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The preparation of a number of penicillins with 2-biphenylyl side chains is described. Some of the substituted
2-biphenylcarboxylic acids used as intermediates were synthesized for the first time or were prepared by new

methods.
cocel.

The penicillin nucleus, 6-aminopenicillanic acid,
which became available in quantity as a biosynthetic
product in 1959,! has been used as the starting material
for the chemical preparation of a great number of
“semisynthetic’”’ penicillins.? Previously, total bio-
synthesis had been the only commercially feasible
method for making penicillins, and, out of the limited
number so obtainable, only two, penicillins G and V
(benzylpenicillin and phenoxymethylpenicillin, respec-
tively), had found wide clinical use. These two anti-
biotics are active against many Gram-positive organ-
isms, including ‘‘suseeptible’” staphylococci, but they
are not effective against the increasing number of
“resistant’’ strains of staphylococei which are being
encountered clinically. In this paper the term ‘“sus-
ceptible” is used for those staphylococei which are
sensitive to penicillins G and V, and ‘resistant’’ for
those which are unaffected by high levels (e.g. 500-
1000 v/ml.) of these antibiotics because they have the
ability to produce a lactam-opening penicillinase.?

The object of the work described in this and the
following papers was to find a penicillin with good
activity against both susceptible and resistant staphyl-
ococci as defined above. An early semisynthetic
product, methicillint (2,6-dimethoxyphenylpenicillin),
has approximately equal activity against these two
classes of organism because it is stable to staphylococeal
penicillinase.* However, this activity is low, pre-

(1) F. R. Batchelor, F. P. Doyle, J. H. C. Nayler, and G. N. Rolinson,
Nature, 188, 257 (1959).

(2) (a) Y. G. Perron, W, F. Minor. L. B. Crast, A. Gourevitch, J. Lein,
and L. C. Clieney, J. Med. Pharm. Chem.. 5. 1016 (1962); (b) F. P, Doyle,
J. H. C. Nayler, H. R. J. Waddington, J. C. Hanson, and G. R. Thomas, J.
Chem. Soc.. 497 (1963):. (c) references to most of the relevant chemical
wark which lias been publislied may be found in these two papers.

(3) Staphylococei with penicillin resistance whiclt is not due to a lactam-
opening penicillinase seem to be of less clinical immportance. For a consider-
ation of various types of penicillin resistance, see ‘‘Resistance of Bacteria to
the Penicillins,”* A. V. 8. de Reucke and M. P. Cameron, Ed., Little. Brown
and Co., Boston, Mass., 1962.

(4) F.P. Doyle, K. Hardy, J. H. C. Nayler. M. J. Soulal, F. R, Stone, and
I1. R. J. Waddingtan, .J. Chem. Soc., 1473 (1962},

(3) G. N. Rdlinsan, X. Stevens, I'. R. Batchelae, J. C. Woad, and F. B.
Chiain, Lancet, 2, 564 (196Q),
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These penicillins were active against penicillin G-resistant as well as penicillin G-susceptible staphylo-

sumably because the same structural features confer
resistance to penicillinase and also reduce the ability
of the compound to interfere with bacterial metabolism.
As we have previously reported,® 2-biphenylylpenicillin
also has good stability to staphylocoecal penicillinase
and is considerably more active than methicillin against
both susceptible and resistant staphylococei. The
present paper reports an exploration of the biological
effects of putting substituents on the rings of the 2-
biphenylylpenicillin side chain.

The new penicillins required in this investigation
were prepared by acylating 6-aminopenicillanic acid
with the appropriate side chain acids. New work
involved iu the preparation of these acids is described
in the Experimental; the footnotes to Table I cite
literature references to acids which were made by known
procedures. The penicillins were prepared by convert-
ing the acids to their chlorides and coupling these with
6-aminopenicillanic acid either in aqueous acetone with
sodium bicarbonate as an acid acceptor” or, where neces-
sary, in anhydrous chloroform in the presence of tri-
ethylamine.* The latter procedure was used generally
with 2-biphenylearboxylic acids bearing a substituent
in the 3-position since the chlorides derived from these
acids were extensively hydrolyzed in the aqueous
acetone system, probably because there was less steric
hindrance to the approach of a water molecule than to
that of the bulky 6-aminopenicillanic acid. The mixed

(8) (a) M. M. Dolan, A. Bondi. J. R. E. Hoover, R. Tumilowicz, R. C.
Stewart, and R. J. Ferlauto in "*Antimicrobial Agents and Chemotherapy—
1961,"" M. Finland and G. M. Savage. Ed., American Society for Microbiol-
ogy, 1962, p. 648. Subsequent papers in the same volume describe the
pharniacological and clinical evaluation of this penicillin, (b) A recent
publication from another laboratory [A. Goureviteh, C. T. Holdrege, G. A.
Hunt, W. F. Minor, C. C. Flanigan, L. C. Cheney. and J. Lein, Antibiot.
Chemotherapy. 12, 318 (1962)| shows continuing interest in this compound.
(¢) Numerous publications have appeared comparing the biological activities
of 2-biphenylylpenicillin (also referred to as *Ancillin® or SKF 12141) and
otlier semisynthetic penicillins. See. for example, L. D. Sabath and M.
Finland, Proc. Soc. Expil. Biol. Med., 111, 547 (1962); H. Abu-Nassar, T. W.
Williams, Jr., and F. M. Yow, Am. J. Med. Sci.. 245, 459 (1963).

(7) Y. G, Perron, W. T. Minor, C. T. Holdrege., W. J. Cottstein, J. C.
Codfrey, L. B. Crast, R. B, Babel, and 1., C, Cheney, J. Am. Chem. Snc., 82,
3034 (1960),
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anhydride method of coupling (usiug alkyl cliloro-
forinates) appeared to be inapplicable to the synthesis
ol peuicillins in this series. Attenipts to prepare 2-
biplienylylpeuicillin itself through the mixed anliydride
of 2-biphenylearboxylic and ethaxyformic acids, a
process claimed in the patent literature,® yielded ethoxy-
penicillin,  Sterie factors presuinably reverseld the
expected course of the reaction,

The new penicillins were isolated as either their
potassiiim or their sodium salts. The former were
prepared by treating the peuicillin free acid in ether
with potassium 2-etliylhexanoate® and the latter by
neuntralizing it in methaiol with sodium metlioxide.
The purity of the products was estimated by ineasuring
the intensity of the infrared absorption band at ca. 5.63 ,
whith is characteristic of the g-lactam earbonyl group.™®
The ineasuremetit was made in dimethyl sulfoxide
solutivbn sinee this solvent readily dissolves the nietal
salts of the penieilling and does not ahsorh strougly
i the relevaut infrared region. Peuicillin G was used
as a standard. The assuniption that the molecular
extinetion coefficient at this wave length is independent
of the nature of the side chain was fairly well borne o1t
by the results (Table I}; most of the penicilling gave
assays in the 90-1069; range.

Table I reports the minimal inhibitory coucentrations
of the new peunicillins for a susceptible and a highly
resistant strainn of staphyvlococei.!  Although more
extensive microbiological and pharmacological studies
were done on maiiy of these compouiids and have been
described i1 detail for 2-bipheiiylylpenicillin itself,®
these minimal inhibitory concentrations appear to
provide the most illuminating single index of their
activities. The values for most of the substituted
2-biphenylylpenicilling were not very ditferent from
tliose for the pareut penicillin (1), presumably because
similar structural factors operate in all these compounds
to protect them from attack by peuicillinase without
greatly impairing their autibiotic effectiveiiess.’> Even
compound 24, with au additional phenyl ring in the
side chaii, showed little if any significant departure
from the usual pattern of activities. Tlie ouly readily
assignable effects were seen i1l some of the 3-substituted
derivatives. The 3-inethoxy, 23-chloro, and 3-nitro
compounds (17, 19, 20) had diminished activities
against both types of stapliyvlococci, probably because
of excessive steric encuinbrance in the ueighborhood
of the amide linkage and the lactam ring; the 3-methyl
compound (16) showed this effert only marginally and
the 3-fluoro compound (18) not at all. Rather sur-
prisingly, the H-nitro compound (29) had egregiously
low activities agaiiist both orgauisins; the activities
of the other 5-substituted derivatives (25-28) were close
to the usual values, The in vitro susceptibilities of a
number of the new penicillins to staphylococcal peui-
cillinase were investigated. Although there was some
initial degradation, the rate iu all cases fell virtually to
zero before much of the peuicillin was destroyed; peni-

(8) F.P. Doyle, J. H. C. Nayler, and G. N. Ralinson, U. §. Patent 2,941.-
839 (Sept. 6, 1960).

