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Coprostanyl Cathylate (J.E.H.).-Treatment of 0.5 g. of 
coprostano1,Is m.p. 108.5-110", +27' Chf, in 12 cc. of 
pyridine with 1 cc. of ethyl chlorocarbonate (25', over- 
night) and fractionation of the resulting mixture by chromt- 
tography afforded 0.20 g. (34%) of cathylate, m.p. 107-109 , 
a Z 5 ~  +23.6 & 2' Di (depresses starting material). 

A n d .  Calcd. for CaoH6203 (460.72): C, 78.20; H, 11.38. 
Found: C, 78.43; H, 11.32. 

Epicoprostanyl Cathylate (J.E.H.).-Cathylation of 0.5 
g. of epicoprostano1,ls m.p. 109.5-110°, a Z 5 D  f32" Chf, 
by the procedure described for coprostanol gave, after 
chromatography, 0.30 g. (51%) of cathylate, m.p. 101-103' 
(depression with epicoprostanol), aZ3D +42.4 f 0.5" Chf, 
f 4 9  + 2" Di. 

Anal. Calcd. for C30H5203 (460.72): C, 78.20; H, 11.38. 
Found: C, 78.63; H ,  11.30. 

Androstane-3 @,17 8-diol Dicathylate (M .A.R. ) .-Cathyla- 
tion of 380 mg. of androstane-3b,17@-diol (m.p. 158-160') 
gave a crude product, m.p. 100-110"; on chromatography 
1O:l petroleum ether-benzene eluted 250 mg. (44%) of 
white plates, m.p. 130-132'. Recrystallization from meth- 
anol did not change the m.p.; CPD f 0 Chf; infrared 
spectrum, no absorption in the region 2.7-3.0 p. 

ilnal. Calcd. for C&& (436.57): C, 68.77; H, 9.24. 
Found: C, 68.94; H, 9.46. 

Lithocholanyl Alcohol (M.W.K.).-Lithocholic acid 
(m.p. 183-185") was reduced by placing 2 g. of acid in the 
thimble of a soxhlet extractor and 2 g. of lithium aluminum 
hydride and 360 cc. of ether in a boiling flask fitted with a 
sealed stirrer. After a reaction period of 6 hr., the acid was 
all dissolved. After destruction of excess reagent by addi- 
tion of small pieces of ice, the mixture was acidified with 
dilute sulfuric acid and the product collected by ether ex- 
traction. The crude diol, 1.9 g., m.p. 170-172", gave 
crystals from dilute methanol, m.p. 176-178', a Z 7 D  +35 f 
2' CHIOH. 

A n d .  Calcd. for Cs4II4202 (362.58): C, 79.50; H, 11.68. 
Found: C, 79.80; H ,  11.55. 

The dicathylate resulted from reaction of the diol (1 g.) 
in dioxane (10 cc.)-pyridine (2 cc.) with ethyl chlorocarbon- 
ate (2 cc.) as described above. The product, obtained as 
a semi-solid after considerable scratching (1.38 g.), formed 
shiny crystals from methanol, m.p. 74-75'. After several 
recrystallizations the sample melted a t  75- 76", CPD 3-41 
f 2" Di. 

Anal.  Calcd. for C ~ O H S O O ~  (506.70): C, 71.11; H,  9.95. 
Found: C, 71.16; H, 10.07. 

The infrared spectrum showed no hydroxyl band and the 

substance was recovered unchanged after treatment with 
chromic acid in acetic acid a t  25' for 18 hr. 

Attempts to prepare a monocathyl derivative did not 
lead to conclusive results. 

A5-Cholestene-3 8.48-diol Dicathvlate (M.A.R. ).-A solu- 
tion prepared from '0.'5 g. of A5-cholestene-3@,48-diol (m.p. 
176-177", a 2 ' ~  -62 f 0.3' Chf), 15 cc. of pyridine and 2 cc. 
of ethyl chlorocarbonate was let stand 10 hr. a t  25" and 
poured into water. The reaction product was eluted from 
alumina bv aetroleum ether and then crvstallized from 
methanol; <it'formed leaflets, m.p. 147-149'"; yield 0.5 g. 
(74%); a Z 2 ~  -79.8 f 0.5' Chf, X infrared 5.78, 7.80 p .  . -  

Anal. Calcd. for Ca3H5406 (546.76): C, 72.48; H ,  9.95. 
Found: C, 72.81; H, 10.22. 

A4-Cholestene-38,6@-diol Dicathylate (M.A.R.).-Reac- 
tion of 0.1 g. of A4-cholestene-3@,6@-diol (m.p. 256-257", 
a 2 2 ~  +7.6 f 0.4" P y )  in 15 cc. of pyridine with 0.4 cc. of 
ethyl chlorocarbonate for 10 hr. and dilution with water 
gave a solid product that  on crystallization from niethan:l 
afforded 0.11 g. (80%) of white leaflets, m.p. 168-170 , 
L Y ~ ~ D  -19.6 & 0.6' Chf, X infrared 5.80, 7.90 p .  

Anal. Calcd. for ClsH& (546.76): c ,  72.48; H ,  9.95. 
Found: C, 72.68; H, 9.78. 

Ab-Cholestene-3 @,7@-diol Dicathylate (M.A.R.).-A sol:- 
tion of 0.4 g. of 7@-hydroxycholesterol (m.p. 174-176 , 
a26~ 0 zk 0.7' Chf) in 10 cc. of pyridine was treated with 
0.8 cc. of ethyl chlorocarbonate (cooling) and let stand 6 
hr. a t  25". The material that  precipitated on Flution 
crystallized from methanol in needles, m.p. 82-84 ; yield 
0.3 g. (55%). Two further crystallizations from aqueous 
acetone gave needles, m.p. 93-95', X infrared 5.80,7.90 p .  

Anal. Calcd. for C33H6106 (546.76): C, 72.48; H,  9.93. 
Found: C, 72.78; H, 10.11. 

