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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. These penicillins were active against penicillin <;-resistant as well as penicillin G-susreptible staphylo- 
cocci. 

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" Previously, t'otal bio- 
synthesis had been the only commercially feasible 
met,hod for making penicillins, and, out of the limited 
number so obtainable, only two, penicillins G and T' 
(benzylpenicillin and phenoxymethylpenicillin, respec- 
tively), had found wide clinical use. These two anti- 
biotics are active against many Gram-positive organ- 
isms, including "susceptible" staphylococci, but they 
are not effective against' the increasing number of 
"resistant" strains of staphylococci which are being 
encountered clinically. In this paper the t'erm "sus- 
ceptible" is used for those staphylococci which are 
sensitive to penicillins G and V, and "resistant" for 
t,hose which are unaffected by high levels (e.g. 500- 
1000 ylml.) of these antibiot'ics because they have the 
ability to produce a lactam-opening peni~illinase.~ 

The object' of t'he 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, methicillin4 (2,6-dimethoxyphenylpenicillin), 
has approximately equal activity against these two 
classes of organism because it is stable to staphylococcal 
penici1linase.j However, this activity is low, pre- 

(1) F. R. Batchelor, F. P. Doyle, J. H. C. Nayler, and G. N. Rolinson, 
Sa ture ,  183, 257 (1959). 

(2) (a) Y.  G. Perron, W, F. Minor, L. B. Crast ,  -4. Gourevitch, J. Lein, 
and L. C. Cheney, J .  M e d .  Phaim. 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 
uork  ahich  has been published may he found in these two papers. 

( 3 )  Staphylococci n i t h  penicillin resistance which is not due to  a lactam- 
opening penicillinase seem to  he of less clinical importance. For a consider- 
ation of various types of penicillin resistance, see "Resistance of Bacteria t o  
the Penidlins," -1. V. S. de Reucke and .\I. P. Cameron, Ed., Little, Brown 
and Co., Boston, RIass., 1962. 

(4 )  T;. P. Iloyle, K. Hardy, J. H. C. Nayler, M. ,I. Soolal, E;. R. Stone, and 

i r ,  .I. C'. IJ'onil, n r u l  E. R. 
C'liain, l ,n? irr / ,  2, ,564 (10AO). 

sumably because the same struct'ural features confer 
resistance to penicillinase and also reduce the ability 
of the compound to interfere with bacterial metabolism. 
As we have previously reported,6 2-biphenylylpenicillin 
also has good stability to  staphylococcal penicillinase 
and is considerably more active than methicillin against 
both susceptible and resistant staphylococci. The 
present paper reports an exploration of t'he biological 
effects of putting substituents on t,he 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. Sew work 
involved in the preparation of these acids is described 
in the Experimental; the footnotes to Table I cite 
lit'erature references to acids which were made by known 
procedures. The penicillins were prepared by convei-t- 
ing the acids t'o their chlorides and coupling these with 
6-aminopenicillanic acid either in aqueous acetone wit,h 
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-biphenylcarboxylic 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 

(6) (a) R I .  RI. Dolan, A .  Bondi, J. R .  E. Hoover, R .  Tumilowicz, R. C. 
Stewart. and R. J. Ferlauto in "Antimicrobial Agents and Chemotherapy- 
1961," 11. Finland and G. M. Savage, Ed . ,  American Society for Alicrobiol- 
ogy, 1962, p. 648. Subsequent papers in the same volume describe the  
pharn~acological and clinical evaluation of this penicillin. (h) h recent 
publication from another laboratory [.I. Gourevitch, C. T. Holdrege, G. .I. 
Hunt,  W. F. Minor, C .  C. Flanigan, L. C. Cheney. and J. Lein, Anlihiot. 
Chemotherapy, 12, 318 (1962) 1 shows continuing interest in this compound. 
( e )  Numerous publications have appeared comparing the biological activities 
of 2-hiphenylylpenicillin (also referred to  as ".~ncillin" or S K F  12141) and 
other semisynthetic peniclllins. See, for example, L. D .  Sabath and .\I. 
Finland, P r o c .  Sac.  Erptl. Biol. M e d . ,  111, 517 (1962); H. hbu-Nassar, T. 13'. 
Williams, Jr., and E. 11. Yow, Am. J .  Med. Sci . ,  245, 459 (1963). 

