


undertake an investigation of the mechanism of the 
i I hi hi t ory :w t ioi 1. Thcy rc: port'ct 1 that8 pli(~t ict I iyl  
alcohol caused a selective and reversible inhibition of 
DKA synthesis, while the synthesis of RNA and protein 
continued at' a rate which paralleled these synthetic 
activities in the uninhibited culture. This apparently 
unique status of phenethyl alcohol as a specific and 
reversible inhibitor of DKA synt'hesis has led t o  its 
widespread use as a.n inhibitsor in a variet,y of studies of 
biological processes related to DXA synthesis. 

At the t,inie this investigation was initiated, no 
studies had been made of the relationship between 
chemical structure arid biological act,ivity of analogs 
of phenethyl alcohol. The absence of such studies and 
the apparent, uniqueness of the biological act,ivit#y 
prompted LIS to prepare fifteen analogs of phenethyl 
alcohol. These compounds, methoxy arid hydroxy 
derivat,ives, are two groups of compounds which 
make it possible to explore the effect' of some ring sub- 
stit.uents and, to a lesser degree, t'he effect of solubility 
on their biological activity. ,411 of the mono- and di- 
methoxy-, and all of the mono- and three of the di- 
hydroxyphenethyl alcohols have been prepared and 
subjected to biological evaluat'ion. 

Chemistry.-+, m-, and p-met,hoxyphenet'hyl alco- 
hols mere prepared by t,reating the appropriate bromo- 
anisole with phenyllit,hium to form the methoxyphenyl- 
lit'hiuni compounds which were treated with ethylene 
oxide; the resulting lithium salts were hydrolyzed by 
acid. The products were isolated by exhet ion  and 
dist,illation. in-Nethoxyphenethyl alcohol was a1,so 
prepared by the reduction of m-methoxyphenylacetic 
acid with lithium aluminum hydride.5 

The preparat,ion of the 2,3-, 2,4-, 2,s- ,  3,4-, and 3,5-  
dimethoxyphenethyl alcohols was accomplished by 
(tondensation of the appropriate benzaldehyde with 
riitromethnne by a procedure previously employed by 
Gairaud and Lappin.6 The result,ant nitrostyrenes 
were reduced with lithium aluminum hydride to the 
corresponding phenethylsmines by the general pro- 
cedure of Ramirez and Burger' with some minor modi- 
fications. The resulting phenethylamines were con- 
verted to their diazonium salts which, on hydrolysis, 
produced the appropriate dimethoxyphenethyl alcohols. 
This procedure had previously been employed by Pailer, 
et aL5 

2,B-Dimethoxyphenethyl alcohol was synthesized 
from m-dimethoxybenzene. Phenyllithium was used 
to int'roduce the lithium atom into the ring between the 
methoxy groups to yield 2,6-dimethoxyphenyllithium. 
The remainder of the synthetic sequence was the 
same as that, used for the preparation of 0-, nz-, and p- 
methoxyphenethyl alcohols outlined above. 

0- and p-hydroxyphenethyl alcohols were prepared 
from the corresponding hydroxyphenylacetic acids. 
The acids were converted to their et,hyl esters as pre- 
viously described15 and the esters mere convert'ed to the 
corresponding acetoxy derivatives with acetic anhy- 
dride. The acetoxyet'hyl esters were reduced with 
lithium aluminum hydride by the met,hod described 
by Rohmann and Meisel. 

( 5 )  J. H. Hunter  and J. H. Hogg, J .  A m .  Chem. Soc., 71, 1922 (1949). 
(6) C. E. Gairaud and G .  Lappin. J .  Ow, Chem., 18, 1 (1953). 
(i) F. Ramirez and -1. Burger, J .  A m .  Chem. Soe.. 72, 2 i81  (1950). 
(8 )  h l .  Pailer. K .  Fchneglberper, and T V ,  Reifschneider, Moniltsk. Chem.. 

83, 518 (1952). 
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Figure 1.-Example of the method used for the estimation of 
the bact,eriostatic concentration. 

in-Hydroxyphenethyl alcohol was prepared by hydro- 
bromic acid demethylation of m-methoxyphenethyl 
alcoho1,'O and 2,5-, 2,6-, and 3,4-dihydroxyphenethyl 
alcohols were prepared by demethylation of the cor- 
responding dimethoxyphenethyl alcohols with alumi- 
num chloride in benzene. 

