing 22, whrch was 

crystallized from acetone-hexane, mp 135-137 OC. IR. (KBr) 1640 cm-l 

(amide C=O), 1735 cm -' (ester C=O), 3380 cn~ 
-1 

(indole NH). See Table III. 

for 
1 
H and 

13 
C NMR data. Anal. Calcd. for C20H22N204. C, 67.78, H, 6.26, 

N, 7.90 Found. C, 67.70; H, 6.22, N, 7 87. &i&m/e 3541572 (MM+), 

C20H22N204f 
353, 352, 340, 339, 325, 324, 323, 322, 295, 291, 224, 197, 

157.0525 (C10+~),130 (c) 130 mg of recovered Ag (0.3G mmol, 13.0 %). (d) Tne 

chromatography was followed with the eluant. CFC13.acetone = 1.1 The fourth 

product was 147 mg 011 (0.456 mmol, 164 %) containing Li which was 

crystallized from acetone-hexane mp. 295-296 OC. IR. (KBr) 1630 cm -1 (amide 

C=O), 1715 cm-l (ester C=O), 3300 cm -' (indole NH) 'H NMR (lOOMHz, CDC13, 

RT). 6 1 80 (dd, lH, J = 13 + 1.5 Hz, H-14A), 2.90 (m, lli, H-lo), 3.0-3.6 

(m, 4H, H-14B, C9-H2 and H-6A), 3.52 (s, 3H, COOCH3), 4.28 (dd, lH, J = 15 + 

+ 1.5 Hz, H-6B), 5.72 (dd, lH, J = 6 + 1.5 Hz, H-12a), 6.40 (m, lH, 

J = 7 5 + 6 + 1 Hz, H-12), 6.64 (m, lH, J = 7 5 + 6.2 + 1.5 Hz, H-11), 6.3 

(dd, lH, J = 3 + 1 5 Hz, H-5), 7.0-7.25 (m, 3H, H-l, H-2 and H-3), 8.8 (b, 

lH, NH). See Table VI. for 
13 

C NMR data Anal. Calcd for ClvH18N203 see 

&Z. Found: C, 70 68; I;, 5.63: N, 8 39 MS, m/e 322 (M+), 263, 243, 2i5, 214, 

211, 206, 201, 184, 155, 154, 81, 80, 71, 57, 43 

(+)-6-{l-[2-(Indol-3-vl)-1-oxo-ethyl] )-2a-hydroxi-6-azabrcycloi3.2.1] 

act-3-ece-5-carboxvllc Acid Yethyl Ester 39 by pl~otolysis of 22. Compound ig 
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(2.0 g, 5.57 mmol) was dissolved r_n 1.5 mL of tetrahydrofurane and 300 rn~ of 

water and rrradlated for 2 hours in a srmllar way. After the usual workup ana 

chromatography the followrng products were isolated. (a) 11 202 mg 

(0 627 mmol, 11.3 %), (b) recovered &g (102 mg, 0 284 mmo;: 5-i %), (c) 

261 mg of unknown product MS, m/e 312.1481 (M+, C18H20N203), 281, 253, 

187.088 (CllH11N20), 1’74, 157, 130, 103, 79, 77; IR, (CHC13) 1660 cm 
-i 

(amide C=O), 1740 cm-' (ester C=O), 3420 cm -1 (rndole NH). (d) &$ 494 mg 

(1.533 mmol, 27.5 %) (e) 162 mg or1 (0.476 mmol, 8.5 %) containing 22, wnlch 

was crystallrzed from acetone-hexane mp. 224-228 OC; IR: (KBr) 1630 cm 
-1 

(amide C=O), 1730 cm-l (ester C=O), 3400 and 3460 cm 
-1 

rndole NH and OH; 
1 
H NM.R (400 MHZ, CDC13, ET). 6 1.9-2.15 (m, 2H), 2.63 (m, lH), 3.2-3.8 (m, 

4 H), 3.70 (s, 3H), 3.93 (m, lH), 4 98 (d, J = 5.6 Hz, lH), 5.65 (m, lh), 

6.74 (m, lH), 7.04-7.48 (m, SH), 10.30 (bs, 11;). 13c NMR (lOOMHz, CDC13, RT): 

&i 31.52, 34.79, 40.28, 49.35, 51.72, 62.52, 68.95, 107.45, 111.28, 118.33, 

118 61, 121.04, 123.18, 127.27, 129.09, 131.88, 136.27, 168.74, 171.01.MS, 

m/e 340 (M+ ), 309. 210, 178, 157, 130 

(~)-10,13-Methano-4H-pyrido~2,1-~]pyrrolo~4.3,2-f,q~l3~benzazocine-i3(9H~ 

-carboxylrc acrd, 6,7,10,12a-tetrahydro-7-thioxo Methyl Ester &i_ Compound _1j -- 

