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amnisine-N(4)-oxide, dehydro-16-epi-aflinisine, norfluorocurarine-N(4)-oxide, and the seventh is the 
6-dtirbomethoxyvoacamine-pseudoindoxyl. The known alkaloids are: (E) 16-epi-isositsirikine, /?-yohim- 
bine, 19,20-dehydro-fl-yohimbine, /J-yohimbine-pseudoindoxyl, isositsirikine, 19,20-dihydroisositsirikine, 
e-okindole, normacusine B, affinisine, vobasine, dregamine, tabemaemontanine, norfluorocurarine. l2- 

rfiubrocurarine, apparicine, 3.14.dihydroellipticine, antirhine, voacristine, ibogaine, iboxygaine, ibo- 
[yindolenine, iboluteine, 4’,17,(17/?)-dihydrotchibangensine, 16-decart :hoxyvoacamine and 19,20- 

H#W$-dcdarbomethoxyvoacamine. Structural elucidation of the new alkaloids is based on spectral data and 
,ations. 

INTRODUCllON 

T. Svenet and J. R. Deverre at Trengganu 

RESULTS AND DlSCUSSlON 

owing alkaloid yields were obtained, 13.5 g kg- * 
I and 11.4 g kg- I (root bark). Direct crystallization 
bol of the crude alkaloid mixture (AM) from the 

&t&bided pure /I-yohimbine (1) (69% AM). Five 
dr were isolated from the resulting mother liquors 

Lib means of column and prep. TLC chromato- 
~ They are (E) 16-epi-isositsirikine (2) (1.38% ML), 
dne (3) (0.61% ML), 19,20-dehydro-j?-yohimbine 
0% ML) and /?-yohimbine-pseudoinodoxyl (5) 
ML), The toot bark crude alkaloid mixture 

S tog$her with 1 (29.6% AM), 2 (5.1% AM) and 3 
AM), 28 alkaloids: isositsirikine (6) (0.12% AM), 
ihyd&isositsirikine (7)(0.16% AM), /3-yohimbine- 
e (8) (0.02% AM), normacusine B (9) (0.70% AM), 
pf-aotiacusine B (10) (0.50% AM), affinisine (11) 
&I), affinisine-N(4)-oxide (12) (0.13% AM), (E) 
iffinisine (13) (3.4% AM), O-acetyl-ldepi-affini- 
4) (0.14% AM), dehydro-16-epi-affmisine (15) 
AMN vobasine (16) (0.16% AM), dregamine (17) 
Ah@ tabemaemontanine (18) (0.12% AM), nor- 

fluorocurarine (19) (9.6% AM), norfluorocurarine-N(4)- 
oxide (20) (0.10% AM), !2-hydroxynorfluorocurarine 
(21) (1.76% AM), apparicine (22) (0.01% AM), 3,14-dihy- 
drocllipticint (23) (0.06% AM), antirhine (24) (1.67% 
AM), voacristine (25) (0.05% AM), ibogaine (26) (2.17% 
AM). iboxygaine (27) (0.06% AM), iboxygaine-hydroxy- 
indoleninc (28) (0.04% AM), iboluteine (29) (0.22% AM), 
4’,17,( 178) dihydrotchibangensine (30) (0.07% AM), 16. 
decarbomethoxyvoacamine (31) (3.23% AM), 19,2O- 
dihydro-l6-decarbomethoxyvoacamine (32) (0.21% AM) 
and 16-decarbomethoxyvoacaminepseudoindoxyl (33) 
(0.30% AM). 

Compounds 1,3,9, 11, 16-19,22-2529 and 30 were 
identified by means of their spectral and co-TLC with 
reference samples. Alkaloids 2,4-8,21,26-28,31 and 32 
were identified by comparison of their spectra with 
literature data. The novel isolation of 1,3-S, 8,19,21,23, 
29 and 31 has provided the opportunity to obtain com- 
plete ‘H and 13CNMR assignments (see Experimental) 
by means of 2DNMR experiments. The structures of the 
seven new alkaloids 10, 12-15, 20, 23 have been estab- 
lished by spectroscopic methods. Chemical correlations 
have confirmed the structure of alkaloids 12, 14, 15, 20. 

The five new alkaloids 10, 12-15 possess a normacu- 
sine B-affinisine skeleton as shown by their ‘HNMR 
spectra [S], theit UV spectra which display the three 
maxima of an indole chromophore, and their similar 
mass fragmentation (see Experimental). Compound 10 
([M] +. at m/z 294) is a stereoisomer of normacusine B 
(9); compound 13 ([M J + at m/r 308) is a stereoisomer of 
affinisine 11; compound 12 ([M-J+ at m/z 324 and same 
fragments) is an N(4)-oxide derivative of 11 or of a 
stereoisomer; compound 14 which gives a [MJ’ at 
m/z 350 and an IR absorption at 1730 and 1240 cm- ’ is 
an 0-acetyl derivative of 11 or of a stereoisomer; com- 
pound 15 (CM] + at m/z 306) is a dehydro derivative of 11. 
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Complete structures of these compounds were elucidated 
by ‘H and ‘%I NMR analysis. 

Comparison of the chemical shift of H-5, H-6, H-14, 
H-16, H-17 of 10 and 13, respectively, with those of the 
corresponding protons of 9 and 11 indicates that the 
isomerism occurs at C-16 [8,9] and that 10 and 13 have 
the 16s configuration, assuming that they belong to 
the ‘15aH’ series. This is confirmed by the characteristic 
shielding of C-6, C- 14 and C- 17 of 10 and 13 compared to 
9 and 11 [9, lo]. The E geometry of the ethylidene side- 
chain of 10 and 13 is deduced from the observation of 
NOE between Me-18 and H-15. Additional proof is also 
provided by the chemical shifts of C-l 5 and C-21 of 9-l 1 
and 13 that are consistent with an E geometry for the 
ethylidene side-chain [lo]. Thus, 10 and 13 are 16-e@- 
normacusine B and lbepi-affinisine. respectively. The 
geometry of the ethylidene group of koumidine, the 2 
isomer of 10, has recently been revised [9,11]. To the best 
of our knowledge, 10 has only been reported as a 
synthetic product [ 121. 

