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Abstract: The tare naturally occurring hcteroyohimbinc alkaloid 19cpiajmalicinc (1) was prcpamd hrn loganin 
aglucone 6 via a sequence which involves as the central step the con-ion of the &lactone 7, easily derived fmm 
6, to the 6-cpieltnolic acid acetal8. 
~on~~ati~ with 

Afttr ~~sf~tion of the latter to the a&hy& ester 12, rtductivc 
ayptamine to give the iactam 13 and Bight-Napi~ reaction resulted in the formation of 

the desired alkaloid 1. 

In the past decade. a gmat deal of attention has been foousscd on the classification, localization and 

subdivision of a-admnoccptors. Due to the far m-aching ph armacological implications of these nxcptorq several 

studies have been directed toward the development of a-adrcnergic agonists and antagonists’. Pentacyclic 

yohimbine and h~~oyoh~ine alkaloids have been found to display unsuspected activity and selectivity as a- 

adrcnoceptor blocking agents and this prompted us to take a closer look at the biological consequences which am 

brought about by subtle stereochemical changes in the molecules of these compounds. One of the members of this 

family that was needed for our evaluation was 19-epiaj~icine (~yohimb;ne, ~ubasine~ 1. This alkaloid was 

originally isolated in 1951 from the bark and leaves of Pscuducinchono muyuticnsis (Corynanrhc 

mqwnbenris) and named mayumbin$. More recently, the structu~ of the latter was revised and shown to be 

that of 19-~piaj~icin~~. Its biogenetic Amway was later estab~ish~ in detail using cell fix extracts from 

Carbruntlrw roseu.45. This rare natunlly occurring alkaloid has been prepared in racemic form by total 

synthesis6 and in optically active fmn by partial synthcsis7. 

1 R,=CH3,R2=H 

2 R, -H,R,-CH3 
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We were planning to syntbcsixe 19+ajmalicinc from 6-cpielcnolic ester 3 and tryptaminc (Scheme 1) using 

the methodology previously applied for the preparation of ajmalicinc (2) from elenolic esters. We envisaged to 

obtain 3 fern the readily available iridoid loganin aglucont 69, via the intermediate 5. Our strategy was to derive 

the three asymmetric centers of 3 at C-4, C-5, and C-6 from the C-4a, C-7a and C-7 centers of 6. This would 

involve, as depicted in Scheme 1, tht opening of the lactone and vinylacetal moieties of 5, the rotation around the 

C-4a and C-7a bond of the so obtained 4 and finally the ring closure to the cyclic vinylmolethcr 3. This synthetic 

route partially mimics the biological formation of 19-epiajmalicine from loganin, which is its biogenetic 

prccursot? 

Scheme 1 

6 5 OH 

4 

Following this plan, the intermediate 7 (Scheme 2), obtained from 6 by known procedures**, was trcatcd 

with anhydrous hydrochloric acid in methanol. This gave a 3:2 equilibrium mixture of the desired, matranged 

product 8 and the mcthoxycstcr 9, together with about 20% of formally unreactcd starting material. The 

configuration at the C-2 and C-3 centers of 9 was established via extensive proton NMR decoupling studiesl’. 

Since the main product 8 was contaminated with small BmDunts of difficult to separate cpimers (at C-2 and C-3) of 

9. the entire mixture of 8 and 9 was treated with potassium rerr-butoxide in order to effect the p-elimination of 

the methoxy groups of 9 and of its cpimcrs. During this step, partial hydrolysis and transesterification of the 

carbomethoxy group at the C4 side chain took place. and thenfore the reaction mixture was hydrolyzed in the 

same reaction medium to give 10. Treatment of the latter with aqueous rrifluoroacetic acid in tetrahydrofuran 

gave 6cpiclcnolic acid 11 which was immediately converted to the corresponding methyl cstcr 12 by reaction 

with diazom&ane. 

Finally, conversion to 19-cpiajmalicine 1 was effected* by first condensing 12 with nyptaminc in benzene, 

followed by in situ sodium borohydridc reduction of the intermediate imine and cyclixation to the &tone 13. 
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Scheme2 

c 

10 11 R-H 

12 R-CH, 

1 

13 

Bischlcr-Napiaalski cyclition oft& latter gave the desired alkaloid 1, mp. 215216”C, [a]2$, + 58.2O (c 1.4, 

CHCLJ), the spectroscopic prqnitties of which were identical with those of a sample of authentic, raccmic 

material pqared by total syntbesis~ and with the data Fcporced in the literatu~&~. Since the crystalline free base 

is relatively unstable and tums yellow after a fuw days, it was convwted to the corresponding stable 

hydrochloride salt, mp. U4-255°C (c&B + 80.1” (c 0.2, CH30H), 

In conclusion, 19-epiajmalicine (1) was synthesized in the naturally occurring enantiomeric form from 

loganin Bglucone 6 via am which n&nics its biogenesis. Loganin algluconc has been previously &pared in 

our k&oratory by total asymmetric synthesis&. 