Cathylation of 7a-hydroxycholesterol (m.p. 186-187", 
( ~ 2 2 ~  -89 f 0.6' Chf) gave a product that  could not be ob- 
tained crystalline even after chromatography. A homo- 
geneous fraction eluted from alumina by 10: 1 petroleum 
ether-benzene had the constants a 2 2 ~  -79.8 f 0.4" Chf, 
X infrared 5.80, 7.90 p. The absence of absorption in the 
hydroxyl band region indicates that the substance is the 
dicathylate. 

Cathylation of coprostane-3p,6a-dio119 (m.p. 195-196', 
aa f 2 3  f 0.4" Chf) also gave a non-crystalline product 
that appears to  be a dicathylate: eluted by 10: 1 petroleum 
ether-benzene, a 2 0 D  +4.5 f 0.5' Chf, X infrared 5.80,7.90p 
(no absorption around 2.8 p ) .  

(19) V. Prelog and E. Tagmann, Heiv .  C h i m  Ac to ,  27, 1880 (1944). 
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A number of derivatives of @-dialkylaminoethanols have been prepared and compared chemically and pharmacologically 
with the corresponding &dialkylamino ethyl chlorides. I t  was found that sulfonic acid esters of the ethanols possess adren- 
ergic blocking ability. I t  has been shown that suitable constituted carboxylic esters can react with displacement of the 
acyloxy grouping, hut none of these showed appreciable adrenergic blocking ability. A color reaction of potential usefulness 
in the estimation i n  vivo of adrenergic blocking agents was studied briefly. 

The ability of certain N,N-disubstituted p- Studies on the relationship between structure arid 
physiological activity in compounds of this typela*lC 
have indicated the importance of structural factors 

R' 

haloethylamines (I) (for example, N,N-dibenzyl- 
P-chloroethylamine) to block excitatory responses 

tion may be related to their conversion in &vo 
into ethylenimonium intermediates (11) followed 
by the reaction of these with tissue elements.' 

to epinephrine and to sympathetic nerve stimula- R' CHz 

\N-cH2CHz--X 'G' I 
/ \  

R CHz 
R/  

I I1 ( 1 )  (a) M. Nickerson and  W. S. Gump. J. Pharm. Ex#. Thcr., 97, 
25 (1949); (b) M. Nickerson, Pharm. Rev., 1, 27 (1949); (c) J. F. 
Kerwin. G. C. Hall, M. Nickerson, W. S. Gurnp, K. A. McLean, E. J. 
Fellows and  G. E. Ullyot, Scicncc, 113, 315 (1951). See also, B. B. 
Brodie, L. Aranow, E. Ti tus  and J. Axelrod, Federalion Proc., 10, 283 

R' 
\S-CHzCI-I2-Y 

K/ 
(1951). I1 



which influence (a) the rate of formation and (b) 
the subsequent reactivity of the imonium ion.2 
The study of a series of compounds of the type 
shown as I, differing in the nature of the groups K 
and R' will, even if X remains constant (e.g., X 
= Cl), be complicated by changes in the rate of 
formation of 11, its persistence in the blood stream, 
anci by changes in the selectivity of such a series 
of compounds for specific tissue sites. On the 
other hand, if K and I<' are held constant in a 
series differing only in X, the range of variability 
where X is a halogen atom is clearly limited (the 
fluoro compound has not been reported). Since 
the property of the halogen atoni in making possible 
the reaction I -+ I1 is evidently its displaceability 
by intramolecular attack of the nucleophilic /I- 
nitrogen atom, the use of groups X (in I), other than 
halogen, which are susceptible of liucleophilic dis- 
placeinent would be expected to lead to compounds 
having adrenergic blocking activity. The present 
report concerns the extension of the series by the 
introduction of other groups X into two selected 
examples of I. 

The above expectations regarding adrenergic 
blocking activity of analogs of I were confirmed by 
the preparation of a series of arylsulfonic esters of 
the alcohols I, K = K' = CHZCoHS; X = OH; 
and I, R = cr-CLoHs, K' = CsH6, X = OH. These 
esters (Table I)  show the characteristic behavior 

K' 

I i  
?'ABLLI I :  s ---c H:!C I 1: ---s. HX 

li,? (min i "  
xo. I<  I< ' 1 with SA)z- 

1 CsHsCHt CaHiCHt O S O A H I  O . 3 *  (37') 
9 CsHaCHt C+HsCHz O S O Z C + H I C H ~ ( ~ )  75 (37'1 
3 CaHrCHr C I H ~ ~ H I  0SCz-@-C1oHio , ,5 (37' I 

1 CiHsCHz C ~ H K C H !  
.; C ~ H ~ C H ~  C ~ I I ~ C I I :  )i No measuraiile re- 

action ( 3 i 3  and &?') 
b L'6F-ljCtI. C d ~ t C I I :  t JCOCaI-I2Ui-. No measurahie r e  

action i 3 i ' ) ,  
?OOO ' 8.i . ' 

; C d I ~ C l I .  C S I i ~ C I l !  ~ 1 5 0 3 I t '  , : jb X 10' : 3 i ' l ,  
,-m &-r' , 

8 a-CiaIliCII? CzHs ( J % ) ~ C ~ ' ~ ~ I C H ~ ~ P ~  >(!" I:3; J 

n Ilalf-life calculatetl froiii thc  first-order vc.loci!y coii- 
h t a i i t  of the reaction Tvith sodium thiosulfate :it t h e  iiidic;~tetl 
temperature. b K  = K '  = ChH.,CH?; S = CI. I I  I = 2(J 
i i i i i i .  ( : 3 i o ) .  ' fligh-iiieltiiig (z\\-itterioii? I foriii. 'l K = - .  ~y-c,,~i~icrr2; I<' = C:II,: s = CI. I ,  I' = .) i l l l i l .  

of the correspondiiig $-halogen compounds" they 
possess adrenergic blocking activity, they consume 
thiosulfate,> they combine with 4-p-nitrobenzyl- 
pyridine to produce quaternary salts which yield 
deeply-colored iotis when treated with alkali,6 and 
they react with dibenzylaniine to yield S - t c  tra- 
substituted ethyleiiecliatiiines. 

, 2 )  Current irieas regarding the nature of the in uii'o reaction include 
ihr suggestion t h a t  I' may h e  an amino. sulfhydryl or other niicleo- 
philic grouping 01 a tissue proteiii. 

