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Anal. Calcd. for C19H2005N4: C, 59.36; H, 5.24; N, 14.59. 
Found: C, 59.23; H, 5.29; N, lk.60. 
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Information concerning the synthesis of linear 
polybenzoylbenzoic acids of type I is sparse. 
Koelsch and Bryan2 prepared dibasic acids (Ia, n 

0 0 

\ 

Ia, R = COOH 
Ib, R = H 

= 1, 2, 3) by acylating toluene with acid chlorides 
such as those derived from terphthalic acid, p,p'- 
benzophenonedicarboxylic acid, etc., and subse- 
quently oxidizing the end methyl groups to  carbox- 
ylic acid groups. Acylation of benzene with p,p'- 
benzophenonedicarbonyl chloride gave p-(p-benzo- 
ylbenzoyl) benzoic acid as a by-product. Finally, 
the acid catalyzed condensation of benzyl alcohol 
yields polymers which oxidized to a mixture of 
polyketones containing both ortho and para link- 
a g e ~ . ~  

A possible route to compounds of type I b  is the 
Friedel-Crafts aroylation of p-benzylbenzoic acid 
by halides such as benzoyl chloride and p-benzoyl- 
benzoyl chloride. In  this way the preparation of p- 
(p-benzoylbenzy1)benzoic acid and its oxidation 
product, p-(p-benzoylbenzoy1)henzoic acid, was 
readily achieved. However, the few attempts to ex- 
tend the synthesis were unsuccessful. 

EXPERIMENTAL 

p-(p-Benzoylbenzy1)benzoic acid. A solution of 0.05 mole 
of benzoyl chloride in 30 ml. of carbon disulfide was added 
with stirring to 0.04 mole of p-benzylbenzoic acids and 0.16 
mole of aluminum chloride in 30 ml. of carbon disulfide. 
The mixture was stirred and heated under reflux for 3 hr. 
after which i t  was hydrolyzed with ice and hydrochloric 

(1) Present address: 1653 Elm Street, Bartlesville, Okla. 
(2) C. F. Koelsch and C. E. Bryan, J .  Am. Chem. Soe., 

67, 2041 (1945). 
(3) E. Connerade, Bzcll. Soc. Chim. Belg., 44, 411 (1935); 

Chem. Abstr., 30, 1373 (1936). 
(4) R. L. Shriner and A. Berger, J .  Org. Chem., 6, 305 

(1941). 
(5) Prepared in very good yield by the Wolff-Kishner 

reduction of p-benzoylbeneoic acid using the general 
directions of Huang-Minlon, J .  Am. Chem. SOC., 68, 2487 
(1946). 

acid. The carbon disulfide was removed by steam distillation 
and the residue was dissolved in aqueous alkali and filtered. 
Acidification precipitated the crude acid which was twice 
recrystallized with decolorization from 150-ml. portions 
of methanol to give 6.6 g. (52%) of p-(p-benzoylbenzyl)- 
benzoic acid, m.p. 181.5-182.5". 

Anal. Calcd. for Cz,H,,O3: C, 79.73; H, 5.10; S.E. 316. 
Found: C, 79.50; H, 5.17; N.E. 316. 

p-(p-Benzoylbenzoyl) benzoic acad. A solution of 3.5 g. of 
sodium dichromate in 5 cc. of water, 8 cc. of acetic acid, and 
1.7 cc. of concentrated sulfuric acid was added dropnise 
over a 20-min. period to a boiling solution of 3.0 g. of p- (p -  
benzoy1benzyl)benzoic acid in 25 ml. of acetic acid. After 
45 min. it was poured into water and the precipitate was 
collected. This was difficultly soluble in dilute sodium 
hpdrovide and methanol. Crystallization from 30 ml. of 
dioxane gave 2.0 g. (64%) of p-(p-benzoylbenzoy1)benzoic 
acid, m.p. 268.5-269.5' (lit , m.p. 268°).3 
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I n  the steroid field the same acylating group can 
promote a desirable physiological response in more 
than one hormone ~ a t e g o r y . ~ ~ ~  

This study extended our observations with the 
acylation of androgens4 to  the synthetic estrogens 
diethylstilbestrol (I) and hexestrol (11). More partjc- 
ularly, we were interested in varying the character 
of the acylating group so that the estrogenic activity 
inherent in I and I1 would be increased as well as 
decreased. This objective is an outgrowth of the 
provocative concept of Myers5 and coworkers who 
have stressed the importance of the steroid ses 

(1) Presented at the Meeting-in-Rliniature, North Jersey 
Section, American Chemical Society, January 1958. 

