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monobenayl ether. A small amount of 2-benzyl ether 
(probably less than 2%) was separated from the product 
by applying the phthalic anhydride method for separating 
primary and secondary  alcohol^.^ 

Ethylene glycol monobenzyl ethera'6 b. p. 131 a (13 mm.). 

prepared in high yield by reaction of the desired hydroxy- 
alkyl benzyl ethers with p-toluenesulfonyl chloride in the 
presence of pyridine in the usual way. The temperature 
was kept below 10" during reaction. The compounds were 
recrystallized from ether. 

Propylene glycol monobenzyl ether, b. p. 128'(12 mm.). 
Anal. Calcd. for C10H1402: C, 72.3; H, 8.5. Found: 

TABLE I 
BENZYLOXYALKYL ESTERS OF p-TOLUENESULFONIC ACID C, 71.7; H, 8.5. 

S Analyses % 
Trimethylene glycol monobenzyl ether, b. p. 142" (10 EPter M. p.,  'C .  Formula Calcd. FoLnd 

mm.). Benzyloxyethyl 4.5 CieHiaOaS 10.45 10.4 
Anal. Calcd. for CI~H~402 :  C, 72.3; H, 8.5. Found: 

C, 71.8; H, 8.3. 
Glycerol a,y-Dibenzyl Ether.-This compound was 

prepared by the method of Fairbourne, Gibson and 
Stephens3 in 40% yield, b. p. 206" (3 mm.). 

Benzyloxyalkyl p-To1uenesulfonates.-The esters were 

(4) Stephan. J. prakt. Chem.,  60, 248 (1899); Cox, Nelson and 

( 5 )  This substance recently has been made available by the Car- 
Cretcher, THIS JOURNAL, 49, 1080 (1927). 

bide and Carbon Chemicals Corporation. 

a-Methyl @-benzyloxy- 
ethyl 49 CiiHzoOiS 10.0 10.1 

y-Benzyloxypropyl 37 C I I H ~ O B  10.0 9.9 
p-8'-Dibenzyloxy- 

isopropyl Amorphous Cz4Hz6OaS 7 . 5  6 .6  

Summary 
The preparation of several hydroxyalkyl benzyl 

ethers and their p-toluenesulfonates is described. 
PITTSBURGH, PENNA. RECEIVED APRIL 16, 1938 
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Cinchona Alkaloids in Pneumonia. VI. A New Method for the Hydroxyalkylation of 
Phenolic Cinchona Alkaloids 

BY C. L. BUTLER AND ALICE G. RENFREW 

A convenient method for the preparation of hy- 
droxyethyl ethers of phenolic cinchona alkaloids 
has been lacking up to the present, although much 
effort has been devoted a t  this Laboratory to the 
study of the problem. These compounds have in- 
teresting properties as antipneumococcic drugs1 
Because of this and because investigation of other 
members of the hydroxyalkyl ether series is a part 
of our research program, the development of an 
efficient general method of preparation for this 
type of altered cinchona alkaloid was important. 

During investigation of a wide variety of re- 
agents, i t  was found that substances which might 
be expected to introduce the hydroxyethyl group 
directly, such as ethylene chlorohydrin or hydroxy- 
ethyl toluenesulfonate, did so only in very poor 
yield.' This result might be due, in part a t  least, 
to the high reactivity of these reagents in the alka- 
line medium used in the alkylation reactions. It 
was felt that the difficulty might be overcome by 
protecting the free hydroxyl group with a group 
which would be stable under the conditions used 
ill alkylation. The complex ether obtained with 
such a reagent should be brokeii down readily to a 

(1) (a) Butler, Nelson, Rmfrew and Cretcher, THIS J O U R N A I ,  

67, 575 (1935): (b) Butler, Redrew, Cretcher and Souther, ib td  , 
69, 227 (1937). 

hydroxyalkyl ether and both alkylation and par- 
tial hydrolysis should proceed with good yield if 
the plan were to be successful. The substances 
finally developed as being most suitable for the 
purpose were the benzyloxyalkyl arylsulfonates. 
Alkylation of phenolic cinchona alkaloids such as 
hydrocupreine and apocupreine with these rea- 
gents proceeded in a normal way, to give good 
yields of benzyloxyalkyl ethers. 

A different approach to this type of ether was 
also tried. /3-Chloroethylapocupreine was pre- 
pared by alkylation of apocupreine with p-chloro- 
ethyl p-toluenesulfonate. This ether on diges- 
tion with sodium benzylate in benzyl alcohol 
solution gave benzyloxyethylapocupreine. The 
method was less satisfactory from the standpoint 
of yield and convenience than the one described 
above. It did, however, serve as a check on the 
structure of the product. 

