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The reaction of yohimbic acid and ethyl chloroformate in pyridine gives yoliimbic acid lactone, which constitutes a new 
Yohimbine has beeu converted t o  method for the preparation of @-lactones. 

/3-yohimbine. 
The mechanism of the reaction is discussed. 

The recent interest in the tranquilizing and hypo- 
tensive activity of some Rauwolfia alkaloids such 
as reserpine and deserpidine has led us to prepare 
derivatives of other Rauwolfia alkaloids contain- 
ing the same pentacyclic system, such as yohim- 
bine (I). In connection with these studies we had 
occasion to treat yohimbic acid (11) with an excess 
of ethyl chloroformate in pyridine a t  room tem- 
perature. The product, isolated in 35% yield, 
proved to be yohimbic acid lactone (111) on the 
basis of the following evidence: The empirical for- 
mula was as shown by elemental anal- 
ysis, saponification equivalent and neutral qu iv -  
alent when titrated with perchloric acid in glacial 
acetic acid. The compound was no longer am- 
photeric but possessed only basic properties. The 
infrared spectrum had a band a t  5.55 p typicall of a 
carbonyl group in a four-membered ring containing 
oxygen (oxetanone) and showed no absorption in 
the hydroxyl region of the spectrum. That N- 
acylation had not occurred was shown by the ultra- 
violet spectrum which had only the characteristic 
indole absorption. Mild alkaline hydrolysis of 
I11 regenerated yohimbic acid. 
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The formation of yohimbic acid lactone corrob- 
orates the proposed3 cis-stereochemical relation- 
ship of the carboinethoxyl and hydroxyl groups of 
yohimbine. That inversion of either of these 
groups could have occurred in lactone formation 
seems unlikely since on mild alkaline hydrolysis the 
lactone reverts to yohimbic acid. 
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Janot and Goutarel have shown3 that the car- 
bomethoxyl group of yohimbine is equatorial. 
Thus, the cis-C1i-hydroxyl must be axial and this 
€act aids in an understanding of the mechanism of 
&lactone formation. Fieser, et u Z . , ~  have demon- 
strated that axial hydroxyl groups of steroids can- 
not be cathylated (carhethoxylated) by treatment 
of the steroid with ethyl chloroformate in pyridine. 
That this selectivity applies also to alkaloids is evi- 
dent since reaction of yohimbine with ethyl chloro- 
formate failed to produce 0-carbethoxyyohimbine 
whereas methyl reserpate (Cj8-hydroxyl equatorial) 
readily gave an 0-cathylate.5 Thus, the mech- 
anism of formation of the p-lactoae, as shown in 
reaction 1 probably involves initial formation of 
the mixed anhydride IV followed by attack of the 
unacylated and stcrically favorable hydroxyl group 
on the carbonyl group attached to C-16 which is 
now- more polarized due to anhydride formation. 
Electronic rearrangement with concomitant loss of 
carbon dioxide and ethanol complete the reaction. 

I /  

It is interesting to note that reaction of yohimbic 
acid with acetic anhydride, an acylating agent ca.- 
pable of acetylatipg axial hydroxyl groups, gives 0- 
acetylyohimbic acid (V) .6 Lactone formation in 
this case is prevented due to acylation of the 
hydroxyl group. 

The reaction of a p-hydroxy acid with ethyl 
chloroformate constitutes a new method for the prep- 
aration of a /3-lactone, the usual methods requiring 
reaction of a P-halogen acid with base or reaction 
of a ketene with a carbonyl conipound.’ From 
the mechanism of the reaction, however, it would 
seem that this method is applicable only to alicyclic 
cis-@-hydroxy acids having an axial hydroxyl 
group, and perhaps to aliphatic &hydroxy acids. 

The rather unique property of 6-lactones to 
cleave a t  the alkyl-oxygen bond as well as a t  the 
carbonyl-oxygen bond when treated with nucleo- 

(4) L. F. Fieser, J. E.  IIerz, iU TV. IClohs, I f .  A.  Rnmcro and T. 
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philic reagents' suggested yohimbic acid lactone as 
an attractive starting material for the preparation 
of 17-substituted derivatives of yohimbine. Our 
first attempt in this direction was to introduce a 
methoxy group a t  C-17. Gresham, et a1.,8 have 
reported that alcoholysis of P-propiolactone in neu- 
tral or mildly acidic solution gives P-alkoxypro- 
pionic acids, whereas in alkaline medium P-hydroxy- 
propionic esters are obtained. Yohimbic acid 
lactone therefore was treated with methanol, 
methanolic hydrogen chloride and dilute sodium 
methoxide in methanol; however in each case we 
were able to isolate only yohimbine. 