(1.092 g, 3.39 mmol) was refluxed with 1.680 g of phosphorus pentasulfrde rn 

150 mL of benzene for 5 hours. The reaction was followed by TLC (eluent. 

chloroform acetone = 1:l). After all the starting material was reacted, 

phosphorus pentasulfide was filtered, washed with chloroform twrce. The 

organic solvent was washed wrth aqueous brcarbonate and water, dried over 

sodium sulfate, evaporated rn vacua. The resrdual oil was crystallrzed from 

acetone-hexane to give 881 mg of 14 (2 60 mm01, 76.6 %), mp. 279-280 OC. IR. 

(KBr) 1730 cm-l (ester C=O), 3270 cm-' (indole NH): 'H NMR (lOOMHz, CDC13 + 

Me2SO-d6, RT): b 1.83 (dd, lH, J = 13 + 1.5 Hz, H-14A), 3.02 (m, lH, H-10 

3 l-3.7 (m, 3H, H-14B and C9-H2), 3 50 (s, 3H, COOCH3), 4.20 (d, J = 15 Hz 

H-6A), 4.68 (dd, lH, J = 15 -+ 1 5 Hz, H-6B), 6.16 (dd, lH, J = 5.5 + 1 Hz, 

H-12a), 6.42 (m, lH, J = 7.5 + 5 5 + 1 HZ, H-12), 6 74 (m, iH, J = 7.5 + 

+ 6 5+ 1 HZ, a-11), 6.94 (dd, lo, J = 2 + 1.5 Hz, H-5), 6.95-7 35 (m, 3H, 

H-l, H-2 and H-3), 7 71 (b, IH, NH). See Table VI. for 13C NEIR data MS, m/e 

338 (M+ ), 279, 226, 214, 211, 206, 204, 201, 200, 199, 167. 

(t)zlO,i3-Methano -4H-pyrldo[2,1-b]pyrrolo[4,3,2-f,g1[3lbenzazoc~ne-i3- 

(9E)-carboxylic acid, 6,7,10,11,12,12a-hexahydro Methyl Ester, La. 1.206 g 

(3.57 mmol) Of Ls was refluxed wrth about 5 g freshly prepared Raney nickel 

rn dry ethanol for 4 hours If the starting material could not have been 

showed by TLC (eluent toluene.acetone.trlethylamlne = 40.20 l), the niche1 

was removed and washed many times wrth ethanol and chloroform. Tne organic 

solvent has evaporated rn vacua to give crystals %.2rch were filtered and 
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washed with hexane Yield: 762 mg of iz (2.45 mmol, 68 
7 _, 

8 %), mp. 246-249 OC; 
2 

IR. (KBr) 1730 cm-l (ester C=O), 3400 cm -I (Indole NH): IH NMR (100 M&z, 

1701 

CDC13 + Me2SO-d6, FT):61.5-3.1 (m, 13H, C6-L2, C7-H2, C9-H2, Cll-H2, Cl2-H2, 

C14-H2, II-lo), 3.51 (s, 3E, COCCH3), 4.0 (t, lE, J = 2.5+ 2 Hz, h - 12a), 

6.9C (dd, lH, J = 7+ 1.5 Hz, H-3), 6.95 (c?d, lH, J = 8+ 7.5 Hz, H-2), 7.05 

(a, J = 2 Hz, H-5), 7.20 (dd, J = 8+ 1.5 Hz, H-l), 7.83 (b, lH, NH). See 

Table VI. for 
13 

C Nm data.MS, m/e 310 (II+), 309, 295, 251, 224, 214, 171, 

170, 168, 167, 155, 154, 108, 107, 96, 94, 83, 82. 