The parenthood of 14 with lbepi-affinisine (13) is 
deduced from the similarity of their NMR spectra) data 
(see Tables 1 and 2). The 0-acetylation at C-17 is con- 
fumed by the presence in the ‘HNMR spectrum of a 
three-proton singlet at 6 1.97, the downfield shift of the 

methylene protons H-17 and the presence b 1 
“CNMR spectrum of the two carbons of ths I 
group (6 20.9 and 170.4). The “C! resonances d r& 
C- 15 and C-21 (626.6 and 56.3) establish the E + 
tion of the ethylidene side-chain [lo]. Acetyb II 
epi-affinisine (see Experimental) gave a compouJ Jlrr 
cal (TLC, IR, mass spectrum, ‘H NMR) to 14 

The structure of 12 has been elucidated aft I 
parison of its NMR spectra with those of Il. b I 
the deshielding of the signals of H-3, H-5, the t*Q Y( 
and C-3, C-5, C-21 is characteristic of an N(4m 
derivative. This was demonstrated by convetsicnri~ 
(see Experimental) into a compound identical (I& 
‘H NMR) with 12. 

type C13.143. The deshielding of 
methine carbon (671.4) and the chemical shiftsof 
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& from the chemical shifts of C-l 5 and C-21 [ 103. 
thesis of 15 was achieved by oxidation of 13 (see 

ed GO. Its mass 

were downfield shifted as in 12. Oxidation of nortluoro- 
curarine 19 led to an identical compound (TLC, UV, IR, 
mass spectrum, ‘H and ‘%NMR) with 20. 

The new bisindole alkaloid 33 (16-decarbomethoxy- 
voacaminepseudoindoxyl) possesses in solution an 
intense yellow-green fluorescent coloration which indic- 
ates a pseudoindoxyl chromophore. This was confirmed 
by the UV spectrum [absorptions at 228, 272 (sh), 294 
(sh), 417 nm] and the absorption at 1660 cm-’ in the 1R 
spectrum which displayed additional bands at 3360 cm ^ ’ 
(NH/OH) and 1720 cm-’ (ester group). The mass spec- 
trum of 33 showed a [M)’ at m/r 662 analysing for 
Cd, HseN,O* (16 mu more than lddecarbomethoxy- 
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Table I. “C NMR spectral data of alkaloids 10, 12-15 and 20 
(75 MHz, CDCI, and im. ref. 6 = 77). 

C 10 12 13 14 15 20 

2 136.1 134.5 138.4 138.5 143.3 164.8 
3 49.9 65.1 51.9 48.7 47.6 78.6 
5 52.3 69.0 51.9 51.8 59.6 10.2 
6 22. I 23.9 22.4 23.0 71.4 41.4 
7 104.9 102.1 105.1 104.7 103.7 55.5 
8 125.9 126.5 126.0 126.1 126.2 133.7’ 
9 117.7 118.6 118.1 118.1 118.9 121.5 
IO 118.7 119.1’ 118.7 118.8 119.7 122.9 
II 121.1 121.5 120.8 120.9 121.3 129.2 
12 110.9 108.8 108.6 108.6 108.9 111.0 
I3 136.4 137.5 137.2 137.3 137.4 142.3 
14 26.6 32.8 26.4 26.6 27.4 28.1 
I5 25.9 26.0 26.0 26.6 27.1 29.6 
16 41.8 43.1 42. I 39.4 38.9 111.3 
17 60.1 63.0 60.7 63.2 64.8 -- 
18 12.3 12.6 12.7 12.7 12.9 14.0 
19 114.5 119.3’ 113.4 113.9 114.0 127.0 
20 138.0 130.6 139.0 139.0 138.9 134.4’ 
21 55.5 70.9 56.3 56.3 56.0 74.6 
22 - - - - - 188.3 
N(Mehl - 29.4 29.0 29.1 29.1 - 
OAc - - - 170.4 - - 

20.9 

‘Interchangeable values in a same column. 

voacamine, 31) together with a low intensity peak at [M 
+ 14]+ as observed in 31 [lS]. Fragments of the ibolu- 
teinyl moiety are present at m/z 108, 122, 124, 136, 138, 
150, 176 Cl63 and those of the vobasinyl moiety at m/z 
122,180, 182, 194 [17, IS]. The ‘H NMR spectrum of 33 
was similar to that of 31 with the exception of the N-l 
proton of the iboluteinyl part which was shielded upfield 
(Table 3) as expected for a pseudoindoxyl moiety. The 
“CNMR spectrum provides further evidence for this 
structure. Besides the carbons of the vobasinyl moiety, 
characteristic carbons of the iboluteinyl moiety are ob- 
served: C-2 at S67.5 and C-7 at 6204.8. The substitution 
at C-l 1 was confirmed by the chemical shift variations of 
the aromatic carbons of 33 compared with those of 
iboluteine 29. Identical variations occurred between 31 
and ibogaine 26. The stereochemistry of C-3 is fixed for 
hindrance reasons as described previously [19]. 

In conclusion, E. hirro possesses a high alkaloidal 
content and a great variety of alkaloids which belong to 
types I and III [20]. Among the 33 isolated alkaloids, 
seven are new: 10,12-15,20 and 33. A striking feature of 
this plant is the presence of quasidimer (30) and yohim- 
bine skeletons which are isolated for the frist time from 
the genus Eroaramio [21,22]. The large amount of /I- 
yohimbine in the leaves (70% of AM) is in agreement with 
the pharmacological activity which has been observed in 
the course of preliminary study of this species. 

