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Antibacterial Agents. Some New Halomethyl Aryl Ketones 
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The antibacterial activity of chloroacetyl, dichloroacetyl, and dibromoacetyl derivatives of biphenyl, di-
phenylmethane, diphenylethane, diphenyl ether, diphenyl sulfide, diphenyl sulfoxide, and diphenyl sulfone was 
studied. The chloromethyl aryl ketones and the dibromomethyl aryl ketones are active against the Micrococcus 
pyogenes, but their activity is greatly reduced in the presence of serum. The dichloromethyl aryl ketones are 
active against Mycobacterium tuberculosis and their activity is not reduced by serum. 

The dichloroacetamido group of chloramphenicol is 
essential for the antibacterial activity of this antibiotic,3 

and the same group greatly increases the antitubercu-
lous activity of other parent amino compounds, for 
example, that of 4-aminosalicylic acid.4 In two recent 
patents,5'6 these observations have been extended to 
mono- and dichloro- and bromomethyl aromatic ke
tones which also exhibit antibacterial activity. In 
continuation of our studies7 ~10 on chemotherapeutically 
active derivatives of biphenyl, diphenyl ether, diphenyl 
sulfide, diphenyl sulfoxide, diphenyl sulfone, and di-
phenylmethane and -ethane, we considered it of interest 
to attach mono- and dihalogenoacetyl groups to the 4-
and 4,4'-positions of these ring systems. Such halo 
ketones are reported in this paper. In addition, halo-
acetyl radicals have been attached to the 3- and 2,2'-
positions of biphenyl, and the 4-positions of 3'-chloro-
4'-methoxy-, 3',5'-dichloro-4'-methoxy-, and 3',5'-
dichloro-4'-hydroxybiphenyl, as well as of 4'-chloro-
diphenyl ether. 

Chemistry.—Six general methods were employed for 
the preparation of these compounds. Method A in
volves the reaction of a substituted benzoyl chloride 
with diazomethane and is convenient for the prepara
tion of some monochloroacetyl derivatives. Several 
mono- and bischloroacety] derivatives of biphenyl were 
were obtained by modified Friedel-Crafts reactions 
(methods B-l, B-2, B-3) (for experimental details, see 
Table II). The halogeno ketones of diphenyl sulfoxide 
and diphenyl sulfone were prepared from the corre
sponding derivatives of diphenyl sulfide by oxidation 
with hydrogen peroxide in acetic acid (method C). 
The mono- and dibromoacetyl compounds were ob
tained from the corresponding acetyl derivatives by 
bromination with stoichiometric amounts of bromine 
in acetic acid or chloroform solution (method D). 
Some dichloroacetyl derivatives were prepared from the 
corresponding acetyl derivatives by chlorination in 
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TABLE I 

CHARACTEKISTIC INFRARED FREQUENCIES* 

7 (C— II) 
f (C—O) p-disubstituted 

v (OH) phenol -COOH (aromatic), aromatic 
cm. - 1 cm. - 1 r ing,cm. - 1 

LXI 3460 1706 and 1686 800 
(sharp peak) 

LXII 3422 1686 851 
(broad band) 

LXII I 3367 1680 S31 
(broad band) 

" Infrared spectra were measured in the solid state in KBr 
pellets with a Perkin-Elmer Model 12C spectrophotometer with 
NaCl optics. 

TABLE II 

EXPERIMENTAL CONDITIONS FOR FRIEDEL—CRAFTS 

REACTIONS (METHOD B-l, B-2, B-3) 

Compound 
no. 

L 
VI 

VII 
I I 
VIII 
X 

X I 
XVIII 
X I X 
X X I I I 
XXV 
XXVII 
X X I X 
X X X 
X X X I 
X X X I I 

Method 

B-l 
B-l 
B-2 
B-l 
B-l 
B-l 
B-l 
B-l 
B-2 
B-l 
B-2 
B-l 
B-l 
B-l 
B-3 
B-l 
B-l 
B-l 
B-l 

Temp, 
of 

addition, 

•c. 
10,20 

- 5 , 0 
— 5 
- 5 , 0 
10,20 
0 
0,5 
0,5 
0 

10,20 
0,5 

30 
10,20 
0,5 

- 1 5 
0,5 

10,20 
10,20 
0 

Solvent 

cs2 
cs. 
C2H4C12 

cs2 
cs2 
cs2 
cs2 
C2H4C12 

C2H4C12 

cs2 C2H4C12 

C2H4C1, 

cs2 
cs2 
C2H4C12 

cs2 
cs2 
cs2 
cs2 

Reaction 
temp., 
°C. 

Reflux 
5, 10 

— 5 
5, 10 

Reflux 
0 
5, 10 
5, 10 
0,5 

20,30 
20,30 
20,30 

Reflux 
5, 10 

- 1 0 
5, 10 

20,30 
20,30 

5, 10 

Time, 
hr. 

