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The antibacterial activity of chloroacetyl, dichloroacetyl, and dibromoacetyl derivatives of biphenyl, di-
phenylmethane, diphenylethane, dipheny! ether, dipheny! sulfide, dipheny! sulfoxide, and dipheny! sulfone was
studied. The chloromethy! ary!l ketones and the dibromomethy! aryl ketones are active against the Micrococcus
pyogenes, but their activity is greatly reduced in the presence of serum. The dichloromethy! ary! 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,?
and the same group greatly increases the antitubercu-
lous activity of other parent amino compounds, for
example, that of 4-aminosalicylic acid.* In two recent
patents,®® these observations have been extended to
mono- and dichloro- and bromomethyl aromatic ke-
tones which also exhibit antibacterial activity. In
continuation of our studies’ ! on chemotherapeutically
active derivatives of biphenyl, diphenyl ether, diphenyl
sulfide, diphenyl sulfoxide, dipheuyl sulfone, and di-
phenylmethane and -ethane, we considered it of interest
to attach mouo- 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 conveuient for the prepara~
tion of some monochloroacety! derivatives. Several
mono- and bischloroacety] derivatives of biphenyl were
were obtained by modified Friedel-Crafts reactions
{methods B-1, B-2, B-3) (for experimental details, see
Table IT). 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

(1) Deceased.

(2) Author to whom inquiries should be addressed at Research Division of
Recordati 8.p.A., Milan, Italy.

(3) W. A. Sexton, Chem. Constitution Biol. Activity, 233 (1952); Chem.
Abstr., 47, 10747¢ (1953).

(4) 8. 8. Lih, 8. Ferng, W. K. Ting, and T. C. Wang, Bull. Chinese Assoc.
Advan. Sci. (Taiwan), 4, 1 (1956); Chem. Abstr., b1, 141224 (1957).

(5) W. A. Gregory, U. S. Patent 2,763,692 (September 18, 1956);: Chem.

Abstr., b1, 4429¢ (1957).

(6) W.A. Gregory, U. 8. Patent 2,784,137 (March 5, 1957); Chem. Absts.,
51, 11384e (1957).

(7) G. Cavallini, Farmaco (Pavia), £d. Scr., 10, 644 (1855).

(8) G. Cavallini and E. Massarani, J. Med. Pharm. Chem., 1, 365 (1959).

(9) G. Cavallini, E. Massarani, D. Nardi, F. Magrassi, P. Altucci, G.
Lorenzutti, and U. Sapio, ibid.. 1, 601 (1959).

(10) G. Cavallini, 19. Massarani, ID. Nardi, L. Mauri. and P. Mantegazza,
ibid., 4, 177 (1961).

TaBLE I

CHARACTERISTIC INFRARED FREQUENCIES?

¥ (C—11)
y (C=0) p-disubstituted
v (OH) pbenol ~COOH (aromatic), aromatic
em, -1 em. 71 ring, emu. 7!
LXI 3460 1706 and 1686 800
(sharp peak)
LXI1I 3422 1686 851
(broad band)
LXIII 3367 1680 831
(broad band)

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

TasLe 11
ExpERIMENTAL CONDITIONS FOR FRIEDEL—CRAKTS
REeactioNs (METHOD B-1, B-2, B-3)

Temp.
of Reaction

Compound addition, temp.. Time.
no. Method °C. Solvent °C. hr.
L B-1 10, 20 C8, Reflux 6
VI B-1 -5,0 CS, 5,10 3
B-2 -5 C.H,Cl, -5 3
VII B-1 ~5,0 CS, 5,10 3
11 B-1 10,20  CS, Reflux 6
VIII B-1 0 CS: 0 6
X B-1 0,5 CSe 5,10 6
B-1 0,5 C,H,Cl, 5,10 6
B-2 0 C.H,Cl, 0,5 5
XTI B-1 10,20  CS, 20,30 18
XVIII B-2 0,5 C.H.Cl, 20, 30 2
XI1X B-1 30 C.H,Cl, 20, 30 96
XXI11 B-1 10, 20 CS, Reflux 6
XXV B-1 0,5 CSe 5, 10 6
XXVII B-3 —-15 C,H,Cl, —10 [§
XXIX B-1 0,5 CS; 5, 10 6
XXX B-1 10,20  C% 20,30 18
XXXI B-1 10, 20 Cs, 20, 30 9
XXXII B-1 0 CS; 5, 10 9

