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Abstract The first synthesis of natural (+)-catnaranthine (1) ilas been 
achlevedln a few steps and in - 20 % overall yield based ox indole-3- 
-acetIc acid. The lsomeric (f)-allocatharanthlne was also prepared. 

The dimeric Catharanthus alkaloids vlncrlstlne and vlnblastlne are - 

widely used clinical anticancer agents applied routinely for treatment of a 
2 

number of human cancer . Recently, starting from anhydrovlnblastlne, a new 

and effective anticancer drug, NAVELBINER has been developed in France3. 

Catharanthlne & 1s a mayor alkaloid of Catharanthus roseus. On coupling 

of catharanthlne 1 with vlndollne antitumor vlnblastlne derivatives could be = 
4 

obtained , thus the total syntheses of the above mentioned three drugs became 

commercially feasible 

Several research groups have synthesized racemlc but none the natural 
J 

(+)-catharanthine . NOW we present the first synthesis of optIcally active 

catharanthine using fewer steps then previous scliemes aimed at the racemlc 

compound. 

Allocatharanthine (2) the regioisomer of catharanthlne (I) 1s anartefact 

obtalned from tabersonlne by bolllng in acetlc acld6. Recently it)-16-hydmy- 

-allo-ibogamlne, the first natural member of the allo-lboqa class of alkaloids 

has been isolated from Strychnos ngounlensls by a Frenchgroup7. 

After completion of the synthesis of (+)-20-deethylcatharanthine8 and 

the corresponding enantiomers 
1 

we aimed at the preparation of (+)-catharan- 

thlne L and allocatharanthlne 1 using the same strategy. 

At the outset the lsoqulnuclldlnes 2 and 5 were prepared starting from 

3-ethylpyrldlne by the Duels-hider reactlon of the dlhydropyrldlne and 

dlenophlle 

3-Ethylpyridine was reduced by sodium-borohydride In the presence of 

benzyl chloroformate uslnq Fowler's method', by which l-(benzyloxycarbonyl)- 

-1,2-dlhydropyrldlnes can be readily obtalned. The unstable dlhydropyridlnes 

1711 
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1 and 2 were reacted without lsolatlon at 20 OC successively with 2-chloro- 

acryloyl chloride and methanol. Tne reglolsomers 2~ and 2~ were obtalned In 

a ratio of about 55:45 (overall yield 20 % from 3-ethyl-pyrldlne). From 

ethylacetate-hexane 5~ could be crystallized pure while the remalnlng 

mixture of 22 and 5~ accompanied by a small amount of 22 and 22 was 

separated by HPLC on a reversed phase column. 

The obtalned 011 containing both 22 and 2~ was treated with HBr/CH3COOH 

resulting in a mixture of 10a ant lla. === =zz= After evaporation of acetic acid the 

malor component, _lQ_a, crystalllsed from the residue. --- 

When cycloaddltion was carried out refluxlng the reactlon mixture the 

overall yield raised to - 40 %, but the ratio of 22 and 52 shifted to 

- 60:40. From this mixture we could isolate as minor products, the epimers 

zg and gg contalnlng the chlorine atom in endo posltlon (ratlo 9:l). 

Meanwhile Raucher and Lawrence reported 
10 

that the application of 

Fowler's metnod' for 3-ethylpyridine led in their hands only to l-(methoxy- 

carbonyl)-3-ethyl-1,2-dlhydropyrldlne, 1.e. to the regioisomer useless for 

catharanthlne synthesis. 

Preparation of $e was tried also by another sequence with some 

advantageous modification. Raucher and Lawrence prepared 1-(methoxycarbonyl)- 

-5-ethyl-1,2-dinydropyridine 
10 

from the corresponding dlbromo-compound using 

EtAlCl, for dehydrobromlnation. We synthesised the N-(benzyloxycarbonyl)- 

-dlbroGo derivative 2 in two different ways 

Scheme I 
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Fowler notlced1l that reduction of l-(methoxycarbonyl)-3-ethyl-1,2- 