6 
3 
3 
3 
6 
6 
6 
6 
5 

18 
2 

96 
6 
6 
6 
6 

18 
9 
9 

acetic acid (method E) or in acetic acid-acetic an
hydride solution (method F). 

The position of the side chain of the compounds 
obtained by methods B, D, E, and F was determined 
by oxidation to the corresponding aromatic acids. 

In the chlorination of 4-acetyl-3'-chloro-4'-methoxy-
biphenyl (LVIII) and of 4-acetyl-4'-hydroxybiphenyl 
(LIX), the nucleus was also substituted, 4-dichloro-
acetyl-3',5'-dichloro-4'-methoxybiphenyl (XX) and 4-
dichloroacetyl-3',5'-dichloro-4'-hydroxybiphenyl (XXI) 
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TABLE III 

ROOCHoCl 

( 'umpouncl 
no. 

in 
i, 

11 
v 
VI 

VII 
VIII 
X 

XI 
XV 
LI 
XVI 
XVII 

•' I. = ligroin; 

Yield, 

in-CsHbCsHf 
p-(4-CH3OC6H4)C6H4 

p-t3-Cl-4-CrI3OC6H3)C6H r 

p-CjILCILCsH i 

p,p'-C6H4CH2C6IL 

p-C6H6CH2CH2C6H„-
p-C6Hc,006H, 

p-(4-aC6H4)C f iH, 
yj-CiHsSOCeH, 
p,p'-C6H480C6H.r-
p-C6HsS02C6lI, 
p,p '-C6H4S02C6H r 

A = ethanol: H = hexane; 

M e t h o d 

A' 
A 
B-l" 
B-l 
A" 
B-l 
B-2 
B-l 
B-l 
B-l 
B-2 
B-l 
C 
C 
Ve 

c 
C = ethvl 

i l l 

50 
I 5 
05 
(55 
40 

20 
18 
50 

30 
70 
00 

00 

acetate. 

B.p. . ' C 

110(0 

200- 205(0, 

105(0.2) 

240-250(0. 
190(l j 
155- .!()()(0 

111 115 
110- I 12 

58 

1 18-120 

(S8-70 
102- 103 

1 0 5 

111-1115 

iolvent 
of 

rys t . " 

B 

A 
L 
11 

A 
A 
H 

B 
A 
C 
A 
(' 

F o r m u l a 

C14H,,C10 
C,.-,H13CIO2 

(\MviCUh 
e,eH,2ei-.02 
C,„H13C1<> 

CITHHCIJO* 

(,,6H,!,C10 
CnHuClO.. 

CHH,„C1 2 ( ) , 

( ;„H„CK). .S 
C16H,2CW)3S 
C„H„C108B 
O16H,2CI2O.,S 

'' Reference corresponds to literature data for the substituted 
benzoic acids obtained by oxidation from halomethyl aryl ketones. c Ethyl ether was used as solvent. The solution of the acid chloride 
was dropped in at —5° and the mixture was saturated with hydrogen chloride at room temperature. d In this way a partial demethoxyl-

TABLE IV 

RCOCHCl. 

C o m p o u n d 
no. 

XVIII 

XXI I 
XIX 
XX 
XXI 
XXII I 

XXIV 
XXV 
XXVI 
XXVII 
XXVIII 

XXIX 
XXX 

X X X I 

XXXII 
X X X I I I 

p-CeHaCsH^-

m-CsHoC6H4 

p-(3-Cl-4-CH3OC6H3)C«H4-
p-(3,5-Cl2-4-CH3OC6H2)C6H,-
p-(3,5-Cl2-4-HOC6H2)C6H4-
p,p'-CeH4C8H4-

o,o'-C6H4C6H4-
p-C6H5CH2C6H4-
p,p'-C6H4CH2C6H4 

p-C6H,CH2CH2C6H4-
p,p'-C6H4CH2CH2C6H,-

p-C8H6OC8H, 
p-(4-C]C6H.,0)CeHr-

p.p'-CsELOCH.,-

p-C8H6SC8H4-
p,p'-C6H4SC sH4-

Alethc 

B-2 
E 

.Er 

B-l 
E* 
E" 
B-l 
E 
E 
I l l 
E 
B-3 

B I 
B-l 

B-l 
Iv 
B-l 

Yield, 
'0 

50 
00 
80 
31 
75 
00 
25 
05 
03 
05 
70 

B.p. , •'(.'. (nun. ) 

165-170(0.2) 
115-120(0.05) 
203-208(0.01 

40 
00 
40 
03 

100-172(0,01 

205 

1115-200 (0,0j 

05-00 

148 
104-105 
184-185 

107 170 
78-70 

112 
50-51 

161-102 

08 
70 71 

117-118 

07 
120-128 

Solven t 
of 

c r y s t . " 

A 
D-W 

A 
O-W 
I) 
A 
I) 

VV 

F o r m u l a 

CuH,„Cl,() 

C14H10C12() 
CisHuClnOi 
CoHioCUO; 
C;14HSCI4O2 

C,eHI0CLO2 

( . i sHi U Cl 4 ( ) - j 

C,5Hi2Cl20 
CnHi2Cl4()2 

0I6H14C120 
(^sHuCUO;. 