acetic acid (method L) 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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RCOCH,C
Solveni
Cloneponnd Yieb), of
Do. R Method e B “Co o Mo, 7O, cryatt Foruali
IIT »-CeH3CeH o A° Pl 0 (013 (4 HaClO
1. [7-(4-CH3005H4)C(5H4' A ; H0 132 1 (‘(:.}’{w(}l(]:
H-]l 15
11 p-03-Cl-4-CH3;OCHy )Co o~ B-1 65 200-205(0.5) |BETR SIS A CaeCLO:
V 0,0"-CsH,CsH,- AY G5 FHO-1)2 1; CreHpCLO,
Vi »-CeH;CHLCeH s - 13-1 44 165(0.2) 58 I CieH O
13-2
Vil 0 -CeH CHCsH 3-1 20 240-250(0.2; 118120 A s, ClOy
Vil p-CeH:CH,CH,CyH - B-1 18 190 (1) 3507 A sl CHO
X p-CeHOCH, 13-1 50 155-160 (0 2 5657 1 4 H O
3-2
N1 p-(4-ClCeH)CH B-1 70 G870 L 1 H 6 ClaO
\V p-CyH;SOCeH., & 30 102- 103 A CuHi ClOs=
1.1 »,p-C:HSOC:H - & 70 165 C CrsH 12CLOSS
XVl p-CeHsS0.CeH - o 60 THE-113 A CHLClOsS
XVII p.p"-CsHSO.CeH - of 00 175 ¢ C6HCLOLR
« . = ligroln; A = ethanol; H = hesane; C = cthy! acctate. ' Reference corresponds to literature data for the substitited

henzoice acids obtained by oxidation from halomethyl arvl ketones.

¢ Ethy! ether was used as solvent.

The solution of the acid ¢hloride

wus dropped in at —5° and the mixtire was saturated with hydrogen chloride at room temperature. ¢ In this way a partial demethoxyl-

TasLe IV

RCOCHCI,
Solvent
Componnd Yield, of
ne. R Method Lo B, “CL Garad Mo, 2C cryst.® Tormuly
NVIII p-CsHaCqu" B-2 56 A (JNHlDClg( )
I 90 165-170(0.2) 95110 D-W
XXI! »-CeH;CeH - I5e 30 115-120(0.05) CrHCLO
XIX p-(3-Cl-4-CH;OCeH;)CeH 1~ B-1 31 203-208 (0.01 C1:HuCLO,
XX p=(3,5-Cl-4-CH,OCsH,)CeH.~ 1 ) 148 A C1:H 6 CLO.
NXI p-(3,5-Cl-4-HOCH, )CeH.~ E* {10 104~105 D-W CrLHsCLO.
XNXI1I p,p"-CeH,CsH~ 13-1 25 184~ 185 D CheHypCliO
15 65 A
XXV 0,0"-CeH,CeH ;- D ) 167~ 170 D CieHipClaOs
XXV p-CeH; CH,CyHo- B-1 G5 7874 C C:H.ClO)
XXV p,p’~CeH CHoCeltLy- [ 70 112 | CrH 1 CLO,
NXVII p-CeH;CH,CH,CeH - 13-3 166~ 172 (0,01 50-51 1Y CieH,1,CLO
NXXVIT) »,p"-CeH,CH,CH,CoH .~ 15 5D J61-162 G CH i ClLO:
A
NXIX p-CeHsOCeH - 3-1 55 205-210 (0.2) 68 A CrHiClal)s
NXNXN p-(4-ClCeH,O)Cal Ly~ 131 70 70-71 I. CHLCLO,
AW
NXNXI p.p-CeH,OCH -~ 13-1 49 117118 A CeH e CliO)y
L 00)
NXXII p-CeHSCeHy 13~1 40 105-200 (0. 6) G7 11 CraH oClO3s
NXXII! 2,p"-CeH SCeH .~ I 03 126--128 A C1sH6CLOS
[
XXXV p-CeHiSOCH ;- (™ 068 I8 | CraHieClOaS
XXXV p-CeH:S0:CsH Cf 80 102 A CrH pClOgs
E S8 |
NXXVI p,p'-CeHSOCeH 4 E 68 201-202 D Creld1,CLOS
2 A = ethanol; D = acetic acid; W = water; C = ethy! acetate; 1 = isopropy! alcohol; P = benzene; |. = ligroin; H =

hexane.

being obtained, respectivelv. Evidence for these
reactions was obtained by oxidizing XX to 3/5'-
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)! and because of

A NL P,
AU37).