-khydropyrldlne with NaBH4/CF3C02H In benzene led to l-(methoxycarbonyl)- 

-5-ethyl-1,2,3,6_tetrahydropyrldlne. The subsequent bromine addltlon gave 

the trans-3,4-dlbromo-derivative. Double denydrobromlnation of the latter 

was carried out with 1,4-diazablcyclo[2.2.2]octane in dlmethylformamlde at 

reflux affording l-(meti~oxycarbonyl)-S-ethyl-l,2-dlhydropyridlne. In our 

hands the analogous series of reactions (3-ethylpyrldine - 2 - i -g), 

gave the deslred dibromo derlvatlve 2 after a column chromatography in poor 

yield. The second procedure for 9 involved reaction of 1-benzyl-3-ethyl- 

-1,2,5,6-tetrahydropyridlne (2) 
5a 

with benzyl chloroformate to give 

1-(benzyloxycarbonyl) derlvatlve 2. Treatment of i with bromine provlaed 

the corresponding dlbromlde 2 in 72 % 

-ethylpyrldlnlum chloride In view of 

carbonyl group 
12 

EtA1C12 did not seem 

of 2, but the desired dihydropyridine 

Scheme II. 

C1C02CH2C6E5 
J 

overall yield based on 1-benzyl-3- 

the sensltivlty of the benzyloxy- 

to be sultable for dehydrobromlnation 

4 was readily available using 1,4- 

C0,CH,C,H5 
I 

C0,CH,C6HS 
I 

N 
Br2 DBO 

4 = 

-diazablcyclo[2.2 Zloctane (DBO) in dlmethylformamlde or acetonltrlle. 

Raucher et al. reported 5d that DBO was unsuited for dehydrobromlnatlon of 

l-(methoxycarbonyl)-trans-3,4-dlbromo-3-ethyl-p~per~d~ne in DMF. Surprisingly 

we could perform this transformation using acetonltrile as solvent and 

ootalned 1-(methoxycarbonyl)-5-ethyl-1,2-dlhydropyrldlne- 

'Ihe cycloaddltion between dihydropyridine $ and 2-chloroacryloyl 

chloride followed by treatment of the product with methanol led to the 

crystalline lsoqulnuclldlne @ in 38 % yield from dibromlde 9. Chromato- = 
graphy of the mother liquor, gave more of 52 as well as the corresponding 

endo-chloro-epimer g& (15 % for each), meaning 68 % overall yield cf 4~ and 

& based on dibromide 2. 

Removal of the benzyloxycarbonyl protecting group proved to be very 

simple. On treatment of 5~ with acetic acid/HBr for 10 minutes at room 

temperature of 6a the hydrogen bromide salt (115) was obtalned in high yield -= --- 
(98 %). 

Acylation of the amines I,Q_a and iJ_a by the mlxed anhydride of indole- --- --- 
-3-acetic acid and plvallc acid led to the compounds 12a and 13arespectively. 

=== === 

ficYiatlon of the enao-chloro eplmers JQb and _l& under the same --- --- 
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condltlons resulted in rearranged products containing 6-azabicyclo[3.2.1]- 

act-3-ene skeleton similarly to the corresponding deethyl-derlvatlve 
1 . 

Evidence In favour of the rearranged structures Af and &s was provided by 

one- and two-dlmenslonal NMR techniques. Details of the NMR studies together 

with those of related compounds will be the sublect of a forthcoming paper. 

Scheme III. 

HBr 

H,CO,C 

lQb Rl= C2H5, R2 = H --- 

J,& Rl=H,R2=C2h5 --- 

&: Rl = C2H5, R2 = H, X = Cl, Y = H 

X = H, Y = Cl & Rl = H, R2 = C2H5, 

&zg Rl = H, R2 = C2Fi5, X = H, Y = Br 

We have established prevlouslyl that a characterlstlc of the presence 

of the 6-azablcycloi3.2.l]oct-3-ene skeleton 1s the large value of the 

olefinlc coupling between H-3 and H-4 protons. Thus the 9.5 Hz coupling 

observed on the signals at d 5.63 and d 6.85 ppm in the spectrum of 19 

1s consistent with the rearranged structure. 