EXPERIMENTAL 

Melting points v&e measu~~I on a Thomas-Hoover apparatus in open Capillary tubes and am uncorrected. 
Infrared spectra wae obtained on a Digilab Model FI’S-15E spectrometer. Th’proton NMR spectra were 
rccordcdonaVariPnXZr400(400MHz),VarianXL200(2[W)MNz),aVarianXL100(100MHz)spcc~mtttr 

in CDQ. Chemical shift? are qortfd in Ppm down!?ekl ffam internal Me&. Mass spectral data wtrt obtained 
on a Vtian MAT CH-S instruknt. The &aviolet absorption spectra were measured with a Cary Model 14 
spaxrophot&&r and the optical rotations with a Rrkin~Elma 241 polarimeter. Chromatographic purifications 
were cakkl &t&&t EM I%ck silica gel (60, particle size 0.040-0.063 mm). 
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A solution of 3.40 g (13.28 mmol) of [IR-(la,4aa, 80: Baa)-4.4q&Ba-tetrahydro-8-methoxy-l-mcthyl-?l- 
ox~lH,3H-py~o[3,~c]p~-5~~~xylic acid methyl ester 712 dissolved in 220 ml of 1046 anhydrous 
hydrogen chloride in methanol was nfluxed for 2.5 h. After cooling at 0°C‘ the resulting mixture was made basic 
by canful addition of 2N potassium carbonate solution. Extraction with mtthylene chloride, after addition of 
brine, followed by washing of the combined organic extracta with brine, drying and evaporating to dryness gave a 
mixkue of products 8 and 9 together with unrcackd starting material 7. The latter was -ted thorn the product 

mixture by flash c~~~~phy on silica, using hexanccthy~ acetate (41) as eluent It was obtained 800 mg of 
unreacted 7 together with 2.10 g of a mixhuc of products 8 and 9. Without further separation, this mixture was 
dissolved in 130 ml of anhydtous toluene, cooled at 0°C and trurtod with 2.0 g (1.78 mmol) of potassium reti- 

butoxide. After stirring at OT for 5 h, 0.5 ml of water was ad&d, and the mixture allowed to come at room 

tempera- and stirted for 30 mih It was then partitioned between tolucne and 2N potassium bicarbonate and the 

organic phase was txtmcted repeatedly with potassium bicarbonate solution. The oambincd aqueous extracts wue 
combined, acidified with 1N hydrochloric afid and extracted with dichloromethane. The organic exrractll were 
washed with brine, dried and evaporated to give 1.69 g (58% yield basal on recovered starting mat&al) of 6- 

epiclcnolic acid dimethyl acetall as a thick oil: [a] $5-13.1 (c 0.2, CHCl,); IH NMR (200 MHZ) 6 1.38 (d, J 
= 7.0 Hz, 3 H), 2.08 (br d, J = 6.0 Hz, 1 H), 2.58 (dd, J = 12.4,7.2 Hz, 1 H). 2.88 (dd, J = 12.4,3.2, 1 H), 

3.08 (br m, 1 H), 3.33 (s, 3 H), 3.38 (s, 3 H), 3.73 (s, 3 H), 4.15 (d, J = 6.0 Hz, 1 H), 4.58 (br q, I = 

7.0 Hz, 1 H) 7.59 (s, 1 H) 11.1 (br s, 1 H); LR (CHCl$ 3510-3400, 1740, 1710. 1630, 1440, 1290, 1190, 

1100 cm-1 mass spectrum, m/e (rel. intensity). 256 (81, 225 (121, 210 (21), 196 (541, 178 (lo), 165 08). 85 

(58), 75 (100); UV (EtoH) I,- 238 (10,280). 

The co~s~nding methyl ester 8 was obtained as an oif by event of 10 with ~azome~~e: [al$S 

+78.9O [c 0.3, CHCl$: [a]# -13.1 (0.2,CI-Q): IH NMR (400 MHz) S 1.39 (d, J = 8.0 Hz, 3 H), 2.06 (br 

d, J = 9.6 Hz, 1 H), 2.56 (dd, J = 12.0, 9.6 Hz, 1 H), 2.92 (dd, 3 = 12.0.4.8 Hz, 1 HI, 3.14 (br m, 1 HI, 
3.32 (s, 3 H), 3.38 (s, 3 Hf, 3.70 (s, 3 Hf, 3.72 (s, 3 H), 4.14 (d, J = 9.6 Hz, 1 H), 4.57 (br q, J = 9.6 Hz, 1 
H), 7.58 (s, 1 H); IR (CHC$) 1730, 1698, 1625, 1435 cm-*: mass spectrum, m/e (relative intensity) 270 (51, 

210 (42). 178 (22), 165 (SO), 75 (100); UV (EtOHj laps 236 (1 l&00}, 350 (70). Anal. Calcd for (=$3&&: 
C, 55.62; H, 7.34. Found: C 55.49; H, 7.24, 