(_t)-10,13-l~ethano-4H-~yr~dol2,l-b]pyrrolo[4.3.2-f,g]~3~benzazoc~ne- 

13(g&carboryllc acid, 5,5a,6,7,10,12a-hexahydro Methyl Ester AZ. The 

solution of ig (300 mg, 0 887 mmol) was stirred in 30 mL of methyl lodlae 

under argon for 1 hour and then evaporated in vacua. The residue was dls- 

solved in 30 mL of dry methanol to which 500 mg of sodium cyanoborohyciride 

was added. After 5 minutes stirring 30 mL of water-acetic acid = 1.1 was 

added and stirred for 1 hour. 300 mL of water was added and the pH was 

brought to 1 by addition of 18 % hydrochloric acid and was extracted with 

ether. This ether fraction contained recovered starting material. The 

aqueous fraction was made basic (pH = 9) with ammonium hydroxide and 

extracted with ether three times. The ether layer was dried over sodium 

sulfate and evaporated to give Lz (102 mg, 0.328 mmol, 37.0 %) as white 

crystals, mp. 191-195 OC IR: (KBr) 1720 cm -' (ester C=O), 3380 cm-l 

(dihydro indole NH); 'H NMR (100 MHZ, CDC13 + Me2SO-d6, RT): 6 1.90 (dd, 

lH, J = 12.5 + 2 Hz, H-14A), 2.0-3.9 (m, IlH, H-5A, H-5a, C6-H2, C7-H2, 

C9-H2, H-10, H-14B), 3.51 (s, 3H, COOCH3), 4.22 (m, lH, H-SB), 5.01 (dd, lH, 

J = 6 + 1 Hz, H-12a), 6.25-6.65 (m, 4H, H-11, H-12, H-l, H-3), 6.93 (dd, lH, 

J = 8 + 7 Hz, H-2) See Table VI. for 
13 

C IWR data MS, m/e 310.1700 (M+), 

C19H22N202' 
309, 295, 292, 279, 273, 258, 231, 230, 170, 144, 142, 134, 133, 

115, 106, 93, 80. 

(f)-20-Peethylcatharanthine L by reduction of Az Lactam 12 (100 mg, 

0.310 mmol) was dissolved in 15 mL of fresnly distilled dry THF, to which 

510 mg of sodium borohydrlde and dropwlse 2.4 mL of boron trlfluorlde 

etherate here added After 3 hours stirring the reaction mixture was 

evaporated. The residue was dissolved in chloroform and to this water was 

slowly added The orgar,ic layer was dried over sodium sulfate and evaporated 

in vacua resulting in i as a white foam 91 mg (0 295 mmol, 95.2 8). This was 

purifiea uy preparative TLC on a silica plate for the analytical sample 

(eluant.chloroform:acetone = 1 1). IR. (CHCl,) 172C cm-l (ester C=O ), 

3380 cm 
-1 

(lndole NH), 
1 
h NMK (400 MHz, CDC13, F.T). b 1.83 (dd, lH, J = 

= 13 + 2 Hz, H-17a), 2 69 (m, lH, J = 13+ 3 t 2.5 Hz, H-17a), 2.76 (m, lH, 

h-14), 2 85-3.60 (m, SH, H-3B, N-CH2 and C7-CH2), 2.90 (m, lH, J = 10 + 3 + 
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+ 2.5 Hz, H-3A), 3.75 (s, 3H, COOCH3), 4.39 (dd, J = 6.2 + 1 Hz, H-21), 6.37 

(m, lH, J = 7.6 + 6 2 + 1 2 Hz, H-15), 6.59 (m, lH, J = 7.6 + 6.5 + 1 HZ, 

H-20), 7.10 (m, lH, J = 7.5 + 7 + 1 Hz, H-lo), 7.15 (m, lH, J = 7.5 + 7 + 

+ 1 Hz, H-11), 7.25 (dd, lH, J = 7.5 + 1 dz, H-12), 7.49 (dd, J = 7 5 + 1 Hz, 

H-9), 7.74 (b, lH, NH). See Table IV. for 13C NMR data. MS, m/e 308 (&I+), 

293, 277, 229, 228, 214, 197, 170, 169, 168, 154, 124, 107, 94, 93, 79. 

(+)-2-{1-~2-(Indol-3-yl)-l-oxo-ethyl])-7-exo-chloro-2-azab~cyclo~2.2.2] 

act-5-ene-7-endo-carboxyllc AcGi Methyl Ester (+)-Lg. 10.5 q (37 2 mmol) 

of & hydrogen bromide salt was partltloned between 600 mL of chloroform 

and 200 ml of water Then it was made basic pH = 8-9 with ammonium hydroxide. 

The orqanlc layer was dried over sodium sulfate and evaporated in vacua. The 

residual oil was dissolvec in ethylacetate (285 mL) to whlcn a solution of 
25 

14.04 q (37.3 nunol) of dibenzoyl-L-tartarlc acid monohydrate [a], = -108.3O 

(c = 5 ethanol) in 60 mL of methanol was added. After 1 hour standing the 

obtained white crystals were filtered and washed with some cold ethylacetate. 

Yield: 8.98 q (16.0 mmol, 86.3 %) of (lS,7R)-3a dlbenzoyl-L-tartaric acid _= 

salt, mp 152-155 OC. [a];'. -62.2 o (c = 1 methanol). 