(2)  a R. Gaunt, J. H. Leathern, C. Howell, and N. 
Antonchek, Endocrinology, 50, 521 (1952); b Ciba Ltd., 
British Patent 694,462 (1953); Chem. Abstr., 48, 10792 
(1954); c P. Desaulles and R. Meier, Schweiz. med. Wochschr., 
84,741 (1954); Chem. Abstr., 48,11641 (1954). (The pivalates 
of desoxycorticosterone, the 20,21-ketols of the pregnane 
series and cortisone, respectively). 

(3)  a A. C. Ott, M. H. Kuizenga, S. C. Lyster, and R. A. 
Johnson, J .  Clin. Endocrinol. and hfetabolism, 12, 15 (1952); 
b W. W. Robinson, J .  Clin. Endocrinol. and Metabolism, 13, 
1279 (1953). (The 6-cyclopentylpropionates of testosterone 
and estradiol, respectively). 

(4)  a S. L. Shapiro, K. Weinberg, and L. Freedman, J .  
Org. Chem., 21, 1300 (1956); b S. L. Shapiro, L. Freedman, 
and S. Kobrin, Arch. intern. phurmacodynamie, 1 1 1 ,  30 
(1957). 

(5) a T. C. Myers, R. J. Pratt, R. L. Morgan, J. O'Don- 
nell, and E. V. Jensen, J .  Am. Chem. SOC., 77, 5655 (1955); 
b R. L. Morgan, P. Tannhauser, R. J. Pratt, T.  C. Myers, 
and E. V. Jensen, J. Am. Chem. Soc., 77, 5658 (1955); 
c R. J. Pratt and E. V. Jensen, J. Am. Chem. Soc., 78,4430 
(1956). 
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TABLE I 
BIS ESTERS OF DIETHYLSTILBESTROL AND HEXESTROL 

Compound Ac ylatiiig h l .  P. ,a Yield,' Molecular Carbonb Hydrogen 
N O .  Group "C. % Formula Calcd. Found Calcd. Found 

1. 
2. 
3.  
4. 
5. 

6. 

8. 
9. 

10. 

- 
I .  

ClCHzCHzCO 

ICHzCHzCO 
(CH3) aCCH,CO 
(C6HsCHz)zCHCO 

BrCH2CH2CO 

ClCHzCH2CO 

ICHzCHzCO 
(CH3) 3CCHzCO 
(CeH5CHz)zCHCO 

BrCH,CHzCO 

144-145 
137-139 
107-10ge 
123-124 
170-1 72 

132-134 
129-130e 
108-10ge 
173-175 
187-18gCb 

64.1 64.3 6 . 8 5 . 9  
5 3 . 6  54.1 '4 . 8 5 .  2 

77.6 77 ,7  8 . 7  8 . 7  
84.2 84 .1  6 . 8  6 .9  

63 0 03.7 6 .2  6 . 4  
53.4 55.1 .i . 2 5 .5  

77.2 77.3 9 .1  9 3  
84.0 83.8 7 .0  7 . 1  

a 411 nielting points are uncorrected. Analyses by Drs. Weiler and Strauss, Oxford, England. Unless otherwise indi- 
cated the recrystallizing solvent mas ethanol; ca acetone-water; cb heptane, then ethanol. Calcd.: Br, 29.7. Found: Br, 
29.4. e The compound could not he obtained analytically pure since it apparently suffered dehydrohalogenation on treat- 
ment. ' Calcd: Br, 29.6. Found: Br, 28.2. 

hormones on chemical regulation of the endocrine 
balance. 

In  the estrogen field, in particular, a wide range 
of clinic-a1 utility is indicated if the primary hor- 
monal effect on the target organs could be modi- 
fied. Such applications include modification of hy- 
percholesteremia,6 cupremia,' mammary gland 
growth,s ca l~emia ,~  acne,'O clinical management of 
the climacteric," increased feed efficiency in 
lambs,12 adjunct t o  chloropromazine therapy,lS 
and protertive action against toxic effects of digoxin 
on the myocardium.l4 

Whereas Myers5 varied the nuclear character of 
I and 11, we investigated different acylating groups 
on I and I1 Iyhich insured an inherently active estro- 
genic function as part of the completed molecule 
with the potential that esters more active than I and 
I1 could then be evaluated a t  sub-threshold doses, 
and those esters which were less active could be 
assessed as to  their influence on the non-target 
fuiictioris described above. 

( 6 )  M F. Oliver and G. S. Boyd, Circulation, 13, 82 
(1956). 

(7)  E.  M. Rugs and J. Raymunt, Proc. SOC. Exptl .  Bid.  
X e d . ,  92,465 (1956). 