EXPERIMENTAL 

General. ‘H and “C NMR were recorded in CDCI, at 300 and 
75 MHz, respectively. Chemical shifts are reported in 6 from 
TMS. Prep. TLC as performed on silica gel K6F Whatman and 

CC on silica gel 60 (70-230 mesh) Merck. 
Plant murrrial. E. hirla (Ho0k.f) King and GamNs r 

collected in September 1984 in Malayuia. A voucher 1-1 
kept at the herbarium of the Department of Phytochanq 
University of Malaya under number D-235, 

Extracrion. Dried powdered leaves (0.6 kg) were weltal w 
50% NH,OH, macerated overnight in EtOAc, tbcn liwnry 
The lixiviate was extracted with 2% HaSO,. The aq. lajuw 
basified with NH,OH and extracted with CHCI,. The CRtJ 
layers were dried (Na,SO,) and evapd in uacuo to give 1.1 g I 
crude alkaloid mixture (AM). Extraction of root bark (IJq 
performed according IO fhe same process gave 37.5 g of AM 

Isolation. Rootbark AM was purified by CC on 2340 g I& 
gel packed in CHCI,; 30 ml frs were collected. Elutroa I( 
performed with CHCI, (3.9 I); CHCI,-McOH (99: 1.7.5 IjlO l 
9.61),(19:1,9.61),(9:1,7.051),(4:1,7.351).(1:1,7.21)anOLbQl 
(9.48 I). Alkaloid 1 was in frs 695-820, 2 in frs 876-1044 Jmt~ 
561~644,6 in frs 846-875,7 in frs 536-549,s in frs 821~YU.Wr 
frs 1161-1337, 10 in frs 104~1160, 11 in frs 645-724,llrb 
645-670,13 in frs 536-644,14 in frs 421-430, IS in In XQ-43l 
16 in frs 421-457, 17 in frs 431-457, 18 in frs 321-3tlO,I9 l k 
536-670,20 in l’rs 561~644,21 in frs 971-1080,22 in In 64-a 
23infrs681-1044,24infrs1391-1500,25infrs266-3~27r 
Win frs 536-549.29in frs 1601-2056,XIinfrs 1771-19fXl,Hrr 
32 in frs 645-724. and 33 in frs 1700-2056. 

Alkaloids from leaves were isolated and sepd ia I M 
fashion. Alkaloid 1 was obtained by crystallization dcrudsrY 
from EtOH (yield 69%). The mother liquors of cry- 
were purified by CC on 100 g silica gel packed in CHCl,; &tat 
frs were collected. Elution was performed with CHCI, lIJ4 
CHCI,-MeOH, (99: I, I40 ml), (49: 1, 360 ml), (24: I, dOOd 
(23:2,880 ml), (4: I. 340 ml) and MeOH (580 ml). Alkaloid 1 mw 
in frs IOO-120,2 in frr J34-164,3 in frs 98-l 15,4 in In IWIL: 
and 5 in frs 118-149. 

(E) 16-Epinormacusine B (10). Ceric sulphate TLC (CR)- 
then pale yellow: R, 0.18 (CHCI,-MeOH. 9:l). [& l r 
(MeOH; ~0.25). UV 1%:” nm (logs) 226 (4.4lj 2gl ll.Tlk 19; 
(3.61 sh), IR vCHC”cm-‘: 3220. 2920, 2840, 1450, 1314 Ml 
1160.1020,740. MS: m/z(rel. int.): 294([M] l , 100~,293oPra 
(10).277(13),263(3(0.249(11).195(6),182(11).169(79).1~01, 
156 (lo), I44 (8), 130 (8); HRMS: C,,HssN,O calul till% 
found 294.1709. ‘H and “C NMR see Tables 1 and 2 

Afinisine-N(4)-oxide (12). CR TLC grey-purple t&I w 
orange: R, 0.10 (CHCI,-MeOH, 9: 1). [a]n: +3’ (MeQH.cY 
UV A,$$‘” nm (logs): 226 (4.51). 284 (3.77), 292 (3.71& I 
vKB’cm-i: 3360,2920, 1470.1380,1190,1030,740. MS:urW 
int.):324([M]‘,C,,-,H,,N,0,,46),308(100),307(100L29&& 
291(23).277(79),263(23),249(17),235(15).221(19).I~Q~uT 
(59), 182 (40), I70 (23), I68 (I9), 154 (8). ‘H and “CNWm 
Tables 1 and 2. Hemisyn thesis from atiinisine (11). To I s& / 
affinisine (23 mg, 0.07 mmol) in CH,CI, (2 ml), I9 mg (Ily 
m-chloroperbenzoic acid was added under magnetic lll~ly g 
0”. After completion (TLC), the soln was cond in In ovry b 
residue was purified by prep. TLC (CHCI,-MeOH. 9:l)ti 
yielded aRinisinc-N(4)-oxide (12) (20 mg; yield 87%). 

(E) 16-Epiafinisine (13). CRTLC green then pa& M 
R, 0.44 (CHCI,-MeOH, 9:l); [a],, - 18” (&OH; t@& 
UV #$:” run (loge): 229 (4.43). 286 (3.75), 293 (3.71 J) E 
vKUrm- ’ : 3360,2940, 1474 1380, 1040,750. MS: m/r (rd W 
308([M]+, MO), 307(B), 293(a), 291 (10),277(33),263~~ 
(4), 196 (S), 183 (65), 182 (54X 168 (21), 157 (8). IS4 (Y); Hut), 
C,,H,,N,O c&d 308.1888. found 308.1867. ‘H and ‘Cm 
see Tables 1 and 2. 