Bun-1loi, M. Sy, and o Riehd, J.o Orge Cheme, 28, 16K

b Reference corresponds to literature data for the substituted benzoic acids obtained by oxidation from halomethy! aryl ke-

the identity of LX with the product of oxidation an-
methylation of XXI. The 3’-position of the second
nuclear chlorine atom may be deduced from a comd
parison of its infrared spectra with those of 3’-chloro-
4’-hydroxybiphenyl-4-carboxylic acid (LXII)** and
4’-hydroxybiphenyl-4-carboxylic acid (LXIII).1?

The position of the second chlorine atom orého 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 LXIT, with

A2y GOWL Gy, By dares, and Vo Narson, S Cleoe Soe, 380G 5057,
135 AL L. Wikds and Co 1 Shunk, . Ame Chem, Soe., T2, 2488 (1130,
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— % Caled.
o] H Cl 3 CH:0
72.88 +4.81 15.37
69.09 5.02 13.60 11.93
61.03 4.10 24 .02 10.51
62.55 3.93 23.08
73.62 5.35 14.48
03 .56 4.39 22 .08
74.27 5.84 13.70
68.16 4.49 14,37
59 .80 3.58 25.22
12.76 11.54
19.95 9.02
57.04 3.76 12.02 10.88
51.76 3.23 19.10 8.63

ation occurs. For that reason
peroxide was used.
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575
— % Found
c H Cl S CHs0 Ref.’

72.85 4.74 15.07
69.15 4.75 13.74 12.22 15
61.23 4.01 24.10 10.80 16
62.60 3.89 23.20
73.65 5.07 14.90 17
63.96 4.12 22.08 18
74.38 5.96 13.91 19
068.09 4.33 14.72 20
60.17 3.064 25.00 21

13.00 11.49

19.90 9.00
57.04 3.81 12.22 10.85
51.91 3.21 19.20 8.86

the purification was difficult and several crystallizations were necessary.

¢ An excess of liydrogen

- % Caled. - % Found —

C H Cl S| CH;0O C H Cl 8 CH;0O Ret.b
63.41 3.80 26.74 63.38 3.86 26.79 22
63.41 3.80 26.74 63.18 3.69 26.08
54.65 3.36 32.27 54.93 3.07 32.90 16
49.85 2.76 38.95 8.52 49.70 2.80 38.90 8.40
48.04 2.30 40.51 48.00 2.23 40.40
51.09 2.68 37.71 51.28 2.61 37.70 23
51.09 2.68 37.71 50.96 2.45 37.21 24
64.53 4.33 25.40 64 .44 4.23 25.57 17
52.33 3.10 36.35 51.80 3.38 36.50 18
65.54 4.81 24.18 65.70 4.63 24.18 19
53.49 3.49 35.10 53.66 3.47 35.09 25
59.80 3.58 25.22 59,89 3.57 25.30 20
53.27 2.87 33.70 53.30 2.66 34.00 21
49.01 2.57 36.17 49.20 2.41 35.98 26
56.59 3.39 23.85 10.79 56.73 3.20 23.98 11.10 27
47.08 2.46 34.75 47.03 2.43 34.41 28

22 .64 10.25 22.40 10.50
51.07 3.66 21.54 9.74 51.02 3.37 21.30 9.65 27
13.65 2.20 32.22 43.65 2.17 32.26 28
tones, ¢ Reaction temperature 40°. < Reaction temperature 25°. ¢ 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 LXTI does not permit intermolecular
hydrogen bonding which is responsible for the dis-
placement and broadening of the bands to lower fre-
quencies (see LXIIT).