(8) a €1. Yamamoto and C. W. Turner, Proc. SOC. Exptl .  
Bzol. X e d . ,  92, 130 (1956); b D. Jacobsohn, Acta Physiol. 
Scnnd., 32,304 (1954). 

(9) a I I .  E. Clagg, A. S. Rosenthal, aud P. E.  Sanford, 
Poultry isci . ,  33, 1197 (1954); b M. D. Bogdonoff, N. W. 
Shock, arid J. Parson, J .  Gerontol., 9, 262 (1954). 

(10) S. M. Peck, E. G. Klarmann, and H. J. Spoor, Arch.  
Dermatol. and Syphilol., 70, 452 (1954); C. Lapihe, Compt. 
r e n d ,  147,1302 (1953). 

(11) R. C. Benson and .J. W. Garetz, J .  Clin. Endocrinol. 
and Metaholism, 13,258 (1953). 

(12) F K. Andrews, M. Stoh, T. W. Perry, and W. hi.  
Beeson, J .  An imal  Sei., 15, 575 (1956). 

(13) 113. Hyvert, H. Fagard, and J. Huchon, Annales  
,~~ddzco-p8yehologiques (Paris), 113, 645 (1955). 

(14) E H. Grinell and P. W. Smith, Proc. SOC. Exwtl. 
Rid.  X e d . ,  94,524 (1057). 

The selection of acylating groups was confined to  
bis-P-halopropionates which were expected to  en- 
hance activity and the bis-tert-butylacetate and 
bis-a,a-dibenzylacetates which were expected to  
afford steric resistance to in vivo saponifi~ation.~ 

TABLE I1 
ESTROGENIC ACTIVITY~ OF BIS-ACYLATED DIETHYLSTILBES- 

TROL (I) AND HEXESTROL (11) 

Dosage 
Molar 

Compound Equivalentb to 
No. y/kg. Standard Drug Activity 

1. 
2. 

3. 

4. 
5 .  
6. 
7. 
8. 
9. 

10. 

1 . 7  
2 .0  
1 .5  
1 .0  
2.4 
1.8 
1 . 2  
1 . 7  
2.7 
1 .7  
2.0 
2 .4  
1 . 7  
2 . 7  