(9) L. Jansen and H. Miickter, Germun Patent 965,753 (June 19, 19i7).

(10) N. 1I. Coy. C. W. 8abo. and B. T. Keeler. Anal. Chem.. 21, 669
(1949), described a metliod for determining pencillin G as its procaine salt
by measuring this infrared band in eliloroform solution.

(11) See Table I, footnote e.

(12) A fuller discussion of structure-activity relationships appears in the
secand paper of this series [R. J. Stedman, J. R. K. Hoover, A. W. Chaw.
M. M. Dolan, N. M Uall, and R, J. Ferlanta, J. Med. Chem., 7, 251 (19G41 ],

Vol. 7

cillin G was degraded rapidly and completely under the
conditions used.'® 2-Bipheuylylpeuicillin itself, al-
thongh resistant to staphylococeal periicillinase, was as
susceptible as penicillin G to Bacillus cereus penicil-
linase.’  Somie of the substituted derivatives were
resistait to B cercus penicillinase, tmt 1o systenuitic
study was undertaken.

Althaugh none ol the derivatives deseribed in this
paper showed  superiority to  2-biphenylylpenicillin
itself in rilro, come of them may have clinieal advail-
tages whicl woulll e revealed by more inteusive studics.

Experimental'®

2’-Chloro-2-biphenylcarboxylic Acid.-—A mixture of 8.01 g.
(0.04 male) of 2-chlora-2"-methylbiphenyl,% 7.12 g. (0.04 male)
aof N-bromasuccitimide, and a pineh af henzayl peraxide was
refluxed far 2 hr. in 30 nil. of earhon tetraehloride.  Thie reaction
mixture was filtered, nud the filtrate was washed with & sodiin
hydrexide and with water, dried, and evaporated to leave 2-
bromontethyl-2'-chlarabiphenyl as an arange oil.  This material
was stirred and refluxed avernight witlh 14 g, of potassiuin per-
manganate in 250 ml. of water, the munganese dioxide was
filtered, and the filtrate was washed with ether and acidified to
give 2.6 g. (2800 averull) of Z’-chlora-2-biphenylearboxylic acid
as  vellow erystals, mop. 139-141°, Recrystallization fram
aqueous ethanal gave calarless material, m.p. 140.5-142.5° (1, ©
n.p. 138-139°).

Adnal. Caled. for CigHuClO.:
C, 67.24; H. 4.06.

3’-Nitro-2-biphenylcarboxylic Acid.-—Crude 2-methyl-3"-ni-
trobipheny®(90 g.) was dissolved in 1 1 each of pyridine und water
and heated an a steam bath with stirring while 400 g. of potassiun
permanganate was added in portions during 3 hr. Heating
aunid stirring were continued for u further hour by which time the
permangunate color had disappeared. Water (1 1.) was added,
ane the manganese diaxide was filtered and washed with dilute
sadium carbonate.  The fitrate and washings were boiled down
in an open beaker ta abaut ane-third of their original voluine.
The volume was restored hy adding water and the evaparation
was repeated to complete removal of pyridine and unchanged
sturting materinl.  The residue was diluted with water, washed
with ether, and actdified to precipitate 85.3 g. of a light tan solid.
This material was stirred at room temperature with 1.5 1. of
acetonitrile and filtered.'?  The addition of 100 ml of cyela-
hexylanine to the filtrate cnused the rapid precipitation of 68 g.
of cyclohexylammonium 3’-nitro-2-biphenylcarboxylate as areuiu
colared crystals, m.p. 161-164° due., unchanged by recrystalliza-
tion fram acetone.

C, 6711 H, 3.90. Found:

$131 (a) Rates were measured hy the method of R. J. Henry and R. 1.
1lousewright, J. Biol. Chem.. 16T, 559 (1947): see also ref. 6a and Tahle 1,
faotnate ji (b) staphylacoceal penicillinase may be inactivated by the -
biplhenylylpenicillins: ¢. A. Gaureviteh, T. A. Pursiano, and J. Lein, Nature,
196, 496 (1962),

(14) J -I° Pecliére and J. Zanen, 7bid., 196, 805 (1962), reported that a
crude B. cereus preparation (as used here) contains two distinct penicillinases.

(15) Corrected capillary melting and decomposition points are renorted.
Infrared spectra were taken with a Perkin-Ilner Infracord and n.m.r.
gpectra (CDCly) with a Varian A-60 spectrameter. Ounly major spectral
features in regions of interest are given. The n} valnes reported for aqueous
and methanolic solutians refer to readings given by a Beckman Zeromatic
pll meter with silver clilaride and glass electrodes. FEthianol was S.D.A.
grade 2B (anliydrous): nietroleun: ether was the fraction b.p. 30-60°. Dilute
hiydrochlaric acidd was ased for acidifieation unless atherwise specified.
Magnesium sulfate was used for drying organic solutions. Evaporations
were carried out nnder aspirutor vacuum.

(1) (a) M. Orchin and E. O. Woolfolk, J. Am. Chem. Soc., 67, 122
(1945); (h) attempts to oxidize this material directly to the acid with
neutral perianganate ar acid dichromate were unsuccessful.

(17) H. Gilman and R. D. Gorsich, ibid., T8, 2217 (1956).

(18) 1. H, Hey. A. Nechvatal. and T. S. Rokinson, J. Chem, Soc.. 2982
(1951). The product from the (Gomberg reaction of diazotized m-nitro-
aniline with toluene was distilled [b.p. 140-148° {1 mn.)]. but wus not
further purified. It cunsisted of oil and crystals and was assumed to Le a
raixtire af 2-methiyl-3'-nitrobiphenyl and its isomers.

(19) The insgoluble portion amounted to 26.7 g.. m.p. above 250°, amd
wis pirabably 3/-nitra-4-biphenylearboxylic acid, reported m.p. 311-313°
and 301° [G. W, Kenmner, M. A. Murray, and (.. M. B. Tylor, Tetrakedron,

L2 (WAT), and DT Hey and E. W, Waller, J, (Them. Soc., 2213 (1948) L.