0-Aceryl-16-epia~ni~l~ (14). CR TLC green then ~sls M 
R, 0.64 (CHCI,-MeOH. 9: 1). [a]n - 14” (McOH; CO& UT 
A:?” nm (loge): 228 (4.52), 285 (3.81X 292 (3, 77* I 
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Table 2. ‘H NMR spectral data of alkaloids 10, 12-15, 20 (300 MH& CDCI,, residual CHCi, used as int. 
rd. 15 = 7.27) 
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H 10. 12 13 14 15 20 

6 

9 

10 

11 

4.04 dd 
(9.0; 4.3) 
3.46-3.56 m 

- 
2.83-2.89 m 

2.83-2.89 in 

7.35 hr d 

(7.2) 
6.97 rd 
(7.2; 1.0) 
7.03 fd 
(7.2; 1.0) 
7.22 hr d 

(7.2) 
1.69-1.84 m 

1.69-1.84 m 

2.81 q 

(3.0) 
2.03-2.15 m 

3.07 dd 
(iO,8; 8.9) 
3.39 dd 
(10.84.3) 
1.55 dt 
(6.8; 1.9) 
5.18 br q 

(6.8) 
3.46-3.56 m 

3.46-3.56 m 

- 
9.45 s 
- 
- 

4.43 br d 
(10.0) 
3.03 br dd 
(4.5; 7.0) 
- 
2.59 d 
(15.6) 
3.39 dd 
(I 5.6; 4.5) 
7.29 hr d 

(7.1) 
7.04 hr I 

(7.1) 
7.19 br t 

(7.1) 
7.26 hr d 

(7.1) 
1.62 hr d 
(12.0) 
2.19 hr dd 
(12.0; 10.0) 
2.52 hr s 

1.87 hr q 

(7.0) 
3.13-3.28 m 

3.13-3.28 m 

1.52 br d 

(6.7) 
5.26 hr q 

(6.7) 
3.88 br d 
(15.9) 
4.57 hr d 

(15.9) 
- 
- 
3.53 .l 
- 

4.07 dd 
(10.3; 3.1) 
3.31-3.42 m 

- 
2.75-2.84 m 

2.75-2.84 m 

7.40 hr d 

(7.0) 
7.08 td 
(7.a. 1.2) 
7.18 rd 
(7.6, 1.2) 
7.27 br d 

(7.0) 
1.59-1.67 m 

1.79 hr dd 
(12.7; 10.3) 
2.75-2.84 m 

1.97-2.09 m 

3.07 dd 
(10.6; 8.8) 
3.36 dd 
(10.6; 6.6) 
1.63 dr 
(6.8; 1.9) 
5.22 hr q 

(6.8) 
3.56-3.62 m 

3.563.62 m 

- 

3.55 s 
- 

4.20 dd 
(10.2; 3.2) 
3.56-3.64 m 

4.09 dd 
(9.8; 4.0) 
3.72-3.87 m 

4.49 br s 

3.78-3.89 m 

- 
2.91 dd 
(16.2; 1.1) 
3.02 dd 
(16.2; 5.6) 
7.48 hr d 

(7.7) 
7.09 rd 
(7.7; 1.2) 
7.18 td 
(7.7; 1.2) 
7.28 hr d 

(7.7) 
1.80 dr 
(13.1; 3.5) 
1.862.0 m 

2.79 q 

(3.5) 
2.25-2.36 m 

3.75 dd 
(11.3-8.8) 
4.07 dd 
(13.3-6.7) 
1.65 dt 
(6.8: 2.0) 
5.29 qt 
(6.8; 1.9) 
3.68-3.73 m 

3.68-3.73 m 

- 
- 
3.61 s 
1.97 s 

- 
5.63 d 
(7.6) 
- 

7.72 dd 
(7.7; 1.2) 
7.15 rd 
(7.7; 1.2) 
7.22 td 
(7.7; 1.2) 
7.30 dd 
(7.7; 1.2) 
1.81-1.98 m 

1.81-1.98 m 

2.84 q 

(3.1) 
2.24-2.36 m 

3.43 I 
(9.5) 
3.72-3.87 m 

1.66 dr 
(6.8; 2.0) 
5.33 qr 
(6.8; 2.0) 
3.72-3.87 m 

3.72-3.87 m 

- 
- 
3.63 s 
- 

4.04-41.8 m 
2.51 rd 
(13.0; 6.5) 
2.06 hr dd 
(13.0; 6.8) 
7.65 hr d 

(7.2) 
7.05 rd 
(7.2; 1.1) 
7.26 rd 
(7.2; 1.1) 
6.95 br d 

(7.2) 
1.45 dr 
(14.5; 1.4) 
2.96 ddd 
(14.5; 4.0, 2.0) 
3.78-3.89 m 

- 

- 

1.67 dt 
(7.6, 1.0) 
5.69 qt 
(7.9 1.5) 
4.04-4.18 m 

4.40 hr d 
(14.0) 
9.45 s 
10.22 hr s 
- 
- 

rt 
r(I 

*Methanol-d, was added to favour soiubilization. 

ii 
I-1: 2920, 1730, 1460, 1240, 740. MS: m/z (rci. int.): 350 
ti 349 (57), 291(94), 277 (17). 263 (8), 249 (4), 209 (a), 196 

UVJ.!%‘” nm (log&): 224 (4.37). 281 (3.65), 290 (3.58sh). 
IR v”‘“’ cm - ‘: 2920,2860, 1460,1080, 1040,990,740. MS: m/z 

1 rim). 182 (61). 168 (21). 157 (10). 154 (6); HRMS.: (rel. int.): 306 ([Ml’, 100). 305 (25). 291 (lo), 289 (15). 277 (10). 
&I, calcd 350.1994, found 350.1997. ‘H and ‘“C NMR 275 (11). 249 (6). 196 (25). 183 (al), 182 (79). 168 (8); HRMS.: 