The benzyl ether group in these compounds was 
quite stable to dilute alkali, but in dilute mineral 
acid was considerably less stable than was the 
alkaloid ether group. Thus i t  was possible to ac- 
complish a partial hydrolysis i n  hydrochloric acid 
solution, whereby the benzyl group was removed 

(2) Butler, Renfrew and Clapp. ibrd , 60, 1472 (1938). 
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TABLE 1 
Y€$ARMACOLOGTCAL PROPERTIES OF APOCUPRE~NB &'HffRs 

Asofu &e In Vir74 T e q Q  (20 8. pllc.4: ether dgydro- Prevents growth of pneu- Deaths at dosages of 
ahloride moaoccusinconcn.af 5 "8. 6 mg. 7 mg. 8 mg. 9 mg. 10 rug. 

n-Propyl 1:1,6OO,ooO 3 0 / B  . . . . . .  . . .  . . .  . . .  
y-Hydroxyprop yl 1 :800,000 1/30 7/30 23/30 10/10 . . . . .  

i- Propyl 1 : 1,600,OUO 30/30 15/15 . . . . . .  . .  . . .  
a-Methyl B-hydroxyethyl 1 : 1,600,000 0/10 0/30 8/30 24/30 I . . . .  
P,P'-Dihydroxy isopropyl 1 : 300,000 . . .  . . .  . . . . . , 41W 11/30 

as benzyl chloride and the rest of the molecule, a 
hydroxyaikyl ether, remained intact. Benzyl- 
oxyethylapocupreine, for example, on hydrolysis in 
boiling 11 yo hydrochloric acid gave a high yield of 
hydroxyethylapocupreine according to equation I. 

dil. HCl 
(ClrHo,ONr)OCHtCHzOCHzCsHs - 

(CigHziONz)OCHzCH,OH .f C7H7Cl ( I )  

The method has been applied successfully in the 
preparation of hydroxyethylhydrocupreine, hy- 
droxyethylapocupreine, y-hydroxypropylapacu- 
preine, a - methyl - P - hydroxyethylapocupreine, 
and @,@'-dihydroxyisopropylapocupreine. The 
preparation of higher members of the hydroxy- 
alkyl ether series is in progress. 

The hydroxylated propylapocupreines, as shown 
in Table I, also have interesting possibilities as 
antipneumonic drugs. Taxicity as campred with 
the alkyl ethers was quite low, while pneumococ. 
eiddal activity was maintained at  a very high level. 
This was especially true of the a-methyl-P-hy- 
droxyethyi derivative. While hydroxylation of n- 
propylapocupreine in the y-position reduced the 
antipneumococcic power by half, it appeared that 
isopropylapocupreine suffered no loss in this re- 
spect on monahydroxylatian ; dihydroxylatlon re- 
duced the pneumococcicidal power considerably 
and brought about a further marked reductinn it i  

toxicity. The eye damage experienced by dogs 
when given doses close to the lethal was consid- 
erably less marked than was the case with the un- 
altered apocupreine alkyl ethers, and in most trials 
could not be detected in the living animal. Fur- 
ther work an the biological properties of the drugs 
is in progress. 

Experimeatal 
Benzyloxyethylapocupreine. (a) Alkylation with Ben- 

zybxyethhyl fTo)aeeesulfonate.-Fifty grams of a p e  

(3) Details will be published elsewhere by the medical staff con- 
For the method, aee Johnstox. Bu~cball, 

(4) Dawson, Permar, Johnston and Maclachlan, A m .  J .  Med. 

nected with the problem. 
fermar and Maclachlsn. J Pharm EzpZ .  They@.,  61, 364 (1937) 

su . 193, 543 (1937). 

Eye dama@e (dogs) 4 
Sub-lethal 

doses 

-I- + but less marked than 

+ + but less marked than 

Not tested 

with i- or n-propyl 

with i- or n-propyl 

cupreine and 10 6 g. of 85% potassium hydroxide were dis- 
solved in 250 cc. of alcohd, 48 g. of benzyloxyethyl p -  
toluenesulfonate2 was added and the mixture ww warmed 
99 a water-bath for two hours. After cQoling 750 cc. of 
ether was added and potassium toluenesulfonate was fil- 
tered from the solution. The filtrate was concentrated to 
a sirup and to this was added 600 cc of ether and 200 cc. of 
12% sodium hydroxide. The mixture was agitated thor- 
oughly, the aqueous layer drawn off in a separatory funnel, 
extracted twice more with ether and then discarded The 
combined ether solution was washed with dilute alkali and 
water and dried over potassium carbogate. The crude 
gummy reaction product, obtained on evaporation of the 
ether, weighed 45 g Pure benzyloxyethylapocupreine 
was obtained on crystallization of the crude material from 
dryamtone: [a]B --155°;6 m p 115". 

