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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 ae re  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) Pa 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) 



Source 
of 

side 
chain 

T i t i .  1% acid 
lf  2-Biphenylyl 
2 2-Iliplie1iylyl11ieth~-l a 
3 :3-liiphenglyl li 
,ii 1-13ipIienylyl I 

.it Phenyl i 

t i  o-l3enzylpiienyl k 
7 o-Pl~enusypl ienyl  I 
8 i~-Cliloroplie~iyl i 

<) io-Tolyl I 

10 o - l ~ t l ~ y l ~ ~ l i e ~ ~ y l  ,i 

11  o-Vinylphenyi 0 

12" o-~-i3atylplienyl 7, 

13 i~-( :yclupentyl~,I~enyl  /, 
14 n-(:ycloliexylplienyl q 

2-Pliengl-1-naplitliyl Y 

10 I-I 'lien~-l-2-naphtli~-l s 
17 o-(l-NaphthyI)pi~enyl t 
18 0- L 2-Saplithyl) phenyl  
1!l i-l.'luorenyl 11 

2 0  !I-I.'liiorenun-4-yl i, 

I'eni- 
r.illiri 
cryst. 
froma 7; 

I k i . .  ]!t., 
O C  c 

. .  
180-1 82 
149-151 
14.5-147 
164-166 
163-168 
1 !IY-203 
190-191 
174-177 
166- 169 

. .  

. . .  

. . .  
, .  

. . .  

. . .  
"10-21L' 
211-214 

Itecrystallizatioiis were i,:irried ririt wittiout heating. Solverits: :\$ methanol; csthrr: (', : ic,et i~ne; I ) ,  isopriij)~,l et l i iar ;  I,;, l ic, t .  
cther; F, ethanol; C;, ethyl acetate; H, I-butanol; I, chloroforni: J? dinieth!-lf~irrria~iiitie: I<. water: I,, not recr~st:illizcd. !' J'ields 
of pnrifid products. So :ttteInpt was rri:tde to find the  masiniuni yield for e:ich re:icti~iii. ' . i t  the dei~i~rii~~osit io~i poilit, which was 
11el)endent on the rate of heating, the Ixliicillin rhanged from :t solid to :I biihbling liqiiiti: tl:irkening :inti shrinking 1i:itl usu:rl l~~ :ilrwdy 
occurred. Where no decomposition point is reported, the same changes took plaw, but ovc~r  :I, range of teniperature, neither t tic, lie- 
ginningnc~r the end of w-hich was well defined. Xss:iys :ire c,:ili,ulated for the :ippropriate 11ydr:it~s. e \Ir:is- 
ured in broth b!. serial twofold dilutions. End points were determined by rn:icroscopicl readings :ifter incubation for 1s hr. :it 37".  l i i i ~ i ~ i i -  

luni, 106 orgnnisnis per nil. The susceptible staphylocorcua was coagulase positive, not 1)h:ige typable, J I IC 0.04 -,/mI. ut' penicillin ( i ,  
1.8 -,/id. of met.hicillin. /nil. of penicillin (i, 2 . i  -,/nil.  
of niethicillin. s obt:rined from the nitrilo by  
:ilkaline hydrolysis. " This paper. rti reaction mixture into ethyl 
:ic~+t:ite and adding petroleum ether. I; 15. de13. Hariic+t, ,J. FV. (look, :iud 1. :. Sisciti, .J. C'hciri. Sot,., 
504 (1!)27). 11. Craw-ford :ind F. H. C. Stew:irt, J .  C'hfr/i .  Sac.. 11X3 
(1952). I\., -1. I):ilt., I,. Starr, :ind C. JV. Strobel, J .  O r g .  Phevi., 26, 2223 ( J ! )O l ) .  p T'rq):ire(I by iiiethod I3 of ref. 1. 'I'ht. cryst:illine 
free acid \vas precipit:Lted hy :ic.idifying :in :rqueous solution of the  sotiiiirn salt. (1 J. FV. C'CICI~; : i i i d  Cy.  I,. H(.n.rtt, .1. ('hc,ir!. Soc., (i2 
(l!):W. 1're~):ired hy nirthod 13 of ~ r f .  I ,  but with acetonr substituted for  1~1iloroI'~irni :is sc,lvriit. " I<.  IIuisgrii :iiitl TI. Itist, - 1  r o t .  
( ' / / t i / / . ,  594, 1:27 (19.Lj). ' I  I;. I<. Fi'oisliiirgcr : t i i d  J. €1. \lFc~isl)iirgc~r, .1. 