I ) and 2. Hemisynthesis of 14fiom (E) 16-epiafinisine C,,H,,N,O calcd 306.1732, found 306.1718. ‘H and “CNMR 
~adn of 13 (20 mg. 0.06 mmol) in CH,Ci, (10 ml). 2 ml see Tables 1 and 2. Hemisynthesis 01 ISjrom (E)lbepiujinisine 
r)‘rhd a catalytic amount of 4-dimelhylaminopyridine (13). To a soln of 13 (40 mg, 0.13 mmol) in THF (3 ml), 59 mg of 

ed. The soln was stirred overnight then washed 2,3-dichloro-5,6-dicyano-l+benzoquinone wcrc added. After 
;d, win, satd NaHCO, soin and H,O). The organic 1 hr reflux, the soln was coned in uacuo. The residue dissolved in 
J’dried (Na,SO,) and evapd to dryness. O-Acetyl- CH,CI, was washed (satd NaHCO, soin), the organic phase 
~bine (14) was purified by prep. TLC (Et@-MeOH, dried (Na,SO,) and coned in uucuo. yielding 15 in 97% yield. 

Norjuorocurarine-N(4boxide (20). CR TLC green then yellow: 
(15). CRTLC violet, centre yellow: R,: 0.17 (CHCis-McOH, 22:3). [a]o -690” (MeOH; c 1). UV 

Cl,-MeOH, 9:i). [a]n: +58.8” (MeOH; ~0.25). Az:p” nm (logs): 203 (4.30). 241 (3.92). 299 (3.53). 361 (4.13). 
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Table 3. ‘H and “C NMR spectral data of alkaloid 33 (300 MHs ‘H frequency, residual 
CHCI, used as int. ref. 67.27) 

Position H C H C 

1 
2 
3 

5 

6 

7 
8 
9 
10 
11 
12 
13 
14 

15 

16 
17 

Me-18 
19 

20 
21 

OMe-11 

4.30 br s 
- 

2.96 br d (I 1.2) 
2.87-3.01 m 
2.38-2.68 m 

3.31-3.50 m 
1.13-1.23 m 
1.80-2.03 m 
- 
- 

7.00 s 
- 
- 

6.37 br s 
- 

1.55-1.77 m 

1.07 br d (10.4) 
1.55-1.77 m 
1X-1.77 m 
1.31-1.50 m 
1.55-1.77 m 
0.91 r (7.0) 
1.31-1.50 m 
1.55-1.77 m 
1.31-1.50 m 
3.52 br s 

3.88 br s 

1’ 
67.5 2 
52.2 3’ 

48.2 5’ 

22.7 6’ 

204.8 7 
118.9’ 8’ 
103.8 9 
154.9 10, 
145.7 II’ 
113.0 12 
150.3 13’ 
26.0 14 

32.7 15 

36.9 16 
30.0 - 

12.0 18’ 
28.6 19 

39.4 20 
48.2 21’ 

22 
55.9 

N’Me 
O’Me 

8.00 br s 
- 

5.05 br d (11.3) 

4.00 br rd (8.1; 2.6) 

3.20 dd (14.6; 8.1) 
3.31-3.50 m 

- 

7.50-7.57 m 
7.04-7. I6 m 
7.04-7. I6 m 
7.04-7.16 m 
- 

1.80-2.03 m 
2.38-2.68 m 
3.69-3.81 m 

2.38-2.68 m 

1.68 d (5.7) 
5.35 q (6.7) 

2.90 d (14.0) 
2.69-3.81 m 

2.59 s 
2.46 s 

136.1 b 
38.2 

60.0 

19.8 

111.1 
129.6 
117.5 
119.1’ 
121.9 
110.0 
135.9s 
35.3 

33.6 

46.4 

12.2 
118.9’ 

137.6 
52.2 

171.5 

42.3 
49.8 

‘SbIntcrchangeable values. 

IRvCHC”cm-‘: 3300, 2984 2940, 1650, 1580, 1550, 1460, 1180, 
11~,7~.MS:m/z(rel.int.):308([M]+,C,,H,,N,0,,15),293 

(IOO), 292 (Se), 290(50), 263 (19), 249(25), 222 (19),20&i (21), 194 
(21). 180 @I), 168 (31). 121 (67). ‘H NMR see Tables 1 and 2. 
Hemisynrhesis o/ 20 from 19. The procedure described for the 
prepn of 12 was applied to 19 (I 56 mg, 0.53 mmol). Compound 
20 was isolated in gS% yield. 

16-Decorbomethoxyuoucwnine-pseudoindoxyl (33). CR TLC 
yellow: R,: 0.30 (CHCI,-MeOH, 47:3, vap NH,OH). [a]n: 
-14’ (MeOH; ~0.5). UVl~~“nrn (loge): 228 (4.64), 272 
(4.14 sh). 294 (3.95sh), 417 (3.62). IR vcncu cm-‘: 3360. 2920, 
21160, 1720, 1660, 1620, 14110.1220, 1030, 750. MS: m/z (rel. ini.): 
676 (CM + 143+, Y), 662 (CM] +, C,,H,“N.O,, 39). 630 (59), 603 
(9X 482 (27). 469 (32), 454 (7), 352 (36), 308 (27). 278 (20), 249 (23). 
247(23),225(46), 195(61), 194(50), 182(98), l&0(79), 176(23), I50 
(70), 149 (45), 138 (52), 136 (43), 124 (43), 122 (IOO), 108 (36). ‘H 
and “CNMR see Table 3 

j- Yohimbine (1). ‘H NMR (300 MHz, CDCI,) 6: 7.82 (br s. N- 

H); 7.48 (br d, J=7.4 Hs H-9); 7.31 (brd, J=7.4 Hz; H-12); 7.15 
(br 1, J = 7.4 Hz. H-l 1); 7.09 (6r I, J = 7.4 Hs H-10); 3.80-3.93 (m, 
H-17); 3.85 (s. OMe); 3.26 (br d, J = 10.9 Hz, H-3); 2.93-3.14 (m. 
H-5, H-6, H-21); 2.72 (br d, J = 15.3 Hz, H-6); 2.56-2.67 (m, H-5); 
2.21 (t. J = 10.0 HZ, H-16); 2.06-2.19 (m, H-18. H-21); 1.94 (br d, J 
= 11.8 Hs H-14); 1.65-1.81 (m, H-19); 1.36-1.6O(m, H-14, H-15, 
H-18, H-20); 1.11-1.28 (m, H-19). 