(7) U. (:. Perron, W. F. Minor. C'. T .  FIoldrrpe. &' 
(iodfrey, I,. T3. Clast,  R .  R. R a b d .  and 1,. C .  C~IPIIPY-,  .I. Am. C h ~ m .  , S n c . ,  82, 
3 w 4  i isr in) .  
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TABLE I 
2-BIPHENYLYLPESICILLI~S 

No. Ri 

If H 
l a  H 
21 H 
31 H 
41 H 
51 H 
6 H  
71 H 
81 H 
9 H  

10 H 
11 H 
12 H 
13f H 
14f H 
151 H 
16 3-CHa 
17 3-CHaO 
181 3-F 
191 3-C1 
20 3-NOz 
211 4-CHa 
22 4-CHaO 
23 4-Cl 
24 4-CeHs 
25 5-CH3 
26 5-CHaO 
27 5-F 
28f 5-Cl 
29f 5-SOs 
30 6-CHa 
31f 6-CHaO 
32f 6-c1 
33 6-NOz 
34 4-F 
35 4-CI 
36 4-Br 

Cryst. 
Rz Methoda fromb 

H A* 
9 H . . .  

2 '-CHa A' 
2'-C1 A 

2'-CN Ak 
3'-CHa A' 
3'-CHa0 A 
3'-F A 
3'-CI h 
3'-N02 .I 
4'-CHaO A"' 

2'.NO? Ai  

4'-F 
4'-C1 
4'-Br 
4'-NOz 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
4'-F 
4'-C1 
4'-Br 

A 

h 
A" 
B 
BO 
B 
B 
BP 
A 
A 
.49 
A 
A 
B 
A 
Aq 
A' 
.4 
A 
x 
A 
A 
A 
A* 

Ah 

J 
C 
E 
F 
C 
E 
C 
C 
C 
C 
C 
C 
C 
D or E 
C 
D 
H 
K 
K 
IC 
E 
I 
K 
C 
E 
E 
K 
c 
C 
C 
E 
c 
C 
c 
E 
D 
D 

Yield,' 
% 

49 

71 
70 
54 
75 
22 
27 
60 
50 
52 
34 
50 
45 
59 
30 
23 
25 
39 
12 
57 
49 
48 
27 
13 
32 
16 
51 
29 
23 
49 
34 
12 
51 
65 
61 
61 

. . .  

Dec. g L d  
OC. Formula 

243-244 
203-205 

. . .  

. . .  

. . .  
179-1 80 

. . .  

. . .  

. . .  

. . .  

. . .  

. .. 

. . .  
220-222 

193-197 
197-202 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
182-184 

. . .  

. . .  
247-248 
2 3 5-2 3 9 
183-185 
100-165 

. . .  

. . .  

. . .  
163-165 
195-200 

. . .  

Minimal 
inhibitory 
concn. for 

Infrz- staphylococci' 
red -(y/ml.)- 

-Carbon, %-- -Hydrogen, %- assay, Sus- Re- 
Calcd. 

60.28 
58.04 
52 .57  
51.79 
53.39 
56.39 
55.56 
57.76 
55.50 
52.77 
50.69 
55.57 
56.62 
5 0 , 8 5  
47.46 
50.09 
57.51 
56.64 
5 5 . 5 0  
52.50  
49.79 
57.75 
56.64 
53.56 
58.36 
58.06 
5 0 .  04 
57.79 
55.69 
50.50 
27.75 
53.75 
j 1 . 7 9  
50 .69  
48 .08  
47.55 
42 ,44  

Found 

59 .99  
57.85 
52.02 
51.48 
53 .66  
50 .62  
55.62 
57.87 
55 .70  
g2 .44  
50 .85  
5 5 , 8 7  
56.16 
50.79 
47.45 
50.26 
57.82 
56 .44  
g5.53 
32.58 
49.73 
57.72 
36 .  41: 
.53.59 
58.12 
58 .38  
5 6 . 3 8  
57.80 
55.64 
50.84 
57.72 
53.71 
51 .53  
50 .33  
48.16 
47.41 
42.57 

Celcd 

4 .58  
4.41 
5 , 4 1  
4 .14  
4.05 
4 .09  
5.09 
4 . 8 5  
4 . 4 4  
4 .01  
4 . 0 3  
.5.09 
4 . 3 0  
4 .27  
3 . 7 9  
4 .05  
5 . 2 6  
4 .97  
4.44 
4.41 
4 .18  
4 . 8 5  
4 .97  
4 .28  
5 . 0 8  
5.15 
4 .97  
4.16 
4 .01  
4.44  
4 . 8 5  
4 .92  
4 . 1 4  
4 . 0 5  
4.42 
3 .80  
3 .22  