1 
1 
0.75 
0.50 
1 
0.75 
0.50 
1 
1 
1 
1 
1 
1 
1 

~~~ 

1.75  
1.94 
1.41 
1.53 
1.98 
1.52 
0 
0.61 
0 
1.07 
1.11 
0 42 
0.51 
0 

a Estrogenic test was done by the Allen-Doisy method. 
(See ref. 15). Spayed female rats were given two subcu- 
taneous doses of the compounds and estrus evaluated by 
two daily vaginal smears until disappearance of the reaction. 
Results are expressed as per cent animals showing signs of 
estrus, taking into account duration of the reaction. The 
results of the count of cornified epithelial cells were plotted 
on the ordinate, as a function of time, plotted on the ab- 
scissa, and the entire area under the curve was weighted and 
compared to the standard compounds. Each test represents 
the average response of six rats. The reaction produced 
by 1 y of diethylstilbestrol (I) per kg. of rat is arbitrarily 
taken as 1 (1 y of hexestrol (11) so evaluated = 1.04). 
* Compounds 1-5 based on I, Compounds 6-10 based on 11. 

(15) C. W. Emmons, Hormone Assay,  ilcademic Press, 
Inc., N e w  York, Y. Y., 1050. p. 396. 



APRIL 1958 NOTES 643 

The compounds prepared are described in Table 
I, and the noted estrogenic activity as evaluated by 
the Allen-Doisy methodI5 is shown in Table 11. 

The estrogenic activity tests reflect the capacity 
of the P-halopropionate linkage (Compounds 1-3, 
6, and 7) to  enhance the estrogenic response inher- 
ent in I and 11. These compounds show a marked 
response when compared with previously assessed 
derivatives. 

The effect of the acylating group is much more 
pronounced in the derivatives of I than in those of 
11, and peak activity is found in Compound 2, the 
bis-P-bromopropionate of diethylstilbestrol. The 
use of these acylating groups in the androgen series 
also reflected a superiority of the p-bromo-pro- 
pionate de r i~a t ive .~  The bis-tert-butyl acetates 
(Compounds 4 and 9) yielded activity below that of 
the parent structures, while the bis-a,a-dibenzyl 
acetates (Compounds 5 and 10) were inactive. It is 
of interest that both of these acylating groups above 
failed to  give a hormonal response in the androgen 
work.4 

EXPERIMENTAL" 

The acid chlorides have been described.4 
Bis(P-chloropropionate) of diethylstilbestrol (Compound 1). 

To a cooled ( -  10') solution of 20 ml. of 8-chloropropionyl 
chloride in 150 ml. of toluene was added dropwise with con- 
tinued cooling and stirring over a 1-hr. period, a solution 
of 5 g. (0.0186 mole) of diethylstilbestrol in 20 ml. of pyri- 
dine and 150 ml. of toluene. After 20 hr. the reaction mix- 
ture was successively treated with water, 3 N  hydrochloric 
acid, water, saturated sodium bicarbonate, and water. The 
toluene layer was separated, dried over anhydrous mag- 
nesium sulfate, filtered, the toluene removed, and the resi- 
due recrystallized from ethanol yielded 1.37 g. (15%), m.p. 
144-145". 
Bis(a,a-dibenzyZacetate) of hexestrol (Compound IO). To a 

cooled (- 10') solution of 10 ml. of apdibenzylacetyl chlo- 
ride in 150 ml. of toluene was added dropwise with continued 
stirring and cooling, a solution of 5 g. (0.0185 mole) of hexes- 
trol in 10 ml. of pyridine and 120 ml. of toluene. After 
standing 20 hr. the reaction mixture was processed as de- 
scribed for Compound l .  There was obtained 6.93 g. (52$&) 
of product after successive recrystallizations from heptane 
and ethanol, m.p. 187-189'. 
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Ungar of our Pharmacology Division for evaluation 
of the estrogen activities and to  A. Lawrence for his 
technical assistance in the preparation of the com- 
pounds. 
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(16) J. -4. Hogg and J. Korman, Medicinal Chemistry, 
Vol. 11, John Wiley and Sons, Inc., New York, N. Y., 1956, p. 
34. 

(17) All of the compounds described in Table I were pre- 
pared by the same general procedures and representative 
examples are described. 

Synthesis of 1-Aryluracils' 

NORWAN \Ti. GABEL AND s. B. BINKI ,EY 

Received October 15, 1957 

Most of the biologically active synthetic pyrimi- 
dines have been shown to effect nucleic acid metab- 
01 i sm.~~~  Since all naturally occurring pyrimidine 
nucleosides are pyrimidines substituted with a 
sugar moiety in the one position, 1-aryluracils 
might be expected to  have significant biological 
activity. A careful survey of the literature and an  
examination of the review article by Kenner and 
Todd4 revealed that no synthetic preparations for 
1-arylpyrimidines has been reported. 

There were two general methods for synthesizing 
uracils substituted in the one position. Either a halo- 
gen derivative of the group to  be attached is 
treated with a metallic salt of the pyrimidines or a 
substituted ureidopropionic acid (I) is cyclized to  a 
dihydrouracil (11), brominated in the five position 
(111), and dehydrobrominated to the uracil (IV).617 
The former method is obviously inapplicable for 
substitution by an aromatic group and the latter 
was found to be unsuitable after many unsuccessful 
attempts to synthesize I having an aromatic group. 

NH&ON(R)CHzCHzCOOCzHs --+ CO 
I /\ 

I 1  
\ / 

CHFCHCONHCONHR --+ NR 

NH CHP 

CO CH2 

V I1 
co co 

Br2 N d b H B r  N d b H  
- I  co I - L O  CH2 

\/ 
'NG XR 

I11 IV 

To obtain the 1-aryluracils it was necessary to  
develop a new synthetic preparation which, it is 
hoped, can also be adapted to  nucleoside synthesis 
since there is no satisfactory method for the intro- 
duction of the carbohydrate group into the one 
position of the pyrimidine ring. 

While this investigation was in progress, l-phenyl- 

(1) Based upon a dissertation submitted by Y. W. Gnbel 
in partial fulfillment of the requirements for the M. S. degree 
in The'Graduate College a t  the Chicago Professional Colleges 
of the University of Illinois. 

(2) R. J. Winder, Ann. Rev. Biochem., 18, 535 (1949). 
(3) G. H. Hitchings, Am. J. Clin.  Nutr i t ion,  3,321 (1955). 
(4) G. W. Kenner and A. Todd, Heterocyclic Compounds, 

R. C. Elderfield, ed., John Wiley and Sons, Inc., New York, 
N. Y., 1957, Vol. 5, Chap. 7. 

(5) R. Behrend, Ann., 253, 67 (1889). 
(6) E. Fisher and G. Roeder, Ber., 34,3751 (1901). 
(7) J. E. Gearien and S. B. Binkley, presented a t  the 

131st ACS National Meeting, Miami, 1957. 