C14HSC13();! 

CieHn.C.'hO:, 

Cl4H,0Cl2()H 
Ci6H10Cl4O..S 

XXXIV 
XXXV 

XXXVI 

* A = ethanol; 

p-C8H,SOC8H4--
p-C9H5S02C6H4-

p,p'-C8H4S02C6H4-
D = acetic, acid; 

0" 
E 
E 

W = water; C = ethy 

08 
80 
78 
08 

1 acetate; I 

08 
102 

201-202 

isoDropyl alcohol; P = 
D 

benzene; L 

CuH)„Cl202S 
C K H , 0 C 1 2 O 3 S 

C18H1UC140..IS 

= ligroin; II = 
hexane. b Reference corresponds to literature data for the substituted benzoic acids obtained by oxidation from halomethyl aryl ke-

being obtained, respectively. Evidence for these 
reactions was obtained by oxidizing XX to 3',o'-
dichloro-4'-methoxybiphenyl-4-carboxylic acid (LX) 
and by oxidizing XXI to 3',5'-dichloro-4'-hydroxy-
biphenyl-4-carboxylic acid (LXI), which could then be 
methylated with diazomethane to methyl 3',5'-di-
chloro-4-methoxybiphenyl-4-carboxylate, which upon 
saponification gave LX. One of the two nuclear 
chlorine atoms must have entered position 3 ' since the 
ketone XX had already been prepared from 4-acetyl-
3'-chloro-4'-methoxybiphenyl (LVIII)11 and because of 

I I I ) X. P. B u u - l l o 
lI'l.YT). 

and Rich, ' , ,/. Org. Clit 22 , i.US 

the identity of LX with the product of oxidation an-
methylation of XXI. The o'-position of the second 
nuclear chlorine atom may be deduced from a comd 
parison of its infrared spectra with those of 3'-chloio~ 
4'-hydroxybiphenyl-4-carboxylic acid (LXII)12 and 
4'-hydroxybiphenyl-4-carboxylic acid (LXIII).13 

The position of the second chlorine atom ortho to the 
phenolic hydroxyl group is supported also by the infra
red absorption of (O-H) which, in LXI, presents a 
sharp peak at 3460 cm. "'. This contrasts with the 
broader bands at lower frequencies found in LXII, with 

( 1 2 ) <; 

il-i) A 

\Y. C r a y . H. In 
L. Wilds and C 

ics. and I-'. Miirson. •/. (7,r 
II . SI,Link, ,/. Am. Chin. N . 72, 

file:///MviCUh
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c 
72.88 
69.09 

61.03 
62.55 
73.62 

63.56 
74.27 
68,16 

59.80 

57.04 
51.76 

ation occurs. 

H 

4.81 
5.02 

4.10 
3,93 
5.35 

4.39 
5.84 
4.49 

3.58 

3.76 
3.23 

For that 

% Calcd.— 
CI 

15.37 
13.60 

24,02 
23.08 
14.48 

22.08 
13.70 
14.37 

25.22 
12.76 
19.95 
12.02 
19.10 

reason the pi 

S 

11.54 
9.02 

10.88 
8.63 

irification 

CHaO 

11 

10 

,93 

.51 

C 

72.85 
69.15 

61.23 
62.60 
73.65 

63.96 
74.38 
68.09 

60.17 

57.04 
51.91 

was difficult and several c 

H 

4.74 
4.75 

4.01 
3.89 
5.07 

4.12 
5.96 
4.33 

3.64 

3.81 
3.21 

-% Found— 
CI 

15,07 
13.74 

24.10 
23.20 
14.90 

22.08 
13.91 
14,72 

25.00 
13.00 
19.90 
12.22 
19.20 

s 

11. 
9. 

10. 
8. 

rystallizations were necessan 

49 
00 
85 
86 

e 

CHlO 

12.22 

10.80 

An excess of 1 

Ref.6 

15 

16 

17 

18 
19 
20 

21 

iiydroj 

peroxide was used. 

<— 
c 

63.41 

63.41 
54.65 
49.85 
48.04 
51.09 

51.09 
64.53 
52.33 
65.54 
53.49 
59.80 
53.27 

49.01 
56.59 
47.08 

51.07 

43.65 

H 

3.80 

3,80 
3.36 
2,76 
2.30 
2.68 

2.68 
4.33 
3,10 
4.81 
3.49 
3.58 
2.87 

2.57 
3,39 
2.46 

3.66 

2.29 

— % Calcd.— 
CI 

26.74 

26.74 
32.27 
38.95 
40,51 
37.71 

37.71 
25.40 
36.35 
24.18 
35.10 
25.22 
33.70 

36.17 
23.85 
34.75 

22.64 
21.54 

32.22 

S 

10, 

10. 
9. 