1 3 )  Most of the comparisoris are based upon exarniiiation oi deriva- 
t i l e s  of ~ - ~ i l , ~ ~ ~ ~ ~ l ~ ~ ~ i ~ ~ o ~ t l ~ ~ ~ ~ ~ ~ l  I i t t i  vhloride hydrochloride being 
" Uiberiainine" 1 

,4)  The authors are grateful to Ur. E. J. l'ellows, Smith ,  Kline aud  
French Laboratories, for the pharmacological tests. The  details will 
lx published elsewhere 

r 3 j  C c:uluiuliic. J S IF ru tu i i  : t i i d  .\I € k r ~ ! ~ ~ m t ,  . I  i I j i  t l i f t , ,  11. 
.>I8 (194ti!, see also .\I Xichmson,  ref 11) 

( 6 )  13 Roenig?, K .  K o h l e r  and  K Rl indoa ,  Iirr , 58B, Q33 f l ' l  
( b .  h l u m m  anti (: l l i i i p i t  ihi,! 56B. 3 O l  l ! i 2 3 :  '111 I)eckcr, ihid , 
38 ,  24Q3 (1905, 

d-Dibenzylaminoethyl hydrogen sulfate, an ester 
closely related to the sulfonic esters, was also pre- 
pared and studied. The reaction of P-dibenzyl- 
aminoethanol with chlorosulfonic acid in chloroform 
led to the formation of a crystalline compound 
which gave analytical figures which agreed with the 
composition 111. When this substance was rubbed 
with water, or recrystallized from hot ethanol, it  was 
transformed into a higher-melting substance (11,') 
having a molecule of water less than 111. The low 
and high-melting forms showed the same reactions; 
110 means was found for reconverting IV into 111. 
I t  is probable that IV is the anhydrous zwitterion 

( C6HjCW:)NCHnCH:OS03H.H;IO 
I I1 

I \. 

130th foriiis reacted with dibenzylaiiiine in boiling 
chloroform to yield N, X ,N ', N '-tetrabenzylethyl- 
enediamine, and reacted slowly with thiosulfate. 
The ester was inactive as an adrenergic blocking 
agent. 

The discovery of adrenergic blocking activity in 
carboxylic esters ( I ,  X = OCOR) would appear to 
be unlikely since the displacement of a carboxylate 
ion in the reaction I - I1 is very improbable. 8- 
Dibenzylaminoethyl benzoate' is not an adrenergic 
blocking agent and does not consume thiosulfate. 
It appeared possible, however, that  the ester of a 
sufficiently strong carboxylic acid might undergo 
the desired displacement; or that an ester moiety so 
constituted that attack on the carboxyl carbon atom 
would be inhibited might undergo displacement of 
the desired kind, The displacement of benzoate 
and substituted benzoate ions from the corre- 
sponding methyl esters by the action of sodium 
methoxide has been describedJ8 and Hauser has dis- 
cussed analogous  reaction^.^ The P-dibenzyla- 
minoethyl esters of 2,4,6-tribromobenzoic (V) and 
2,-I,G-trimethylberizoic acids have now been pre- 
pared; they showed no adrenergic blocking ability 
and neither consumed thiosulfate at a measurable 
rate a t  3'7". At S5',  however, while the trimethyl 
derivative was still inert toward thiosulfate, the tri- 
hrorno derivative reacted slowly, suggesting that 
the expulsion of the tribromobenzoate ion took 
place. This observation is in general accord with 
the findingG that the stronger acid ( ~ K A  tribromo = 
3.9 x IO-*; p k ' ~  trimethyl = 3.8 X reacts 
more readily by displacement of the acid anion. 
Additional evidence for the displacement reaction 
was obtained when i t  was found that the tribronio- 
benzoate (17) reacted with niethanol a t  150' to 
yield methyl 0-dibenzylaminoethyl ether 

.:Cbll:,CH?)?SCH2CH?OCOCsH?Br3 + CHaOH 
(C6~IjCH1)2NCH2CNzOCH3 + Br3CsH2COOH 

The use of sodium methoxide in niethanol led only 
to P-dibenzylaminoethanol, indicating that the 
rate of saponification by attack of methoxide on the 
carbonyl carbon atom is a relatively more rapid 
reaction than the obviously slow (cf. thiosulfate 

' 7 )  Y .  0. Oahel, Hull. suc. ch im. ,  (51 1, lOOB (1934). 
18) J. F. Bunnett ,  1%. M .  Rohison and  F. C. Pennington, Tms 

! I1  c' I <  f l auscr ,  J (! Shivrrs and P. 5. Skcll, i b i d , ,  67, 409 (1345) 
r ( l l ' R N A l . ,  72, 2878  las so). 
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reaction) displacement of the aniqn, a 
reaction which presumably, but not demon- 
strably, occurs by intramolecular attack 
of the amino nitrogen atom. 

The preparation of the sulfonic and 
carboxylic esters listed in Table I was 
most conveniently carried out by the re- 
action of the appropriate P-dialkylamino- 
ethyl chloride hydrochloride (or in a few 
cases, the iodide hydriodide) with the dry 
silver salt of the appropriate sulfonic or 
carboxylic acid in an inert solvent such 
as chloroform. The addition of ether, 
after the removal of silver halide, precipi- 
tated the ester, usually as an oil; crystal- 
lization could often be induced by scratch- 
ing, but numerous DreRarations failed to 

NO2 NO2 
I ~ Q 
CHt + RX + CHz 
I Q 

+id crystallizable materials although there was 
evidence in many such cases (silver halide forma- 
tion, thiosulfate consumption by the oily prod- 
uct) that  the desired compound was in hand. 
The non-crystallizable products were not examined 
in detail. 