Found 

4 .7$  
4 . 6 6  
5.32 
4 . 0 9  
4 . 2 9  
4 . 2 2  
5.11 
4 . 8 8  
4 . 5 7  
4 .03  
4 .18  
5 . 5 5  
4 .43  
4 .40  
3 .79  
4.32 
5.01 
4.90 
4 .50  
4 .23  
4 .48  
5 .22  
4 .80  
4.37 
4.97 
4 .76  
4 .91  
4.27 
4 . 3 0  
4 .31  
4 . 9 4  
5 . 1 8  
4 .23  
4.12 
4 .12  
3 94 
2.92 

% 

92 
100 
109 
103 
94 
80 

104 
90 

101 
90 
99 
92 

102 
96 
96 
92 
94 
92 
90 

101 
86 
89 
99 
91 
99 
79 
88 
98 

108 
9 6 
80 

101 
99 
97 

108 
95 
90 

ceptible sistrtnt 

0 .22  
0 .22  
0.18 
0.09 
3 . 1  
0 . 3 7  
0 . 3 7  
0.37 
0 .22  
0 . 1 8  
0 . 1 8  
0 .37  
0 .37  
0 . 3 7  
0 . 3 7  
0 . 7 5  
0 75 
3 . 1  
0 .37  
3 . 1  
0 . 2  
1 . 5  
0 .75  
0 . 7 5  
3 . 1  
1 . 5  
1 . 8  
0.7,s 
0 . 7 5  
6 . 2  
0 . 3 7  
0 37 
0 . 3 7  
0 . 7 5  
0 . 3 7  
0 . 3 7  
0 .37  

0 . 4 5  
0 . 4 5  
0 . 4 5  
0 . 4 5  
0 . 9  
3 . 7  
1.8 
1 . 8  
0 . 9  
0 . 9  
0 .45  
0 . 9  
0 .45  
0 .45  
0 .22  
0 .45  
3 . 7  
7 . 5  
0 . 9  
7 . 5  
1 . 2 5  
1 .8  
1 . 8  
1 .8  
0 . 9  
1 .8  
0 .22  
3 . 7  
1 .8  
7 , 5  
3 . 7  
0 . 9  
0 . 9  
1 . 8  
0 . 4 5  
0 .22  
0 . 4 5  

a See Experimental for description of methods A and B. b Recrystallizations were carried out without heating. Solvent system.: 
C, methanol-ether; D, methanol-isopropyl ether; E, chloroform-ether; F, acetone-ether; G, acetone-hexane; H, ethyl acetate; I, 
I-butanol-isopropyl ether; J, dimethylformamide-ether; K, ethanol-ether; L, not recrystallized. Yields of purified products. X o  
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 a t  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. Endpoints were de- 
termined by macroscopic readings after incubation for 18 hr. a t  37". Susceptible staphylococci: 
coagulase positive, not phage typable, MIC 0.05 y/ml. of penicillin G, 1.8 y/ml. of methicillin. Resistant staphylococci : Finland 
400, phage type 54, MIC > 1000 y/ml. of penicillin G, 3.7 -,/ml. of methicillin. f Susceptibility to staphylococcal penicillinase was 
compared to that of penicillin G manometrically (ref. 13). None of these penicillins gave more than 20% of the theoretics! yield of 
carbon dioxide during a standard incubation period of 20 min. at 37", and further gae evolution was negligible. Penicillin G gave an 
almvst quantitative yield. The following footnotes refer to the preparation of side chain acids: 

2'- 
Cyano-2-biphenylcarboxylic acid chloride, m.p. 77-80', was prepared by treating diphenamic acid with thionyl chloride. H. Rapoport 
and A. R. Williame, J .  Am. Chem. SOC., 71, 1774 (1949), give m p. 80-81". I). H. Hey and T. ?*I. Moynehan, J .  ChPnz. SOC , 1563 
(1959). R. L. Dannley and AI. 
Sternfeld, J .  Am. Chem. SOC., 76, 4543 (1954). An apparently simpler nitration procedure is given by D. H. Hey, J. A. Leonard. and 
C. TI'. Rees, J Chem. SOC., 4579 (1962). The arid was purified through its 
cyclohexylammonium salt, m.p. 211-213' dec. P See ref. 35. 4 I. AI. Heilbron, D. H. Hey, and R. Wilkinson, J .  C h e m  SOC., 113 
(1938). K. Alder, J. Haydn, K. Heimbach. and K. Seufang, ilnn. Chem., 
856, 110 (1954). C. I<. Bradsher, L. E. Beavers, and ?;. Tokura, 
J .  Am.  Chern. Soc.. 78, 3196 (1956). 

e Measured in broth by serial twofold dilutions. 
Inoculum, lo6 organisms per ml. 

0 Prepared from the eodium salt. 
See ref. 23a. See ref. 15. 3 See ref. 49, but using methyl o-iodobenzoate and o-bromonitrobenzene in the Ullmann reaction. 