VI, R = H R 0 0 C " y  
VII, R = CHj Br 

Reaction of I11 with lithium bromide in acetone, 
however, caused cleavage of the alkyl-oxygen bond 
to give 17P-bromo- 17-desoxyyohimbic acid (VI) 
which was converted to 17P-bromo-17-desoxyyo- 
himbine (VII) by treatment with diazomethane. 
The bromide is most likely formed with inversion 
of configuration a t  C-17 and the bromine is there- 
fore betag and equatorial. 

Acetolysis of yohimbic acid lactone by sodium 
acetate in acetic acid gave two products. One was 
the basic compound, apocorynanthol (VIII) formed 
by decarboxylation of the P-lactone. Catalytic 
hydrogenation of VI11 over platinum oxide gave 
yohimbane (IX).'O 

IX \o 
X, Ri = H, Rf = COCHa 

XI, R1 = CHa, R2 H 
XII, Ri = CHs, Rz = COCHa 

The other product was an amphoteric compound, 
C22H2604N2 XX), isolated as the hydrochloride, 
which was proved to be 0-acetyl-P-yohimbic acid 
hydrochloride since treatment with methanolic 

(8) T. L. Gresham, el at., THIS JOURNAL, 70, 1004 (1948). 
(9) The nomenclature used here is the same as is commonly applied 

to the steroids (cf. C. F. Huebner, H. B. MacPhillamy, E. Schlittler 
and A. F. St.  Andre, Expcricntio, 11, 303 (1955), and E. E. van Tame- 
len, M.  Shamma and P. Aldrich, TEIS JOURNAL, 78, 4628 (1956)). 

(10) M. M. Janot and R. Goutarel, Bull. soc. chim. France, 509 
(1949). 

hydrogen chloride converted i t  to p-yohimbinell 
(XI) identical in all respects with an authentic 
sample of this alkaloid.12 

Reaction of X with diazomethane gave O-acetyl- 
p-yohimbine (XII). 

Pharmacological studies conducted under the 
direction of Dr. B. Rubin of these laboratories 
have shown that yohimbic acid lactone does not 
exhibit any of the characteristic sedative activity 
of reserpine or deserpidine but does possess the 
adrenolytic and transient hypotensive activity in 
anesthetized dogs typical of yohimbine. 

Experimental 
Yohimbic Acid Lactone (III).-To a cold solution of 500 

mg. (1.47 millimoles) yohimbic acid in 7.5 ml. of dry pyridine 
there was added dropwise 0.42 ml. (4.41 millimoles) of ethyl 
chloroformate. The solution immediately turned orange- 
red and gassing was evident during the addition. A reddish 
gum separated which slowly redissolved as the mixture was 
allowed to come up to room temperature. After standing 
overnight, the solution was poured into 25 ml. of water 
whereupon needle-like crystals slowly separated. These 
were filtered, washed with water and recrystallized fro? 
ethanol; yield 175 mg. (37% theoretical), m.p. 173-175 , 
[ c Y ] ~ . ~ D  +11.6' (chf.). The ultraviolet spectrum in methanol 
exhibited maxima a t  226 mp (log E 4.52), 282 mfi (log e 
3.89) and 290 q u  (log e 3.85). The infrared absorption 
in Nujol mull showed one band in the carbonyl stretching 
region a t  5.55 f i .  

Anal. Calcd. for C20H1202N2 (322.40): C, 74.50; H, 
6.88; N, 8.69. Found: C, 74.35; H, 6.88; N, 8.59; 
equiv. wt. (perchloric acid titration), 321. 

Hydrolysis of Yohimbic Acid Lactone.-To 25 ml. of 2 N 
potassium hydroxide in methanol-water (1 : 1, v. : v.) there 
was added 209 mg. (0.615 millimole) of yohimbic acid lac- 
tone and the mixture refluxed for one hour. The reflux 
condenser was then removed and the methanol evaporated 
by heating on a steam-bath; 10 ml. of water was added and 
the pH adjusted to 6.6 with acetic acid. On standing crys- 
tals formed. They were filtered, washed with water, dried 
and recrystallized from absolute ethanol, yield 130 mg., 
m.p. 294-296', [ C Y ] ~ ~ D  $128' (pyridine). A mixture melt- 
ing point with an authentic sample of yohimbic acid showed 
no depression. The infrared spectrum taken in Nujol was 
identical with a similar spectrum of yohimbic acid. 

Methanolysis of Yohimbic Acid Lactone. (a) Neutral 
Methanol.-A solution of 520 mg. (1.66 millimoles) of 
yohimbic acid lactone in 55 ml. of absolute methanol was 
refluxed under nitrogen for 24 hours. The solution was then 
concentrated in vacuo to approximately 5 ml., whereupon 
crystallization occurred. The crystals were filtered, washed 
with methanol and dried, wt. 378 mg., m.p. 235.5-237", 
[cY]~*D +101" (pyridine). Mixture melting point with an 
authentic sample of yohimbine showed no depression. The 
infrared and ultraviolet spectra were also identical to that of 
yohimbine. 