RzNCHzCHzCl.HC1 + R’SOzOAg (R”C0OAg) 
RzNCHzCH~OS0zR’~R’SO~H (R~NCH2CH20COR”)’o 

A number of alternative routes to the sulfonic 
acid esters of p-dibenzylaminoethanol were ex- 
amined. (1) Treatment of the amino alcohol with 
benzenesulfonyl chloride in ether solution a t  ordi- 
nary temperature resulted in the benzenesulfonic 
acid salt of the amino alcohol as the only crystalline 
product isolated. (2) When the same reactants 
where heated a t  150-160° in the absence of a 
solvent, p-dibenzylaminoethyl chloride hydrochlo- 
ride (Dibenamine) was formed. (3) The interac- 
tion of the amino alcohol with methanesulfonyl 
chloride in chloroform-acetone solution yielded 
only the hydrochloride of the amino alcohol, in 
contrast to the experience of Wendler and Tishler,ll 
who prepared the mesyl ester of dimethylamino- 
propanol-2 under the same conditions. (4) The 
reaction of ethylene glycol bis-benzenesulfonate 
(in large excess) with dibenzylamine led only to the 
bis-benzenesulfonic acid salt of N,N,N’,N’-tetra- 
benzylethylenediamine. (5) The reaction of the 
amino alcohol with p-toluenesulfonic acid a t  160- 
200’ afforded a moderate yield of the p-toluene- 
sulfonate of the amino alcohol (as the p-toluene- 
sulfonic acid salt), but the method was unsatis- 
factory in analogous cases. 

Estimation of Dibenamine in Solution.-Koenigs 
and otherss have described the formation of deeply- 
colored substances by the action of alkylating 
agents on y-(p-nitrobenzy1)-pyridine. Since, in 
the estimation of Dibenamine and its congeners in 
physiological fluids and tissues what i t  is necessary 
to measure is alkylating ability, i t  appeared that 
the use of this reaction might lead to the develop- 
ment of a method for the assay of these drugs. 
The reaction between an alkylating agent, such as 
methyl iodide, and a- or 7- (p-nitrobenzy1)-pyridine, 
followed by the addition of alkali, may he formu- 
lated as 

(10) The  carboxylic esters were obtained as hydrochlorides 
(11) PI’ L. Wendler and  M Tishler, THIS JOURNAL, 71, 374 (1949). 

0 0 -  

OH- I 
__f C H : t + -  

I 
CH e+ 

/ I  
CH 

I II I 

VI, RX = CHII 
1.11, RX = (C@HSCH3),NCH2CHzCl 

When Dibenamine w k  allowed to react with y- 
(p-nitrobenzy1)-pyridine the expected dibenzyl- 
aminoethylpyridinium salt (VII) was formed. 
This reacted with alkali to produce a deep blue 
salt (A,,, 556 mp, log t 4.48)) visually and spectro- 
photometrically (Fig. 1) very similar to that 
derived from the methyl analog (VI) (A,,, 
548 mp, log e 4.52). 

I ’  
3.5 I I I I I I I 

400 440 480 520 560 600 640 
Wave length, mp. 

Fig. 1.-Absorption spectra of the methines derived from 
the alkylpyridinium salts VI (A,  R = CHI) and VI1 (B, R 
= CHtCH&T(CH2CaH&). See text for details of measure- 
ments. 

Measurements of the development with time of 
the colored ions formed in solutions of Dibenamine 
and its analogs and y-(p-nitrobenzy1)-pyridine dis- 
closed the interesting fact that  while the initial 
rates of color development with variations in the 
groups R of I bore a parallelism to the rates of re- 
action with thiosulfate, the maximum color develop- 
ment was about the same within a series in which R 
and R’ remained the same and X was varied. 
This result is to be expected if the active alkylating 
agent is the imonium ion, derived by a first-order, 
rate determining reaction from the parent I, and 
dissipated by concurrent reactions with the sub- 
stituted pyridine (leading to the colored ion) 
and with the solvent (leading to compounds, such 
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as the alcohol, undetected by the spectrophoto- 
metric measurement). 

Tables I1 and 111 contain the data for the two 
series of compounds examined. 

TABLE I1 
( ClaII?CH2)( CzH,) SCHaX.HY 

X 
'0 reaction" a t  time (min.) 

Y 15 dO 45 60 max. 

Cl c1 3 . 6  i . 6  10 .5  12.5 18 .6  
OSO~CSHI osozcrf-rl 10.8 13.1 1 3 . 6  1 4 . 1  1 4 . 4  
OSOi-P-to1 OSO2-fi-tol 10 .6  1 2 . 1  18 .2  (13.2) 14 3 
OSOrn-naph. OSOz-wiiapli. 10.5 11 .7  13 1 13.9 1 4 . 1  
OCOCClr C I  0 . 0  0.0  0 . 0  0 . 0  0 0 

a As percentage of the cstiuction (at  330 111~) given by thc 
colorcd ion derived from an amount of the purc quateriiary 
salt equal to the amount of I used. 

TABLE Iu 
(c~-CioHiCH2)( C2Hs)SCHzCIl&.IIY 

5% reaction" at t ime (min.) 
.Y Y 15 30 4: 60 ma*. 

C1 CI 4.7  8 . 7  12.0 1 3 . 6  1 9 . 4  
CI  CaHBCr 3,9 7.( i  11.4 13.7 18 .7  
CI p-Tol-SOr 3 . 8  8 . 1  1 1 . 1  13.7 1 9 . 2  
OSOr-$-tol OSOs-fi-tol 7 . 3  1 0 . 8  13.7 1 5 . 0  19.0 
OCOCClr c1 0 . 0  0 . 0  0 .0  0 . 0  0 .0 

As percentage of the extinction (at  550 nip) given by thc 
colored ion derived from an amount of the purc quateruary 
salt equal to the amount of I used. 

Experimental 
N,N-Dibenzyl-p-chloroethylamine hydrochloride was pi-c- 

pared by the action of thionyl chloride 011 dibenzylamitio- 
ethanol, prepared according to  the method of Gabel.' 