The signal of the oleflnlc proton in the 'H NMR spectra of Isn and & --- 

didn't show the spectral features characteristic for the H-5 proton in the 

6-ethyl substituted lsoquinuclldlne ring. Instead, a broad singlet attri- 

butable to an oleflnlc proton without a vlclnal proton partner was found at 

6.61 ppr?. Tnls and all the other spectral properties are In accord with the 

structure given for J& and 122. It 1s to be noted, that Raucher et al. 
5d 

1 
--- 

have published the H I;MR data for a molecule where most of the chemical 

shifts and tile coupling constant values were tne same with those of 153. --- 

sowever, the structure they assigned to this molecule (_lAb) was not in --- 

agreement with the published 
1 
A NMR data. The values given for the olefinic 

proton (singlets at 6.67 and 6.61 ppm for the two rotamers) markedly differ 

from those expected for the H-5 proton in the lsoqulnuclldlne ring ( - 6 ppm, 

J = 6 Hz + long range couplings). Most probably they isolated a molecule 
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with 6-azabicyclo[3.2.l]oct-3-ene skeleton, which might be the C2 eplner of 

15a_ --- 

In their synthesis of racemic catharanthlne published In 1987 
5d 

Raucher 

et al. followed our reactlon sequence and strategy published in 19%3* wIthout 

mentlonlng that fact. "hey reproduced our photocycllzatlon of the deethyl- 

compound X, but fallel to extend It to the ethyl-derivative 13~. So they --- 
transformed compound 11~ to the corresponding thloamlde. Irradlaton of the --- 
latter compound resulted In 5-thloxo-catharanthine which was transformea to 

racemlc catharanthlne in two steps. 

In our hands, using a small amount of trlbutyl tlnhydrlde In methanol, 

photolytlc ring closure of &zg and && led to the products Iz and Lg 

respectively. The yields (30 and 30 %) fortunately were even higher than In 

case of the deethyl compound 88. 

As with the deethyl compound photocycllsatlon gave also other products, 

&g and 32. The strccture and stereochemistry of the molecules were 

establlshed on the basis of their NMR data In comparison with those of the 
1 

deethyl analogues . When trlbutyltln hydride was present as catalyst a small 

amount of a reduced compound derlveci from 13a was also obtalned contalr.lng === 
hydrogen Instead of chlorine. If tetrahydrofuran, acetonitrlle or ethanol 

was used as solvent for the photochemlcal reaction or else the photo- 

cycllsatlon took place in methanol in presence of NaHC03 nut without Bu3SnH 

the yield of 5-oxo-catharanthlne (&H) was lower. 

Inltlally the 0x0 group of &z and &g was removea by Suncberg's method 
13 . 

&z ana &a were transformed to the thloamldes 2& and 22 respectively with 

p2S5 and then with methyl lodlde to the S-methyl-derivatives 22 and 20. 

Subsequent reduction with NaBH3CN yielded catharanthlne 2 and ailo- 

catharanthlne 2 respectively. 

The s-methyl derivatives were very sensltlve to water maklwthe above 

mentioned procedure rather tedious. Of the other methods (e.g. Et30+.BFq-, 

CH2C12 and NaBH - 
4’ POC13/NaBH4, etc.) tried the boron trlfluorlde etherate 

sodium borohydrlde system proved to be the best. By this &z and &g were 

transformed In one step and in almost quantltatlve yield to catharanthine L 

and allocatharanthlne z respectively. 
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Scheme IV. 

c 

CI 
1 

hv 

1% R1 = C2H5, R2 = H 

&!R1=C2H5, R2=Ii --- 

--- _l?sR1=H, R2=CI; --- 25 

&I R1 = C2H5, R2 = H 

&g R1 = E, R2 = C2E5 

lR1=H, R2=C2H = 5 
2 R1 = C2K5, F2 = h 

2& R1 = C2H 5, R2=Ei 

gR1=H, R2=Ch 
25 

4 

5 
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Synthetic and natural catharanthlne had superimposable IR, NMR, MS 

spectra and exhlblted ldentlcal moblllty on TLC plates. Spectral data of 

synthetic (f)-allocatharanthlne (2) and of a sample obtained from tabersomne6 

were ldentlcal. Since for us only dlhydroallocatharanthlne (22) but no allo- 

catharanthlne was available, 5-thloxo-allocatharanthlne (21) was reduceo In 

ethanol In presence of Raney nickel. The Rf values of the obtained dlhyaro- 

allocatharanthlne 12 and of the authentic sample were Identical. 

Resolution was performed in good yield (- 96 %) with isoquinuclldlne 

base I& using (+)-dibenzoyl-D-tartarlc acid. Carrying out the above --- 
mentioned reactlon sequence acylatlon, photocyclisatlon, reduction of the 

0x0-group (+)-catharanthlne was synthesized which proved to be identical 

with the natural product ln every respect. 