Biological Results.-The bacteriostatic concentra- 
tion for E. coli B was determined for each compound 
by the use of a graphic analybis of the viable-cell count 
at  the end of a 4-hr incubation period for each concen- 
tration used. The technique is described in the experi- 
mental portion and illustrated in Figure 1. Table I 

TABLE I 
BACTERIOSTITIC CON.('ENTR.\TIOS O F  PHESETHYL &4qLCOHOLS 

Concn, 
moles X Relative 

Compd 10-5/,1 activity'& 

 PEA^ 2.64 100 

m-Met,hoxy-PEA 2.18 121 
p-;LIethoxy-PEA 0 .48  550 
2,3-Dimethoxy-PEA 1 .38  191 

o-Methoxy-PEA 1.58 168 

2,4-Dimethoxy-PE.k 1 .53  172 
2,5-Dimethoxy-PEA 0.97 272 
2,6-Dimethoxy-PEB 4.35 61 
3,4-Dimet hoxy-PEA 4 .73  56 
3,5-Dimethoxy-PEA 1 . 1 1  237 
o-Hydroxy-PE A 3.17 83 
m-Hydroxy-PEA 2.72 9 7 

2,5-Dihydroxy-PEA4 2 , 7 3  9 7 
2,6-Dihydroxy-I1E.4 3 .35  79 
3,4-Dihydroxy-F'EA4 2.55 104 
Phenethylamine 1 .70  160 

p-Hydroxy-PE A 6.26 42 

p-Methoxyphenethylamine 0 .88  300 
a Unsubstituted phenethyl alcohol (PEA) a rb ih r i ly  set at 

100. * PEA = phenethyl alcohol. 

gives the bacteriostatic concentration of each of the 
compounds in moles per milliliter and rates the activity 
of each compound in terms of phenethyl alcohol. 
The most active compound was p-methoxyphenethyl 
alcohol, which was 5.5 times as potent as the parent, 
unsubstituted compound. The least active was p- 

(9) C. Rohmann and D l le isel ,  Arch.  Pharm.. 294, 538 (1961). 
( I O )  1, '+Iiieler and R .  *prenger, J. A m  Chem. S O C ,  73, 40M (1951). 





Flask 

T.IBLE I1 
INHIBITIOS OF SYNTHESIS OF A~.ICIWMOLECULEB IN E'. coli B Y  \ ' a i i~ov ; i  I'HENETHYI, ALCOEIOLS'~ 

Time, 
min 

C l U l l t  rol 0 
60 
120 
180 
240 

Iiihibited 0 
60 
120 
180 
240 

Iiihibited (w)'> 180' 
240 

I nhibi t.ed 

Inhibited (w)" 

COl I i rol 

Inhibi tetl 

0 
ti0 
120 
180 
240 
0 
60 
120 
180 
240 
180C 
240 

0 
GO 
120 
180 
240 
0 
60 

180 
240 

Iiiliibit,cc! (w)" 180' 
2 40 

120 

___ pip uf macromolecul~/ml of culture------- 
PE.\Q 

A. 
1.02 
5.i2 
10.50 
16.00 
20. 30 
2.00 
2.04 
2 .04 
2.04 
2.08 
i.44 
10. 1 0  

B. 
17.5 
:12,2 
47.4 
56.0 
56,O 
17 . 5  
18.0 
20.9 
21 .0  
21.8 
34.4 
36.0' 

C. 
2 7 . 0  
65.5 
108 
152 
170 
2 7 . 0  
. . .  

21.0 
24.0 
19.5 
.5i. 0 
7 3 . 0  

p N e O -  

D,SA Synthesis 
1 . 90 
3 , 92 

1 0 . 2 0  
l.j.,jO 
IS, 06 
1 . !)O 
2 . 00 
1.96 
2.00 
1.02 
8 .  00 
12.00 

l t S A  Synthesis 
17.5 
52.2 
48.0 
5*5.4 
5i.6 
17.5 
14.1 
11.7 
11.7 
10.5 
32 , :3 
36. 

Protein Synthesis 
27.0 
65.5 
108 
152 
170 
27.0 
29.0 
28.5 
28.0 
28.5 
61.0 
ii.O 