79 

25 
74 

CHsO 

8.52 

- • C 

63.38 

63.18 
54.93 
49.70 
48.00 
51.28 

50.96 
64,44 
51.80 
65.70 
53.66 
59.89 
53.30 

49.20 
56.73 
47.03 

51.02 

43.65 

H 

3.86 

3.69 
3.07 
2.80 
2.23 
2.61 

2,45 
4.23 
3.38 
4.63 
3.47 
3.57 
2.66 

2.41 
3.20 
2.43 

3.37 

2.17 

% Found— 
CI 

26.79 

26.08 
32.90 
38.90 
40.40 
37.70 

37.21 
25.57 
36.50 
24.18 
35.09 
25.30 
34.00 

35.98 
23.98 
34.41 

22.40 
21.30 

32.26 

s 

11.10 

10.50 
9.65 

CHsO 

8.40 

Ref." 

22 

16 

23 

24 
17 
18 
19 
25 
20 
21 

26 
27 
28 

27 

tones. ' Reaction temperature 40°. d Reaction temperature 25°. e An excess of hydrogen peroxide was used. 

only one chlorine atom ortho to OH, and in LXIII, 
where no chlorine atoms are present. The intra
molecular hydrogen bonding between OH and the two 
o-chlorine atoms in LXI does not permit intermolecular 
hydrogen bonding which is responsible for the dis
placement and broadening of the bands to lower fre
quencies (see LXIII). 

Experimental14 

4-Chloroacetyl-4'-methoxybiphenyl (Method A).—To 250 ml. 
of an ethereal solution of diazomethane, prepared from 25 g. of 
nitrosomethylurea, 6.15 g. (0.025 mole) of 4'-methoxybiphenyl-

(14) All melting points and boiling points are corrected. 

(15) W. S. Johnson, D. Gutsche, and R. D. Offenhauer, J. Am. Chem. 
Soc, 68, 1648 (1946). 

(16) G. W. Gray, B. Jones, and F. Marson, J. Chem. Soc, 393 (1957). 
(17) N. Moses, Ber., 33, 2627 (1900). 
(18) M. Schopff, ibid., 27, 2326 (1894). 
(19) G. Cavallini, E. Massarani, D. Xardi, L. Mauri, P. Mantegazza, and 

F. Barzaghi, J. Am. Chem. Soc, 81, 2564 (1959). 
(20) P. Griess, Ber., 21, 980 (1888). 
(21) R. Geigy, A. G. Swiss Patent 214,901 (April 1, 1942). 
(22) R. Symons and Th. Zincke, Ann., 171, 122 (1874). 
(23) M. Weiler, Ber., 32, 1061 (1899). 
(24) R. Fittig, Ann., 193, 116 (1879). 
1,25) C. Fischer and R. Wolffenstein, Ber., 37, 3215 (1904). 
(26) O. V. Schickh, ibid., 69, 242 (1936). 
(27) A. Michael and A. Adair, ibid., 11, 119 (1878). 
(28) A. Michael and A. Adair, ibid., 11, 121 (1878). 
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Compound 
no. 

LII 

Lin 
LIY 
LYI 
LV 

if. 

m-ClWdi, 
p-^ -NOaCoHO-m-NOiOeH; , 

p^ ' -CsHjCeH^- -

p-CsHsSOoCelL 

p-CsHSO-Celh-

Mot ho.1 

1) 
I) 
1) 
1) 
I) 

T A B M . V 

R C O C H j B r 

Y i e l d . 

• > -
00 
02 

so 
DO 

H . p . . C . 

r m n . ' 

S . " ) l 0 . 0 . j ; 

M . | . . . - C . 

i t:i 

'.'()•!••••_'( ) f i 

127 128 
ITS 170 

Sul Veil! 

of 
r r y s l . ' ' 

B AY 

C 
A 
F-W 

Fonimhi. 

C, 4 l i u Bi<> 

( ' 1 4H 9Bi 'N 2() . 

(o,;lIi-jBr,<), 

C H n B r O s i S 

C,6H12Br2().;,-

" B = acetone; W = water; (.' = ethyl acetate; A = ethanol: F = dioxane. Reference corresponds to literature data for the 

(Jompound 
no. 