Yohimbine(3). ‘H NMR (300 MHz, CDCI,)G: 8.16(& 
7.45 (br d, J = 7.0 Hz, H-9); 7.27 (br d, J = 7.0 Hz, H-12g 7 
= 7.0; I.0 Hz, H-l 1); 7.06 (rd, J = 7.0; 1.0 Hq H-101; 4.21 
17); 3.78 (s, OMe), 3.28 (brd, J = 1 I 
H-6); 2.90 (dd, J= 12.0; 2.0 Hr H 
2.53-2.64 (m, H-5); 2.32 (dd, J = 1 
= 12.0; 9.0 Hz, H-21); 1.90-2.09(m, H-14, H-18, H-19k I.46 
(m, H-18, H-19, H-20); 1.35-1.42 (m, H-15); 1.31 (q, J=lLt 
H-14). 

19,20-Drhydro+-yohimbine (4). 
6: 7.86 (bra. N-H); 7.46 (br d, J 
-7.1 Hr H-12); 7.14(rd, J-7.1; 1.1 H 
1.1 Hz, H-10); 5.56 (Id, J = 3.7; 1.6 Hz., 
5.5 Hr H-17); 3.9 (s. OMe); 3.46 (d. J - 
J = 1I.g Hz, H-3); 2.95-3.15 (m, H-5, H 
5, H-6, H-15); 2.42-2.53 (m, H-18); 2.42 
(dddd, J= 12.0; 5.0; 2.5 Hz, H-14); 2.07 
= 12.0 Hz, H-14). “CNMR (75 MHz., 
135.9 (C-13); 133.3 (C-2, C-20); 127.0 (C-g); 121.3 (C. 
(C-10); 119.2’ (C-19); 1 lg.0 (C-9); 
(C-17); 60.9 (C-3); 58.7 (C-16); 55.1 
5); 39.0’ (C-14); 35.9’(C-15); 33.7’(C-IO); 21.3 (C- 

/3- Yohimbine-psevdoindoxyl (5). 
CDCI,) 6: 7.55 (br d. J=7.1 Hz, H-9); 7.43 (ddd, 
1.3 HZ, H-l Ik 6.83 (br d. J = 8.2 Hz, H-12); 6.76 (br 
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,.ii(i. If’,,,=7 Hz. N-H); 3.78 (td, J= 10.8; 4.5 Hz, H- 
6 (s, &ie);‘J.l8-3.26 (m, H-3); 3.08 (dd, J = 11.9 2.4 Hz, 
LM-2.48(m, H-14); 1.90-2.15 (m, H-14, H-16. H-18); 1.84 
~ll.b,‘lO.O Hz H-21); 1.67 (br dd, J- 12.7; 3.0 Hq H-19); 
lj-k?,8; 3.9 HZ H-18); 1.07-1.34 (m, H-15, H-19, H-20). 
4hd4he-uxfndole (8). ‘H NMR (300 MH% CDCI,) 6: 7.94 
I~1~((rd,~~7.5;0.8H~H-l1);7.17(brd,J=7.5HtH- 
m@O, J-7.5; 0.8 Hz, H-IO); 6.85 (br d, 517.5 HI H-12); 
4, JLlt.1; 10.3; 4.5 Hz H-17); 3.60 (s. OMe); 3.31-3.41 
3 l&f; J- 10.8; 3.7 HI H-21); 2.38-2.55 (m); 2.23 (dd. J 
15 Hr. H-3) 2.17 (t, J = 10.3 Hz. H-16), 1.97-2.10 (m. H- 
$(r,h- 10.8 Hz H-21); 1.68 (dq, J= 12.9; 3.4 Hr H-19); 
Y (I”, 2H-14. H-15, H-18. H-19, H-20). ‘%NMR 
t#,$YlXl,) b: lEl.O(C-2); 174.7 (C-22); 140.6(C-13): 133.2 
&O(C-11); 123.1’ (C-9); 122.7’ (C-10); 109.4 (C-12); 74.1 
‘I&G-17); 58.4 (C-21); 57.3 (C-16); 55.7 (C-7); 54.4 (C-5); 
Me). 39.2(C-20); 41.9 (C-15); 34.7 (C-14); 34.0 (C-18); 29.5 
rtB&-19). 
dfne B (9). ‘H NMR (300 MHz. CDCl,+CD,OD to 
Idotiility) d: 8.76 (s. N-H); 7.42 (br d, J = 7.2 HI H-9); 7.30 

HY. H-12): 7.11 (td. J ~7.2; 1.2 Hz H-l 1); 7.05 (td. J 
H-10): 5.30 (br q, J-6.7 Hz, H-19): 4.19 (br d, J 

lb, k-1); 3.42-3.58 (m, H,-17, H,-21); 3.08 (dd. J= 15.5; 
Hd 2.73-2.78 (m, H-l 5); 2.82 (br dd, J = 7.6; 5.2 Hz, H-5); 

-15.5 Hz, H-6); 2.02 (ddd, J= 12.6; 10.1; 2.2 Hz, H- 
J=7.6Hz, H-16); 1.72 (ddd, J=12.6; 3.8; 2.4 Hz. 