The acid was purified through its cyclohexylammonium salt, m.p. 146-149' dec. See ref. 28. 

R. Huisgen and H. Rist, Ann. Chem., 594, 137 (1955). 

E. K. Tt'eieburger, J .  Am Chem. Soc., 77, 1914 (1955). 
H. Richtzenhain and P. Sippus, Chem. Her., 77B, 566 (1944). 



~ I I g S O 4 . ( ' s l l ~ : I S :  C ' ,  iici.iiT,: 11,  (i,.Ih: 
3 ;  H, 6.6.5: S,  h.25. 

h solution of tlie c~cloliex~laiiinic~miiiiii s:i11 i i i  Ilot : i~~i ie~l i is  
:ivetic iwid deposited :t 70(,'; yield of : ~ ' - r r i i r ~ 1 - 2 - l ) i i ~ l i e ~ i ~ ~ l ~ ~ : i r l ) ~ 1 s ~ - l i ~ ~  
: i d  as i*re:tni cdored rrystals, ni.p. 131.5-1.itio, ri~ic~ltangcti l)y 

st~allization from :iqueous wetic :ii*it l  ( l i t .211 i i 1 . p .  1% -157' 
x i d  265'). 
3'-Methoxy-2-biphenylcarboxylic Acid.--A solutioii o i  90.3 p. 

(0.4 mole) of stannous chloride dihydrate in 450 nil. of 6 -\' h!,- 
iirodiloric* :wid \vas heated to 100" lvit2-i stirring and 34.2 p. 

tninioniuni 3'-nitro-2-biphenyli~:1r- 
'on5 during 30 riiin. The rnistrtre 

niiri. a t  100' until it clear solution \\-as 
o th ined ;  this \vas cooled, diluted \\-it11 an equal voluiiie of iv;ti(ir, 
l)rought to  pH ,S nit11 c~iincwitr:ited aninioni:i 
rernc)ve the bulky 1)recipit:tte. Tlir filtrate \V:L 

3.8 to prwipitate 16.5 g. of 3'-amino-%biphen 
:ts a tan pon-der, ni.p. 172-174" (Krnner, cc al . ,  reported19 iii.1i. 
174-176"). This material \vas diazotized in 200 1111. i i f  (i .\ 
sulfuric : i d  at 0-5' with 1 ecpiv. ctf sodiurii nitrite, :itid tlic 
t1i:izoninirr solution \vi is added gr;itlually to 2 1. I J ~  10 .\ sulfuric. 
:wid :it 100". A brisk evolution of gas occurred. The reitctictri 
niislurt: \vas kept at 100' for 30 rnin. and then c v i o l d  to g i w  :i 
tiro\vn solid, u-hich \vas dissolved in dilute sodiuiii cmlionatc~, 
\varnied \vit>h charcoal, and reprecipitaiteti with itcicl to yield 10.7 
p. (50':; over-all) of almost colorless st:tls, 1n.p. 139-140". 
Re(-rystdlization froni : t qw i i us  acetic cl p:~ve 3'-hydroxy-2- 
biphenylcarboxylic acid, m.p. 141 -143". 

. I  r i d .  C:ilrd. for CI:~HloO;,: (', i2..S!i :  I T ,  -4.71. I.'ouritl: 

1Irttiylation of tliis itiateri:tl (prc~r~xliire sinii1:ir to  t h a t  tie- 
( I ,  72.76: H, 4.57. 

sc.ritxri h t c r  in tli parat,ion of 4-nieth 
I)i)sylic~ ncidj  gave :I. yield o f  c.rutIe :{'-in 
i,:irhosylic :tc*itl, \vli as purified througli 
iiioniutii d t ,  tri.1). 14G-14So (fri ini  :icetime). 
tiietliosy acid, colorless iq-stals froin aqueous nc>etic wid,  \\-:is 
tliniorpl-ious, n1.p. S&S8" and 92,5--$J4' (Kenner, et uZ., reported 

a product from nietliylntion of noncrystnlline 

for (!14HIdh: ( ' ,  i ;$.( i i :  H, 3,:iO. Found: 
(', 73.89; H, 5.36. 
3'-Fluoro-2-biphenylcarboxylic Acid.?l--.4 solution of 5.94 g, 