To a stirred solution of 3.6 g (20.6 mmol) of indole-3-acetic acid and 

3.2 mL (23.1 mmol) of triethylamlne in 48 mL of dlmethylformamlde 3.9 mL 

(32.8 mmol) of trlmethylacetyl chloride was added dropwise between -5 OC 

and -10 OC. After 20 minutes stirrlnq at room temperature a thick suspension 

was obtained, to which a solution of the above obtained 2s dibenzoyl-l- 

-tartarate salt in 6.0 mL (43.4 mmol) of triethylamlne and 48 mL of dimethyl- 

formamide were added and stirred for 3 days. After the usual workup (see 

above 12) 4.9 q (13.66 mmol, 85.1 %) of (+)-29 purlfled material was 

obtained which was crystallized from acetone-hexane, mp. 155-157 OC. IR and 

NMR data were identical with those of (+)-Lg. [a] i5: + 104.4 O (c = 1.5 in 

CHC13-methanol 1.1). 

(-)-2-{1-[2-(Indol-3-vl)-l-oxo-ethyll)_7-exo-ci~loro-2-azabic~~clo~~ 2.21 

act-5-ene-7-endo-carboxylic Acid Methyl Ester (-)-12. The same method was 

applied for the resolution of 10.5 g of 3s hydrogen bromide salt with 
-20 

dibenzoyl-D-tartaric acid monohydrate [a], : + llO" (c = 5 ethanol). Yield: 

10 1 q (18 11'~nol, 

= + 61.75O 

97.1 %)(lR,7S)-22 dlbenzoyl-D-tartarate,mp. 148-151°C, [a$5 = 

(c = 1.5 methanol). 9.0 q of the above obtained salt was acylated in 

the same way. Yield 5.0 q (13.93 mmol, 86 8 %), mp. 173-176 'C. [a]i5:-106.69 

(c = 1.5 in CHC13-methanol 1:l). IR and NMR date see (2)-&g. 

Photolysls of (+)-Lg. 2 0 q of (+)-Lp was dissolved in 2.5 L of methanol 

to which 225 mg (5.8 mmol) of sodium borohydride and 0.3 mL of trlbutyltln 

chloride were added. The solution was lrradlated for 2 hours. After the Usual 

workup the followlnq products were Isolated. (a) 388 mq (1.203 mmol, 21 4 %) 
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of (16S)-5-oxo-20-deethylcatharanthlne (16S)-&a mp. 295-300 OC; 

[a] i5=+ 8.1 o (c = 1 5 chloroform): (b) 312 mg (0.329 mmol, 16 6 %) of 

(-)-15, mp. 135-140 OC, [c]i5 = - 105 35 o (c = 1.5 chloroform): (c) 198 mg 

(0.615 mmol, 19.1 %) of (-)-Ad, mp 156-160 OC,[a] i"= -30.3 o (c = 1 -- 

chloroform) IR, NMR spectra were the same as those the corresponding racemlc 

compounds 

Photolysls of C-,-&p. Starting from 2 0 g of (-)-LO using the above _= 

procedure the following products were obtalned. (a) 402 mq (1.248 mmol, 

22.3 %) of (166)-&z, mp. 273 OC, [cI]~~= -10 6 o 
D 

(c = 1.5 chloroform): (b) 

282 mg (0 796 mmol, 14 2 %) of (+)-AZ mp 130-138 OC, [a]i5 + 108.5 o 

(c = 1.5 chloroform), (c) 323 mg (1,003 mmol, 16.2 %) of( +) -A$, mp. 

lb8-170 OC; [u]i5= + 31 0 O (c = 1 5 cnloroform). IF, NMR spectra see at the 

racemic compounds 

(16S)-20_Deethylcatharanttlne, (16S)-& Starting from (16S)-/j use of -- 

the same procedure as for racemic deethylcatharanthine (16S)-I (94.1 %) was - 

obtaiced as white crystals, from ether mp 132-136 'C. See Fig. 1. for CD 

curves. 