See ref. 1 for the inethod. 

The resistant staphylococcus xas  Finland 400, phage type 54, \[IC > 100 
The :tritl 

Obtained m the crystalline free :ic,id by extrwting froni the  nc-i 
j Ordinary romrnercial sources. 

' Fee ref. 1. 0 J. von 13raun and G. X i n z ,  Ann.  (7hmri.> 468, 258 (1929). 

H. 11. Chemical Conip:tn~.. Infrared assay not tlonr. 

' F'. C:. 13:ttI~l:ir : i t i d  I'. I,. Warren, J .  <'he,/ / .  h'or.., 101 ( 1 9 W ~ .  
o/,q.  f,'/IT/l/. ,  20, l:N6 (195>), 

'Yd)l(> I reports a group of aiialogs of 2-biphenylyl- 
pciiicilliii (1) encompassing a range of structurally 
divclw side chains. For the sake of convenience i n  
cliscussiiig the relatioiiship of the new structures to tlie 
parent penicillin, the benzene rings in the side chain 
of the latter proximal and distal to the penicillin nucleus 
itill be designated A and B, respectively. Compound 2 
liah a methylene group between the 2-biphenylyl 
system and the amide carbonyl, making it reminiscent 

1 

of penicillin G ;  3 and 4 are isomers of the parent peni- 
cilliii with ring B shifted to the meta and para positions 
relative to the amide carbonyl. These three analogs, 
like plieiiylpeiiicilliii (5), were active against the 
susceptible staphylococci but not against the resistant 
oncs. This observatioii established the recjuiremcnt 
for ring A to be attached directly to the ainide carbonyl 
arid for ring 13 to occupy the ortho position on ring .I. 
I I I  older  t o  fiiid out whether other qroups \vould produce 

the same effect as phenyl ring B, n c  prepared u vniietj 
of ortho-substituted pheiiylpeiiicilliiis. 'l'hese iiicludcd 
o-berizylpheiiylpeiiicillin (6) and o-phenoxyphcnyl- 
penicillin (7) which might also be regarded as deiivu- 
tives of 2-biplieiiylylpenicilliii n i th  a linking atom intci- 
posed betneen rings A and B. .\lthough all tlic coni- 
pounds in this group (6-14) were effective against tlic 
susceptible orgaiiism~, none was ab active as 2-biphenyl- 
ylpeiiicillin against the resistant ones. Compound 
12, with the very bulky t-butyl group a i  the or2ho 
substituent, had slight activity, but the hest meinher of 
the group was o-cyclol-iexylplienylpeiiicilliii (14) ; thi\ 
had about one-sixteenth of the activity of 2-biphenylyl- 
penicillin. Apparently a nonaromatic cyclic system 
can, to a limited extent, duplicate the effect of a 
phenyl ring as the o,tho substituent, but the failure of 
o-cyclopeiitylpheiiylpenicilliii (13) to display any 
activity against the resistant organisms shows that 
there are very exacting structural requirements. On 
the other hand, thc good activities of the napht2ialeiic 
derivatives (15-18) agairist both types oI staphylo- 

-,I \ i, 1 ' I r l i l I l  \\ 1 \I11101 I H ( I l b t  \ ( P r i , l l , \ l r l l i  I l t l l l  1 1 1 1  

I ( ( I ie i ie \  J \ I d  l ' l a j r n  ( / u r n ,  5 ,  1016 (11162) IIIIC,I~PI t l ld t  < 1 1  

h , , \ \ l ~ l l p n ~ l l , t . r i ~ ,  1111n iiiil co i t i r  of i t 4  rirrirati \r i  n t  I t  

i r i i  ~ r a r ) l i \ l o c m ~ 1  h i i t  t h c i i  / I  i f  i 

t l  c ~ l i L I l l \  rP51it i n t  O I L ' % l I l i i i  i l l 5 t 1 1  111 t t l ?  lJr<V'IIt v [ , l h  



SEMISYSTHETIC I'IXICILLISS. 11 

TABLE I1 
PEKICILLINS 

No. 