1ti (hr d. J-6.7 Hz, Me-18). “C NMR (75 MH& 
Id: ‘138.0 (C-2); 136.4 (C-13), 135.6 (C-20); 127.6 (C-8); 
&19,3(C-10); 118.O(C-9); 116.7(C-19); lll.O(C-12); 
l;T&4.9 (C-17); 55.8 (C-21); 54.4 (C-5); 50.4 (C-3X 44.2(C- 
A&4); 27.6 (C-15); 27.0 (C-6); 12.7 (C-18). 
P&d (11). ‘H NMR (300 MH% CDCI,) 6: 7.43 (br d. J 
k, h-9) 7.28 (br d; J=7.0H& H-12); 7.18 (rd. J=7.0; 
R.ilk 7.08 (Id. J-7.0; 1.2 HI H-10); 5.38 (br q, J 

&d-19); 4.22 (dd, J - 10.0; 2.4 HI H-3); 3.63-3.43 (m. H,- 
(s, N(Mc)-I); 3.07 (dd, J= 15.5; 5.2 Hz. H-6); 

H-l 5, H-S); 2.63 (br d. J = 15.4 Hz H-6); 2.07 (ddd, J 
Ht, H-14); 1.79 (qd, Jz6.0; 1.2 Hz, H-16); 1.64 

(dt, J = 6.8; 2.0 Hz, Me-18). 
5 MHz, CDCl,) d: 138.8 (C-2); 137.1 (C-13L, 134.5 

hdocururfne (19). ‘H NMR (300 MHz, CDCI,) 6: 10.35 
ti 9.31 (s. H-22); 7.22(dl,J=7.7, H-9); 7.12(td, J=7.7; 
,Wllk 6.91 (rd, Js7.7; 1.3 Hz, H-10); 6.87 (br d, J 
b b-12) 5.34 (qf, J-6.9; 2.3 HL, H-19); 4.03 (dl, J=3.6; 

Hi 3): 3.94 (da. J = 15.7; 2.2 Hz, H-21); 3.62-3.68 (m. H- 
$fU,J- 12.4; 5.4 HI H-Sk 3.OO(dd, J= 12.4; 6.6 Hz, H-5); 
jil5.7 Hz H-21); Z.M(ddd. J = 13.5; 4.Q 2.2, H-14); 2.32 
jltic; 6.6 Hz. H-6); 1.75 (ddd. J = 12.4; 5.4; 1.1 Hz, H-6); 
j-6.9; 1.9 Hz, Me-18); 1.17-1.25 (m, H-14). ‘“C NMR. 

E’ CDCI,): 188.4 (C-22); 168.8 (C-2); 142.8 (C-13); 139.4 
I%9 (C-Sk 127.8 (C-11); 121.9 (C-10); 120.8 (C-9); 120.6 
~11.1 (C-16); 110.4 (C-12); 61.7 (C-3); 58.3 (C-7): 56.7’ (C- 
i’jC-5k 46.4 (C-6); 31.2 (C-15); 30.8 (C-14); 12.9 (C-IS). 
IlJraxynorjluorocururlne (21). ‘H NMR (300 MHz, 
Id: 9.13 (s, H-22); 6.83 (1, J =7.3 Hz H-10); 6.78 (dd, J 
ILHL H-1 lk 6.72 (dd, J = 7.3; 1.8 Hz., H-9); 5.40 (br q, J 
g H-19) 4.06 (br s, H-3); 3.95 (br d, J= 15.6 Hz, H-21); 
1 h, H-1% 3.33 (td, J= 12.7; 5.2 Hz, H-5); 3.04 (br dd, 
“A6 HI H-S): 2.95 (d, J= 15.6 Hz, H-21); 2.49 (ddd, 
t I .k22 Hz,H-14);2.39(dl, J- 12.7; 6.6 Hz, H-6); l.SO(br 
li7;5.2 HZ, H-6); 1.54(d, J=6.8 HZ, Me-18); 1.24(br d, J 
Ilk H-14). 

Iboluleine (29). ‘H NMR (300 MHz, CDCI,) 6: 7.12 (dd, J 
-8.8; 2.6 Hz, H-11); 7.0 (d, J=2.6 Hz, H-9); 6.80 (d, J=8.8, H- 
12); 4.34 (s, N(H)-I); 3.78 (s, OMe-I 1); 3.55 (ddd, J= 14.3; 13.5; 
3.7 Hz, H-5); 353 (br s. H-21): 3.02 (br d, J= Il.2 Hz, H-3); 2.77 
(hr dd, J = 14.3; 4.8 Hz H-5); 2.70 (dt, J = 11.2; 2.7 H+ H-3); 2.07 
(rd, J- 13.5; 5.3 Hz, H-6); 1.78-1.35 (m, H-6, H-14, H-15, H-16, 
H,-17,H1-l9,H-20); 1.18-l.OR(m;H-l5);0.96(1,J-7.1 H&Me- 
18). 13C NMR (75 MH& CDCI,): 204.7 (C-7); 154.8 (C-13); 153.1 
(C-IO); 127.3(C-1 I); 120.3 (C-8); 113.8 (C-12); 104.5 (C-9); 67.2 (C- 
2): 55.6 (OMe-l I); 52.0 (C-3); 48.5 (C-21); 48.2 (C-5); 38.9 (C-20); 
36.6 (C-16); 32.3 (C-15); 28.6 (C-17); 28.4 (C-19); 2S.7 (C-14); 22.6 
(C-6); Il.9 (C-18). 