(lGR)-20_Deethylcatharanthine, (16R)-1. Starting from (16R)-Lz the 

above procedure yielded (16R)-2 (93 6 %). mp 124-131 Oc. 
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Table 1. 
13 

C NF,R Chemical Shlftsa 

3ablc 4adre ab 4bb - - - 

Cl 

c3 

c4 

c5 

C6 

C7 

C8 

coo 

OPle 

N-CO 

O-CR* 

Cl' 

C2'+C6' 

c3'+c5' 

c4 

52.95 + 53.41 52.71 

46.72 + 47.09 45.54 

31.09 + 30.85 31.15 

136.33 + 136.59 135.22 

130.34 + 129.95 129.64 

68.14 66.67 

37.60 37.96 

169.69 170.40 

53.13 53.04 

155 85 + 155.22 154.78 

67.01 67.03 

136.79 136.87 

127.88 127.99 

128.41 128.47 

127.72 127.75 

53.45 

42.65 

28.66 

139.08 

127.11 

63.48 

37.23 

f 

53.91 

51.33 

42.07 

28.77 

137.00 

127.37 

63.20 

37.10 

168.93 

55.16 

a In d ppm from Internal TlriS. 
b 

In CDC13 at ambient 

temperature. c A mixture of amide rotatlonal Isomers. 
d 

In CDC13 + Me2SO-d 
6 

. e fieasured at elevated temperature 

(80 Oc). f Slgnal was not observable due to the low 

concentration of solution. 
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Vmca alkaloids and related compounds-XLVII 

Table IV. 
13 

C NMR Chemical Shifts a,b 

1707 

Cl 60.61 

c3 57.c2* 

c4 31.55 

c5 135.39 

C6 126.64 

C7 69.82 

C8 36.04 

3'-CH2 24.04 

C2' 121.60' 

c3' 114.26 

C3a' 127.52 

C4' 118.60° 

c5' 118.93O 

C6' 121.77' 

C7' 110.92 

C7a' 136.06 

N-CH2 54.&6* 

COO 170.52 

N-CO 

0cH3 52.83 

50.08+54.89 53.09 51.52 

47.05+46.39 46.86 50.14 

30.93+31.18 30.99 31.68 

137.17+137.43 137.20 137.99 

129.63+128.96 129.46 129.48 

66.26+69.(X 69.11 53.49 

37.37+37.26 37.71 33.28 

30.16+30.62 30.87 32.66 

123.43 123.63 134.32O 

107.54+107.90 108.11 103.98 

127.35+127.22 127.57 127.59 

118.35+118.61 118.56 118.59 

118.45 118.56 119.99 

121.01 121.16 122.51 

111.31 111.41 110.82 

136.24 136.58 135.41° 

170.24+170.16 170.57 174.53 

169.33+169.07 169.43 173.46 

53.12+53.25 53.09 52.86 

56.77 

52.66 

30.71 

135.13* 

133.20* 

55.45 

38.22 

21.27 

134.79O 

110.65 

128.99 

118.19 

119.47 

121.86 

110.49 

135.93O 

48.79 

174.73 

c21 

c3 

Cl4 

c20 

Cl5 

Cl6 

Cl7 

C6 

c2 

c7 

C8 

c9 

Cl0 

Cl1 

Cl2 

Cl3 

coo 

N-CO 

OcH3 

a In 6 ppm from internal TPIS. 
b 

Signals marked with identical 

symbols are Interchanqeable. c In CDCl 
3 

at amblent temperature. 

d In CDC13 + Me2SO-d 
6 

at amblent temperature. Most signals exhlblt 

spllttlngs due to amide rotational Isomerism. e In liIe2SO-d6 at 

elevated temperature (120 OC). The numbering of compounds 2 and 

22 are different from 2 and 19. See the right column. The 

corresponding carbon atoms are in the same lines. 
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Vmca alkalods and related compounds-XLVll 1709 

Table Vl. 13C NKR Chemical Shifts (CDC13+Me2SO-d6)a'b 

14 - 16 17 - 19 

Cl 

c2 

c3 

C3a 

c5 

C5a 

C6 

c7 

c9 

Cl0 

Cl1 

Cl2 

C12a 

Cl3 

C13a 

C13b 

Cl4 

coo 

O!:e 

120.60* 119.82* 118.71* 117.71 

121.23* 121.04* 120.62* 127.33 

111.11 111.02 110.01 107.38 

135.16 134.48 139.13A 152.53 

126.09 126.56 124.93 55.50* 

108.59 109.43 112.68 40.30 

35.87 44.80 27.94 33.19 

171.41 199.07 48.59O 52.33* 

48.28 55.90 53.40° 54.99* 

30.28 30.02 26.79 30.47 

136.95 138.09 23.70 135.17 

129.76 128.94 19.73 131.80 

52.33 55.08 46.15 52.93 

59.31 58.25 55.88 56.65 

139.39 138.87 141.90A 140.80 

121.50 121.68 124.35 127.61 

36.24 35.39 38.81 36.90 

173.86 173.17 176.36 173.76 

52.25 52.36 51.59 51.91 

a The 6values are In ppm from internal TPiS. 

b Signals marked with ldentlcal symbols are interchangeable. 
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