X X X V I I 

L V I I 

X X X V I I I 

X X I X 

X L 

X L I 

XL11 

X L I 11 

XL1V 

X LV 

X L V I 

X I . VI I 

X I . V I I I 

IL 

" i) = ace t i c 
co r re sponds t o 

ac id ; 
l i t e ra t 

li 

p-CelhCHi 

p-(4-^0-,C«H4)-m-S(hC6lh 

p ,p ' -C 6 H 4 CVH, -

o,o ' - C 6 H 4 C 6 H ^ 
y ; -C 6 H s CH 2 C 6 H 4 • 

jo, / / -C6H4CH2C6H.1 -

? > - C 6 H ^ ) H 2 C H 2 C 6 H r -
/;,p'-C(iH.!(. ,H~C:H..Cf,H.r-

p - 0 6 H s 0 C 6 H , -

p.p'-CelWCJU-

p-(.V,H,-,S(.'6Hr-
/j .p '-Cill . iSCjIf, 

P-(\H^.hCMi~ 

/ ; , / ; ' -C6II1S()L :C6H l 

ii = a ce tone ; \V = wa te r ; A = 

TAHI. I - : VI 

RCOCHBr 

Method 

1) 
I) 

1 I'

l l 

1 ) 

1) 

1) 

I) 

1) 

1) 

1 ) 

1) 

1) 

1) 

= e t h a n o l ; 1 ) ~ 

'j 

Yield, 

',",' 
•">•"> 

til 

00 

:>t 
90 

72 
OS 

7S 

00 

07, 

o0 

7)0 

7)0 

So 

benzene ; 
ure d a t a for t h e s u b s t i t u t e d benzoic ac ids o b t a i n e d b y ox 

Solvent 
of 

.\l.[i., A . eryst." ' 

118 l i t ) 1) 

120 I V W 

A 

100-171) D A Y 

1 8 2 1 8 3 1) 

1-1 I' 

104 -107) M 

77 M AY 

1 10 IV-\V 

7).l- 7)0 A 

110 B 

VY 

80-SI A 

U S 120 ( ' 

130-138 A 

107, B-VY 

( ' 
M — m e t h a n o l ; C = e 

: idation from ha lon ie thv l 
thy l 
arj ' l 

formula 

CiiHuiBr.O 

( 'uII aBr3X»(). , 

C 1 6HioBr 40 2 

Ci6H]oBr4< )2 

C i H i a B r s O 

C 1 7 H, 5 Br 4 0 2 

CieHuBr .O 

Ci»H ) 4Br 4 ( ) , 

(•uH,oBr20.. 

(7 ( ;IIi0Br4(>; 

t ' i4Hi(,Br2()S 

Ci6H,„Br,()2S 

C'i;H,„Br2(); ;S 

C„ iH,oBr,.(),S 

a c e t a t e . '' Refe rence 
ke tones . " R e a c t i o n 

carbonyl chloride, dissolved in 250 ml. of anhydrous benzene, was 
added dropwise at 20°. After 48 hr. at 20°, the solution was 
saturated with anhydrous hydrogen chloride, concentrated under 
reduced pressure until crystallization began, and cooled. The 
product, was filtered off and reervstallized from ligroin (see Table 
III). 

3 -Chloro-4-chloroacetyl-4 -methoxybiphenyl (II) (Method 
B-l).—Chloroacetyl chloride (11.2 g., 0.1 mole) was added drop-
wise at 10-20° to a stirred mixture of 21.85 g. (0.1 mole) of 3-
ehloro-4-methoxybiphenyl, 100 ml. of anhydrous carbon disulfide, 
and 13.3 g. (0.1 mole) of aluminum chloride. After stirring and 
refluxing for 6 hr., the reaction mixture was poured into ice-
water and acidified with hydrochloric acid, and the crude product 
was extracted with methylene chloride, washed, dried, and frac
tionated. 

The yields, chemical and physical data, and analyses of this 
substance and of the other products prepared by this method 
are listed in Tables I I I and IV. The solvent, the temperature, 
and the time of reaction of other products prepared by this 
method are listed in Table II . 

4-Chloroacetyldiphenylmethane (VI) (Method B-2i.—A mix
ture of 33.6 g. (0.2 mole) of diphenylmethane, 100 ml. of ethylene 
chloride, and 22.6 g. (0.2 mole) of chloroacetyl chloride was added 
dropwise at —5° with stirring to a mixture of 26.6 g. (0.2 mole) 
of aluminum chloride and 100 ml. of ethylene chloride. After 
stirring at —5° for 3 hr. the mixture was poured into ice-water, 
acidified with hydrochloric acid, separated, and the water layer 
was extracted with ethylene chloride. The extracts were washed 
with water. After drying and concentration, the residue was 
distilled at reduced pressure. The yields, chemical and physical 
data, and analyses of this substance and of the other products 
prepared by this method are listed in Tables III and IV. 

4-Dichloroacetyldiphenylethane (XXVII) (Method B-3). 
Diehloroacetyl chloride (14.74 g., 0.1 mole) was added dropwise 
with stirring at 20° to a mixture of 16.07 g. (0.125 mole) of alu
minum chloride and 50 ml. of ethylene chloride. Stirring at 20° 
was continued for 30 min., the solution was decanted from excess 
aluminum chloride and added, at —15°, to a solution of 18.2 g. 

(0.1 molej of diphenylethane in 50 ml. of ethylene chloride. 
After stirring the reaction mixture at —10° for 6 hr., it was 
poured into water and worked up as usual. For data, see Table 
IV. 