Anal Calcd. for C Z ~ H S Z O ~ N ~ :  C, 75.7; H, 7.2; N, 6 3. 
Found: C, 75 7 ;  H, 6 9; N (Dumas), 6 4. 
(b) Through 8-Chloroethy1apocupreie.-One hundred 

and five grams of apocupreine was alkylated in the usual 
way in alcohdic solution with P-chlmoethyl a-tduene. 
sulfoDate. The yield was 74 g. of crude base. The sub- 
stance was purified by recrystallizing its dihydrochloride 
from alcohol, [ a ] ~  -205 '. 

Anal. Calcd. for CplHz5OZN&1.2HCl: C1, 23.9. 
Found: C1, 23.4. 

Sixty-five one-hundredth gram of sodium was dissolved 
in 30 cc of benzyl alcohol and added to a solution of 9 g. 
of i3-chloroethylapocupreine in 30 m. of benzyl alcohol. 
The solution was kept at 92" for twenty-four hours I1 
was then cooled, filtered from practically a quantitativc 
amount of sodium chloride and diluted with 250 cc of 
ether. The base was extracted from the ether solution 
with several portions of normal sulfuric acid and the acid 
solution was in turn washed repeatedly with ether to  re- 
move all the benzyl alcohol. The hase was pr&it$ted 
from acid solution with akali  and extracted with ether. 
The yield of crude product on evaporation of the solvent 
was 9 g. Several recrystallizations from acetone yielded a 
product of  fa]^ -155', melting at  1159. The melting 
point of a mixture of this material with benzyloxyethylapa- 
cUpi-eipe prepared by direct al$cylatim with bepzybxy- 
etbyl p-toluenesulfonate was not depressed. 

Hydrolysis of BengjloxyethylapQcgpreipe.-Nine grams 
of benzyloxyethylapocupreine was dissolved in 60 cc. of an 
acid solution containing 16 cc. of concd hydrochlaric acid 
The solution was concentrated three times at atmaspher~c 

(5) The sotatians d bases were measured in absolute alcohallc 
solution: salts were measured in aqueous solution: 1 = 1 .  c = 1 



pressure to a volume of 30 cc. and then steam distilled 
The complex ether was thus hydrolyzed to hydroxyethyl- 
apocupreine and benzyl chloride, which was carried over 
into the distillate. 

Hydroxyethylapocupreine was precipitated from the 
acid solution and worked up as dihydrochloride as has been 
described previous1y.l The yield of salt was 7.5 g. Sev- 
eral crystallizations from alcohol gave pure hydroxyethyl- 
apocupreine dihydrochloride of [ a ] ~  -228'. 

Anal. Calch. for CzlH260aN2.2HC1: N, 6.6; C1, 16.6. 
Found: N (Kjeldahl), 6.6; C1, 16.0. 

A sample of base, recovered from this salt, was con 
verted to  an amorphous diacetyl derivative by thorough 
acetylation with acetyl chloride. 

Anal. Calcd. for C Z J L O ~ N Z :  CHaCO, 19.6. Found: 

For a more direct preparation of hydroxyethylapo- 
cupreine it was found to be unnecessary to isolate the 
intermediate bepzyloxyethyl derivative: 63 g. of apo- 
cupreine was alkylated as described above with 63 g. of 
benzyloxyethyl p-toluenesulfonate, After separating from 
potassium toluenesulfonate, the alcoholic solution of reac- 
tion product was concentrated to dryness and the residual 
gum6 was taken up in 400 cc. of 11% hydrochloric acid. 
Hydrolysis was accomplished as described above. 

The acid solution was diluted to about 500 cc., cooled 
and extracted with ether. After treatment with a little 
nuchar, the base was precipitated three times from cold 
dilute hydrochloric acid solution by addition of excess 
sodium hydroxide solution in order to ensure separation 
from alkali soluble material. The product was dissolved 
in 60 cc. of absolute alcohol and ether was added to  a 
volume of 500-600 cc. to  precipitate colored impurities. 
The solvent was removed from the ether-alcohol solution 
and the partially purified residue was converted to dihydro- 
chloride. The salt was crystallized from alcohol in the 
usual way. The yield was 30 g. of a product which, on re- 
crystallization, had a specific rotation of -228'. 

A similar result was obtained using bcnzyloryethyl 
Imizcncsulfonate. 

Hydroxyethylhydrocupreine.l-Ninel y grains of hydro- 
cupreine on alkylation as described above with lxmzyloxy- 
rthyl p-toluenesulfonate, yielded 81 g. of crudr benzyloxy- 
rt hylhydrocupreine. Unsuccessful attempts were made to 
crystallize a small sample of this niatcrial. The res1 of the 
crude gum (65 g.) was hydrolyzed in dilute hydrochloric 
acid as already described. Thc resulting crude hydroxy- 
ethylhydrocupreine was worked up as dihydrochloride: 
yield 35 g.; [ a ] D  -181". 