Thus the reactlon sequence (&I& - 13a_ --- -LB -&) provided the 

desired optically active alkaloid in - 20 % combined yield based on indole- 

3-acetic acid. 

Exoerimental SectIon 

Melting points were determlned on a hot stage microscope ana are 

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

The NMR spectra were obtained with a Varian XL-100 anu Varian XL-400 

Instrument. Mass spectra were determIxed on a AEI MJ-902 (70 eV) instrument 

Speclflc rotation was measured on Tolamat A (Carl Zeiss Jena). Thin layer 

chromatograms (TLC) were made with DC-Alufollen Kleselgel 60F254 (Merck 5554). 

Column chromatography separations were carried okt on slllcagel (0.063-0.200; 

Merck 7734). 

(+)-2-(Benzyloxycarbonyl)-4-ethyl-7-exo-chloro-2-azablcyclo~2.2.2]oct- 

-5-ene-7-endo-carboxyllc Acid Methyl Ester 22, (f)-2-(Benzyloxycarbonyl)-4- 

-ethvl-7-endo-chloro-2-azablcycloi2.2.2]oct-5-ene-7-exo-carboxyllc Acid 

Metnyl Ester z$, (+)-2-(Benzyloxycarbonyl)-6-ethyl-7-exo-c~~loro-2-azablcyclo- 

12.2.2]oct-5-ene-7-endo-carboxyllc Acid Methyl Ester 52 and (+)-2-(Benzyl- 

oxycarbonyl)-6-ethyl-7-enio-chloro-2-azablcyclo~2.2 2]oct-5-ene-7-exo- 

-carboxyllc Acid Methyl Ester &. 

Method (a). To a stirred solution of 32.15 g (0.3 mol) 3-ethylpyrldlne 

in 600 mL of dry methanol 13 2 g (0.35 mol)NaBH4 ard then 50 mL (59.75 g = 

= 0.35 mol) benzyl chloroformate were dropwlse adcled between -65 OC and -75% 

lhe mixture was stirred for an addltlonal hour at the above temperature at 

whlcn Dolnt TLC and UV showed that all starting material hat been consumed. 

Then the solvent was evaporated in vacua. The residue was dissolved In 

chloroform and water The organic layer was dried (iJa2S04) and evaporated In 

vacua. The residual oil 72.4 g 1298 mmol, 99.0 %) contalnlng both 
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1-(benzyloxycarbonyl .)-3-ethyl- ,1,2-drhydropyrldlne 1 and l-(benzyloxycarbonyfi 

-5-ethyl-1,2-drhydropyrldlne 2 (UV: Amax = 305 nm) was drssolved rn 150 mL of 

acetonltrrle to which 43.73 g (0.35 mol) 2-chloroacryloyl chloride and 0.1 g 

hydroqurnon were added After 1 day the reaction mixture was made basic (~~'8-9) 

with Et3N and evaporated rn vacua. The residue was dissolved in 200 mL of 

chloroform washed with water, dried (Na2S04), evaporated. Purrflcatlon was 

effected ny passing the resldclal oil through a sllrca column (eluant:toluene: 

ethylacetate = 10:2). The fractions contarning sn,b and &b were evaporated - 
in vacua and crystallized from ethylacetate-hexane to give $2 (3.6 g, 

9.89 mmol, 3.3 %), mp. 88-91 OC; IR (KBr) 1695 cm 
-1 

(amide C=O), 1740 cm-1 

(ester C=O); 
1 
h HMR (100 MHz, CDC13, 55 OC): 6 0.98 (t, 3H, J = 7 Hz, 

-CH2-G3), 1.96 (dd, It, J = 13 + 2 Hz, H-88), 2.15 (qd, 2H, J = 7 + 1 Iiz, 

cH2 - CH3 ), 2.76 (m, lH, J = 13 + 2.5 + 2 Hz, H-au), 2.82 (m, lL, h-4), 3.02 

(m, ln, J = 10 + 2.5 + 2 Hz, h-3A), 3.46 (dd, lH, J = 10 + 1.5 Hz, h-3H), 

3.74 (s, 3H, COOCE3), 5 10 (d, lH, J = 1.5 Hz, H-l), 5.19 (s, 2H, COOw2), 

6.04 (m, lH, J = 6.5 + 1 + 1 + 1 Hz, H-5), 7.3 - 7.4 (m, 5H, aromatics). 