N-Ethyl-N-(a-naphthylmethy1)-p-chloroethylamine hy- 
drochloridel3 was prepared by the action of thionyl chloride 
on the corresponding alcohol. The latter was preparcd as 
follows: A mixture of 220 g. of a-naphthylinethyl chloride,ld 
55 g. of ethylaminoethanol, 190 g. of potassium carbonate, 
50 ml. of water and 300 ml. of 95% ethanol was refluxed for 
two hours and then kept at room temperature overnight. 
The ethanol solution was decanted from the inorganic salts, 
concentrated by distillation, diluted with water and cs- 
tracted with chloroform. Dry hydrogen chloride was 
passed into the chloroform extract and the resulting arniue 
hydrochloride was precipitated by the addition of dry ether. 
The product weighed 160 g. and melted a t  136-138". 
N,N-Dibenzyl-p-iodoethylamine Hydriodide.-A solution 

of 20 g. of N,S-dibetizyl-p-chloroethylamine hydrochloride 
and 25 g. of sodium iodide in 200 ml. of dry acetone was re- 
fluxed, with stirring, for 2-1 hours. The solid material, 
which contained the bulk of the product, was removed and 
to the acetone filtrate was added dry ether to precipitate the 
remainder. The combined solids were extracted with hot, 
absolute ethanol from which the iodo compound crystallized 
on cooling. The yield of pale yellow, crystalline material 

A n d .  Crtlcd. for C16FI19Y12: C, 40.10; 11, 4.00; I m t .  
equiv . 239.0. Found: C ,  39.82; 11, 4.21; ncut .  cqu iv . ,  
z:i9. 

N-Ethyl-N-(a-naphthylmethy1)-p-iodoethylarnine hydrio- 
dide (7 g.) was prepared in an analogous way from the 
corresponding chloro compound (5 g , ) ;  i t  formed pale yellow 
prisms, m.p.  166.5-167' dec. 

Anal.  Calcd. for C15H1qSI?: C, 88.,56; H,  4.10; ncut. 
equiv., 233.6. Found: C,  88.31; €1, 4.12; neut. equiv., 
2.76. 

Silver Salts of Sulfonic Acids.--These were prepared by 
the addition of the required amount of silver carbonate or 
silver oxide to 311 aqueous solutiou of the appropriate sul- 

(121 I. C. Bdtrman, h I .  C Church ,  I<. U. fIug:hrs, C. K. Iuyolll and 
N. A 'Taller. J C'hem. .Sui , 979 (19101. 
(13) G Kieveschl. Jr.,  I<. W. Fleming zlid W. IC. Coleinnn, puper 

presented before t h e  fifedicinal C h P m i s t r l -  Section, Arncriran Chcm 
S O C . ,  N e w  York, Srp temhcr  17, 1947: I .  5 .  Patent  2,573,605 (l 'J5li .  

\vas 30.5 g. ,  111.p. 178-1'79"  de^. 

. . 

(14) 0. Grummit t  a n d  A Buck,  Or; S:~izlhcscs, 24, 30 (1944) 

fonic acid. 
stances which could be recrystallized from water. 
summarizes thc pcrtincnt data. 

The silver salts were nicely crystalline sub- 
Table II' 

TABLB IV 
R-SOsAg 
h g  calcd., % h g  found, % 

40.70 40.76 
38.66 38.55 
34.24 34.17 
31.37 31.49 
5.3.15 53.34 
4'1. '35" 44.77 

Preparation of N,N-Dialkyl-$-sulfonyloxyethylamines (as 
the Sulfonic Acid Salts).-The following procedure was 
iollo\vcd, mitior variations occasionally being rieccssary in 
~!e,iling with products diFficult to crystallize: A mixture of 
20 g. of S,T-dialkyl-8-chloroethylamine hydrochloride, 
milewhat ovcr t \ \o  equivalents of the required silver sul- 
foiia~c dnti 200 1111. of d r y  chloroform or acetonc was re- 
tluxed vigo:.ously for 18-22 hours. The hot solution was 
tiltcrctl through filtcr-aid and the clear filtrate concentrated 
.:tit1 tlilutcd with dry cther u:itil turbidity resulted. The 
; ) r o ( l u ~ ~  u m ~ l l y  scp,ratctl a, au oil when the solution was 
.illo\vctl to zt.ciit1. Crystallization I Y ~ ,  iiiduccd hy  scratch- 
iii; i i i c l  cooling. The product was redissolved i i i  chloro- 
for111 riltc-red to rc'iiio\'e trace5 of silver chloride, and cry+ 
r:tlli/cd by thc stidition of ether. 

Thc properties and analytical data for the compounds 
li>!c,l in Table I :ire given in Table V. 

111 m iny  cases the reaction between a B-chloroetlivlarniiie 
hytlrochloritle rli i t l  J silver sulfonate proccetled only to the 
> i i g c  :,t \vliic!i the sulfonic acid salt of the chloroethyl~mine 
*.\.is iorriic.ti. I n  other c a w  uncrystallizable oils were ob- 
i;,i:iciI. 11: still other cspcriments the sulfonic acid salt of 
thc ainiiio .ilcoliol \{as produced. The descriptions of rhesc 
ti:i,ti;ws4uI experiments are omitted. 

3-Dibenzylaminoethyl Hydrogen Sulfate Monohydrate 
(Compd. NO. 7 .-Ten grams of 3-dibenzylaniirioethanol wa5 
dii~ulvcd i i i  51) inl. of dry chloroform and a solution of (i g. 
of cl~!oroiulfo~iic x i d  in 513 ml. of chloroform was added 
~lo iv ly .  The clcar, colorless solutioii which resulted was re- 
tluxctl for t \vo hourj, cooled, and diluted with dry ether. 
h i 1  oil w a i  precipitntctl. The ether-chloroform solution WRI 

tlecantet! aiitl the oil c\)vcrcd with dry ether. Scratching 
i i idu~~e~l  cry-tallization of thc oil, and subsequent recrystalli- 
7.irio:i frn:n chloroform -et!irr took place readily. The 
protfucr (12 g..  formed colorlcss needles, m.p. 73-75'. 

.1,:;!, CtI:(l .  for C l e l I ! ~ S S O , ~ H ~ O :  C, 56.32; 11, G.l!). 
F<XIII(!: C ,  tX.L'@; l l ,  6.19, 

IVhcii the 12.p. 7.3-7.5' compound was recrystallized from 
hot vrl~anol the product, obtained in quantitative yield, 
iorinc.tl co:orless Icnflct;, 1n.p. 208-310°. 