2,5-( AIeO) 2- 3,4-( . \ IeO)~ 

2.08 
5 . 4 4  
10.24 
1Y. 90 
16.96 
2. OS 
2.24 
2.40 
2.60 
"SO 

18.40 
32 .6  
49.3 
49 .6  
*57 . :z 
18.4 
18.0 
16.3 
18.7 
20.  S 

d 

25.5 
65.5 
133 
152 
167 
30.5' 
31.5 
30, 0 
32.0 
36.0 

d 

2.08 
2 . 3 2  
2.40 
2.48 
2.48 

17.0 
17.0 
17.8 
17 4 
17.0 

cl 

2i 2' 
28 5 

31 0 
32 0 

d 

30 n 

3,5-(Me0) 2- 

2.08 
2 .24  
2.24 
2.40 
2 . 3 2  

17.!-l 
3 2 . 2  
4 7 . 4  
56.0 
56.0 
17.5 
17.6 
18.3 
18.3 
16.3 

(1 

26.5' 
27.0 
28.5 
3 0 , 0  
27.0 

t l  

5 The conceiit,rat,ion of each phenethyl alcohol (PEA) was a t  or near its bacteriostatic concentration. The following conceiiiratioiis 
expressed as moles X lO+/ml were used: PEA 2.46, p-MeO- 0.47, 2,5-(1\Ie0)2- 1.01, 3,4(hIeO)2- 4.67, and 3,5-(31eO)~- 1.09. * A single, 
inhibited culture was used for the 240-min test period. At the end of 120 min of incubation, 125 ml was removed from this culture and 
the inhibitor was removed. The cells were then resuspended in the same volume of new medium. This culture was t,hen designated 
Inhibited (w) for "Inhibited, washed." The 180-min time indica- 
tion is only 60 min after the completion of the removal of the inhibitor and the resumption of incubat,ion a t  the end of 120 min. It 
did not seem necessary to show the reversibility of these biosynthetic processes by t,he removal of the inhibitor for all cases. e S o  reason 
can be given for these small second-hour increases. f These values are higher than the true-time "zero" value of 25.5 pg/ml for this 
series of t,est cultures. The increase was due to the inadvertent failure to  chill the stock culture for a short time following t,he removal 
of the zero-time sample and before the addition of the culture t.0 the flasks containing the inhibit,ors. 

recryjtallized from 95% ethanol: 2,3-dimethoxy-p-nitrosty- followed by adjusting to pH 8 with KaOH, the prodncts were 
rene (66%), mp  83-85' (lit.6 84-85'); 3,Pdimethoxy-p-nitrosty- isolated from the ether solution: 2,3-dimethoxyphenethylamiiie 
rene (go%), mp 139-141" ( l k 6  141-142'); p-methoxy-p-nitro- (SO%), bp 162-164" (20 mm);  picrate mp 176-178" (lit.*? 
styrene (91%), mp 86-87" ( l i t 6  86-87"); 2,4-dimethoxy-B-nitro- 177-178'); 2,4dimethoxyphenethylamine i50yo), bp 161-164' 
styrene (92%), mp 104-105O (Anal. Calcd for CioHilXOa: C, (19 mm); 2,5-dimethoxyphenethylamine 
57.4; H, 5.3; S, 6.7. Found: C, 57.7; H, 5.3; S,  6.7.); 2 , M i -  (9 mm) [lit.23 148", (8 mm)]; 3,Pdimet 
methosy-0-nitrostyrene (79v/c), mp 121-123' (Anal. (467,), bp 164" (I1 mm) [lit.z4 142" (6 mm)] :  p-methoxyphen- 
CloH1iNOI: C, 57.4; H, 5 . 3 :  N,  6.7. Found: C, 57.2; H, 5.2: et,hylarnine ( 3 5 5 ) ,  bp 117-118" (10 mm) [ l i t . 2 5  113-115' (6-7 
N, 6.i.); and 3,5-dimethosy-P-iiitrostyrene (86%),  mp 128-130" mm)] ; 3,5-dimethoxyphenethglamiiie (5Yc;b), bp 1T8-1SO0 
( r ind .  Calcd for CI~HIINOI: C, 57.4; H, 5.3; N,6.7. Found: (19 mm) (Anal. Calcd for CloHIjNO2: C, 66.3; H, 8.3: IY, 
C, 57.3; H, 5.0; N, 6.7.). i.i. Found: C, 65.9; H, 8.0; N, 7 . 5 . ) .  

The dimethoxyphenethglamines were prepared by dissolving The  dimethoxyphenethyl alcohols were prepared by the 
t h e  dimethoxy-P-nitrostyrenes (0.15 mole) in 30 ml of a 1 : l  hydrolysis of the diazonium salt,s formed from the appropriate 
mixture of anhydrous ether and benzenez1 per gram of compound. 

This interval of 180 min is to relate the culture age to the others. 

Calcd for 

r -  

This solution was added t o  20 g of lithium aluminum hydride in 
anhydrous ether. After treating the mixture with 2 S HBOI 

(22)  E. RpBth, I<. R i d ,  and G .  Kuhiczek, . lfonats/i.  Chem., 79, 7 2  (1948). 
( 2 3 )  S. Siipasawa and  11. Sigelinra, B e r , ,  74, 459 I I W I ) .  
(241 I. Kikkawa, Yakupaku Zasshi, 78, 1006 (19.58); Cliefn. d b s f r . ,  63, 32tiOi 

(1959). 
( 2 5 )  V. G. Yinokurov,  T'. S. Troitskayn. and V. .I. Zagore\.skii, Z h .  (21)  The  qiiantiti. used was 800-1200 inl. 3,i-Dinietlioxg.-13-nitrost?rene 

Obshch.  Khzm.. 31, 2991 (1961); Ciiem. d b s l r . ,  66, 134730 (1962). v a s  dissolved in 800 ml of tetrahydrofuran. 