See table I. for 13 
C NMR data. MS m/e 366', 365l, 364', 363(M+), 284, 243, 

198, 196, 166, 133, 122, 121, 108, 107, 91, 79, 77, 65; Anal. Cal&. for 

Clgh22C1N04; C, 62.72; H, 6 10; Cl, 9 75; H, 3.35, Found. C, 63.09; Ii, 6.21; 

Cl, 9.69, N, 3.89. The mother lrquor was evaporated In vacua. The residue 

(17.55 g, 48.23 mmoi, 16.1 %) contarned 2s and $2 about in a ratio of 2:l 

(measured by 'H NMR and HPLC) and a small amount of 5b and gg. IR of the 

residue: (CHC13, film) 1695 cm-' (amide C=O), 1740 cm-l (ester C=O); ‘ki NMR 

of 12 (100 MHz, CDC13, 55 'C) 0.94 (t, 3H, J = 7 Hz, CH2-CH3), 1.68 (q, 2H, 

J = 7 Hz, CH2-CH3), 1.80 (d, lH, J = 14 Hz, H-88), 2.60 (dd, lE, J = 14 + 

2.5 Hz, H-8a), 2.92 (dd, J = 10 + 2.5 hz, H-3A), 3.27 (d, J = 10 Hz, hi-3B), 

5.20 (bs, 3E, H-l + COOCH2), 6.1 - 6.3 (m, 2H, H-5 and H-6), 7.35 (bs, 5L, 

aromatics). See Tanle I. for 
13 

C NMR data. MS spectrum of the mixture 

containing 2s and $is was lndlstingurshable from that of 5~ 

Method (b). The reactron mixture of cycloaddrtlon was refluxed together 

with 2-chloroacryloyl chloride for ten hours. Apart from this the reaction 

was carried out under the same conditions as in case of method (a). After 

the usual workup and column chromatography the fractrons contarnrng zn,b and - 

gj,b_ were evaporated in vacua and crystallrzed from ethylacetate-hexane to - 
grve 3 9 g (10.7 mmol, 3 b %) of compound 6p comparable purrty to the mater-1 =- 

obtained rn part (a) The mother liquor was evaporated in vacua. The resrdua 

(39.5 g, 108 56 mmol, 36 2 %) contained 2s and 5s about in a ratro of 2:l 
1 

-- -- 
(measurea by A NMR and HPLC) and a small amount of 22 and PG which could be 

separated from 2: and 52 by chromatography of the residual or1 on a silica 

column (eluant:toluene.ethylacetate = 1O:l). The obtained mrxture containea 

22 and gg rn a ratio of 9.1 (1.728 g, 4.749 mmol, 1.58 %). 

1. isotopic peak 
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IR of 2; and 5: (CHC13, film) 1695 cm -1 (amide C=O), 1740 cm-l (ester C=O); 
1 
H NMR of z$ (100 Mhz, CDC13, 55 Oc) 0.98 (t, 3E, J = 7 Hz, CH2-CH3), 1.60 

(Sl 2H, J = 7 tz, CH2-CH3). 1.75 (dd, lH, J = 14 + 2.5 Hz, H-8a), 2.75 - 3.1 

(m, 3H, I-i-3A, H-88 and ii-3B), 3.62 (s, 3H, COOCH3), 5 10 (s, 2H, COOCh2)r 

5.20 (dd, lH, J = 6 + 1.5 I:Z, H-l), 6.34 (dd, lH, J = 8 + 1.5 Hz, H-5), 6.50 

(dd, lH, J = 8 + 6 EZ, H-6), 7.34 (bs, 5H, aromatics). H-8a was ldentlfred by 

Its long range (w) coupling with H-3A rn both 5s and 25. The upfield shift -- 
of h-8a and the downfleld shift of E-88 in the proton spectrum Of zk relative 

to that of 22 conflrmed the exo oerlentatlon of the carbomethoxy substituent 

In zb=. See Table I. for 13 
C NMR data. MS of ZQ and OQ m/e 366l, 36S1, 364l, 363 

(M+), 243, 198, 170, 166, 165, 154, 152, 133, 108, 92, 91, 79, 77, 65. 