(0.03 mole) of l-fluorofluoretic~ne?2 in  50 nil. i i f  toluene [viis I'C- 

fiusetl t'iir 2 Iir. over 15 g. o f  pci\vderetl pi1t:issiurn hydroxide.":' 
I l i e  iiruige iv~l~ir  \v:is disc-tiargetl :ind :I liglit l>ro\vii solid \\-:is 
ileposited. :ind \\.:iter iverc acltlcd to the re:iiation i i i i s t i i r c ,  

t h e  l:iyers \wre separ: :tnd the :i(Iueoits ptiase \\-:IS :witlifi 
prwipit:ite (i.23 g. ( C  ( i f  protluc.1, in.1). 104--107". I t e  
t:tllization froin aquec cetii. xrid :ind then froni iariioir t , - 

r 7  

c~:irlioxylir avid (8 .52  g., 0.04 riiole) \vas diazotized at 0-5" in $0 
nil. of C, S hydrochloric itrid with 1 equiv. of sodiuin nitrite. 
The diazonium solution \\-:Ls added gradually v i th  stirring t o  
12 p. of cuprous rhloride dissolved in 40 nil. of 12 S hydrochloric. 
;id, the temperature heing kept helo\\- 10'. The mixture, whirh 

i20) (a) Tile nietliod of l ienner ,  P/ al. ( s e e  ref. l !Jj. ga\'e a produvt iclentival 
with onrs .  n1.p. and n i .n i .p .  155-157'; ib) tile Iiiph iiieltina inaterial w a s  
rrpurted by I,. G .  l l akarova .  11. K. l l a t , veeva ,  :ind 1;. .\, (:iihclienko, Im. 
.4kud. .Vauk S S S K ,  Old.  Khim. S u u k .  1452 (11438). 

(21) The other  possihle product f rom r l r avagr  (if tlir f i r lorenone,  8-f1iioi.o- 
2-biplienylcarl)r)x~lic ariii.  inarkrdly deliresserl !lie i i i r l i i n e  p o i n t  of iliis 
iiiaterial. 

( 2 2 )  1- \riiiriofliioren~,iie \\ iis diazot ized.  aiid ti le d i a z o n i i i n i  lie\uMuoroplioh- 
iiiiiite u n s  decoiiiposed i n  a procedure siiiiilar t u  t l i a t  described i n  t h e  prrpa- 
riitron of 3- l luoi~o-~-bipI~eriylcarbox) . l i~  wid .  Tlir product had m.p. l l f i - .  
1 1 7 " :  'r. L. Fletclirr, 11. , I .  S a r n k n n g .  If. I.. P a n ,  and  W .  fl. \Vetzel,  . I .  Ory.  
<'/i+,m., 26, !1!46 (Ig(iOj,  give i i 1 . p .  110-113°; G .  G. Sinitii and G. 0. Larson, 
d .  . tm .  (;'he??&. SCC., 82, 99 (1960). record i1i.11. 11-4-115°. 

(1:O (a)  13;. kl. kluntress and  31. I<. Seikel, d i d . ,  61, 816 ( lW!l j ,  desr,rihi!d 
a reiieral r i ie t l iod for  tlie cleavage (if Huorenones to  9-biplienylcarb,issIi~ 
:iciils nit11 molten potassiuni hydroxide i n  d i p l i e n y l  ether. \Ve r i s e d  tiiis 
prowilure  sr iccess fu l l y  on several Huorenones, l int  13 lien applied tu 
Iliiorrrionp it gavc only a hi~I~-i i ic l t ing nunfluorin:ited product. 0,) 
of solid gorassiiini iiydro.;ide in toluene for fliiurenone deal-age u' 

11. n. T , . I ~ ~ .  U I ~  B. it. 
O I ' S ,  and  also 1,;. 11. l i u l i t -  
A lIW!lj, aml I). 11. l i t  



I-#", pure eriouyli for corivcrsiori to  tlie acid. I~ec,rystallization 
from water gave the colorless amide, m.p. 151.5-153'. 

~ l n a l .  Calcd. for C14Hl&O: C, 79.59; H, 6.20; 5,  6.63. 
Found: C, 79.41; H, 6.00; N, 6.76. 

Sitrogen trioxide was passed for 20 inin. into 10.5 g. (0.05 mole) 
of 3-methyI-2-biphenylcarboxamide in 75 ml. of acetic acid a t  15'. 
The green color of the nitrogen trioxide persisted after the reac- 
tion mixture had stood overnight a t  room temperature. I t  
was poured into excess 2 .V sodium hydroxide, filtered, and 
acidified to precipitate 10.2 g. (977,) 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.31 m.p. 132'). 

=Inal. Calcd. for C14H1202: C, 79.22; H,  5.70. Found: 
C, 79.27; H, 5.71. 

