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TABLE I 
44NALYTIC.IL AND PHYSICAL DATA 

ll.p., [ a I z 5 ~ ,  deg. % 
Compd. R, R? OC ( c )“  kield 
v H p-OTsC 285-293 -17 (0  7 )  37 
VI a-CH3 a-OT% 290-295 -50 (0 7) 7 5  
VI1 a-OTs H 268-271 -131 (0 5 )  80 
VI11 H a-F 203-220 -108 (0 9) 80 
IX H a-Cl 195-200d -49 (0 9) 80 
X H a-Br 292-297 -83 (0 8) 50 
XI a-CH3 6-F 195-200 -145 (0 3) 10 
XI1 a-CH3 p-C1 310-313 -188 (0 5) 63 
XI11 (3-C1 H 265-268 -161 (0 6) 43 
XVI a-ClCHs a-OH 230-232 -49 (0 8 )  58 
XVII a-ClCH? 0-C1 259-263 +11 ( 0  6 je  44 
XVIII CH?OSOz 220-221 -20 ( 0  6 )  35 
XIX =-OH H 275-276 +22 (0 5) 40 
XX (3-OH H 294-297 -102 (0 5)’ 36 

* Sulfur or halogen. 5 Concentration in pyridine. 
chloroform. In 5 S acetic acid. 

Rz 
--------Calcd., $&------ -Found. %--- 

CmHaoK;./OaS 69.30 6 .71  6.22 7.12 69.07 6 .62  6.23 6.94 
CwHwN?OaS.0.5H>O 68.46 7.02 5.92 6.77 68.36 6.82 5.65 6.48 
CzaHa~N?03S 69.30 6 .71  6 .22  7 . 1 2  69.03 6.80 6 .31  6 . 9 1  
CioHzsFPi? 76.47 7 . 7 i  9.39  6.37 76.67 7.85 9.44 6.40 
C I ~ H ~ C ~ N I  72.48 7.36 8.90 11.26 72.55 7.49 9.10 11.03 
Ci@HxBrK? 63.51 6 . 4 5  7.80 22.24 63.73 6.50 7.63 22.24 
C ~ H Z ~ F N Z . C Z H I O H  73.71 8.72 7 . 8 1  73.96 8 .91  7.85 
CmHzaClNZ i 3 . 0 4  7 .66  8.52 10.78 73.05 7.81 8.59 10.43 
Ci9Hz~ClNs 72.48 7.36 8.90 11.26 72.35 7.44 9.09 11.15 
CmHz~ClKz0 69.65 7 .31  8.12 10 .28  69.41 7 .23  8 . 2 9  10.34 
CnaH:iCl&r 66.11 6.66 7 . 7 1  19,52 65.82 6.92 7.80  19.52 
C ~ H M N ? O ~ S . O . ~ H ~ O  62.96 6 .61  7 .34  8.39 63.23 6.64 7.09 8 ,56  
ClSH24?;?O 76.99 8.16 9 . 4 5  77.20 8 . 2 6  9.41 
C i ~ H i a N ~ 0  76.99 8.16 9.45 76 .86  8.04 9.23 

C H X X b  I: ormula C H N X ~  

c Ts = p-CH&bH:S02. d Resolidifies a t  215’ and remelts a t  299-304”. e In 

hydroxyyohimbane p-toluenesulfonate and by complete 
elimination in the case of 17a-hydroxy-16a-methyl- 
yohimbane p-toluenesulfonate. The identity of the 
resulting 17-yohimbene (XIV) was established by 
coniparison of its physical constants with those re- 
ported in the literature.8 The position of the double 
bond in 16a-niethylyohimbene (XV) was assigned, in 
agreement with the Saytzeff rule, to be at  C-16,17. 
This assignment was based on the n.m.r. spectrum in 
CDCl, which showed only one band, integrating for a 
single proton, in the olefinic region at  5.38 p.p.ni. and an 
unsplit methyl group signal a t  1.8 p.p.m. 

Treatment of yohinibyl alcohol mono-p-toluenesulfo- 
nate3 with HC1 in pyridine gave 16a-chloroniethyl- 
17a-hydroxyyohinibane (XVI), which was converted to 
17p-chloro-16a-chloromethylyohin1bane (XVII) by 
POC1, in pyridine. The latter deviation from the 
usual niethod of synthesis was necessary since we were 
not successful in our attempts to tosylate XT’I. 

Other approaches to the introduction of halogen into 
ring E mere found to be less feasible than the route 
described above. Treatment of epiyohimbol (111) 
with SOCl? or POC1, yielded 17a-chloroyohimbane 
(IX), but the yields were unsatisfactory due to exten- 
sive decomposition. Interaction of yohiinby1 alcohol 
with thionyl chloride gave the yohimbyl alcohol cyclic 
sulfite ester (XVII)g instead of the desired rhloroyohim- 
bane. 