l-(Benzyloxycarbonyl)-trans-3,4-dlbromo-3-ethvl?~per~d~ne 2 

(a) 3-Ethylpyridlne (10 7 g, 0.1 mol) was dissolved in 200 mL of 

absolute methanol. To this solutron NaBH4 (3 8 g) and then 15 mL of benzyl 

chloroformate were added In small portions between -65 OC and -75 OC. The 

mixture was stirred for an additional hour at the above temperature at which 

point TLC showed that all starting material had been consumed. Then the 

reaction mixture was evaporated In vacua. The residue was drssolved in 

aiethylether, washed with water, dried (Na2SOc) and evaporated. The residue I 
was dissolved rn 200 mL of dry benzene and 3.8 g (0 1 mol) of NaBH4 and 8 mL 

of trlfluoroacetlc acid were added carefully. The reactlon mixture was 

stirred for two hours and then evaporated. The residual or1 was partltoned 

between chloroform and water. The organic layer was dried (Na2S04) and 

evaporated. The residue was purrfled by chromatography on a silica,column 

(eluant:toluene:ethylacetate = 10:2) to give an 011 contalnlng 8 which was 

dissolved in 200 mL of CH2C12 and 5 3 mL of bromine was added to It. After 

1 hour stirring 0.5 g of Na2S203 and water were added. The organic layer was 

washed with water, dried (Na2S04), evaporated. Chromatography of the residual 

011 under the above condltrons afforded 2 as an 011 (4 58 g, 11.3 mmol, 

11.3 OS). The analytical sample was crystallized from ether-hexane mp. 66-68OC 

IR (KBr) 1700 cm -l (C=O). 1 h NMR (100 MHz, CDC13, 45 OC): 6 1.10 it, 3H, 

J = 7 Hz, CH2-CH3), 1.90 (m, lH, J = 13 + 4 + 2 5 + 2.5 Hz H-5A), 1.98 (q, 

2H, J = 7 Hz, CH2-CH3), 2.76 (m, lH, J = 13 + 11.5 + 5 + 3 Hz, Ii-5B), 3.40 

(m, lH, J = 13.5 + 11.5 + 2.5 Hz, H-6A), 3.42 (d, lH, J = 14.5 Hz,H-~~), 4.10 

(m, lh, J = 13.5 + 5 + 2.5 Hz, H-6B), 4.12 (d, It, J = 14.5 Hz, H-2B), 4.60 

(dd, lH, J = 4 + 3 Hz, H-4), 5.15 (s, 2H, 0-CH2), 7.32 (bs, SH, aromatrcs). 

Mb m/e 403 (M+), 324, 312, 296, 280, 245, 244, 243, 232, 216, 200, 186, 172, 

154, 138, 110, 108, 91, Anal Calcd. for C15HlgBr2N02: C, 44.47; I!, 4.73, Br, 

39.45; E', 3.46. Found. C, 44.17; H, 4.76; Br, 39.58; N, 3.39. 

1: isotopic peak 
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(b) To a stirred solution of l-benzyl-3-ethyl-pyrldlnlum chloride 

(11.689 q, 50 mmol) ir. 100 mL of ethanol 7.06 q (187 mmol) of NaBH4 &ssolvea 

in 100 mL of ethanol was added at 0 OC and stirred for 24 hours at room 

temperature. The reaction mixture was evaporated, the residue was dissolved 

in CH2C12, washed with water, dried over Na2S04 and evaporatea. The obtained 

residual oil was dissolved in dry benzene to which 15.2 ml benzyl chloro- 

formate was added and refluxed for 5 hours and then evaporated In vacua. To 

the solution of the residue in 100 mL of Ch2C12 3 mL of bromine was added 

dropwise. After 1 hour stlrrinq 0.5 q of Na2S203 and water were added to the 

reactlon mixture. The organic layer was dried (Na2S04), evaporated ana the 

resiaue was crystallized from acetone-hexane to qlve white crystals of 2 

(7.15 q, 17.66 mmol, 35.3 %) mp. 67-69 OC. Chromatoqrapny of the mother 

liquor afforded additional amounts of 2 (7.88 g, 19.46 mmol, 38.92 %; overall 

yield. 74.22 %). Spectral data see above. 