3-Fluoro-2-biphenylcarboxylic Acid.-Methyl 3-nitro-2- 
biphenyl~arbosylate~~ (25.7 g., 0.1 mole) in 250 ml. of ethyl 
acetate was hydrogenated at 4 kg./cm.2 for 1.5 hr. over 0.5 g. of 
10% palladium-on-charcoal. The uptake of hydrogen was 
quantitative. The filtered solution was concentrated to a yellow 
oil, which was dissolved in 1 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. (927'), m.p. 187-190" dec. Recrystallization from et,hanol- 
ether gave colorless material, m.p. 189-191" dec. 

Anal. Calcd. for C,4H13N02.HC1: C, 63.76; H,  5.35;  N, 
5.31. Found: C,63.76; H,5.40; X,5.47. 

This material (13.2 g., 0.05 mole) \vas diazotized, and the 
diazonium hexafluorophosphate was precipit'ated according to a 
published general pr~cedure.~E The hexafluorophosphat'e 
amounted to 17.2 g. (go%), 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 methyl 3-fluoro-2-biphenylcarboxylate was hydrolyzed 
by refluxing with excess aqueous potassium hydroxide to give 
3.2 g. (30% from methyl 3-amino-2-biphenylcarboxylate hydro- 
chloride) of 3-fluoro-2-biphenylcarboxylic acid, m.p. 128-130". 
Recrystallization from aqueous methanol gave the colorless 
product, m.p. 130-132". 

Anal. Calcd. for C13HgFOZ: C, 7 7 . 2 2 ;  H,  4.20. Found: 
C, 72.12; H,  4.25. 
3-Chloro-2-biohen~lcarbox~~~c Acid.-A solution of 13.2 P. (0.05 

mole) of methyi 3-a&o-2-biphenylcarboxylate hydrochloride in 
150 ml. of 0.7 N hydrochloric acid and 100 ml. of acetic acid was 
diazotized a t  0-5" with 1 equiv. of sodium nitrite. The di- 
azonium solution was run rapidly into a stirred ice-cooled solution 
of 12.5 g. of cuprous chloride in 125 ml. of 6 N hydrochloric acid, 
whereupon a yellow solid was deposited. The mixture !vas 
allowed to come to room temperature during 1 hr. and then 
heated for 5 min. on a steam bath. The solid melted, but re- 
solidified on coding. 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. (82%) of 
methyl 3-chloro-2-biphenylcarboxylate, m.p. 55-57", 

dnal Calcd. for C14HllC102: C, 68.16; H ,  4.49. Found: 
C, 68 -16; H, 4.56. 

3-C hloro-2-biphenylcarbo ic acid was obtained in 73% yield 
by hydrolyc,ing the ester h excess potassium hydroxidc in 
refluxing aqueous ethanol. Recrystallization from aqueous eth- 
anol gave the colorless acid, n1.p. 184-186". 

dnal.  Calrd. for C1aHd302: C, 67.11, H, 3.90. Found: C, 
G G . 9 0 .  H, 3.99. 

4-Methyl-2-biphenylcarboxylic Acid.-l-Phenyl-l,3-penta- 
diene37 (14.4 g., 0.1 mole) and 9.81 g. (0.1 mole) of ethyl pro- 
piolate were refluxed for 20 hr. in 35 nil. of toluene containing a 
little hydroquinone. The solvent was evaporated and the resid- 
ual oil 1% as distilled twice to give 7.7 g. of the Diels-Alder adduct, 
h.p. 115-125" (0.4 mm.). This material was refluxed overnight 

(34) R. D. Hanor th  and P. B. Tinker, J .  Chem. Soc., Y l l  (1955). 
(35) B. H. Chase and D. H. Hey, ibad.. 553 (1952). 
(36 )  K. G. Riitherford, U'. Redmond. and J. Rigamonti, J .  Org. Chem.. 26, 

T h e  method used to  decompose the hexafluorophosphate was ,5149 (1961). 
a modification of these authors' general procedure. 

(37) li. Alder and A I .  Schuniacher, Ann. Chem., 571, 122 (1951). 

i n  70 nil. of beiizerie with 7.96 g. (2';/c exces~) of chloranil. The 
benzene solution was washed with N sodium hydroxide and with 
\\-at,er, 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. ( l2y0 overall) of colorless ethyl 4-methyl-2- 
biphenylcarboxylate, m.p. 71-73'. 

Anal. Calcd. for C16H1602: C, 79.97; H,  6.71. Found: C, 
80.30; H, 6.88. 

Hydrolysis of the ester with excess refluxing aqueous sodium 
hydroxide gave 4-methyl-2-biphenylcarboxylic acid (quantitative 
yield). The acid formed colorless crystals from acetonitrile, 
m.p. 155-157' (lit.3413b m.p. 155' and 152"). 