Summary of Pharmacological Data.-The psycho- 
pharmacological effects of the compounds described 
mere evaluated in untamed Rhesus monkeys by a 
technique similar to that used by Plummer, et aZ.,lO 

in the study of reserpine. The drugs were administered 
by stomach tube to animals which had been fasted 
overnight. Scoring mas based on the changes produced 
in hostility, locomotor activity, and response to food 
stimulus. In  grading hostility, emphasis was placed 

(9) For analogous reactions of steroidal diols see’ (a) B. R Brown, 
P. W Trown. and J. h l .  Woodhouse, J .  Chem. Soc.,  2478 (1961); (b) J. 
Fried, 11 A Guiducci, P. A. Diassi, E. F. Sabo, I .  Bacso, and P. Grabowich, 
Chem Ind (London), 466 (1961) 

(10) % J Plummer, 4. Earl, J 4 Schneider, .J. Trapold, and TY Barret ,  
Ann. S. Y. .-lead. S a . ,  59, 8 (1954). 

on behavioral components such as mouth opening, 
teeth baring, facial expressions, lunging, and reaction 
to chain pulling. The objective of this procedure was 
to determine the niininial effective dose (MED) of the 
drug which would induce an alteration of the behavioral 
responses as was generally reflected by a reduction of 
activity, refusal of food, and submission of the animal 
to handling and petting. 

The evaluation of the analgesic activity was based on 
the ability of the compound to antagonize phenylqui- 
none-induced “writhing syndrome” in niice.ll The 
results are summarized in Table 11. 

Most of the compounds elicited a significant tran- 
quilizing response in monkeys which usually was notice- 
able 40-60 niin. after administration and lasted on the 
average for 4-7 hr. 

Examination of the test data shows that the psycho- 
pharniacological properties of yohimbane and 16a- 
methylyohimbane were increased by the introduction of 
a-fluoro and a-chloro substituents at C-17. The fact 
that such an increase was not effected by the corre- 
sponding a-bromo and p-chloro substituents and that 
the introduction of the halogen atoms into ring E 
abolished the analgesic activity of the parent coni- 
pounds (I and 11) renders untenable the assumption of 
a simple correlation of lipid solubility and central ner- 
vous system activity in this series. The finding that 
17~-chloro-16a-methylyohinibane was less active than 
17a-chloroyohimbane points to the significance of the 
spatial arrangement at C-17 and is in agreement with 
the trend shown by the corresponding 17-hydroxy 
compounds, namely, the lower activity of 17P-hydroxy- 
yohimbane (111), as compared with 17a-hydroxy-16a- 
methylyohiinbane (IV). 

On cardiovascular evaluation in anesthetized dogs12 
17a-fluoroyohinibane and 17a-chloroyohimbane at  7 
mg./kg. i.v. produced marked adrenolytic effects 
manifested in reversal of epinephrine, block of norepi- 

(11) E. A. Siegmund, A .  Cadmus, and G. Lu, J .  Pharmneol. Ezptl. Therap., 

(12) For $ detailed description of the test method see 31. von Rtrandt- 
119, 184 (1957). 

mann, M.  Cohen, and ,J. Shavel, Jr., J .  M e d .  Chem., 6 ,  719 (1963). 
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iiephrine, and strong depressor response. 0 1 1  cvaluation 
of psychopharniacological avtivity in  dogs and rat J. 

17a-broinoyohinibane caused no sigiiificarit behavioral 
rhanges at  20 nig./kg. p .0 .  arid 50 ing./kg. p.o. ,  re- 
spectively. This pronounced species variation in phar- 
niacological responses as well as the undesirable cardio- 
vascular effects precluded the 17a-haloyohimbanes 
froin clinical evaluation. Compounds not included i 11 

Table I1 received no pharmacological testing. 

Experimental' 3 
l ' l i y s i ca l  conatnuts, yield-;, arid analytical vsiiies for the c o n -  

p)itti(ls below are reported in 'I'able I. JIelting piiiiitq \ve!w 
taken on a hlel-Temp alumintlm b l o c k  apparatus : t t i c i  :~ rc  1111- 

corrected. Infrared spectra were determined on a B:iird Modcl 
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hydroxyyohimbane in 25 ml. of pyridine over a period of 30 min. 
and was allowed to  stand a t  room temperature for 30 min. The 
mixture was heated on a steam bath (CaC12 tube!), and HC1 
)vas introduced for 20 min. After heating for 5 hr., the dark 
brown solution XTas poured onto 300 g. of crushed ice and filtered. 
The collected dark solid was stirred with a mixture of d 5  ml. 
of 5% aq\ie!)ris XaOH and 150 ml. of CHClr. The chloroform 
phase was dried (Na2S04) and evaporated in vucuo. Trituration 
of the residue with 10 ml. of hot methanol and cooling gave a tan 
d i d  which was decolorized with charcoal and crystallized from 
wetone-methanol ( 2 :  1);  yield 655,. 