(b) Methanolic Hydrogen Chloride.-A solution of 502 
mg. (1.56 nlillimoles) of yohimbic acid lactone in 25 ml. of 
absolute methanol was saturated with dry hydrogen chlo- 
ride. After 2 hours a t  room temperature the crystals which 
separated were filtered, washed with water and dried, wt. 
440 mg., m.p. 295-298". Mixture melting point and 
infrared spectrum comparison with authentic yohimbine 
hydrochloride showed the compounds to be identical. 

The filtrate was evaporated to dryness and distributed 
between chloroform (20 ml.) and 10% ammonium hydroxide 
(20 ml.). The chloroform extract was separated, washed 
with water and evaporated to dryness in zracuo. The residue 
(99 mg.) was crystallized from methanol to give yohimbine. 

Acidification of the alkaline extract gave no precipitate. 
(c) Dilute Sodium Methoxide.-Yohimbic acid lactone 

(105 mg., 0.326 millimole) was dissolved in a solution of 20 

(11) Since the completion of this work the conversion of yohimbine 
to  @-yohimbine by anotber route has been reported also b y  W. 0. 
Godtfredsen and S. Vangedal, Acta Chcm. Scand . ,  11, 1013 (1957). 

(12) A sample of p-yohimbine for comparison was very kindly fur- 
nished by Dr. A. Hofmann, Pharmaceutical Chemical Laboratory, 
Sandoz, Basel, Switzerland. 
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mg. of sodium in 15 nil. of absolute methanol and the 
mixture refluxed under nitrogen for 1 hour. Aifter cooling, 
the solution was acidified with concentrated hydrochloric 
acid and then concentrated in " J C Z L O .  The crystals which 
separated were filtered, washed ni th  water and dried, wt. 
82 nig., m.p. 298-301". 

The crystals were shown to  be yohimbine hydrochloride 
by mixture melting point with an authentic sample of the 
alkaloid salt and comparison of ultraviolet and infrared 
spectrum. 

Reaction of Yohimbic Acid Lactone with Lithium Bromide. 
-To a solution of 539 mg. (6.2 millimoles) of lithium bro- 
mide in 20 ml. of acetone, 500 mg. (1.55 millimoles) of yohim- 
bic acid lactone was added and the mixture refluxed under 
nitrogen. During the first 15 minutes of heating, the lactone 
slowly went into solution and a short time later a precipitate 
began to separate. The mixture was refluxed for two hours, 
cooled and the precipitate filtered and washed with acetone. 
The 17@-bromo-17-desoxyyohimbic acid was converted to 
the hydrobromide salt by dissolving it in 15 ml. of water 
m d  addine a few drom of 48% hvdrobromic acid. I t  was 
crystallize; from met'hanol-wi;er: yield 490 mg. (63 %), 
111.p. 283-286". 

Anal. Calcd. for C20HzrN202Br2.H20 (502.27): C, 47.82; 
H ,  5.22; N, 5.58; Br, 31.82. Found: C, 48.10; H, 5.35; 
N, 5.50; Br, 31.30; neut. eauiv., 482 (HClOa titration). 

A portion (274 mg.) of the 17~-bromo-17-desoxyyohimbic 
acid hydrobromide was suspended in 20 ml. of methanol and 
treated with an excess of ethereal diazomethane. The pre- 
cipitate dissolved and after standing a t  room temperature 
for 1 hour the solution was evaporated to dryness in vacuo 
and the residue crystallized from methanol-water, yield 182 
mg., m.p. 298-300°, [ 0 1 ] 2 ~ ~  $74.1' (pyridine). 

Anal. Calcd. for C2lH25O2N2Br (417.25): C, 60.43; 
H, 6.04; N, 6.71; Br, 19.15. Found: C, 60.59; H ,  5.89; 
S, 6.17; Br, 18.96; neut. equiv., 416 (HClO4 titration). 

Acetolysis of Yohimbic Acid Lactone.-A solution of 2.0 
g. (6.1 millimoles) of yohimbic acid lactone and 2.0 g. (24.4 
millimoles) of anhydrous sodium acetate dissolved in 40 ml. 
of glacial acetic acid was refluxed under nitrogen for 2.5 
hours and then left a t  room temperature overnight. The 
acetic acid was removed in vacuo, 75 ml. of mater was added 
to the residue and the solution made alkaline with ammo- 
nium hydroxide. The base-insoluble precipitate was filtered, 
washed with water and crvstallized from methanol to give 
134 g. (8%) of apocorynanthol, m.p. 170-172", [ c I ~ ~ ~ D  
$158" (chlf.), + 1 8 3 O  (abs. ethanol). 