4-Methoxy-2-biphenylcarboxylic Acid.--CHydroxy-2-bi- 
phenylcarboxylic acid2" (10.7 g., 0.05 mole) was dissolved in 80 
ml. of 2.5 S sodium hydroxide, and 50 ml. of dimethyl sulfate 
and 300 ml. of 2.5 A$- sodium hydroxide Lvere added in portions, 
with stirring, a t  roughly equivalent rat'es during 40 min. The 
reaction mixture was kept a t  30". Stirring was continued a t  
room temperature for a further 1.5 hr.; suspended solid, prob- 
ably the ester of the product, was present. Bfter 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 t'he same solvent gave the colorless acid, m.p. 136-137" 
(lit.39 m.p. 135"). Vacuum drying a t  80" was necessary in order 
to obtain a sharp-melting product. 

Anal. Calcd. for Cl4H1203: neut. equiv., 228.25. Found: neut. 
equiv., 226, 229. 

2,5-Diphenylbenzoic A~id.~o-A mixture of 20.6 g. (0.1 mole) of 
l,4-diphenylbutadiene41 and 9.8 g. (0.1 mole) of ethyl propiolate 
was heated a t  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 st,irred and refluxed for 17 hr. The toluene 
solution was washed with 0.5 A' sodium hydroxide and with water, 
dried, and evaporated. Hydrolysis of the residual ester with 
excess refluxing aqueous ethanolic potassium hydroxide gave 
15.1 g. (55Tc) of the acid as colorless crystals (from benzene), 
m.p. 177-179' (lit.42 m.p. 178-179°). 

Anal. Calcd. for C19H1402: C, 83.19; H, 5.14. Found: C, 
83.11; H, 4.82. 

5-Methyl-2-biphenylcarboxylic Acid.-5-Methyl-2-biphenylcar- 
bonitrile43 (1.93 g., 0.01 mole) was refluxed for 17 hr. with 1.3 g. 
of sodium hydroxide in 7 ml. of ethylene glycol and 0.7 nil. 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-biphenylcarboxylic acid, which was recrystallized 
from aqueous methanol to give 1.67 g. (79eL) of product, m.p. 
164-166". A further recrystallization from carbon tetrachloride 
gave colorless material, m.p. 166-168' (lit.44 m.p. 165" and 

5-Methoxy-2-biphenylcarboxylic Acid.-5-Methoxy-2-bi- 
phenylcarbonitrile45 (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 precipitat'e any silica which 
had dissolved from the flask during the hydrolysis. Further 
acidification caused deposition of an oil which rapidly crystallized 
to a brown solid. This was dissolved in 0.5 S sodium hydroxide, 
decolorized with rharcoal, reprecipitated by acidification, and 
recrystallized from aqueous acetic acid to give 14.1 g. (62';7c) of 
colorless product, m.p. 169-173". Further recrystallizat,ion 
from the same solvents gave material with n1.p. li4-li5.5°.46 

166.5-166.9'). 

(38 )  K. Alder, .\I. Schumacher, and 0. Wolff, ib id . .  670, 230 (1950). 
(39) N. Chatterjee. J .  Indzan Chem. Soc., 12, 410 (1935). 
(40) We are indebted to  Dr.  C. Kaiser for this preparation. 
(41) R. N.  RIcDonald and T. W. Campbell, J .  Org.  Chem., 24, lY6Y (1Y5Y). 
(42) G. R. h i e s  and W. Davey. J .  Chem. Soc., 3480 (1957). 
(43) R. Ghosh, D. C. S. Pascall, and A .  R. Todd, ibid. .  1118 (1940). The 

coupling of 3-acetamido-4-cyanotoluene with benzene was modified accord- 
ing to  the general procedure of ref. 32 so tha t  isolation of the intermediate 
nitroso compound was avoided. The nitrile was distilled, but no attempt 
n-as made t o  crystallize it. 

(44)  (a) X. hlder, K.-H. Decker, and R.  Lienau. Ann. Chem., 570, 214 
(1950); 

(45) (a) C. K. Bradsher and W. J. Jackson, Jr . ,  zbid. ,  74, 4880 (1952); 
(b) the interniediate 5-nitro-2-biplienylcarbonitrile was prepared by the  
method of P. A. S. Smith and B. B. Brown, ibid. ,  73, 2438 (1951). 

(b) N. C. Deno, J .  i im .  Chem. Soc., 72, 4057 (1950). 
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had [ ~ Y ] ~ ~ D  $252.2' (c 1, water); XLk':"' 5.65 (lactam carbonyl), 6.0 
(amide carbonyl), 13.4, and 14.2 p (aromatic system). 