C.-To a chilled solution of 4 g. of lip-hydroxyyohimbane in 
20 ml. of dry pyridine was added with stirring and protectiori 
from moisture a solution of 7 nil. of POC1, in 20 ml. of pyridine. 
After heating on the steam bath for 90 n h . ,  the black reaction 
mixture was poured into 300 ml. of ether. The oily precipitate 
was triturated with two 100-ml. portions of ether and dissolved 
in 300 ml. of water. The solution was made basic -7it.h ammonia. 
The precipitated product was dissolved in the minimum amount 
of acetic acid, and the resulting solution was diluted with 600 ml. 
of water. After adjusting the pH to 5 by addition of XHaOH 
the mixture was filtered through Supercel. The filtrate was made 
basic with ammonia, and the resulting precipitate was dried and 
dissolved in acetone. This solution was decolorized with char- 
coal and concentrated in vacuo until the onset of cr 
yield 30%. 

17a-Bromoyohimbane (X).-A vigorous stream of HBr was 
introduced into a stirred solution of 8 g. of 17&hydroxyyohini- 
bane p-toluenesulfonate in 150 ml. of dry pyridine w e r  a period 
of 45 min. After heating for 5 hr., the reaction mixture was 
(tooled to 5', poured onto 2 I. of ice-water, made basic with am- 
inonia, and filtered. The solution of the solids in 200 ml. of 
CHC1, was dried (SanSCh), and evaporated in vacuo. Tritura- 
tion of the brown residue with 20 ml. of hot methanol gave tan 
cry-tals which were recrystallized successively from methanol 
:tiid from methanol-acetone; vmaX 1261 (m),  1224 (m), 1171 (m),  
X 7  (w), i08 (s) cm.-l. 

Chromatography of the mother liquors over magnesium sili- 
cate (Florosil) gave 0.55 g. of 17-yohimbelle, m.p. 2066211" 
(lit.8m.p. 201-203"). 

176-Fluoro-1601-methylyohimbane (XI).-A solution of 3 g. 
of l6a-methylyohimbol p-toluenesulfonate in 40 ml. of dry 
pyridiiie was placed in a polyethylene flask and treated with 
:tnhydrous H F  under protection from moisture and with external 
cooling until the volume was doubled. The reaction Inixt,ure 
was heated a t  60-70" for 4 hr., allowed to stand over the weekend, 
poured with stirring onto 600 ml. of crushed ice, and made basic 
with loc,'; KaOH. The precipitate was collected on a filter, 
washed wit.h water, and extracted with five 100-ml. portioiis 
of CHCL. The combined chloroform extracts were dried (Sa*- 
Soh), filtered through Snpercel, and evaporated to dryness. 
The residiie was crystallized from ethanol-ethyl acetate; vmax 
720 (m),  960 (mw), 1040 (m), 1090 (m),  l l j 5  (m), 3100 (ms), 
3350 (m) cm. - I .  

17p-Chloro-16a-methylyohimbane (XII).-A stream of dry 
HC1 was introduced without cooling into a solution of 3 g. of 
16a-niethylyohimbol p-toluenesulfonate in 20 ml. of dry pl-ridine. 
After 30 min. the initially hot solution began to  cool and solidify 
to a crystalline mass. The addition of HCl was discontinued 
and the reaction mixture was heated on a steam bath for 4 hr., 
allowed t o  cool, poured into 600 ml. of ice water, and made basic 
with 270 NaOH. The precipitate was collected on a filter 
and dried in a vaciiiiin dessicator over H2S04. The analytical 
sample was obtained by recrystallizations from ethanol-ethyl 
acetate (1 : 1):  vmSr 815 (m), 965 (m), 1265 (m) cm.-l. 

16/3-Chloroyohimbane (XIII).-Hydrogen chloride was ir i -  
troduced over a period of 2 hr. into a solution of 1.65 g. of 1601- 
hydroxyyohimbane p-toluenesulforiate in 70 nil. of dry pyridine. 
The reaction mixture was heated on a steam bath and protected 

from moisture by a CaC12 tube. After heating for an additional 
2 hr. t he  contents of the flask xere poured onto 300 g. of crushed 
ice, made basic with aqueous KH3, and filtered. The solid was 
taken up with CHC13 and dried (Na2SO4), and the solution was 
evaporated in vacuo. The residue was crystallized from meth- 
anol; vnlaX 3410 ( s ) ,  3175 (w), 1263 ( s ) ,  1028 (m), 820 (m), 775 
(m), 749 (vs) cm.-l. 