21 

22 

23 

24 

25 

26 

27 

28 

290 

R f  

( t rons  ) 

(cis) 

(endo-phenyl, exo- 
carboxaniido') 

(endo-phenyl, e m -  
carboxaniido ') 

(ezo-phenyl, endo- 
carboxarnido') 

Source 
of 

side 
chain 
acid 

Q 

h 

i 

I1 

j 

k 

m 

n 

n 

Peni- 
cillin 
cryst. 
from" 

C-B 

L 

H-D 

L 

I-U 

G-l3 

P I 3  

C-B 

L 

Minimal 
inhibitory 

concentrations 
for 

staphylococci' 
Dec. Infrared (y/ml.) 

Yield,* pt., Carbon, 7% Hydrogen, c/a Sus- 
% 0C.C Formula Calcd. Found Calcd. Found % cept. Resist. 

20 . . . C ~ I H Z ~ N ~ O ~ S N ~ . H ~ O  57.00 56.69 6 , l 5  6 .22  80 0 .0  7 . 5  

12 169-172 C ~ I H ~ S N ~ O ~ S K . ~ . ~ H Z O  51.94 51.88 6.23 6.41 95 0.16 1 5 . 6  

38 . . .  C ~ I H ~ ~ N ~ O ~ S K . H Z O  55.24 55.02 5 . 5 2  5 . 7 1  87 0.09 250 

40 160-171 C~IHZ~NZO~S~<~O.~HLO 56.33 56.26 5 . 4 0  5 .42  84 0 . 2  5 .0  

82 , , , C Z Y H Z S N I O ~ S ~ ~ ~ H I O  56.15 X . 8 0  5.78 5.Y6 100 0 . 7 5  3 . 7  

72 . .  . CzzHz3NiOaSIC~l.3HrO 53.32 55.53 Z.49 5 . 4 5  94 0 . 1 8  125 

48 , . .  CnHisNzOaSNa.Hz0 58.13 58.40 5.99 5 .08  Y l  0.045 500 

64 165-169 CzzH~NzOasK.2H20 54.30 54.06 5.59 5 .70  107 0.125 500 

48 . . .  C Z A H ~ ~ N Z O & K . ~ . ~ H ~ O  55.32 S . 5 0  5.40 5,YO 105 0.18 123 

a-c .4s in Table I. f The asymmetric side-chain acids were all raceniic, but possibly some concentration of one form occurred in the 
synthesis and purification of the penicillin. C. 
D. Gutsche and W. S. Johnson, J .  Am. Chem. SOC., 68, 2239 (1946). K. Alder, H. J-agt, and U'. Vogt, Ann. Chem., 565, 135 (1949). 

W. L. C. T'eer and P. J. A. Oud, Rec. Trav. Chim., 72, 1083 (1953). I K. Alder, hl. Schumacher, and 0. Wolff, Ann. Chem., 570, 230 
(1950). ' Stereochemical description based on the 
norborane skeleton. ' The triethylamine salt of the side-chain acid in acetone-dioxane was treated 
with isobutyl chloroforniate to  give the mixed anhydride, which was coupled with the triethylamine salt of 6-aminopenicillanic acid in 
water (cf. Y. G. Perron, W. F. Minor, C. T. Holdrege, W. J. Gottstein, J. C. Godfrey, L. B. Crast, R. B. Babel, and L. C. Cheney, J. 
Am. Chem. Soc., 82, 3934 (1960)). 

It is assumed that no czs-trans isomerization or double bond migration took place. 

IC K. Alder, J. Haydn, K. Heimbach, and K. Seufang, ibzd., 586, 110 (1954). 
This paper. See ref. 18. 

The acid chloride method was not tried. 

cocci prove that, when the side chain is made up of 
two homoaryl systems in the appropriate orientation, 
the shape and size of each are not critical. Rather 
suprisingly, the fluorene derivatives (19, 20) were 
effective against the susceptible organisms but were 
much less active than 2-biphenylylpenicillin against 
the resistant ones. Since substituents in the 2'- 
or 6-positions of 2-biphenylylpenicillin do not have 
much effect on its activity,l it  seems that the deleterious 
influence of the one-carbon bridge in 19 and 20 must be 
associated with the restriction it imposes on the rota- 
tion of the rings. 