May, 1964 SEMISYNTHETIC PENICILLINS. I 247

TasLE I
2-BIPHENYLYLPENICILLINS

s

s._CH,
CONH
Ry N CH;
0 COoM
Minimal
inhibitory
concn. for
Infra- staphylococci®
red ——(y/ml)—
Cryst. Yield® Dec. pt..¢ ,~——Carbon, 9—— —Hydrogen, %— assay, Sus- Re-
No. Ry R: Metliod® from? Yo °C. Formula Caled. Found Caled. Found %  ceptible sistant
1/ H H AP J 49 243-244 CyH;pN2048Na 60.28 59.99 4.58 4.78 92 0.22 0.45
la H H W9 C ce 203-205 CaHiN2:048K 58.04 57.85 4.41 4.65 100 0.22 0.45
2/ H 2’-CHs Al E 71 e CaHuN:048K - 3H:0 52.57 52.02 5.41 5.32 109 0.18 0.45
3/ H 27.C1 A F 70 N Car HisCIN2048 K - H20 51.79 51.48 4.14 4.09 103 0.09 0.45
4f H 2..NOQ; A7 (o] 54 cee C2aHisN30eSNa-0.5H:0 53.39 53.66 4.05 4.29 94 3.1 0.9
5/ H 2'-CN AP E 75 179-180 Cu2HisNsOSK-0.5H:0 56.39 56.62 4.09 4.22 86 0.37 3.7
6 H 3'-CH; Al C 22 . Ca2HaN204SK - 1.5H:0 55.56 55.62 5.09 5.11 104 0.37 1.8
7/ H 3’-CH:O A (o] 27 e CauHanN20sSNa - 0.5H,0 57.76 57.87 4.85 4.88 90 0.37 1.8
8/ H 3’-F A (o] 60 N Ca1 HisFN20sSNa - H:0 35.50 55.70 4.44 4.57 101 0.22 0.9
9 H 3'-Cl A (o] 50 . CarHisCIN2048K - 0.5H20 52.77 52.44 4.01 4.03 96 0.18 0.9
10 H 3’-NO: A C 52 N CaHisN30s8K - H:0 50.69 50.85 4.05 4.18 99 0.18 0.45
11 H 4'-CH30 A™ (o] 34 e C2HnN30sSNa  1.5H,0 55.57 55.87 5.09 5.55 95 0.37 0.9
12 H 4’-F A (o] 50 e C2HisFN204SNa -0.5H:0 56.62 56.106 4,30 4.43 102 0.37 0.45
13/ H 4’-Cl AR DorE 45 220-222 CaHisCIN2048K - 1.5H20 50.85 50.79 4.27 4.40 96 0.37 0.45
147 H 4’-Br A (o] 59 L CaHinBrN:0.SK - H,O 47.46 47.45 3.79 3.79 9 0.37 0.22
15/ H 4’-NO; A" D 30 193-197 CaHisNsOeSK: H20 50.69 50.26 4.05 4.32 92 0.75 0.45
16 3-CH; H B H 23 197-202 CnHaN:0sSNa - 1.5H:0 57.51 57.82 5.26 5.01 94 0.75 3.7
17 3-CH;0 H Be K 25 - C2HnN20sSNa - HO 56.64 56.44 4.97 4.90 92 3.1 7.5
18/ 3.F H B K 39 ces CuHisFN2048Na « H:0 55.50 55.53 4.44 4.50 90 0.37 0.9
199 3-C1 H B K 12 e CaHisCIN20sSNa - 1.5H: 0  52.56 52.58 4.41 4.23 101 3.1 7.5
20 3-NO: H BP E 57 N CaHisN3QeSK - 1.5H20 49.79 49.73 4.18 4.48 86 6.2 1.25
21/ 4-CHs H A I 49 N CoeHxaN:048K-0.5H0 a7.75 57.72 4.85 5.22 89 1.5 1.8
22 4-CH;0 H A K 48 . C2nH2N20s8Na - H:0 56.64 6. 46 4.97 4.80 99 0.75 1.8
23 4-Cl H Al (o] 27 N CaHisCIN20:SNg - HiO 53.56 53.59 4.28 4.37 91 0.75 1.8
24 4-CeHs H A E 13 182-184 CourHuN2048K-2.5H.0 58.36 58.12 5.08 4.97 99 3.1 0.9
25 5-CH; H A E 32 N C2HaNsOsSNa - H:0 58.66 58.38 5.15 4.76 79 1.5 1.8
26 5-CH;0 H B K 16 . C2HuN20:8Na - H:O 56.064 56.38 4.97 4.91 88 1.8 0.22
27 5-F H A C 51 247-248 CaHisFN20«SNa 57.79 57.80 4.16 4.27 98 0.75 3.7
28/ 5.Cl H A1 (o] 29 235-239 CuHiCIN:O«SNa 55.69 55.64 4.01 4.30 108 0.75 1.8
29 5-NO: H AT C 23 183-185 CaHisxN30eSNa-2H:0 50.50 50.84 4,44 4.31 95 6.2 7.5
30 6-CHs H A® E 49 160-165 CaHaN:2:048K 0.5H20 57.75 57.72 4.85 4.94 80 0.37 3.7
31/ 6-CH:O H Al C 34 cee CuHaNyOs8K -+ 1.5H.0 53.75 53.71 4.92 5.18 101 0.37 0.9
32/ 6-Cl H A (o] i2 A CxaHi3CIN2048K - H:O 51.79 51.53 4.14 4.23 99 0.37 0.9
33 6.NO; H A C 51 CaHisN3068K - HaO 50.69 50.33 4.05 4.12 97 0.75 1.8
34 4-F 4’-F A E 65 163-165 CaHpF:N208SK - 3H.0 48.08 48.16 4.42 4.12 108 0.37 0.45
35 4-Cl 47-Cl A D 61 195-200 CaHpCLN:OSK-1.5H:0  47.55 47 .41 3.80 3.94 95 0.37 0.22
36 4-Br 4’-Br Au D 61 e CaHpBraN:048Na - H:0 42.44 42.57 3.22 2.92 90 0.37 0.45

@ See Experimental for description of methods A and B. ? Recrystallizations were carried out without heating. Solvent systems:
C, methanol-ether; D, methanol-isopropy! ether; E, chloroform-ether; F, acetone—ether: G, acetone-hexane; H, ethyl acetate; I,
1-butanol-isopropy! ether; J, dimethylformamide—ether; K, ethanol-ether; L, not recrystallized. ¢ Yields of purified products. No
attempt was made to find the maximum yield for each reaction. ¢ At the decomposition point, which was very dependent on the rate
of heating, the penicillin changed from a solid to a bubbling liquid; darkening and shrinking had usually occurred at a lower tempera-
ture. Where no decomposition point is reported, the same changes took place, but over a range of temperature, and neither the be-
ginning nor the end of the change of state was well defined. ¢ Measured in broth by serial twofold dilutions. Endpoints were de-
termined by macroscopic readings after incubation for 18 hr. at 37°. Inoculum, 10% organisms per ml. Susceptible staphylococei:
coagulase positive, not phage typable, MIC 0.05 v/ml. of penicillin G, 1.8 v/ml. of methicillin. Resistant staphylococei: Finland
400, phage type 54, MIC > 1000 »/ml. of penicillin G, 3.7 v/ml. of methicillin. 7 Susceptibility to staphvlococcal penicillinase was
compared to that of penicillin G manometrically (ref. 13). None of these penicillins gave more than 209 of the theoretical yield of
carbon dioxide during a standard incubation period of 20 min. at 37°, and further gas evolution was negligible. Penicillin G gave an
almyst quantitative yield. ¢ Prepared from the sodium salt. The following footnotes refer to the preparation of side chain acids:
h See ref. 23a. * See ref. 15. 7 See ref. 49, but using methyl o-iodobenzoate and o-bromonitrobenzene in the Ullmann reaction. * 2’-
Cyano-2-biphenylcarboxylic acid chloride, m.p. 77-80°, was prepared by treating diphenamic acid with thionyl chloride. H. Rapoport
and A. R. Williams, J. Am. Chem. Soc., 71, 1774 (1949), give m.p. 80-81°. ! D. H. Hey and T. M. Moynehan, J. Chem. Soc., 1563
(1959). The acid was purified through its cyclohexylammonium salt, m.p. 146-149° dec. ™ See ref. 28. * R. L. Dannley and M.
Sternfeld, J. Am. Chem. Soc., 76, 4543 (1954). An apparently simpler nitration procedure is given bv D. H. Hey, J. A. Leonard. and
C. W. Rees, J. Chem. Soc., 4579 (1962). ° R. Huisgen and H. Rist, Ann. Chem., 594, 137 (1955). The acid was purified through its
cyclohexylammonium salt, m.p. 211-213° dec. 7 See ref. 35. ¢ I. M. Heilbron, D. H. Hey. and R. Wilkinson, J. Chem. Soc., 113
(1938). T E. K. Weisburger, J. Am. Chem. Soc., 77, 1914 (1955). * K. Alder, J. Haydn, K. Heimbach, and K. Neufang, Ann. Chem.,
856, 110 (1954). ! H. Richtzenhain and P. Nippus, Chem. Ber., 77B, 566 (1944). * (. K. Bradsher, L. E. Beavers, and N. Tokura,
J. Am. Chem. Soc.. 78, 3196 (1956).
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Anale Caled for CpllyNOgCdaN: €, G6.63;
N, 880 Found: C,66.73; H, 6.65; N, 8.24,

A salution of the c_\'clr)llexylalmnunimn salt i hat aqueonns
acetie actd deposited a 7047 vield of 3/-nitro-2-hiphenylearbaxylic
acid as cream colored erystals, nup. 154.5-136°, unchanged hy
recrystallization from aqueaus acetic acid (1it.2 n.p. 135-157°
and 265°).