,4naZ. Calcd. For C I ~ H ~ Q X S O ~ :  C, 59.82; H ,  5.96. 
Found: C, 59.40; H, 6.05. 

When either the 73-75' or the 208-210" compound was 
refluxed with a chloroform solution of dibenzylarnine, N,N, 
S', S' - tctrabeiizylethylenediamine, m.p. 91 - 95", was 
fornicd. The diamine was prepared from S, ,"i-dibenzyl-P- 
chloroethykamine in the same way; reported15 m.p. 95'. 

Silver 2,4,6-Tribromobenzoate.-2,4,6-Tribromobenzoic 
acid16 (14.38 9.)  was dissolved in a mixture of 9 ml. of 6 N 
ammonium hydroxide and 100 rnl. of water. An aqueous 
solution of 8.23 g. of silver nitrate was added and the white 
solid which separated was collected, washed with water and 
methanol and dried. 

Silver 2,4,6-Trimethylbenzoate.-A solution of 5.16 g. of 
silver nitrate was added t o  a solution of 5.10 g. of 2,4,6-tri- 
niethylbenzoic acid in 7 ml. of 6 N ammonium hydroxide 
atid 2U rnl .  of water. The precipitated salt was collected, 
washed with water and methanol and dried; yield 6.5 g. 

8-Dibenzylaminoethyl 2,4,6-Tribromobenzoate (Compd. 
No,  O).--.X iiiixture of 3.0 g. of silver 2,4,Gtribromobenzoate 

The yield was 16 g. 

(15) G. Lob. IZec Lynn, c h i f n . ,  66, 859 (193G). 
(16) CJ'., S. C. 1. Olivicr, i b i d . ,  4 3 ,  872 (1924); J .  J. Sudborough, 

I ; c r ,  27, 512 (1SQ4J, 1'. Xsinger, J .  prok!. Chcm., 142, 291 (1935). 
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TABLE V 
Cpd. (Table I) 1 2 3 4 

125-127 107-110 
Calcd. 62.32 63.55 67.13 49.28 

62.05 63.03 66.88 48.75 
5.42 5.87 5.63 4.40 

Found 5.80 6.04 5.70 4.45 
11.86 11.30 

Found 11.87 11.13 

119-120.5 144-146 

2.60 
G- /o \ Found 2.59 

Sulfur, % 

Nitrogen, Calcd. 

Neut. 1 Calcd. 269.5 283.5 349 373 
equiv. 1 Found 271 281 350 377.5 

a Prepared from the iodo-hydriodide. Crystallizes from acetoue with one moleculc of solvent. 

8'" 
103.5-105 

62.69 
62.86 
5.99 
6.17 

277.5 
277 

and 2.54 g. of N,N-dibenzyl-~-chloroethy1amine hydro- 
chloride in 200 ml. of chloroform was refluxed with stirring 
for 48 hours. The mixture was filtered while hot, the filtrate 
concentrated to 50 ml., cooled in ice, shaken with two 75-ml. 
portions of aqueous sodium bicarbonate, dried over anhy- 
drous magnesium sulfate and the chloroform removed in 
ZUCUO. When petroleum ether was added to the residual 
oil the product crystallized. After recrystallization from 
ether-petroleum ether the ester melted a t  91-92"; the 
yield was 4.75 g. 

Anal. Calcd. for C23Hd02Br3: C, 47.40; H,  3.47. 
Found: C, 47.34; H, 3.63. 

The hydrochloride, prepared by treating an ether solution 
of the ester with dry hydrogen chloride, melted a t  194-195'. 

Anal. Calcd. for C23Hz102BraCl: C, 44.70; H, 3.43. 
Found: C, 44.87; H,  3.62. 

P-Dibenzylaminoethyl 2,4,6-Trimethylbenzoate (Compd. 
No. 5).-Thirteen grams of silver 2,4,6-trimethylbenzoate 
and 7.8 g. of N,S-dibenzyl-8-chloroethylamine hydrochlo- 
ride were stirred and heated in 200 ml. of refluxing chloro- 
form for 24 hours. The filtrate was concentrated to  75 ml. 
and treated with dry hydrogen chloride. The addition of 
ether caused the separation of an oil. This crystallized 
when scratched, and after recrystallization from chloroform- 
ether the hydrochloride melted a t  155-157". 

Anal. Calcd. for C?7H3oNOZCl: C, 73.65; H, 7.13. 
Found: C, 73.27; H ,  7.:37. 

Reactions of 8-Dibenzylaminoethyl 2,4,6-Tribromobenzo- 
ate. A.  With Dibenzy1amine.-A solutioii of 0.5 g. of 
p-dibeiizylarninoethyl 2,4,B-tribromobenzoate and 0.5 g. of 
dibenzylamine in 10 ml. of chloroform was boiled under re- 
flux for 24 hours. The original ester and dibenzylamine were 
recovered. 

With Sodium Methoxide in Methanol.-To a solution 
of 0.2 g. of sodium in 15 ml. of absolute methanol was added 
0.4.5 g. of ~-dibenzylarninoethyl-2,4,6-tribromobenzoate. 
The solution was refluxed for 96 hours, evaporated to dry- 
ness, and the residue treated with water and ether. The 
dried ether solution was treated with hydrogen chloride; 
,9-dibenzylaminoethanol hydrochloride (0.25 g., m.p. 172- 
175") precipitated. Acidification of the alkaline solutions 
yielded a trace of 2,4,6-tribromobenzoic acid. KO attempt 
was made to isolate methyl 2,4,6-tribromobenzoate. The 
8-dibenzylaminoethanol hydrochloride depressed the m.p. 
of a sample of the hydryhloride of 8-dibenzylaminoethyl 
methyl ether to  130-137 . 

With Methanol.-A solution of 0.2 g. of the amino 
ester in 3 ml. of dry methanol was heated (sealed tube) for 
48 hours at 140-150O. The basic material was converted 
into the hydrochloride as in B, yielding 0.10 g. of a crystal- 
line product, m.p. 143-143'. A mixed melting point de- 
termination with @-dibeniylaminoethyl methyl ether hy- 
drochloride, m.p. 145-146 , showed the identity of the two 
samples. The authentic material was prepared by treat- 
ment of h',S-dibeiizyl-@-chloroetliylainine with sodium 
methoxide in  nietliaiiol. 