Experimental '

4-Chloroacetyl-4 '-methoxybipheny! (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) Al melting points and boiling points are corrected.

(15) W. 8. 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., 38, 2627 (1900).

(18) M. Schopff, ibid., 27, 2326 (1894).

(19) G. Cavallini, E. Massarani. D. Nardi, L. Mauri, P. Mantegazza, and
F. Barzaghi, J. Am. Chem. Soc., 81, 2564 (1959).

(20) P. Griess, Ber., 21, 980 (1888).

(211 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).

(25) C. Fischer and R. Wolffenstein, Ber., 87, 3215 (1904).
(26) O. V. Schickh, ibid., 69, 242 (1936).

(27) A. Michael and A. Adair, {bid., 11, 119 (1878).

(28) A. Michael and A. Adair, ilud., 11, 121 (1878).
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TapLr V

RCOCH:Be
Rolvent
Corapour) Y ooehed, B, of

ny. B Method ! inn. A, T ceys? Forasnl
111 m-Cl,Cell, 1) 25 NS10. 05 (e Bro
1111 P(4=-NOsCeH.i jone-N OuClHy b GO 113 13-V CuHBrN.O),
LIV p,p'-CsHL Ol D (2 204206 % Cral e BreOs
LV p-CHS0.Coll b N0 127128 A CrHnBrogs
LV p-CeHSO.Ce . D a0 178170 15 W ClyaltleBra0)=

* B = acetone; W = water; (! = ethyl acetate; A = ethanol; I = dioxane. Refercuer corresponds to literatare data for the
TasLe VI
RCOCHB:
Splvent
Cotapound Yiehd, of
no. 1L Method o M, U erysy Torrqulis
NXXVI p-CsHClly 1) 55 IS 11y 1) 30
LV P-(4=NO:CyH )m0-N OCH 1 (0B 120 13-W CoHsBra NGO,
A
NXXVILT p.p’-CeH CsH g 1ie 6O 160170 1) W ChsHpBrsO;
NNIX 0,0'-CeH CsH -~ b S5 182185 1 CisH oBri).
XL [)-(‘6}{“CH_7C5H i I 90 H P (;"(T)Iierl"I( )
LI p,p"-CsHCHaCel, - b 2 104--105 AY| CirH e B,
XL p-CeH;CHCHLCiH b IR T M-V CeHigBr)
NLIIT pop -CeHCHWCHL.CH - b 78 1M 13-V CHy BryO
N1V p-CeHOCH o~ 1 60 5456 A CoH i3,
NLV p.p-CellOCH ~ b 95 110 B CeHwBrat):
W
NLVI ,U-( ,.4;}{(.;\.(,.(;}{4" 1 0 S0-51 A (‘(J{][,HI':' I~
NLV1] pop-CellSCeH 1) A0 118120 ¢ Crsl o311
NLVIIT p-CyH OG- h S50 130-138 A CuHgBra=
11 pop-CeHROLCt 1) b5 14905 =W CiHypBr.0%
¢
“ 1) = acetic aeid; B = acetone; W = water; A = ethanol; I’ = benzene; M = methanol: C = ethyl acetate.  Reference

corresponds to literatare duta for the substituted benzoic acids obtained by oxidation from halomethy! aryl ketones.

carbony! ehloride, digsolved in 250 wl. of anhydrous benzene, was
added dropwise at 20°.  After 4% lir. at 20°, the solution was
sutirated with anhydrous hydrogen chloride, concentrated under
reduced pressure nutil erystallization begau, and cooled. The
prodinet was filtered off and recrystallized from ligroin (see Table
FIRER

3 -Chloro-4-chloroacetyl-4'-methoxybiphenyl (Il (Method
B-11.~Chloroacety] chloride (11.2 g., 0.1 niole} was added drop-
wise at 10-20° to u stirred mixture of 21.85 g. (0.1 mole)} of 3-
chloro-4-methoxybiphenyl, 100 ml. of anhydrous carbon disulfide,
and 13.3 g. (0.1 mole) of aluminuimn chloride.  After stirring and
refluxing for 6 hir., the reaction mixture was poured into ice-
water and acidified with hydroehlorie acid, and the crude product
was extracted with methylene chloride, washed, dried, and frac-
tionted.