4-Chloroacetyldiphenyl Sulfoxide (XV; (Method C). To a 
solution of 5.24 g. (0.02 mole) of 4-ehloroaeetyldiphenyl sulfide in 
100 ml. of glacial acetic acid was added 2.38 ml. (0.02 mole) of 
30c/c hydrogen peroxide. After standing at room temperature 
for 48 hr., the mixture was poured into 2 1. of ice-water, and the 
product was filtered off and crystallized (see Tables III and IV"). 

General Directions for Mono- and Dibromoacetyl Derivatives 
(Method D).—To a solution of 0.1 mole of the aryl methyl ketone 
in (a) glacial acetic acid or (b) chloroform, the required amount 
of bromine was added at 30-40° and the mixture was stirred 
until the color disappeared. When acetic acid was used, water 
was added to precipitate the product, which was filtered, washed 
with water, and crystallized or distilled. If the reaction was 
carried out in chloroform, the solution was washed with water. 
dried, evaporated, and the residue crystallized from a suitable 
solvent (see Tables V and VI). 

4-DichloroacetylbiphenyI (XVIII) (Method E).--A solution of 
19.6 g. (0.1 mole) of 4-acetylbiphenyl in 250 ml. of acetic acid, 
warmed at 60°, was saturated with a stream of chlorine. Ni
trogen was bubbled in to remove excess chlorine and hydrogen 
chloride, and the 4-diehloroacetylbiphenyl crystallized on addi
tion of water. It was filtered, washed, and recrystallized (see 
Table IV). 

4,4'-Bis-(dichloroacetyl)diphenyl Sulfide (XXXIII) (Method 
F).—A stream of chlorine and nitrogen was passed through a 
solution of 27 g. (0.1 mole) of 4,4'-bis(acetyldiphenyl) sulfide in 
250 ml. of glacial acetic acid and warmed at 60° until the solution 
was saturated with chlorine. It was cooled, and the product, 
which crystallized, was filtered, washed with water, and recrys
tallized (see Table IV). 

3 , 5 -Dichloro-4'-hydroxybiphenyl-4-carboxylic Acid (LXIj. 
A solution of 3.5 g. (0.01 mole) of 4-dichloroacetyl-3',5'-dichloro-
4'-hydroxybiphenyl (XXI) in 20 ml. of dioxane was refluxed for 
5 hr. with a solution of 3.16 g. (0.02 mole) of potassium perman-
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> 
c 

61.11 
45.79 
49.51 
49.56 
41.76 

H 

4.03 
3.02 
3.05 
3.27 
2.63 

— % Calcd.— 
Br 

29.05 
21.76 
40.35 
23.56 
34.73 

N 

7.67 

• 
s 

6.97 

. • — 

c 
60.67 
46.00 
49.16 
49.31 
41.39 

H 

3.75 
2.62 
3.15 
3.27 
2.56 

% Found 
Br 

29.11 
21.99 
40.07 
23.90 
35.28 

7.50 

6.94 
substituted benzoic acids obtained by oxidation from halomethyl aryl ketones. 

Ref.6 

29 
30 
23 
27 
28 

c 
47.48 
37.86 

34.69 
34.69 
48.94 
35.95 
50.29 
37.15 
45.43 
33.72 

43.55 
32.79 
40.21 
31.09 

H 

2.84 
1.81 

1.82 
1.82 
3.29 
2.13 
3.69 
2.42 
2.72 
1.77 

2.61 
1.72 
2.41 
1.63 

— % Calcd. 
Br 

45.14 
35.99 

57 .71 
57.71 
43.42 
56.29 
41.83 
54.93 
43.19 
56.09 

41.40 
54.55 
38.23 
51.73 

N 

6.31 

s 

5.18 

C 

47.61 
38.19 

34.68 
34.68 
49.19 
36.12 
50.85 
37.54 
45.68 
33.96 

43.37 
33.33 
40.35 
31.43 

H 

2.88 
1.94 

1.71 
1.63 
3.41 
1.97 
3.81 
2.45 
2.66 
2.04 

2.64 
1.51 
2.62 
1.45 

— % Found 
Br 

45.36 
35.90 

57.62 
57.94 
43.19 
56.19 
41.44 
54.78 
42.59 
55.54 

41.59 
54.48 
38.09 
51.60 

N 

6.18 

s 

5.30 

Ref. 

22 
30 

23 
24 
17 
18 
19 
25 
20 
26 

27 
28 
27 
28 

temperature 80-90° 

ganate in 40 ml. of 12% aqueous sodium hydroxide. After fil
tration from manganese dioxide, the precipitate, formed on acidi
fication with hydrochloric acid, was recrystalUzed from acetic 
acid to give 2.7 g. (95%) of 3',5'-dichloro-4'-hydroxybiphenyl-4-
carboxylic acid, m.p. >300° . 