Anal. Calcd. for C21H2803N2.2HCl: C1, 16.5. Found: 
C1, 16.0. 

The base was recovered from the dihydrochloride and 
Crystallized from acetone, [ a ] D  - 131 '.l A sample of base 
was converted to an amorphous diacetyl derivative; 

Anal. Calcd. for C ~ ~ H U O ~ N ~ :  CHsCO, 19.5. Found: 

CH3C0, 19.5. 

[ a ] D  -30". 

CHKO, 17.9. 

(6) In subsequent experiments the crude product u'as separated 
by simply diluting the alcoholic solution with a large volume of water 
and decanting the dilute alcoholic sdution from the guwrny reac- 
tion product. 

y-Hydroxypropylapocupreine. -Forty-six grains of apo- 
cupreine was similarly alkylated with 48 g. of y-bcnzyloxy- 
propyl p-t oluenesulfonate,z giving 46 g. of crude bcnzylory- 
propylapocupreine. The substance was obtained as a gum 
which could not be crystallized; 43 g. of the crude prod- 
uct was hydrolyzed in 1173 hydrochloric acid and the 
resulting crude 7-hydroxypropylapocupreine was worked 
up as dihydrochloride from absolute alcoholic solution. 
The crystallized salt was obtained in a yield of 24 g., [ @ I D  

Anal. Calcd. for C22H2803N2.2HC1: C1, 16.1; N, 0.4. 
Found: C1, 15.5; N, 6.4. 

The base was liberated from the salt and crystallizad 
from acetone: m. p. 140"; [a]D -181". I t  wasconverted 
to an amorphous diacetyl derivative with acetyl chloride, 

Anal. Base. Calcd. for CZZHZSO~NZ: C, 71.7; H, 7.6. 
Found: C, 71.7; H, 7.5. Diacetyl derivative. Calcd. 
for C26HV2OjN2: CH,CO, 19.1. Found: CHBCO, 18.8. 

a-Methyl-8-hydroxyethy1apocupreine.-This substance 
was prepared similarly, starting with 62 g. of apocupreinc 
and (i4 g. of a-methyl-8-benzyloxyethyl p-toluenesulfo- 
nate,2 and purified through the dihydrochlorido salt. The 
yield was31 g., [CU]D -224". 

Anal. Calcd. for ClaH2803N23HC1: C1, lfi.1. 1;ounrl. 
c1, 10.0. 

The base was recovered from the salt and crystallizc(1 
from acetone: m. p. 105-108"; [ a ] D  -180O. It yieldctl 
a gummy diacetyl derivative of [ a ] ~  -61 '. 

Anal. Base. Calcd. for C1~H1103~z: C, 7 1 . i ;  H, 7.6; 
N, 7.6. Found: C, 71.9; H, 7.5; N, 7.4. Djacetyl dc- 
rivative. Calcd. for C~~H320jN2: CHsCO, 19.1, Found: 

p,B'-Dihydroxyisopropy1apocupreine.-Fifty-six grams 
of apocupreine on alkylation with 80 g. of p,B'-dibenzyloxy 
isopropyl p-toluenesulfonate,2 yielded 85 g. of crude di- 
benzyloxyisopropylapocupreine; 81 g. of this product w a ~  
hydrolyzed in 11% hydrochloric acid and the resulting 
@,p'-dihydroxyisopropylapocupreine was worked up and 
purified by crystallization of thc dihydrochloride from 
absolute alcohol. The yield of salt was 29 g., [a I D  -2l)3 ". 

A r ~ n l .  Calcd. for Ca.H2~0,W?.2HCl: Cl, 15.5; N, fj.1. 
I ' o t ~ t ~ t l :  C1, 15.0; N, (i.1, 

T h e  base, rccovered from the dihydrochloride, could nnt 
Iic obtained in crystalline condition. After thorough dry- 
ing under reduced pressure a t  lOO", it melted at 128', 
[ a ] ~  -177"; amorphous triacetyl derivative, [ a ] ~  -48". 

Anal. Base. Calcd. for C21H2804N~: C, 68.75; H, 7.3. 
Found: C, 67.9; H, 7.6. Triacetyl derivative. Calcd. 
for C Z S H ~ ~ O ~ N ~ :  CHICO, 25.8. 

-225". 

[ a ] D  -69". 

CHsCO, 18.6. 

Found: CHaCO, 24.0. 

Summary 

A new method of hydroxyalkylation has been 
applied to the preparation of several hydroxyalkyl 
ethers of phenolic cinchona alkaloids. Some bio- 
logical properties of these substances have been 
presented briefly. 
PITTSBURGH, P5arzr~. RECEIVED APRIL 16, 1938 