(f)-2-(Benzyloxycarbonyl)-6-.ethyl-7-exo-chloro-2-azab~cyclo~2.2.2loct- 

-5-ene-7-endo-carboxylic Acid MethI Ester 6a and (+)-2-(Benzyloxycarbonyl)- == - 

-6-ethyl-7-endo-chloro-2-azablcyclo[2.2.2loct-5-ene-7-exo-carboxyllc Acid 

Methyl Ester 4g from 2. Dibromo compound 2 (6.400 q, 15.797 mmol), and 

8.0 q (71 3 mmol) of 1,4-diazabicyclo[2.2.2loctane in acetonltrlle (200 mL) 

were refluxed together for 5 hours under nitrogen at which point TLC or UV 

showed that all the starting materlal had been consumed. Then the reaction 

mixture was evaporated in vacua The residue was dissolved in 200 mL of 

dichloromethane, the precipitated salt of DBO was flltered, washed with 

CE2C12. The filtrate was washed with water, dried over Na2S04 and evaporated. 

The residue was dissolved in acetonitrile (200 mL) to which 2-chloro-acryloyl 

chloride (24 q, 19.2 mmol) was added. The reaction mixture was stirred for 

24 hours, then evaporated. The residue was refluxed in 200 mL of methanol 

for 5 hours, then evaporated. The residue was dissolved In CH2C12 washed 

with water, _ ciried (Na2S04), evaporated and crystallized from ethylacetate- 

hexane to give 62 (2.210 q, 6.074 mmol, 38.5 % ). The mother liquor was 

evaporated (2.459 q, 6.759 mol, 42 8 % )and purlfled by chromatography on 

a silica column (eluant:hexane:ethylacetate:trlethylamlne = 15:3:1) to give 

aciditlonal amount of $2 (393 mq, 2.454 mmol, 15.5 %) and g$ (822 mq, 

2.259 mmol, 14.3 %). Overall yield of $is + 4k . 68 3 %. gg IR: 1695 cm-l 

(amlce C=O), 1740 cm-l (ester C=O), 'H NMR (100 MHz, CDCl 
3' 

55 OC): 6 1.07 

(t, 3H, J = 7 Hz, -CH2-CH3), 1.94 (m, lH, J = 13.5 + 2.5 + 2 Iiz, H-8a), 2.32 

(qd, 2H, J = 7 + 1 Hz, CH2-CH3), 2.81 (m, lH, H-4), 2.90 (m, lH, J = 10 + 

2.5 + 2 Hz, H-3A), 3 00 (dd, lH, J = 13.5 + 2.5 Hz, H-8!3), 3.20 (dd, lH, 

J = 10 + 2 Hz, H-3B), 3.63 (s, 3H, COOCH3), 5 12 (bs, 3H, H-l and COOCH,), 

6.07 (m, lH, J = 6.5 + 1 + 1 + 1 Hz, H-5), 7.3 - 7.4 (m, 5H, aromatlcs 
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See Table I. for 13C NMR data. MS m/e 365', 3641, 363 (M+), 332, 244, 243, 

199, 198, 169, 165, 154, 133, 108, 107, 105, 93, 92, 91, 79, 77, 65. 

(+)-4-Ethyl-7-exo-chloro-2-azablcyclo[2.2.2]oct-5-ene-7-endo-carboxyllc 

Acid Methyl Ester Hydrogen Bromide Salt $2 and (+)-6-Ethyl-7-exo-chloro-2- 

azabicycloi2.2.2]oct-5-ene-7-endo-carboxyllc Acid Methyl Ester IHydrogen 

Bromide Salt &l-l-. --- An oil containing mixture of 22 and gc (10.0 g, 27.48 mol) 

obtalned aoove oy method (a) evaporating mother liquor of 2~ was dissolved 

in 60 mL of 2-3 N hydrogen bromide In acetlc acid and stirred for 30 minutes. 

Tne solution was evaporated in vacua to dryness to give a mixture of &gn and 

i&n (8.4 g, 27.04 mmol, 38.4 %). Crystalllzatlon of the residue from --- 

diethylether-hexane afforded only a small amount of l@ (1.6 g, 5.15 mmol, 

17.74 %); mp. 161-166 OC. IR (KBr) 1740 cm -1 (ester GO), 2300-2750 cm 
-1 

( = Nfi2+); g& (base) 'H NMR (100 MHz, CDC13, 45 OC), 6 0.93 (t, 3H, J = 

7 Hz, ct2-Ch3), 1.52 (q, 22, J = 7 Hz, s2-CE3), 1 78 (d, lH, J = 14 tz, 

L-8g)r 2 40 (dd, lH, J = 9.5 + 3 Hz, H-3A), 2.58 (da, lH, J = 14 + 3 Hz, 

~-~a::52;8:.:";zf";._:,: ;::,h"r6'l;3$: :I.14~_!~ra~~'H~~CJCKJ:;C4~j~~ ;;:;l;H;Hz, 