Anal. Calcd. for Cl9H22S2 (279.38): C, 81.97; H, 7.96; 
S, 10.06. Found: C, 81.90; H,  7.54; N, 9.89. 

The basic filtrate mas made strongly acidic with hydro- 
chloric acid whereupon crystals separated. These were 
filtered and recrystallized from water containing a few drops 
of hydrochloric acid to  give 635 mg. (25%) of @-yohimbic 
acid-17-acetate hydrochloride, 1n.p. 286-28S0, [ a ] 2 3 ~  
+99" (pyridine). 

Anal.  Calcd. for C22H260aN2,HCI (418.91): C, 63.08; 
H, 6.50; C1, 8.46. Found: C, 63.02; H, 6.65; C1, 9.19. 
equiv. wt. (perchloric acid titration), 391. 

Hydrogenation of Apocorynanthoi.9--h solution of 52.8 
xng. (0.188 millimole) of apocorynanthol in 25 ml. of ahsolute 
ethanol with 60 mg. of platinum oxide catalyst was hydro- 
genated a t  room temperature and atmospheric pressure for 
20 hours. The catalyst was filtered off and the tiltrate 
evaporated t u  dryness. The residue w.as crystallized from 
methanol to give 4 5  mg. of yohimbane, m.p. 204--20R'. 
[CI]D -63" (ahsolute ethanol), -107' (pyridine). 

Anal. Calcti. for CI9H21S2: C, 81.38; H,  8.63; S, 9.99. 
Found: C,81.78; H,  8.26; N,9.90. 

p-Yohimbine.-A solution of 530 mg. (1.26 millimoles! 
of 8-yohimbic acid 17-acetate hydrochloride in 50 nil. of 
absolute methanol was saturated with hydrogen chloride aid 
left a t  room temperature for 3 hours. The methanol wa5 
then removed in z'amo and the residue distributed between 

ammonium hydroxide. The chloro- 
ed twice v i th  water, dried orer an- 

hydrous sodium sulfate, filtered and evaporated to dryness. 
The residue  as crl-stallized from methanol to give 173 m g .  
o f  0-yohimbine, 1n.p. 5'4-236', [ C Y ] ~ ~ D  - 16.2" (ah. f t h u n o h ,  
-44.7" (pyridine). The ultraviolet spectruni in rthnni11 
showed maxima at  226 nip (log e 4.3<5), 2% inp (log e 3.881 
and 290 mp (log E 3.81). The infrared spectruln in  X11jol 
was identical to the spectrum (if p-yohiinhinc. 

.irzui. Calcd. for C21H2B03XLr:! (354.44): C ,  71.10; 13, 
7.39; S, 7.90. Found: C, 71.58; H ,  7.28; S, 1.10; 
equiv. wt. (percliloric acid titration), 349. 

@-Yohimbine 17-Acetate.--X solution of 228 nig. (0.545 
millimole) of 0-yohimbic acid 17-acetate hydrochloride ill 
20 ml. of methanol was treated with 15 ml. of an ethereal 
solution of diazomethane (approximate concentration 3 
millimoles/ml.). .-lfter 1 hour the solution was evaporated 
nearly to dryness whereupon crystals were formed. They 
were filtered and recrystallized from methanol to  give t- 
yohimbine 17-acetate, 175 mg. (8157), m.p. 189-191 , 
[O1lZ2D +21" (pyridine), +17' (ahs. ethanol). The ultra- 
violet spectrum taken in ethanol showed maxima a t  225 mp 
(log E 4.61), 283 mp (log e 3.88), 291 nip (log E 382) and a 
shoulder a t  277 mp (log e 3.87). 

Anal .  Calcd. for C23H2804S2 (396.47): C, 69.67; H ,  
7.12; S, 7.07. 

Methyl Reserpate 0-Cathy1ate.-The procedure was 
essentially that described by Szmuszkovicz.6 Crystalliza- 
tion of the product from methanol gave methyl reserpate 
0-cathglate, m.p. 2:38-240°, [ c I ] ~ ~ D  -97" (c 0.66, chloro- 
form); A,":?' 2.93, 6.72--6.80, 6.13 and 6.36 p.  

Found: C, 69.70; H,  6.85; N, 6.91. 

rlnczl. Calcd. for C26H340iN2 (486.52': C, 64.18; €5, 
7.0i; S, 5.76. Found: C, 64.24; €3, 6.92; N, 5 :I(?; 
neut. equiv. IHClOJ, 475. 
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