A solution of 1.050 g (3.65 mmol) of ticpielenolic acid dimethyl acetal (10) in 8 ml of tetrahydrofkuan was 

cooled at OT and treated dropwise with 8 ml of trifluoroacetic acid, followed by 4 ml of water. The system was 

then brought to room temperature and stir& for 5 h. Most of the tetrahydrofuran present was then evaporated 

and the remaining mixture was extracted with methylene chloride. The combined organic extracts were washed 
with water* then brine, dried and evaporated to dryness to give 800 mg of 6-ep&nolic acid (90% yield) 
(II). This was dissolved in ether and treated with 8n ethereal solution of diazumethanc, uti the yellow color 
persisted. Evaporation of the solvent and purification of the residue by flash chromatography, using chloroform- 

ethyl acetate (9:l) as eluent gave 528 mg (56% yield) of pure 12 as an oil: [aIDs + 78.9 (c 0.3, CHCl3) IH 

NMR (400 MHz) 6 1.43 (d, J = 7.6, 3 H), 2.57 (dd, J = 16.2,9.4 &, 1 H), 2.71 (td, J = 7.2. 1.8 H, 1 H-h 

2.93 (dd, J - 16.2, 3.75 Hz, 1 H), 3.42 (m, 1 H-) 3.68 (s, 3 H), 3.73 s, 3 H), 4.43 (quin., J = 6.5, 1 II), 7.59 

(s, 1 H), 9.64 (d, J = 1.8, 1 H); iR (CHCI,) 2725,1728, 1700, 1630 cm-t: mass mtrum, mk (=I. intensity) 

2S6 (M+, 15). 225 (40), 224 (24), 1% (100)‘ 195 (421, 153 (67), 135 (42): UV (EtoH) ;I,, 236 (9,930). 

Anal. Calcd for Cl2H1606: C, 56.25; H, 6.29. Found: C, 56.17; R 6.42. 

A solution of 736 mg (2.88 mm011 of dcpielenolic acid methyl es@? (12) in 2 ml of anhydrous benzene was 
treated with a solution of 550 mg (3.44 mmol) of tryptaminc in 10 ml of anhydrous benzene. The resulting 

solution turned cloudy almost immediately, due to the separation of water. After 10 min sting at room 
temperature, the solvent was evaporated in VUCL(O. ‘Ike &due was dissolved in 20 ml of methanol and treated 

with 300 mg (7.93 mmol) of sodium borohydride, stied fust at room tempemture for 10 min then at 5OT for 5 
min. After evaporation of most of the solvent, the nyidue was diluted witi_ 1N hydrochloric acid, and extracted 
with dichloromethane. The combined organic e&acts were washed with 2N aqueous potz&um bicarbonate, tha 
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10. J. J. Partridge, N.R Cl&ha md M. Uskok& 1. Am. Cbn. Sac. 95,532 (1973). 
1l.W.R DanOW f&P. W. ~Phann. 1. Tram. 14,1025 (1984). 

12. M. Makaec, C.R. Hutch~, D. Van Engen and J. Clardy, 1. Am. Ghan. tic., 100,7079 (1978) 

13.9: mp 39-40T; [aIDa + 6.1 (C 0.3 CHCll); 1H NMR (4OO MHz) 6 1.34 (d, J = 6.2 Hz, 3H. CH+-6, 

1.83 (d&L J = 11.0.9.8, 15 Hz. lH, CM-S), 2.28 (dd, J a 17.4, 3.5 Hz, 1 H. CO-CH2-C4), 2.46 (dddd, 
J - 12.0, 11.0; 5.0. 3.5 Hz, 1 HI, CH4), 2.74(dd, J = 12.0,8.5 Hz, 1 H, CO-CH-3), 2.78 (dd, J - 17.4. 
5.0 Hz, 1 H, CO-CH,-C-4), 3.39 (6, 3 H, OCH,), 3.4q(s, 3 H, OCHs), 3.58 (dq, J = 9.8, 6.2 Hz, 1 H, 

CH-6), 3.66 (s, 3 H, COOCHs), 3.70 (8, 3 H, COOCH& 4.44 (d, J = 8.5 Hz, 1 H, CH-5); IX (KBr) 1730, 
1435, 1160. 1065 cm-*; mass spectrum, m/e (relative intensity) 274 (5). 255 (8), 239 (22). 238 (5). 227(6), 

210 (22) 196 (7), 178 (22), 165 (24), 143 (27). 101 (45), 73 (100). Anal Calcd for C15H&#: C, 53.88; H, 
7.84;. Found: C, 54.03; H, 7.83. 

14. ‘Ilx coupling constant between the CH-3 and CH-4 pr&ns w&‘found to be 12.0 Hz, while the one between 
CH-3 and CH-2 WM 8.5 Hz. The magnitude of these co&ants suggests a respective antiperiplanar 
uxiformation of the CH-2, a-I-3 and CH4 protons. 