The yields, chanieal and physieal data, and analyses of this
sabstance and of the other products prepared by this method
are listed in Tables 11T and IV,  The solvent, the temperatire,
and the time of reaction of other prodncts prepared by this
mtethod are listed in Table I1.

4-Chloroacetyldiphenylmethane (VI) (Method B-2).—A mix-
ture of 33.6 g. (0.2 mole) of diphenyhuethane, 100 mnl. of ethylene
chloride, and 22.6 g. (0.2 mole; of chloroacety! chloride was added
dropwise at —5° with stirring to a mixture of 26.6 g. (0.2 mole)
af alnminam chloride and 100 ml. of ethylene chloride. After
stirring at —5° for 3 hr. the mixture was poured into ice—water,
acidified with hydrochlorie acid, separated, and the water layer
wig 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 analyvses of this substance and of the other products
prepared by this method are listed in Tables ITT and IV.

4-Dichloroacetyldiphenylethane (XXVII) (Method B-3).—
Dichloroncety! chloride (14.74 g.. 0.1 mole) was added dropwise
with stirring at 20° to a mixture ot 16.07 g. (0.125 mole) of aln-
mimun chloride and 50 ml. of ethylene chloride. Stirring at 20°
was coutimied far 30 min., the solution was decanted from excess
almoimun chloride and added, at —15°, to a solution of 18.2 g.

¢ Reaction

(0.1 mwley 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 np as usnal.  VFor data, see Table
Iv.

4-Chloroacetyldipheny! Sulfoxide (XV; (Method Cj.—l'o a
solntion of 5.24 ¢. (0.02 mole) nf 4-chloroacetyldipheny! snlfide in
100 nil. of glacial acetic neid was added 2.38 ml. (0.02 mole) of
304% hydrogen peroxide. After standing at room temperatime
for 48 hr., the mixture was poured iuto 2 1. of ice=water, and the
product was filtered off and crystallized (see Tables Il and IV

General Directions for Mono- and Dibromoacetyl Derivatives
(Method D).—To a solution of 0.1 niole of the aryl methyl ketone
in (a) glacial acetic acid or (b) chloroform, the required amount
of bromine was added #t 30-40° and the mixture was stirred
ontil the color disappenred.  When acetic acid was nsed, water
was added to precipitate the prodiuet, wlhicli was filtered., washed
with water, aud crystallized or distilled. If the reaction was
carried ont in chloroform, the solution was washed with walter.
dried, evaporated, und the residune crystallized from a suitable
solvent (see Tables V and V).

4-Dichloroacetylbiphenyl (XVIII} (Method E).—A solntivn of
19.6 g. (0.1 nmole} of 4-acetylbipheuyl in 250 ml. of acetic neid,
warmed at 60°, wus satirated with a stream of chlorine.  Ni-
trogen was bubbled in to remove excess chlorine and hydrogen
chloride, and the 4-dichloroacetylbipheny! crystallized on addi-
tion of water. 1t waus filtered, washed, and recrystallized (sec
Table IV;.

4,4'-Bis-(dichloroacetyl)dipheny! Sulfide (XXXIII) (Method
Fi.—A streamn of chlorine and nitrogen was passed throngh a
solution of 27 g. (0.1 mole) of 4,4'-bis(acetyldiphenyl) sulfide in
250 ml. of glacial acetic neid and warmed at 60° until the solution
was saturated with chlorine. Tt was cooled, and the product,
which crystallized, was filtered, washed with water, and recrys-
tallized (see Table V).