Anal. Calcd. for Ci3H8Cl208: C, 55.15; H, 2.85. Found: 
C, 54 58; H, 2.72. 

3',5'-DichIoro-4'-methoxybiphenyl-4-carboxylic Acid (LX). 
(a).—A similar oxidation of the 4-dichloroacetyl-3',5'-dichloro-
4'-methoxybiphenyl (XX) afforded a 90% yield of 3',5'-dichloro-
4'-methoxybiphenyl-4-carboxylic acid (LX) which crystallized 
from acetic acid, m.p. 210°. 

Anal. Calcd. for C14H10Cl2O3: C, 56.61; H, 3.39; CI, 23.88. 
Found: C, 56.64; H, 3.43; CI, 24.18. 

(b).— To a well stirred solution of 2.83 g. (0.01 mole) of 3' ,5'-
dichloro-4'-hydroxybiphenyl-4-carboxylic acid (LXI) in ether, 
cooled at 5°, a solution of 0.88 g. (0.02 mole) of diazomethane in 
40 ml. of ethyl ether was added dropwise. After 5 hr. standing 
at 5-8° the 3',5'-dichloro-4'-methoxybiphenyl-4-carboxylic acid 
(LX) crystallized and was recrystalUzed from acetic acid, yield 
2.08 g. (70%); m.p. 210-211°. 

Anal. Calcd. for C14H10Cl2Oa: C, 56.61; H, 3.39; CI, 23.88; 
CH 30, 10.44. Found: C, 55.81; H.3.23; Cl, 24.01; CH30,10.15. 

Microbiology.—The antimicrobial activity of all compounds 
was tested in vitro by the usual procedures of the tube dilution 
method. In Table VII the minimal inhibiting concentrations are 
reported for Micrococcus pyogenes var. aureus, Salmonella typhi, 
and Mycobacterium tuberculosis H 37 RV. 

For the tests 1% solutions in Carbowax were prepared. These 
solutions were then diluted with media to make a concentration 
of 100 7/ml. The inoculum was 0.1 ml. of an 18-hr. broth cul
ture (1:100) of M. pyogenes or S. typhi, or 0.1 ml. of a 7-day 
broth culture of M. tuberculosis. The incubation temperature 
was 37°. 

(29) P. Jacobson, Ber., 28, 2547 (1895). 
(30) H. Strasser and G. Schultz, Ann., 210, 191 (1881). 
(31) A. Collet, Bull. Soc. Chim. France, (3)17, 510 (1897). 
(32) B. R. Carpenter and E. E. Turner, J. Chem. Soc, 869 (1934). 

Results and Discussion 

Table VII records the results of antibacterial screen
ing. As can be seen from these data, the monochloro-
methyl aryl ketones tested clearly show activity against 
M. pyogenes var. aureus which, however, decreases in 
the presence of serum. Some of these substances are 
weakly active against S. typhi. Almost all of them 
also have slight activity against M. tuberculosis in the 
presence of serum. The chloromethyl ketones were 
not screened because of their irritating properties. 
The dichloromethyl aryl ketones are slightly active 
against M. pyogenes var. aweus, and inactive against 
S. typhi, but show considerable inhibitory activity 
against M. tuberculosis in the presence of serum. 
The corresponding dibromomethyl aryl ketones are 
less active against M. tuberculosis than their dichloro
methyl analogs, but they show slight activity against 
S. typhi and good activity against M. pyogenes; this 
latter activity is, however, reduced by serum. The 2,2'-
disubstituted derivatives of biphenyl are practically 
devoid of antibacterial activity. 

As in a series of guanylhydrazones10 previously tested, 
the 4,4'-disubstituted derivatives of biphenyl, diphenyl-
ethane, diphenyl ether, and diphenyl sulfide exhibited 

(33) C. Walter and J. Ross, ibid., 538 (1945). 
(34) F. Kunekell, K. Eros, E. Mtiller, and A. Hindebrandt, Ber., 23, 188 

(1913). 
(35) H. H. Szmant and F. P. Palopoli, J. Am. Chem. Soc, 72, 1756 

(1950). 
(36) M. Tomita, H. Kumaoka, and M. Takose, / . Pliarm. Soc. Japan, 74, 

850 (1954). 
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TABLE VII 

C o m p o u n d no. 

i« 

in 
n 
I V ' 
V 
VI 
VI I 
VIII 
I X " 
X 
X I 
XII* 
XIII* 
X I V 
X V 
X V I 
XVII 
XVIII 
X I X 
X X 
X X I 
XXII 
XXI I I 
XXIV 
X X V 
XXVI 
XXVII 
XXVII I 
X X I X 
X X X 
XXXI 
X X X I I 
X X X I I I 
XXXIV 
XXXV 
XXXVI 
XXXVII 
XXXVIII 
XXXIX 
X L 
XL I 
XLII 
XLIII 
XLIV 
X L V 
XLV1 
XLVII 
XLVIII 
IL 

Medium: Difco 

MINIMAL INHIBITORY CONCENTRATION 

' Micrococcus 
var . aur 

After 
24 h r . 