Anal. Cnlcd. for CI ,H~~NOCI :  C, 69.9s; 11, 7.01. 
Found: C, 70.19; H, 7.83. 

6-Dibenzylaminoethyl 2,4,6-trimethylbenzoate was un- 
affected by treatment with dibenzylamine in boiling chloro- 
form and by sodium methoxide in boiling methanol. 

B. 

C. 

Rate of Reaction with Thiosulfate .'?-A wciglied sample 
of the compound (as the hydrochloride or other salt) in 40 
ml. of ethanol was brought to 37.1' and added to 200 ml. of 
a standard solution of water, ethanol, sodium bicarbonate 
and sodium thiosulfate, also a t  37.1'. The final reactioii 
mixture had the approximate composition: ethanol, 70% 
by volume; water, 30%; sample, 4 X M; sodium 
thiosulfate, 1.6 X 10-3 M; sodium bicarbonate, 1.6 X 10-3 
M. At measured intervals, 75-ml. aliquots were removed, 
cooled quickly, acidified, and titrated with standard bi- 
iodate solution (0.024 N ) .  First-order rate constants were 
calculated from the titration data. Blank determinations 
showed that the titer of the thiosulfate solution remained 
constant a t  37.1 and 85" over the periods of time covered by 
the rate runs. High precision was not sought nor required 
for the present purposes, and comparisons of our results with 
those reported for selected compoundsi7 showed satisfactory 
agreement. 

4-(pNitrobenzyll)-pyridine has been described.6i18 Its 
preparation in a pure state depends upon the accessibility 
of pure 4-benzylpyridine, which is formed along with the 2- 
isomer by the reaction of benzyl chloride with pyridine a t  
elevated ternperature~.~8*'~ For the preparation of small 
amounts of the pure 4-isomer, i t  was found more convenient 
to proceed by way of the readily purified isonicotinic acid,20 
and thence to 4-benzoylpyridine21 and 4-benzylpyridine. 
The reduction of 4-benzoylpyridine was most conveniently 
carried out by the use of Iluang-Minlon's modification of the 
Wolff-Kishner reduction. 2 2  Nitration of the 4-benzylpyri- 
dine was carried out in the manner d e s ~ r i b e d , ' ~ , ~ ~  the nitro 
compound having m.p. 70-71.5" (reported23 74"). 
4-(p-Nitrobenzyl)-pyridine methiodide was prepared as 

described by Koenigs, et u Z . ~  
4-(p-Nitrobenzyl)-pyridine P-Dibenzylaminoethochloride. 

-A solution of 100 mg. of 4-(p-nitrobenzyl)-pyridine and 
200 mg. of K,N-dibenzyl-8-chloroethylamine hydrochloride 
in 5 ml. of absolute ethanol was heated at 75" for 48 hours. 
The addition of ether to the orange solution caused a yellow 
crystalline solid to separate. Recrystallized from ethanol- 
ether, the compound formed nearly colorless needles, m.p.  
205-206' dec. 

Anal. Calcd. for C2~H~~Na02C12~I120: C, 63.62; 11, 
5.91. Found: C,  63.79; H, 5.96. 

Rate of Alkylation of 4-(p-Nitrobenzyl)-pyridine.-To 100 
ml. of 70% ethanol, brought to 37.6", wcrc added 2 in l .  of 
0.01 sodium bicarbonate, 20 ml. of 0.01 d l  cthatiolic 4- 
(p-nitrobenzy1)-pyridine and 2 ml. of a 0.01 N ethanolic 
solution of the amino alcohol derivative to be studied. At 
measured time intervals 5-ml. aliquots of this solution were 
transferred to a cuvette containing 5 ml. of 70% ethanol and 

(17) The choice of conditions for these determinations was dictated 
by our desire to be able to compare our compounds' behavior directly 
with that of a series of 8-chloroethylamines, the rat- of reaction of 
which were disclosed t o  us in private communications from Dr. G. E. 
Ullyot. 

(181 A. E. Chichihabin, B. M. Kuindshi and S .  V. Benevolensky 
Bcr.,  68B, 1580 (1925). 

(19) K. E. Crook, THIS JOURNAL, 70, 416 (1948). 
(20)  A. Ladenburg, A n n . ,  247, 13 (1888). 
(21) F. B. LaForge, THIS JOURNAL, SO, 2484 (1928). 
(22) Huang-Minion, ibid., 68, 2487 (1946). 
(23) F. Bryans and F. L. Pyrnan, J .  Chein. soc., 549 (1929). 



0.5 rnl. of 0.1 iY ethanolic potassium hydroxidc. The soh-  
tion was mixed and the optical density at 550 m p  measured 
in a Coleman Model 11 Universal Spectrophotometer. The 
extent of conversion of the pyridine to the pyridinium coni- 
pound was calculated with the aid of the molar extinction co- 
cfficient determined by measurements made in the same way 
on pure 4-(,~-nitrohenzyl!-S-jl-dibenzylaminoethyl py- 
ridiriium chloride. analyses. 
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Steroidal Sapogenins. XX. la Synthesis and Reactions of the Epimeric A5-22-Isospiro- 
sten-3 @,7-di0ls'~ 

BY HOWARD J.  RINGOLD, G. ROSENKRXNZ .IND CARL DJERASSI~ 
RECEIVED JANUARY 17, 195% 

Alkaline hydrolysis with aluniiiia of ia-bro1i1o-Aj-22-isospirosten-3P-ol acetate ( la) produced Ab-22-isospirosten-3 p,ia-diol 
3-monoacetate (IIa),  which upon chromium trioxide oxidation afforded A5-22-isospirosten-3~-ol-7-one &acetate (IIIa).  
The latter could also be obtained by oxidation of Ia or most advantageously from A5-22-isospirosten-3 p-01 acetate (diosgenin 
acetate) by N-bromosuccinimide bromination-alumina hydrolysis-chromium trioxide oxidation without purification of 
intermediates. The 
configuration of the  epimeric diols I1 and IV u-as established by a comparison of the molecular rotation differences with 
analogous derivatives in the cholesterol series and by the course of pyrolysis experiments of the respective dibenzoates. 
The 3B.7a-dibenzoate IId led predominantly to A2~~~6-22-isospirostatrie~ie (VI),  while the epimeric 3/3,7P-dibenzoate 11% 
afforded A6~7-22-isospirostadien-3 /3-01 benzoate ( V  ). 