3’-Methoxy-2-biphenylearboxylic Acid.—A solution of 90.3 g.
(0.4 male) of stannous chloride dihydrate in 450 ml. of 6 N hy-
drachlorie acid was heated to 100° with stirring and 34.2 g
(0.1 mole) of c¢yclohexylammenium  3’-nitro-2-biphenylear-
boxylate was added in portions during 30 min. The mixture
was stirred for a further 30 niin. at 100° until a clear solution was
obtained; this was cooled, diluted with an equal volume of water,
braught to pH 8§ with cancentrated ammonia, and filtered to
remave the bulky precipitate. The filtrate was acidified ta pH
3.% to precipitate 16.5 g. of 3’-amino-2-biphenylcarboxylic acid
ns o tan powder, n.p. 172-174° (Kenner, ¢i al., reparted!® m.p.
174-176°). This material was diazotized in 200 ml. of 6 NV
sulfuric acid at 0-5° with 1 equiv. of sodium nitrite, and the
dinzonium solution was added gradually to 2 1, of 10 NV sulfuric
acid at 100°. A brisk evolution of gas oecurred.  The reaction
mixture was kept at 100° for 30 nin. and then cacled ta give a
hirewn salid, which was dissolved in dilute sadium carbonate,
warined with charcoal, and reprecipitated with acid to yield 10.7
g. (509, over-all) of almost colorless crystals, m.p. 139-140°.
Recrystallization from aquecus acetic acid gave 3’-hydroxy-2-
biphenylcarboxylic acid, ni.p. 141-143°,

nal. Caled. far CiHiOs: €, T2.89;

(4, 72.76; H,4.57.

Meth_vlatmn of this material (pracedure similar to that de-
scribed later in the preparation of f-methoxy-2-biphenylcar-
boaxylic acid) gave n 669 vield of crude #’-methoxy-2-biphenyl-
carboxylic acid, which was purified through its eyclohexylam-
montum salt, nup. 146-148° (fram acetone). The regenerated
methoxy acid, colorless crystals fram aquecus acetic acid, was
dimorphous, m.p. 86-88° and 92.5-94° (Kenner, et al., reparted
nLp. 88-00° for a product from methylation of nanerystalline
hydroxy acid?®).

Anal. Caled. for CiHp,: ), 73.67;
¢, 78.80; H, 5.36.

3’-Fluoro-2-biphenylcarboxylic Acid.”'—A solutian of 5.94 ¢.
(0.03 male) of T-fluorofluorenane?? in 30 ml. of toluene was re-
fluxed far 2 hr. aver 15 g. of powdered potassium hydroxide.*!
The arange colar was discharged and a light brawn salid was
depasited.  Tee and water were added ta the reaction Hnixture,
the layers were separated, and the nqueous phase was acidified to
precipitate .25 g. (96%4) of produet, m.p. 104-107°.  Recrys-
tallization from aqueous acetic neid and then from carban tetra-
chloride gave colorless material, ni.p. 110-112°,

Anal. Caled. for CuHFO. €, 7222 H, 1.20;
Found: C, 71.86; H, 4.29; I, 8.70.

3’-Chloro-2-biphenylearboxylic  Acid.—3'-Amino-2-biphenyl-
carboxylic acid (8.52 g., 0.04 mole) was diazotized at 0-5° in X0
nil. of 6 N hydrochloric acid with 1 equiv. of sodium nitrite.
The diazonium solution was added gradually with stirring to
12 g. of cuprous chloride dissolved in 40 ml. of 12 N hydrochloric
acid, the temiperature being kept helow 10°.  The niixture, which

H, ti.-ds:

H, 4.71. Faound:

H, 5.30. Found:

I, 8,79,

120) (a) The method of KKenner, et al. (see ref. 19), gave a praduct identical
with onrs, i and nnnbp. 155-147°;  (b) the bigl melting material was
reported by 1,. (i, Makarova, M. K. Matveeva, and Ji. A, Crihelienko, Jar.
Akad. Nauk SSSR, Otd. Khim. Nauk. 1432 {1938).

(21) The otlier possible product from cleavuge of the finorenone, 3-flunoro-
‘Lbiphenylearhaxylic acid, markedly depressed thie melting [oint of this
muterial.

(32) 1-Aminoflnorenane was diazatized, und the diazaninm hexafluoroplios-
vlate was decomposed it a pracedure similar to thiat described in tlhe prepa-
ration of 3-fluoco-2-liphenylcarbaxylic acid. 1'he produet had m.p. 116~
117°; T. L. Fletchier, M. J. Namkung, H. L. Pan, and W. 71, Wetzel, J. Ory.
Chem., 28, 006 (1960), give m.p. 110-114°; . G. Sinith and G. O. Larsan,

Am. Chem. Soc., 82, 90 (1960), record ra.p. 114-115°,

(33) (a) 15, H. Hnntress and M. K. Seikel, id., 61, 816 {1039). described
a general method far the cleuvage of flnarenones to 2-biplienylearbaxylic
deids with malten potassium hydroxide in diphenyl etlier. We used this
pracedure successfully on several Huorenones, It wlhen applied ta 1-fluara-
llnorenomne it gave only a Ligh-melting nonfluorinnted prodnet.  (b) T'he nse
of salid potassinm hydroxide in tolnene for finarenane cleavage wus intro-
daced hy G, W, Kenner, M. J. 1. Rohinson, ', M. B, Tylor, aud B. R.
Webster, J. Chevr, Sec., 170t (10G23. These authiors, and also 1. 17, Hunt-
ress and AL IS, Seikel, J. o Chene See.. 81, 1DG6 (1039), and D. 11, 1ley.
7. AL Leanard, and CoWL Rees, J. Cher Socd, 3123 (1063), disenss shle reac-
tions cnconntered briaz hinsrenone cleavage.

Axh Frnnatro Vol T

beenme thick with brown solid, wis warmed stawly to 30- 357
and kept ab this temperature for 1.5 hr, while a steady evahation
af gns taak place, Tt was then hoiled far a few mimates after the
addition of 500 mb of 6 N hydrochlorie acid and cooled te give
ST g A8SC03 of a brawn powder, nepe 191 125° Fhis materinl
was dissalved m dilnte sadium earbanate, warmed with chareant,
reprecipitated with aeid, and reervstallized from aqueas aeelic
actd ta give o colartess praduct, mup. 124.5-126.5°,
dnal. Caled. for CuHWCHOL: COGT1H; HL 5000
6.6 H, 2180,
4’-Fluoro-2-biphenylcarboxylic Aecid.2'—2-Iluaralluarenone
(49.1 g., 0.25 male) was treated with molten potassiunt hydraxide
in diphenyl ether and the acidie product was separated necarding
ta a published general pracedure for fluarenane cleavage.2%
Recryvstallization from aqueaus acetic 'n'i(l gave L0 g (2200
of colarless praduet, dimaorphous, mop. 1301529 and I‘}(S~II‘|R°
Nors Tar triethylimine salt as i, 119, BV and B34 g2 naor,

Found:

has o dnublet centered at «o. 2.0 7 ¢/ = 6 c.p.s.), hath peaks
shawing further structire.
nal. Catedd for Cal,FOL €0 om0 H, 4200 Found:

C,12.08: HLL LR

4’-Bromo-2-biphenylcarbox_vlic Acid.? v —-2-Bronmtluarenane
(25.9 g . 0.1 male) was cleaved 1 the same manner as 2-fuara-
fluorenone.  Recrystallization  of  the acidie pradiet  from
aquecus acetic acid gave 19.4 g (704%) of colorless material,
nrpe 169-170° Cht® mugn 167-160°); A, for tricthyvlannine salt
as film, 12.0, Bil, and 149 @ e, speetruin similar ta that
of 4-fluora-2-hiphenylearboxylie acid in the 2.0 7 region. =

Ancl. Caled. Tar CpHyBrOw: € 56044 H, 3.27.
€. 56.29; H, 41

This material was alsa prepared by the action of hramine an
d-hipbenylearhoxylie acid.