Ibogoine (26). ‘H NMR (300 MHz. CDCl,) 6: 7.56 (br s, N(H)- 
I); 7.10(d.J=8.6 Ht H-12); 6.92(d, J = 2.4, H-9); 6.76 (dd. J = 8.6; 
2.4 Hz, H-l 1); 3.85 (s. OMe-1 I); 3.40-3.25 (m, H-S, H-6); 3.12 
(ddd, J= 14.9; 12.6; 1.2 HI H-5); 3.06 (dt, J=9.3; 2.0 HI H-3); 
2.97 (dr, J=9.3; 2.7 HI H-3); 2.84 (ddd, J= 12.2; 4.1; 1.6 Hz. H- 
16); 2.82 (br s, H-21); 2.64-2.54 (m, H-6); 2.0 (I[, J = 12.2; 2.5; H- 
17): 1.86-1.72 (m. H-14, H-15); 1.66-1.38 (m, H-17, H,-19, H-20); 
1.24-1.15 (m. H-15);0.89 (t, J-7.2, Me-l@. “C NMR (75 MHz. 
CDCI,): 153.8 (C-10); 143.O(C-2); 13O.O(C-8); 110.8 (C-12); 110.5 
(C-11); 108.9 (C-7); 100.4 (C-9); 57.4 (C-21); 55.9 (OMe-11); 54.2 
(C-S); 49.9 (C-J); 41.9 (C-20); 41.3 (C-16); 34.1 (C-17); 32.0 (C-15); 
29.7 (C-13k 27.8 (C-19); 26.4 (C-14); 20.6 (C-6): Il.9 (C-18). 

16-Decarbomefhoxyuoacamine (31). ‘H NMR (300 MHz, 
CDCI,) 6: 7.76 (br s, N(H)-I?; 7.57 (d, J=7.4 HG H-9’k 7.27 (hr s, 
N(H)-1);7.1~.95(m,H-1(Y,H-11’.H-12’);6.92(s.H-9);6.61 (brs, 
H-12); 5.34 (q. J=6.5 Hz. H-19’); 5.12 (br s, H-3’); 4.11-3.80 (m. 
H-53; 4.00 (br s, OMe-11); 3.863.74 (m. H-15’); 3.68 (br d, J 
= 13.7 Hz, H-21’), 3.52-3.05 (m, Hz-5, H-6, H,-6’); 2.99 (br s. H,- 
3); 2.89 (d. J= 13.7 Hz H-21’); 2.80-2.69 (m, H-16, H-16’. H-21); 
2.66-2.51 (m, H-6); 2.58 (s, N(Me)-4’); 2.51-2.34 (m, H-14’); 2.48 (s. 
CO,M~‘);2.07-l.86(m.H-l7,H-14’); 1.78(brs.H-14.H.15); 1.70 
(d, Jt6.5 HL Me-181 1.58-1.42(m, H-17, H,-19, H-20); 1.18 (br 
d. J-12.4Hz H-15); 0.88 (I, J=7.0Hz, Me-18). “‘CNMR 
(75 MHt CDCI,): 171.3 (C-22’); lS0.R (C-IO); 142.3 (C-2); I 38.0’ 
(c-2’); 137.8’ (C-20’); 135.7 (C- 13’); 129.6 (C-R’); 129.2” (C- 13); 
128.6b (C-11); 128.1 (C-8); 121.4 (C-1 I’); 1 lg.8 (c-10’); I 18.5 (C- 
193; 117.2(C-9’); 110.2 (C-7’, C-12); 109.8 (C-12’); 108.5 (C-7); 9R.6 
(C-9); 59.8 (C-5’); 57.5 (C-21); 55.9 (OMe-11); 54.1 (C-5); 52.3 (C- 
21% 49.3 (OMe’); 48.9 (C-3); 46.8 (C-16’); 41.8 (C-20); 41.O(C-16); 
37.5(C-33; 36.1 (C-14’); 33.9(C-17); 33.5 (C-15’); 31.8 (C-15); 27.7 
(C-19); 26.2(C-14); 20.6 (C-6); 19.4 (C-6’); 11.7 (C-18); 12.2 (C-18’). 

l9,20-DihydroisosiWikine (7). CR TLC green: R,: 0.72 
(Me,CO-MeOH. 23:2). UV 1::” nm (log E): 226, 282, 29 I. IR 
“CHCi1~- ‘:3360,2940,1710,1450,1430,1220,1160,l060,1050, 
750. MS: m/z (rcl. int.): 356 ([Ml+, 100)‘ 355 (98). 341 (8). 299 (4), 
253 (55). 251 (33). 225 (29). 197 (9). 184 (16). 170 (29). 156 (2). 
‘H NMR (300 MHz CDCI,): 8.15 (br s, N-H); 7.46 (br d, J 
-7.0 HL H-9); 7.33 (br d, Jz7.0 Hz, H-12); 7.15 (rd, J--7.0; 
1.3 Hz H-11); 7.09 (td, J-7.0; 1.3 Hz, H-IO); 4.03 (dd. J= I I.9 
7.9 Hz H-17); 3.76 (dd. J= 11.0, 5.8 H& H-17); 3.68 (s, OMe); 
2.95-3.20 (m, H-3, H-5, H-6, H-16, H-21); 2.67-2.80 (m. H-6k 
2.50-2.61 (m, H-S), 2.20(br d, J= 11.9 H&H-14’); 2.OO(t, J= 11.0, 
H-21) 1.60-1.85 (m. H-15, H-19, H-20); 1.45 (q, J= 11.9 HI H- 
14); 1.10-1.30 (m, H-19); 0.93 (I, J=7.4 Hz H-18). “C NMR 
(75 MHz CDCI,): 174.1 (C-22); 136.2’(C-13); 134.2’(C-2); 127.1 
(C-8); 121.3 (C-11); 119.3 (C-10); 118.0 (C-9); 111.1 (C-12); 107.5 
(C-7); 61.4 (C-17); 59.8 (C-21); 59.7 (C-3); 52.7 (C-5); 51.6 (OMeL, 
47.4 (C-16); 39.8 (C-15); 39.1 (C-20); 31.4 (C-14); 22.9 (C-19k 21.3 
(C-6); 10.6 (C-18). ‘-‘Interchangeable values. 
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