CCC13, Rr;): 6 8.4 (-CH3), 28.1 (-g2-CH3), 38.8 (C-4), 42.4 (C-8), 49.6 

(C-3), 53.0 (OCH3), 54.9 (C-l), 70 7 (C-7), 130.1 (C-6), 139.1 (C-5), 170.6 

(COO). Mother liquor of &on contalned both &Qa anii I$:. --- --- 

(+)-6-Ethyl-7-exo-chloro-2-azablcyc:o[2.2.2]oct-5-ene-7-endo-carboxyl~c 

Acid Methyl Ester Hydrogen Bromide Salt &ln 5.00 g (13.74 mmol) --- of 52 was 

treated with hydrogen bromide in acetic acid In the former way to give & 

(4 26 g, 13.68 runol, 99 56 % ). The analytlcal sample was prepared by 

crystallization from acetone, mp. 157-159 OC. lla (base) a ‘IT- NMR (100 Mkz A I = 
CDC13, 45 OC): 6 1 02 (t, 3B, J = 7 Hz, CH2-g3), 

2.19 (dd, lH, J = 12 + 2 Hz, H-8@), 2.52 (m, lH, J 

2.66 (m, lE, H-4), 2 76 (m, lH, J = 12 + 2.5 + 2.0 

J = 10 + 1 5 hz, H-3B), 3.74 (s, 3H, COOCI-;3), 3.79 

6.01 (m, lH, J = 6 + 1.5 + 1.5 + 1 2 Hz, E-5). 13C 

2.15 (m, 2H, G2-CH3), 

= 10 + 2 + 2 Hz, WA), 

Hz, H-8a), 3.03 (cd, Iti, 

(d, lH, J = 1.2 Hz, H-l), 

NMk (25.16 iMI:z, CDCl 3,RT)- 

6 11.06 WE3 ), 26.26 (cI;2-CH3), 30.54 (C-4), 38.36 (C-8), 45.10 (C-3), 

52.74 (OCE3), 58.71 (C-l), 70.71 (C-7), 126 22 (C-5), 144.78 (C-6), 169.95 

(COO). IR (KBr) 1740 cm-l (ester C=O), 2300-2750 cm-l(=NH2+), Anal. Calcd 

for C11H17BrC1N02. C, 42.53, H, 5.52; Er, 25.73; Cl, 11 41, N, 4.51. Found: 

C, r2.60, H, 5.53; Br, 25.66: Cl, 11.35, P, 4.47. 

Resolution of (+)-LLg. Hydrogen bromide salt of I& (1163 mg, 3.74 mmol) was --- 

dissolved in 125 mL of CHC13 and 125 mL of water and the pfi was made basic 

(P, = 9) with ammonium hydroxide. The organic layer was dried (Na2S04), 

evaporated in vacua The residue was dissolved In ethylacetate (13 75 mL), 

to which a solution of dlbenzoy l-D-tartarlc acid (1411 mg, 3.75 mmol) In 
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4ii, C5-H2 ard C6-E2), 3.74 (s, 3H, COOCFi3), 4.55 (dd, lI!, J = 6 + 1 HZ h-21), 

6.20 (dd, lH, J = 8 + 1 Hz, H-15), 6.57 (dd, lE, J = 8 + 6 H-20), Hz, 

7.05 - 7.6 0 (II, 4H, aromatics), 7 90 (bs, lE, NE). IIS m/e 336 (M+), 305, 

251, 243, 229, 228, 214, 170, 168, 167, 154, 138, 135, 134, 122, 121, 107, 

91. Method B: starting with (+)-AI applying the same procedure as In case of 

&, (_1)-2 was obtalned (yield: 96.8 %). 

(+)-15,20-Dihydroallocatharanth~ne 21. (+)-5-Thioxo-catharanthine (31mg, 

0.0846 m!ol) was refluxed In ury ethanol with Raney nickel (300 mg) for 4 

hours. The reaction mixture was filtered washed with ethanol. The solution 

was evaporated to dryness to give 25 mg of a product having TLC behavior 

identical with that of authentic dihydroallocatharanthine. IR: (CHC13, film) 

1720 cm -I, MS m/e 338 CM+), 323, 309, 214, 208, 154, 124, 110. 
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