16a-Methyl-16-yohimbene (XV).-Gaseous HBr was int,ro- 
duced into a solution of 3 g. of l'ia-hydroxy-16a-rnethylyohim- 
bane p-toluenesulfonate in 20 ml. of dry pyridine until the mix- 
ture solidified. After heating for 4 hr. on steam bath (CaC12 
tube!) and allowing to stand overnight a t  room temperature, 
the contents were poured into ice-water. The reaction mixture 
\vas made basic with ea. 600 mi. of 2 5  NaOH, triturated, and 
filtered. The collected material, freed of remaining pyridine 
by storing in a vaciium dessicator over &SO,, was dissolved with 
stirring in 300 ml. of chloroform and 100 ml. of 2y0 KaOH solu- 
tion. The CHCL layer was dried (?v'a2S04) and evaporated 
in vacuo. The residue crystallized from methanol after purifica- 
tion over charcoal; m.p. 195-200'; [ a ] " D  -168' (c  0.6, pyri- 
dine); yield 1.5g.; vm,,793(m), 973(m), 3200(w),3450(s)cm.-1. 

Anal. Calcd. for C20H24N2.0.5H20: C, 79.69; H, 8.36; 
N, 9.29. 

1601-Chloromethylyohimbol (XVl).-A cooled solution of 0.5 
g. of yohimbyl alcohol monotosylate in 15 ml. of dry pyridine was 
saturat,ed with dry HC1 for 10 min. The thick mass was con- 
centrated to dryness in mcuo on steam bath and triturated with 
5c0 KOH solution. The solution of the residue in glacial acetic 
acid was diluted with water and made basic with concentrated 
NH40H. The precipitate was filtered off, washed with water, and 
recrystallized from acetone; vmaX 1106 (s), 1164 (s),  3320 (s), 
3580 (m) em. -I .  

17p-Chloro-1601-chloromethylyohimbane (XVII).-Phos- 
phorus oxychloride (20 nil.) was added dropwise with stirring to 
a solution of 6.0 g. of 16a-chloromethyl-17a-hydro 
in 50 ml. of dry pyridine over a period of 40 min. a t  0'. After 
standing at  room temperature for 3 hr., the reaction mixture was 
heated a t  65-75' for 3 hr., cooled to  So, and poured onto 500 g. 
of ice water. The solid was filtered off and stirred with 10 nil. 
of 10y0 aqueous XaOH and 150 nil. of CHCl,. The CHCL 
extract was dried (Xa?SO4) and evaporated in z'ucuo. Tritura- 
tion of the residue m-ith 15 ml. of hot methanol and cooling gave 
cryst&, which were recrystallized from rnet,hanol-ac.etc)ue with 
the aid of  c*harcoal; vnlRx 1335 (w),  1285 (w), 1100 (w) cm.-l. 

Yohimbyl Alcohol Cyclic Sulfite Ester (XVIII).-To the sdu- 
tion of 25 g. of azeotropically dried yohirnbyl alcohol in 100 nil. 
of dry pyridine, a solution of 6 nil. of thionyl chloride in 50 nil. 
of dry pyridine was added dropwise with stirring and protection 
from moisture at 0-5'. After allowing to stand overnight in the 
cold, the mixture was diluted with several volumes of water, 
neutralized with SaHCO,, and filtered. The solids were stirred 
for 30 min. wit'h 2.55; aqueous YaOH a t  On, collected on a filter, 
washed wit,h water, dried in a vacuum dessicator over H2S04, 
and recrystallized several times from acetone using charcoal 
for decolorization; vmRX 892 (s), 942 ( a ) ,  976 (s), 1160 (s), 1210- 
1230 (m j cni. -1. 

16-Hydroxyyohimbanes (XIX and XXj.-A mixture of 5 g. of 
16-ketoyohimbane and 2 g. of KRH4 was stirred a t  35' for 1 hr. 
After evaporation of the solvent, the residue was triturated with 
water, filtered, and washed until no alkaline material was de- 
tectable in the washings. The product' was extracted with re- 
fluxing acetone for 1 hr. arid filtered to give 1.8 g. of the &epimer 
XX, which was recrystallized from large amounts of ethanol; 
umaX 3190 (s), 3030 (w),  1316 (s), 1176 (s), 1053 (s), 988 (s) 
em.-'. On concentratioii of the acetone solution 2 g. of the 
a-epimer S I X  vxs oht,ained. Sucressive recrydtallizations from 
acetone-methniiol (1 : 1) and methanol gave the analytical 
sample: Y,,,, 3370 (s), 1323 (m), 1052 (vs), 1017 (m),  992 (s) 
em. -I. 

Found: C, 79.78; H, 8.36; S, 9.20. 