0.25 
3.12 

12.5 
3.12 
0 
(i. 25 
3 . 12 

12.5 
6. 25 

12.5 
12.5 
3.12 

12.5 
12.5 
3.12 
1.56 
1.56 

100 
100 

(1 
0 

100 
12.5 
50 

0 
25 

0 
12,5 
0 
0 

25 
100 

50 
25 
25 

6.25 
3.12 
1.56 

25 
1.56 
1.56 
1.56 
3.12 
I .56 
1 .56 
3.12 
1.56 
3.12 
6.25 

nutrient broth + l°/t 

pyogenes 
eusa 

After 
48 h r . 

6.25 
3.12 

12.5 
3.12 
0 
6.25 
3.12 

12.5 
6.25 

12.5 
12.5 
6.25 

12.5 
12.5 
6.25 
3.12 
6.25 

100 
100 

0 
0 

100 
25 
50 

0 
50 

0 
12.5 

0 
0 

50 
100 

50 
50 
25 
12.5 
3.12 
1.56 

50 
1.56 
1.56 
1.56 
0.25 
1 .56 
1.56 
3.12 
3.12 
6.25 

12.5 
o Tween 80. 

MG. 

Micrococcus 
va r . 

After 
24 hr . 

12.5 

100 
50 

25 
25 
25 
12,5 
50 
25 
50 
50 
50 
25 
25 

0 
0 

100 
100 
100 

50 
25 

0 
0 

25 
0 

12.5 
0 

100 
25 

0 
12.5 
50 

100 
25 

6.25 
50 
25 

100 
6.25 

100 
100 
100 
100 
100 
100 
100 
100 

h Medium: 

aw 

/ M L . OI' 

l esi 
pyogenes 
eusb 

AfttM 
18 hr . 

25 

100 
50 

25 
25 
25 
12.5 
50 
25 
50 
50 
50 
25 
50 

0 
0 

100 
100 
100 
100 

50 
0 
0 

25 
0 

25 
0 

100 
50 

0 
50 

100 
100 
25 
12.5 

100 
50 

6 
6.25 
0 

100 
100 

0 
0 

100 
100 

0 

HALOMETHYL ARI 

\ o rganism 

Salmonella 
After 
2 t hr . 

6.25 
50 

0 ' 
0 
0 

2o 
0 
0 
0 

25 
50 

100 
0 

n 
25 
511 

1) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12.5 
(I 
0 

50 
0 

50 
0 

25 
50 

0 
50 
25 

0 
Difco nutrient broth -f- 1 % 
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typhi" 
After 
)8 h r . 

100 
50 

0 
0 

0 
100 

0 

o 
0 

50 
50 

100 
0 
0 

50 
50 

0 

25 
0 
0 

50 
0 

50 
0 

25 
50 

0 
50 
50 

0 

Tween 80 + 

Mycobact 
tuberculosis 
After 

7 d a y s 

12.5 

50 
12.5 

25 
25 
50 
12 5 
25 

25 
25 
50 
25 

100 
0 
3.125 

12.5 
6.25 
6.25 
6.25 
1 .56 
O 
6.25 
6.25 
6.25 
0.78 
6.25 
6.25 
1 .56 
6.25 
t . 56 
3.125 
6.25 
0 

12.5 
6.25 
0 

12.5 
6.25 

12.5 
3.125 

25 
25 
25 

6,25 
0 
0 

~ .(rlum 
H »7 R. V 

Vfter 
I I rlay< 

12.5 

50 
12.5 

25 
25 
50 
12.5 
25 

25 
25 
50 
25 

100 
0 
6.25 

.12 5 
6 25 
6 25 

12 5 
1 .56 
0 

12.5 
12.5 
6.25 
0. 7S 
6.25 

12.5 
3.12 
6.25 
1 .56 
3 12: 

12,5 
0 

12.5 
6 25 
0 

12,5 
12,5 
12,5 
6.25 

25 
25 
25 

0 25 
0 
0 

10% beef serum. ' 
diuin: Difco Dubos broth base + 10% Bacto Dubos medium serum. d 4-Chloroacetylbiphenyl, see ref. 31 
cates no activity under 100 ,ug./ml. / 4,4'-Bis(chloroacetyl)biphenyl, see ref. 32. " 4,4'-Bis-chloroacetyldi 
* 4,4'-Bis(chloroacetyl)diphenyl ether, see ref. 34. * 4-Chloroacetyldiphenyl sulfide, see ref. 35. j 4,4'-Bisi 
fide, see ref. 36. 

Me-
The number zero indi-

phenylethane, see ref. 33. 
(chloroacetyl)diphenyl sul-

the highest antibacterial activities, pointing to the 
significance of these "support ing" molecular moieties. 
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