3-Methyl-2-biphenylearboxylic  Acid.-—3-Amino-2-cyanatahi-
ene® was acetylated by refluxing in acetie anhydride, and
3-acetamido-2-cyanotoluene, m.p. 131-133° was isalated by
extracting the crude pradiret inn Saxhlet thimble with petraleum
ether® and recrystallizing the residue fromn 2-propanal,

Snal. Caled for CyHeNO: O 68.95; H, 5.79; N, 1608,
Found: (L 09.05: H, 4830 N, 16.25.

A suspension nf 348 a. 1;()_()2 male) of 3-neetamida-2-cyano-
tohiene in IR0 mlb of acetie acid and 35 ml. of acetic unhydride
was treated at 0-5% with dry nitrogen trioxide ta canvert it to the
nitraso componind, whiclvwas extracted and allowed ta decampose
in henzem: acearding ta o published general pracedure.  The
residite alter evaparation of the benzene was distilled at 150--180°
10.2 mm.) and revrystallized from methanal ta give 17.8 g (4603
af enlarhess 3- methyl 2-biphenylcarbonitrile, 11.p. 73~ 15°

Anal. Caledo for CpHAN: €0 8700 H, A7
Found: ( '. SO0 H, asa: N TG

This material was reltuxed Tar 22 hro with 12 g of sodinm
hydroxide in SOl of ethylene ghveal and 8 mb, of water.  The
reaction mixture was poured inta water to precipitate 190 g
(98°() of erude 3-methyl-2-biphenylearboxamide,’? m.p. 144

Found:

NE1
[ty

24) Formatim of the 4= cather than the 4osnhstitnted acid was expected
Ly analogy wittc the clenvage of 2-chlorofluorename (ref. d3a) and was can-
fircred by thie infrarvel and mia.r. spectra of the product.

¢4i3) The presence of a strong band at 13.1 g, cansistenl withh an ertho-
disnbatituted benzene ring, und the absence of any majar iand in the 14.1-
144 u range where s monosubstituted benzene ring shanld shsorly confiche
tlie +/-hiala strueture. SRee L. J. Bellamy, " Thie Infra-red Spectra of Coarplex
Molecnles,” dnd Fsl., da)dm Wiley and Sons, Ine., New York, N. Y., 1958,
v, 76, 77,

213} These siznils are aturibnted to the proron at poesition 3. whicly ix
caapled with those at pasitions 4 and 5. 2-Binhenyleachoxylic and '~
clilara-Z-liphenylearbaxylie aeids give a similar pattern, while 4-chloro-27-
biphenylearhiosylic acid, whiclc lacks the proton at pasitica -4, shews only «
dontlet with J = 4.5 e.ps,

171 CL Courtat, chow Chim, (IPavis), 14, 137 (19234, staves] thao g bradmet
(.1 1657, obtanined hy alkaline fusion of 2-hirontallnarenane, was t-brourg-2-
biphenylearlioxylic acid.  Onr results cast donbt an the stractnre of tldix
material.

(28) N, J. Malawski aml I Diapala, Foezike Chem.. 34, AT 1 (latily.

21 H. Winicov (private cammunication),  The pracednre yeas sinmilar
o vt deseribed iy R. E. Bnckles and N, . Wheeler in Owy. Syer., 31,
(1941), for the preparation of 4,4,-dibromaliiplienyl.

30) I, Kenner and R, Witham, J. Chem. bnc 119, 1450 10210

<aly A erystalline componnd, m.gn 83-83° CANS 8 and A4.83 woina NI
poick), iselated fram the petralenia ethier extrae t, wis oroluhly 3-ilinceryl-
ahino-2-cyanotoluene,
S OWL I Parelnnanm and R N HalTnen, Ovg. fivact s, 20 248 (Lad ),

P Only a trace of S-methiyl=2-hipherylearboxylic acid was isoluted o
tlee ceiclinn ndxtars, e gmblde was very cesistant oo boclr acid and cdka-

Vine hiydrelysis
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148°, pure encugh for conversian ta the acid.  Recrystallization
from water gave the colorless amide, m.p. 151.5-153°.

Anal.  Caled. for C HisNO: C, 79.59; H, 6.20; N, 6.63.
Found: C,79.41; H, 6.00; N, 6.76.

Nitrogen trioxide was passed for 20 min. into 10.5 g. (0.05 mole)
of 3-methyl-2-biphenylcarboxamide in 75 ml. of acetic acid at 15°.
The green color of the nitrogen trioxide persisted after the reac-
tion mixture had stood overnight at room temperature. It
was poured into excess 2 N sodium hydroxide, filtered, and
acidified to precipitate 10.2 g. (97%) of 3-methyl-2-biphenylcar-
boxylic acid, m.p. 134-136°. Recrystallization from aqueous
acetic acid and then from carbon tetrachloride gave the colorless
acid, m.p. 138.5-140.5° (lit.?* m.p. 132°).

Anal. Caled. for CH0:: C, 79.22;
C,79.27; H, 5.71.

3-Fluoro-2-biphenylcarboxylic Acid.—Methyl 3-nitro-2-
biphenylcarboxylate3s (25.7 g., 0.1 mole) in 250 ml. of ethyl
acetate was hydrogenated at 4 kg./cm.? for 1.5 hr. over 0.5 g. of
109, palladium-on-charcoal. The uptake of hydrogen was
quantitative. The filtered solution was concentrated to a yellow
oil, which was dissolved in 1 . of ether, cooled in ice, and treated
with hydrogen chloride gas. The methyl 3-amino-2-biphenyl-
carboxylate hydrochloride which precipitated amounted to 24.2
g. (929), m.p. 187-190° dec. Recrystallization from ethanol-
ether gave colorless material, m.p. 189-191° dec.

Anal. Caled. for CH;sNOHCL: C, 63.76; H, 5.35; N,
5.31. Found: C,63.76; H, 5.40; N, 5.47.

This material (13.2 g., 0.05 mole) was diazotized, and the
diazonium hexafluorophosphate was precipitated according to a
published general procedure.® The hexafluorophosphate
amounted to 17.2 g. (90%), m.p. 120° dec. It was added in
portions to 250 ml. of boiling toluene and heating was continued
for a few minutes to complete the expulsion of phosphorus penta-
fluoride. The cooled solution was filtered to remove some tarry
material and concentrated to a dark brown oil, which was dis-
solved in benzene and passed through a column of activated
alumina. Evaporation of the eluate gave 5.4 g. of a yellow oil.
This crude methy! 3-fluoro-2-biphenylecarboxylate was hydrolyzed
by refluxing with excess aqueous potassium hydroxide to give
3.2 g. (309 from methy! 3-amino-2-biphenylearboxylate hydro-
chloride) of 3-fluoro-2-biphenylearboxylic acid, m.p. 128-130°.
Recrystallization from aqueous methanol gave the colorless
product, m.p. 130-132°.

Anal. Caled. for CsHFO.:
C,72.12; H, 4.25.

3-Chloro-2-biphenylcarboxylic Acid.—A solution of 13.2 g. (0.05
mole) of methyl 3-amino-2-biphenylcarboxylate hydrochloride in
150 ml. of 0.7 N hydrochloric acid and 100 ml. of acetic acid was
diazotized at 0-5° with 1 equiv. of sodium nitrite. The di-
azonium solution was run rapidly into a stirred ice-cooled solution
af 12,5 g. of cuprous chloride in 125 ml. of 6 N hydrochloric acid,
whereupon a yellow solid was deposited. The mixture was
allowed to come to room temperature during 1 hr. and then
heated for 5 min. on a steam bath. The solid melted, but re-
salidified on cooling. It was dissolved in benzene and the yellow
solution was washed with dilute sodium carbonate, dried, and
passed through a column of activated alumina. Evaporation of
the colorless eluate gave an oil which crystallized spontaneously.
Recrystallization from aqueous methanol gave 10.1 g. (829;) of
methyl 3-chloro-2-biphenylcarboxylate, m.p. 55-57°.