Lithium aluminum hydride reduction of the 7-ketone IIIa led to  AS-22-isospirosten-3/3,7/3-diol (IVa). 

Two methods have been recorded's3 for the syn- 
thesis of A6~7-22-isospirostadien-3/3-ol (i-dehydro- 
diosgenin) (V) . Since this substance represents 
the starting material in the synthesis4S5 of the ad- 
renal hormone cortisone from the plant sapogenin 
diosgenin i t  appeared of interest to study the 
applicability of the classical Windaus 7-dehydro- 
cholesterol synthesis6 to the sapogenin series and 
to characterize the intermediates. 
A6-22-Isospirosten-3/3-ol-'?-one acetate (IIIaj ,  

the key intermediate in such a synthesis has pre- 
viously been prepared7 in poor yield by direct 
chromium trioxide oxidation of A5-22-isospiro- 
sten-30-01 acetate or its 23-bromo derivative. In 
the present work i t  has been possible to increase the 
yield in this reaction to over 40%* by employing 
two alternate procedures. In  either instance, the 
starting material was 7cu-bromo-A5-22-isospirosten- 
3p-01 acetate (Iaj3 which without purification could 
be oxidized directly to IIIa with chromium tri- 
oxide in aqueous acetic acid. Alternately, the 
bromo derivative Ia was hydrolyzed in carbon 
tetrachloride solution (directly from the Wohl- 
Ziegler bromination3) with aluminum oxide to 
yield in ca. 50% over-all yield (based on A5-22-iso- 

(1  a)  Paper XIX, H. J .  Ringold, G. Rosenkranz and C. Djerazsi, THIS 
J O U R N A L ,  74, 3441 (19.52). 

( l h j  Presentxi  o n  the  program of the  Division of Organic Clien- 
! \ try,  ?.. C. S. meeting, Milwaukee, Wis., April,  1952 

( 2 )  Department  of Chemistry. Vl'ayne IJniversity, Uetrs i l  1, LIich-  
xan. 

(3) G. Rosenkranz, J. Romo and J.  Berlin, J .  Org ( ' h e m . ,  16, 290 
(1951). 

(4) J. M .  Chemerda, E. M. Chamberlain. E. H. Wilson and h l .  Tish- 
ler, THIS JOURNAL, 73, 4052 (1951). 

(5)  G. Rosenkranz, J. Pataki  and C. Djerassi, i b i d . ,  73, 40>> (1951). 
(6) For leading references on t h e  original procedure and subsequent 

improvements see I,. F Fieser, 11. Fieser and R.  N. Chakravarti.  ibid. ,  
'71, 2226 (1949). 

(7) K. E. Marker ,  K. H. Wagner, 1'. K Ulshafer, 13. I,, \\'ittbecker, 
D. 1'. J.  Goldsmith and C. H. Ruof, i b i d . ,  69, 2178 (l!I%!l l ,  I<. I , .  
Lfarker and D. IV. Turner ,  i b i d . ,  63, 767 (1941). 

1.5) The best yield reyvrtcrl i t i  the  clidcstcrol ierieh (rei .  61, i 

spirosten-30-01 acetate) pure A5-22-isospirosten- 
3/3,7cu-diol3-monoacetate (IIa) which could then be 
oxidized to the ketone IIIa.  A similar reaction 
sequence could be carried out with the 3-benzoate 
leading to A5-22-isospirosten-3~,7cu-diol 3-mono- 
benzoate (IIc) ; for further characterization the 
free diol I Ib  and the dibenzoate IId were prepared. 

small amount of the '?@-hydroxy epimer (IV) 
was also produced in the hydrolysis reaction. 

In agreement with the observation of Fieser, 
et in the cholesterol and stigmasterol series 
lithium aluminum hydride reduction of the 7-keto 
derivative IIIa  afforded predominantly the 7p- 
hydroxy isomer IVa, further characterized by its 
3,7-dibenzoate IVb. The molecular rotation differ- 
ences (Table I) both with respect to the differences 
between the two pairs of epimers ( A M D  epimers) 
or the C-'7 unsubstituted parent compound (AM0 
parent compound) are in excellent agreement with 
the corresponding cholesterol derivatives. This 
coincidence in the rotation measurements auto- 
matically correlates the configuration of the 
presently described epimeric A5-22-isospirosten-3p,- 
7-diols (11, IV) with the A5-cholestene-3~,7-diols. 
The present assignments of configurations are based 
on the conclusions of Fieser and F i e ~ e r , ~ , ~  and 
of Bartonlo in the cholesterol series employing as 
additional chemical evidence the now generally 
accepted concept of thermal cis-elimination, l o  

rather than on the proposed revision of configura- 
tional assignments made by Schaltegger and 
Miil1ner.l1 Thus in agreement with the results in 

(9) I.. 1'. Fieser and M. Fieser, "Natural Products Related t o  Phen- 
anthrene, ' '  Reinhold Publishing Corp., New York, N. Y.. 1949, p. 181. 

(10) D. H. R.  Barton, J .  Chem. Soc., 2174 (1949). 
(11) 1%. Schaltegger and F. X. hldllner, Hcln. C h i m .  Acta,  34, 1096 

(1961 1 'l'hesc authors revise the confiyitratio~i o f  t h e  epimeric 7 -  
li?.(lrux).cli~~lesterolb o n  quite in:,ullicient evidence u i thou t  taking intu 
accrrunt the thermal elimination da ta  of the dibenzoates (refs. 6 9,  I O ) .  
The  incorrectness of their view has been established recently by €I  
I1cyni:inn . i t id  I, 1; Ficser, i b id  , 35, 031 (1932). 