3,5 -Dichloro-4'-hydroxybiphenyl-4-carboxylic Acid (LXI).—
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 soltion of 3.16 g. (0.02 mole} of potassiuim permn-
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% Caled. % Found

c H Br N 8 c H Br N E Ref.b
61.11 4.03 29.05 60.67 3.75 29.11 29
45.79 3.02 21.76 7.67 46.00 2.62 21.99 7.50 30
49.51 3.05 40.35 49.16 3.15 40,07 23
49.56 3.27 23.56 49.31 3.27 23.90 27
41.76 2.63 34.73 6.97 41.39 2.56 35.28 6.904 28

substituted benzoic acids obtained by oxidation from halomethyl aryl ketones.
% Caled. % Found

C H Br N S| C H Br N 8 Ref.
47 .48 2.84 45.14 47 .61 2.88 45.36 22
37.86 1.81 35.99 6.31 38.19 1.94 35.90 6.18 30
34.69 1.82 57.71 34.68 1.71 57.62 23
34.69 1.82 57.71 34.68 1.63 57.94 24
48 .94 3.29 43 .42 49.19 3.41 43.19 17
35.95 2.13 56.29 36.12 1.97 56.19 18
50.29 3.69 41.83 50.85 3.81 41.44 19
37.15 2.42 54.93 37.54 2.45 54.78 25
45.43 2.72 43.19 45.68 2.66 42,59 20
33.72 1.77 56.09 33.96 2.04 55.54 26
43.55 2.61 41.40 43.37 2.64 41.59 27
32.79 1.72 54.55 33.33 1.51 54.48 28
40.21 2.41 38.23 40.35 2.62 38.09 27
31.09 1.63 51.73 5.18 31.43 1.45 51.60 5.30 28

temperature 80-90°.

ganate in 40 ml. of 129, aqueous sodium hydroxide. After fil-
tration from manganese dioxide, the precipitate, formed on acidi-
fication with hydrochloric acid, was recrystallized from acetic
acid to give 2.7 g. (95%) of 3’,5’'-dichloro-4’-hydroxybiphenyl-4-
carboxylic acid, m.p.>300°.

Anal. Caled. for C3HsClO:: C, 55.15; H, 2.85. Found:
C, 54 58; H, 2.72.
3',5’-Dichloro-4’-methoxybiphenyl-4-carboxylic Acid (LX).

(a).—A similar oxidation of the 4-dichloroacetyl-3’,5'-dichloro-
4’-methoxybipheny! (XX) afforded a 909, yield of 3’,5'-dichloro-
4’-methoxybiphenyl-4-carboxylic acid (LX) which crystallized
from acetic acid, m.p. 210°.

Anal. Caled. for C, HoClLO;: C, 56.61; H, 3.39; Cl, 23.88.
Found: C, 56.64; H, 3.43; Cl, 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 ethy! ether was added dropwise. After 5 hr. standing
at 5-8° the 3’,5’-dichloro-4’-methoxybiphenyl-4-carboxylic acid
(LX) crystallized and was recrystallized from acetic acid, yield
2.08 g. (709%); m.p. 210-211°.

Anal. Caled. for CuH,0ClO:: C, 56.61; H, 3.39; Cl, 23.88;
CH;0, 10.44. Found: C, 55.81; H, 3.23; Cl,24.01; CH;0, 10.15.

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

For the tests 19, solutions in Carbowax were prepared. These
solutions were then diluted with media to make a concentration
of 100 ¥/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. Sclhultz, Ann., 210, 19] (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 screei-
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 thiese substances are
weakly active against 8. typhi. Almost all of them
also have slight activity against M. tuberculosts 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. awreus, 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
8. 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.

Asin a series of guanylhydrazones!® 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 (1943).

(34) F. Kunckell, K. Eros, E. Miiller, and A. Hindebrandt, Ber., 28, 188
(1913).

(353) H. H. Szmant and F. P. Palopoli, J. Am. Chem. Soc.. T2, 1756
(19501).

(36) M. Tomita, H. Kumaoka, and M. T'akose, J. Pharm. Soc. Japan, 74,
850 (1954).
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* Medinm: Difco nutrient broth + 19, Tween 80.
dinm:  Difco Dubos broth base + 109 Bacto Dubos medium serum.
/ 4 4’-Bis(chloroacetyl)bipheny!, see ref. 32,
¢ 4-Chlorpacetyldiphenyl sulfide, see ref. 35.

Test rganisic

MAcrococcus pyogenes

V@I, AUureus

Aftec
24 ko

12

100
S50

25
()
0

25

0

12,0

[\l
100
0

12,7

a0
100

25

6.2

H0
25
100

6.2

100
100
100
100
100
100
100
100

5

significance of these “supporting’” molecular moieties.
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