Anal. Caled. for C HyClO,: C, 68.16; H, 4.49.
C, 68.46; H, 4.56.

3-Chloro-2-biphenylearboxylic acid was obtained in 78 yield
by hydrolyzing the ester with excess potassium hydroxide in
refluxing aqueous ethanol. Recrystallization from aqueous eth-
anol gave the colorless acid, m.p. 184-186°.

Anal. Caled. for CisHyClO.:  C, 67.11; H, 3.90. Found: C,
66.90: H, 3.99.

4-Methyl-2-biphenylcarboxylic Acid.—1-Phenyl-1,3-penta-
diene¥ (14.4 g., 0.1 mole) and 9.81 g. (0.1 mole) of ethyl pro-
piolate were refluxed for 20 hr. in 35 ml. of toluene containing a
little hydroquinone. The solvent was evaporated and the resid-
ual o1l was distilled twice to give 7.7 g. of the Diels—Alder adduct,
b.p. 115-125° (0.4 mm.). This material was refluxed overnight

H, 570. Found:

C, 77.22: H, 4.20. Found:

Found:

(34) R. D. Haworth and P. B. Tinker, J. Ckem. Soc., 911 (1955).

(35) B. H. Chase and D. H, Hey. ibid.. 553 (1952).

(36) K. G.Rntherford, W. Redmond, and J. Rigamonti, J. Org. Chem.. 26,
5149 (1961). The method used to decompose the hexafluorophosphate was
a modification of tliese authors' general procedure.

(37) K. Alder and M. Schumiacher, 4nn. Chem., 671, 122 (1951).
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in 70 ml. of benzene with 7.96 g. (29 excess) of chloranil. The
benzene solution was washed with N sodium hydroxide and with
water, dried, and passed through an activated alumina column
to remove most of the color Evaporation of the benzene and
distillation of the residue gave 3.9 g. of a pale yellow oil, b.p.
126-130° (0.5 mm.). This was crystallized from petroleum
ether to give 2.8 g. (129, overall) of colorless ethyl 4-methyl-2-
biphenylcarboxylate, m.p. 71-73°.

Anal. Caled. for CisHiO:: C, 79.97; H, 6.71.
80.30; H, 6.88.

Hydrolysis of the ester with excess refluxing aqueous sodium
hvdroxide gave 4-methyl-2-biphenylearboxylic acid (quantitative
vield). The acid formed colorless crystals from acetonitrile,
m.p. 155-157° (lit.*3% m.p. 155° and 152°).

4-Methoxy-2-biphenylcarboxylic Acid.—4-Hydroxy-2-bi-
phenylearboxylic acid?® (10.7 g., 0.05 mole) was dissolved in 80
ml of 2.5 N sodium hydroxide, and 50 ml. of dimethyl sulfate
and 300 ml. of 2.5 N sedium hydroxide were added in portions,
with stirring, at roughly equivalent rates during 40 min. The
reaction mixture was kept at 30°. Stirring was continued at
room temperature for a further 1.5 hr.; suspended solid, prob-
ably the ester of the product, was present. After the addition of
25 g. of solid sodium hydroxide, the mixture was refluxed for 1.5
hr., diluted with water, and acidified to give the crude product,
which was recrystallized from aqueous acetic acid to yield 9.0 g.
(79¢%) of material, m.p. 133-136°. Further recrystallization
from the same solvent gave the colorless acid, m.p. 136-137°
(1it.? m.p. 135°). Vacuum drying at 80° was necessary in order
to obtain a sharp-melting product.

Anal. Caled. for C,sH1:0s: neut. equiv., 228.25. Found: neut.
equiv., 226, 229.

2,5-Diphenylbenzoic Acid.9—A mixture of 20.6 g. (0.1 mole) of
1,4-diphenylbutadiene®! and 9.8 g. (0.1 mole) of ethyl propiolate
was heated at 180° for 5 hr. The cooled melt was dissolved
in 150 ml. of toluene, 26.9 g. (0.11 mole) of chloranil was added,
and the mixture was stirred and refluxed for 17 hr. The toluene
solution was washed with 0.5 & sodium hydroxide and with water,
dried, and evaporated. Hydrolysis of the residual ester with
excess refluxing aqueous ethanolic potassium hydroxide gave
15.1 g. (55%) of the acid as colorless crystals (from benzene),
m.p. 177-179° (lit.#2 m.p. 178-179°).

Anal. Caled. for C\yHi40.: C, 83.19; H, 5.14. Found: C,
83.11; H, 4.82.

5-Methyl-2-biphenylcarboxylic Acid.—5-Methyl-2-biphenylear-
bonitrile*® (1.93 g., 0.01 mole) was refluxed for 17 hr. with 1.3 g.
of sodium hydroxide in 7 ml. of ethiylene glycol and 0.7 ml. of
water. The mixture was poured into water, washed with ether,
and brought to pH 8 to precipitate any silica which had dissolved
from the reaction flask. Further acidification precipitated crude
5-methyl-2-biphenylearboxylic acid, which was reerystallized
from aqueous methanol to give 1.67 g. (799%) of product, m.p.
164-166°. A further recrystallization from carbon tetrachloride
gave colorless material, m.p. 166-168° (lit.** m.p. 165° and
166.5-166.9°).

5-Methoxy-2-biphenylcarboxylic Acid.—5-Methoxy-2-bi-
phenylcarbonitrile®* (20.9 g., 0.1 mole) was refluxed for 26 hr.
with 20 g. of sodium hydroxide in 100 ml. of ethylene glycol and
10 ml. of water. The mixture was poured into water, washed
with ether, and brought to pH 8 to precipitate any silica which
had dissolved from the flask during the hydrolysis. Further
acidification caused deposition of an oil which rapidly erystallized
to a brown solid. This was dissolved in 0.5 N sodium hydroxide,
decolorized with charcoal, reprecipitated by acidification, and
recrystallized from aqueous acetic acid to give 14.1 g. (629%) of
colorless product, m.p. 169-173°. Further recrystallization
from the same solvents gave material with m.p. 174-175.5°.4¢

Found: C,

(38) K. Alder. M. Schumacher, and O. Wolff, ibtd.. 570, 230 (1950).

(39) N. Chatterjee, J. Indian Chem. Soc.. 12, 410 (1935).

(40) We are indebted to Dr. C. Kaiser for this preparation.

(41) R. N. McDonald and 1. W. Campbell, J. Org. Chem., 24, 1464 {1459).

(42) G. R. Ames and W, Davey, J. Chem. Soc., 3480 (1957).

(43) R. Ghosh, D. C. S. Pascall, and A. R. Todd. ib4d., 1118 (1940). The
coupling of 3-acetamido-4-cyanotoluene with benzene was modified accord-
ing to the general procedure of ref. 32 so that isolation of the intermediate
nitroso compound was avoided. The nitrile was distilled, but no attempt
was made to crystallize it.

(44) (a) K. Alder, K.-H, Decker., and R. Lienau., 4nn. Chem.. 870, 214
(1950): (b) N. C. Deno, J. Am. Chem. Soc.. T2, 4057 (1950).

(45) (a) C. K. Bradsher and W. J. Jackson, Jr., tbid., T4, 4880 (195%);
(b) the intermediate 5-nitro-2-biplienylcarbonitrile was prepared by the
method of P. A, S. Smith and B. B. Brown, ébid., T3, 2438 (1951).
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el Caled. for G HepOy: C, 73657 H, 5.30.
o34 H, 5.21.

5-Fluoro-2-biphenylcarboxylic Acid.—A solution of 170 g.
(0.75 mole) of stannaus chloride dihydrate in 200 ml, each of
12 N hydrachlarie acid and ethanal was lieated ta 50° and 44.8 ¢.
(0.2 mole) of 5-nitro-2-biphenylcarbonitrile®® was added in por-
tions, with stirring, at such 2 rate that the heat of renction kept
the mixture at 50--55°. This temperature was maintained
for » further hour and the clear sohition was then poured into
1.5 1. of iee-water to precipitate 33.3 g, (86¢() of 5-amino-2-bi-
phenylcarbonitrile, m.p. 89-90°.  Sublimation at 150° (0.3 . :
and reerystallization fram benzene-carban tetrachloride gave
calarless material with m.p. 91-92°.