2-Biphenylylpenicillin Potassium Salt.-This compound ( l a )  
had [ C L ] ~ ~ D  f253.0" (c 1, water); A:::' 5.65 (lactam carbonyl), 6.0 
(amide carbonyl), 13.35 and 14.2 p (aromatic system). 

Ethoxypenicillin Potassium Salt.-4-Aminopenicillanic acid 
was acylated with ethyl chloroformate by A and the product was 
isolated as its potassium salt. The penicillin nas obtained in 
657, yield after recrystallization from dimethylformamide-ethyl 
acetate and had m.p. 222-223" dec.; X.:::' 5.65 (lactam carbonyl) 
and 5.85 p (carbamate carbonyl); infrared assay, 1037,. 

,4naZ. Calcd. for C11HloKX;2O5S: C, 40.48; H, 4.63; S, 
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 a i t h  0.1 mole each of ethyl chloroformate and the 
triethylamine salt of 6-aminopenicillanic acid according to a 
published procedure.j' 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., shelving infrared bands a t  5.65 (lac- 
tam carbonyl) and 5.85 p (carbamate carbonyl), but lacking the 

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

(52) Whatnian 31111 paper, dipped in a p H  6 buffer, 0.018 M in citric 
acid and O.lJ64 .If in disodium hydrogen phosphate, and dried in air;  moving 
phase, 9 vol. of t-rtrnyl alcohol and 1 vol. of 2-propanol, equilibrated with 
the buffer. Zones a e r e  located by spraying the  paper with sodium azide 
and iodine, then with starch reagent. I n  this system, the  Rf values of 
ethoxypenicillin and 2-biphenylylpenicillin were ca. 0.65 and ca. 0.85, respec- 
tively. 

bands a t  ca. 13.4 and 14.2 p attributed to the aromatic system of 2- 
biphenyIylpenicillin. Paper chromatography52 shoafed ethoxy- 
penicillin as the major component. 

Infrared Assay of Penicillins.-RIeasurements were made on a 
0.04 M solution of the penicillin salt in dimethyl sulfoxide (which 
could contain up to 574 water) in a cell consisting of two plates 
of Kodak IRTRANa AB-1 separated by a 0.1 mm. spacer. The 
Infracord was adjusted so that the solution showed 95% trans- 
mittanceat 5.35 p, and the peak a t  ca. 5 . 6 5 ~  was traced out. The 
height of the peak 11-as 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 J f  range. 
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A number of new penicillins were prepared in order to examhe 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 staphylococci, but only those with o-biarylyl side chains had good activity against penicillin G- 
resistant staphylococci. Some of the side-chain carboxylic acids used as intermediates were synthesized for the 
first time or were made by new methods. 

I n  the previous paper of this series1 we described the 
preparation and in vitro testing of a group of substi- 
tuted 2-biphenylylpenicillins. These penicillins com- 
bine high antibacterial potency with immunity to 
staphylococcal penicillinase ; they are consequently 
active not only against 'Lsusceptible'' staphylococci 
but also against the clinically important "resistant" 
strains. I n  this paper, as in the previous one, we use 
the term susceptible for staphylococci which are sensi- 
tive to  penicillins G and V, and resistant for those 
which are unaffect'ed by high levels (e.g., 500-1000 
-y/ml.) of these antibiotics because t'hey produce a 
lactam-opening We were interested 
in discovering the effect of major side-chain modi- 
fications on the biological properties of 2-biphenylyl- 
penicillin and in elucidating the structural feat,ures 

(1) P a r t  I: J. R. 13. Hoover, -1. XV. Chow-, R. .1. Stedtiian, N. XI. Hall, 
H. 9. Greenberg. AI .  A I .  Dolan, and R. J. lierlauto, J .  .Wed. Chem., 7 ,  245 
(1964). 

(2) See footnote 3 of ref. 1. 

responsible for its good activity against both classes 
of staphylococci. 

The present paper reports some new semisynthetic 
penicillins m hich were prepared for this investigation. 
These penicillins TT ere synthesized by condensing the 
appropriate side-chain carboxylic acids with 6-amino- 
penicillanic acid3 using methods already described.' 
Sew work inrolved 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 staphylococci, one susceptible and the other highly 
r e ~ i s t a n t , ~  give the most concise indication of activity 
and are presented in the tables. 

( 3 )  1' R Batchelor I P D o ~ l e  J l I  C Ya>ler, and G N Rolmson. 

(4) See Table I footnote e The organisms used uere the same as  In the 
2atuie 18.3, 257 (1959) 

preiious paper (ref 1) 