Anal. Caled. for GuHigNg: €, 8039, H, 419; N, bl
Found: C,%50.59; H,4.98: N, 14.30.

A solution of 14.6 g.10.075 mole) of 5-amine-2-hiphenytearhiani-
trile in 250 ml. of acetic acid was added to 51, of 0.6 ¥ hydro-
chlorie neid and the resulting suspension of the hyvdrachloride wis
disnzatized at 3-5° with a 309¢ excess of sodhim nitrite.  To the
dinzanium solution was added 250 g. of sadium flueroborate in
1.5 L. of water. The diazonium fluaraborate which rapidly
preeipitated amaounted to 17.6 g, of crean-colored powder, nuy.
126° dee. This fluoraborate was mixed with 50 g. af sand and
decampoze:] by intermittent heating with o flame, under aspirator
vacuunt, in o flask fitted with a series of Kjeldahl bullis to trap
any product entrained by the escaping gases. Gentle heating
was continued far a few minutes after gas evalution had censsd.
The dark residue was stirred with N sodiumn hydraxide and ben-
zene until the tar had digsolved, and the light yellow henzene
phase was washed successively with N sodiumm hydroxide, N
hydrochlarte acid (stranger acid caused separation of a black
salid), and water, and eoncentrated to a light brown gum, which
was sublimed at 130° (0.5 mmn.) ta give 4.9 g. of crude 5-fluoro-
2-biphenylcarbonitrile as 4 yellow salid, nnp. 65-75°, pure envugh
far hydralysis to the acid.  Reerystallization front methanaol gave
the calorless nitrile, m.p. T7-79°.

cbnal. Caled., for CpHgFN: €, ™17, H, 1.09;
Found: C,79.20; H,4.44; N, 7.08.

The crude 5-fluara-2-biphenylearbanitrile (4.9 g.) was refluxed
for 2% hreo with 45 il each of acetic acid, water, and sulfuric
ackd.© The reaction mixture was poured into water and the
resulting solid was callected and stirred with 0.5 N sodium hi-
carbionate,  "Fhe insoluble portiom® was removed and the salu-
tion was acidified to give 4.45 g (230, over-ally of 5-fluaro-2-
biphenylearboxylie aeid, m.p. 106-109°.  Reerystallization from
aquecus neetic netd gave calorless material, m.p. 109-110° (lit.™
nr.p. 110°).

dnal. Caled. for CaH 0. ) 12220 H, 4.20.
C, T H, 444

6-Nitro-2-biphenylcarboxylic Aecid.-—2-Methyl-6-nitrahi;-
pheny1 (10.7 g., 0.05 male) in 120 ml. each of pyridine and water
was heated on the steamn hath with good stirring, and 75 g. of patas-
stumn permanganate was added in portions during 7 hr. - Filtration,
evaparation, and acidification (similar pracedure ta that used
in the preparation of 3’-nitro-2-biphenylearboxyhe acid) gave
10.4 g. (859, ) of G-nitra-2-biphenyltearboxyle acid, m.p. 187-1589°.
Recrystallization from acetic acid gave a crenm-colared praduet,
nLp. 189.53-101° (Jit. " n.p. 187-188°).
6-Chloro-2-biphenylcarboxylic Acid,—6-Nitro-2-biphenylear-
haxylie acid (4.86 g., 0.02 mole) in 250 ml. of ethanal was hydro-
genated  over 0.6 go of 109 palladium-on-charcoal at 4
kg./em.? far 1 he  Hydrogen uptake appeared to be complete

Faund: C,

N, 7.1,

I"ound:

163 The cotapound descrihied Ly 1% Murai, Bidl. Chebe Soc. Japan, 34,
1T8 (1061), w1 93-100°, was presnnmhly impare.

174 1tydrolysis with sodinm hydroxide in refluxing ethylene glycol=water
wave g nroduct, nep, 174-176°, kl\;.ffi"' 5.08 amd 4.33 u, whicl was pralhly
S-liydraxy-2-biphienylesrhanitrile.

£1R) (a) This yellow insolulide raaterial, 16, 138-130°, was peolubly i+
Haovrellitarenone formed by a boron trilaaride-catalyzed cyclization dnriex
vrolysis of the dinzoninacllnocobarate. It was not faand in the ydralysate
of purilied S-lUnora-2-hiphenylearbanitrile.  Refecences 48h amd 48¢ repart
tlee nopn of 3-Unerolnorenane as 138.5-129° and 129-130°, ) T L. Ilet
cleee, M. L Nacakung, W, U Werzel, and . L. ['an, J. Ovy. Chenc, 26, 1342
a6y, () M.J. S Dewar and 17,0, Grisdale, ih1d.. 28, 1758 (1063).

19y AL AL Sadler and G, Towell, J. L. Cher. Soc., 56, 2650 (1934). A
605 wield was ohraine] ia e TMaaun reaction hetween 2-brama-3-nitro-
(olnene and iolobenzene by asing o threofold excoss of (e latter and carey-
ing ont the reactian in nitrobenzene i solvent.  Triphenylamine was
forraed as a by-nradnet.

(N Reduction of the mitro seid oith slannons ehloride in hydrochlori:
acid gave low and variable yields of the amino campound.
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i the first {ew minutes. The filtered solution was evaparated
ta give 4.0 g. (947¢) of 6-amino-2-biphenylearboxylic acid, n1.j1.
165-16G7°. Recrvstallization fram aqueans ethanal gave calarless
materinl, nep 17 1589

Al Caledl for CoHyNO C0 T2 U, 502000 N, GaT
Founds ¢, THLO3; 8220 N, 64T

Dinzatization and cuprans chlaride treatment of 6-anine-2-
biphenylearboxyhie acd (similar procedure ta that used in the
preparntion al & echlora-2-hiphenylearboxylic neid} yielded T3¢,
af ti-chlora-d-biphenylearbaxylie aeid, nip. 147-150°, Recrys-
tallization Tram aqueaus acetic acid gave a cobless product,
g B2 1ad e

dnal, Caledt Tar CpH,CHOz: O G711 HL, 5290,
C, 683 M,

4,4’-Difiuoro- and 4,4"-Dichloro-2-biphenylcarboxylic Acids.--
The clenvage of the 2,7-dihalofluorenanes (up to 0.1 male) with
fused potassium hydroxide in diphenyl ether and the isolation of
the praditets were carried aut acearding ta the published general
pracedhre, *

4,4 - Difluarn-2-hiphenylearbaxyle acid (470 yiekl), calarless
erystals, had mon PE=125.5° (fram aqueons ethanaly,

Anel. Caled. {ar CuHglPO C0 6807 HE, 544
CL6G.80; H, 5.0

fe4-Dichlora-2-hiphenylearbaxyhe acid (770 vield), calarless
crvstals, had nepe 189-191° (ram aqueaus ethanal .

daal. Caled Tor CaHgCLOL: €, asuta: H, 5.02.
CLoaxasa; HL2oa,

Acid Chlorides. General Procedure.—The carboxylie acdd
(0.01 nled was allowed ta react with 10 ml. of thionyt ¢hloride tv
raam temperatire.  After a few hours o clear salution was usualg
abitained, nnd the excess reagent wag evaporated without hieatina,
The residue tusually a sirup) was twice dissalved in henzene anl
evaparated to dryness and was used withaut further purification
Heating ar starage of 2-biphenylearhoxylie neid chlorides caused
vyelization ta the fluarenanes.

Acylation of 6-Aminopenicillanic Acid.  A.— A solution of 0.01
male of fi-nminopenicitlanie acid in 90 ml. of 30¢ aqueous sadium
hicarbanate and 60 mb of acetane was cooled ta between — 15°
and —20°, stirnied, and treated slawly with 0.01-0.011 male of the
apprapriate acid chlaride dissalved in 201l of acetane.  Stirring
was cantimied far Tl at —15° to —20° and Tar a further 3 hr.
at raam temperatire,  The reaction misture was extracted with
A00 il ol ether in three portians, and the ether was discarded.
The nqueans partion was covered with 100 b of fresh ether,
canled to 10%, stivred, and acidified ta pH 2 with dilnte hydro-
chlarie or subfurie acid. The lavers were separated, and the
aquems partion wag extracted tmmedintely with o further 50 b
af ether. The cambined ethereal extracts were washed with 70
mkb ol water i two portions and dried. The pepietllin was isa-
Lnted as nosalt withaunt delsy.

B. —A mixtire of 0.01 male of G-aminopenicillanie acid and 3.6
mk 10,026 maole) of triethylunine in 25 il of anhydrous chlara-
form was enaled to 5°, stirred. and treated stowly with 0.01
male of the appraprinte acid chloride dissalved in 25 ml. of chlara-
farm.  The reartion was allinwed ta praceed for a further 3 hr. at
rmon temperature. - Water 150 ml) was added, and the mixture
wis caaled ta T0°, stirred, and acidified to pH 2 with dilute
sulfuric acid. The layers were separated, and the aqueaus par-
trar was washed with 10 ml. of fresh chloroform.  The cambined
chloraform Lovers were stirred at 10° with 50 mlb. of water while
the pH was brought ta 0.0 with 3¢, sadium carbonate.  The
aqueaus bwver was separated, with centrifugation if necessary,
and washed with 30 ml of ether.  Acidifieation and extraction of
the penicitlin into vther were then carried aut asin AL

Sodium Salts of Penicillins.-—The dried cthereal salution of the
penicillin was evaparated without heating, and the residul sinip
was dissalved in o little methanal, caaled ta 5°, stirred, and
titrated ta pH G565 with methanalie sadium methoxide.  The
sadhnn galt of the penicillin was precipitated by adding several
vohimes of ethyl ar isaprapyl ether and recrvsgtadlized front a
suitable galvent system tsee Table 1),

Potassium Salts of Penicillins.--"The deied ethiereal sohitian of
the penicitlin was diluted with 5 vol. of ether, caaled 1 ice, and
lreated stawly with 1 equiv. of palassinm 2-cthylliexanaate,
which was nmde npas o 3000 salution i 2-propeaml and diluteld
with several valmaes al etheer helore nse. "The potasshiim salt of
the penteitlin which precipitated was recrystallized {raun o suitalde
sabvent system fsee Tahle 13

2.Biphenylylpenicillin  Sodium Salt. ~This

Found:

ound

Faund:

campod 11
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had [«]%®D 4252.2° (¢ 1, water); ANl 5,65 (lactam carbonyl), 6.0
(amide carbonyl), 13.4, and 14.2 u (aromatic system).

2-Biphenylylpenicillin Potassium Salt.—This compound (la)
had [«]®D +253.0° (¢ 1, water); Axi 5.65 (lactam carbonyl), 6.0
(amide carbonyl), 13.35 and 14.2 x (aromatic system).

Ethoxypenicillin Potassium Salt.—6-Aminopenicillanic acid
was acylated with ethyl chloroformate by A and the product was
isolated as its potassium salt. The penicillin was obtained in
659 yield after recrystallization from dimethylformamide-ethyl
acetate and had m.p. 222-223° dec.; A" 5.65 (lactam carbonyl)
and 5.85 u (carbamate carbonyl); infrared assay, 103%.

Anal. Caled. for C]lHlaKygossl C, 4:048, H, 463, j\v,
8.58. Found: C,40.40; H,4.60; N, 8.29.

Attempted Preparation of 2-Biphenylylpenicillin by a Mixed
Anhydride Reaction,—2-Biphenylcarboxylic acid (19.8 g., 0.1
mole) as its triethylamine salt in tetrahydrofuran was treated
successively with 0.1 mole each of ethyl chloroformate and the
triethylamine salt of 6-aminopenicillanic acid according to a
published procedure.®® Extraction of the product from acid
solution into 4-methyl-2-pentanone and precipitation of its
potassium salt with potassium 2-ethylhexanoate gave 25 g. of
solid, m.p. 200-220° dec., showing infrared bands at 5.65 (lac-
tam carbonyl) and 5.85 u (carbamate carbonyl), but lacking the

(51) See ref. 8 for this specific reaction; ref. 7 describes the preparation
of (p-a-plienoxyethyl)penicillin by a similar mixed anhydride reaction.

(52) Whatman 3MM paper, dipped in a pH 6 buffer. 0.018 M in citric
acid and 0.D64 M in disodiuin hydrogen phosphate, and dried in air: moving
phase. 9 vol. of t-amyl alcohol and 1 vol. of 2-propanol. equilibrated with
the buffer. Zones were located by spraying the paper with sodium azide
and iodine, then with starch teagent. 1In this system. the Rf values of
ethoxypenicillin and 2-biphenylylpenicillin were ca. 0.65 and ca. 0.85, respec-
tively.
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bands at ca. 13.4 and 14.2 u attributed to the aromatic system of 2-
biphenylylpenicillin. Paper chromatography?? showed ethoxy-
penicillin as the major component,

Infrared Assay of Penicillins.—Measurements were made on a
0.04 M solution of the penicillin salt in dimethyl sulfoxide (which
could contain up to 5% water) in a cell consisting of two plates
of Kodak IRTRAN® AB-1 separated by a 0.1 mm. spacer. The
Infracord was adjusted so that the solution showed 959, trans-
mittance at 5.35 g, and the peak at ca. 5.65 u was traced out. The
height of the peak was measured on a scale showing absorbance
and compared to that given by an equimolar solution of penicillin
G to find the purity of the sample; allowance was made for the
hydration of the penicillins in calculating their percentage purity.
Penicillin G showed a linear relation between concentration and
absorbance in the 0.02 to 0.08 3 range.
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Structure-Activity Studies

on the 2-Biphenylyl Side Chain!
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A number of new penicillins were prepared in order to examine the effect of major side-chain modifications on

the biological properties of 2-biphenylylpenicillin.

All the new penicillins were quite active against penicillin

G-susceptible staphylococei, but only those with o-biarylyl side chains had good activity against penicillin G-

resistant staphylococci.
first time or were made by new methods.

In the previous paper of this series' we described the
preparation and <n vitro testing of a group of substi-
tuted 2-biphenylylpenicilling. These penicillins com-
bine high antibacterial potency with immunity to
staphylococcal penicillinase; they are consequently
active not only against “susceptible’” staphylococei
but also against the clinically important “resistant’
strains. In this paper, as in the previous one, we use
the term suseeptible for staphylococei which are sensi-
tive to penicillins G and V, and resistant for those
which are unaffected by high levels (e.g., 500-1000
v/ml.) of these antibiotics because they produce a
lactam-opening penicillinase.2 We were interested
in discoveriiig the effect of major side-chain modi-
fications on the biological properties of 2-biphenylyl-
penicillin and in elucidating the structural features

(1) Part I: J. R. E. Hoaver, A. W. Clhiow, R. J. Stedinran, N. M. Hall,
H. 8. Greenberg, M. M. Dolan, and R. J. Ferlauto, J. Med. Chem., T. 245

(1964).
(2) See footnote 3 of ref. 1.

Some of the side-chain carboxylic acids used as intermediates were synthesized for the

responsible for its good activity against both classes
of staphylococei.

The present paper reports some new semisynthetic
penicillins which were prepared for this investigation.
These penicillins were synthesized by condensing the
appropriate side-chain carboxylic acids with 6-amino-
penicillanic acid® using methods already described.!
New work involved in the preparation of the side-chain
acids is reported in the Experimental section; the foot-
notes to the tables give literature references to acids
made by known procedures. Of the biological proper-
ties which were determined for the penicillins, the
minimal inhibitory concentrations for two strains
of staphylococei, one susceptible and the other highly
resistant,* give the most concise indication of activity
and are presented in the tables.

(3) T'. R. Batclielor, F. P. Doyle, J. H. C. Nayler, and G. N. Rolinson
Nature, 183, 257 (1959).

(4) See Table I, footnote e.  The organisis used were the same as in the
previous paper (ref. 1).