Most of the compounds of Table I retain ring A of 

the 2-biphenylylpenicillin side chain while ring B is 
modified. In  the penicillins of Table I1 ring B is re- 
tained while -4 is replaced by various nonaromatic 
six-membered rings. As in Table I, all the penicillins 
were active against the susceptible staphylococci. 
The two isomeric 2-phenylcyclohexylpenicillins (21, 
22) and some of the unsaturated compounds (24, 25) 
had modest activities against the resistant organisms; 
other unsaturated derivatives (23, 26) and all the 
bridged ring compounds (27-30) were inactive. Al- 
though no obvious pattern is discernible, it is clear 
that a nonaromatic ring A is subject to very stringent 
structural requirements. 1 loreover, the best penicillin 



with ring iionaroniatic (25) liad only onc-eighth of 
the activity against the resistant staphylococci of 2- 
hiphenylylpenicillin. 

From these studies, and from additional work 011 

peiiicilliiis m it11 heterocyclic side chaiiiStB we concludrl 
that various o-biarylyl side chains confer good activity 
against both susceptible and resistaiit staphylococci. 
Alatiy of the 3-hipheiiylylpeiiicilliris are as uctivv 
agaiiist botli c l aw?  of staphylococci a5 pheiiylpcni- 
cilliri is against the susceptible oi1es.l I t  seems that 
the phenyl ring B, \vlieii situated a b  an ortho substituent 
on  ring .I, in some way protects the penicillin from 
staphylococcal penicillinase, but does not impair its 
ability to disrupt bacterial metabolism. Good resist- 
a im to  penicillinase inay also be conferred by a phenyl 
side chain n-itli tn-o appropriate iioiiaroinatic ortho 
suhstitueiits, ab in methicillin' (2,G-dimethoz;yplieii~l- 
penicillin), but the presence. of the two substituent;, 
markedly interferes with the ability of the penicillin t o  
cxcrt its antimicrobial activity.& Oxacillinq (%inethyl- 
~~-plr~~iigl-~-isosazolSrlpenicillin) may be considered ah 
a penicilliii of the o-biarylyl typeg" aiid closely resemble> 
2-biplieiiylylpenicilliii in j t -  biological properties. ' ' I  

Similar activities are shown by two other iielv peni- 
cillins, nafcillinll (3-ethoxy-1-naplithylpenicillin) and 
c~ainacillin12 (3-carhosy-2-quinoxalinylpenicillin), which 
Iiavc side chains consisting of an aromatic system n it11 
a siiigle nonaromatic ortho substituent, hut these ap- 
pear to t)(? exceptional cases. i\-afcillin, indeed, may 
also tw regarded as a special type of orfho-disubstituttc~ 
pli~~n~~lpeiiiciIliu Thr~ high actiyity of quiiiacilliii 
semis to ckpend 011 a rather bpecific* conihinstioii of tlie 
appropriate aromatic tern and or tho  suhstit ueiit ; 
iiot mnch variation of eitlier is pos3ihle nitliout dctri- 
nicntal effectq. l 2  

Experimental I:j 
3-Biphenylcarboxylic Acid.--A solution of 23.3 g. (0.1 mole) ( i f  

3-hroniohiphenyl in 50 nil. of ether TVRS :idded during 30 min. to 
a stirred ire-cooled solution of 0.2 mole of  n-butyllithium ( 17y0 
solution in hemne)  in 150 inl. of ether. The reaction TV:E c.:trried 
out utider dry nitrogen. Stirring :tiid cmling were continued 
for 2 hr., :ind the misture W:LS then refluxed for n further hour. 
The resulting yellow suspension was poured slowly into a stirred 

. . .. - .~ ~~~ ~ 

(H)  A. TT. C'liow, r t  ai.. in prepxratiun. 
( i )  f a 1  1.. P. Doyle, li. Hardy.  .J. E l .  C .  Sayler ,  11. . I .  Soiilal. E. H. Stune. 

;+nit  I [ .  R. .T. \Taddington. .I. Chrm. S o r . .  1153 (1962) ;  (b) G .  h-. Rolinson, 
S. Sri.vt.rs. 1:. R. Batclirlrir, .I. C .  \Voo<l, and E. R. Chain, Lancet ,  2 ,  561 
f l Y 1 ; O i .  

i X !  ( ' i n i l l w e  t i l e  activitips uf  iiietliicillin iTahle I. footnote (i) and iilienyl- 
1ic,nii,illiri is) agiiinst tlie stisrPptihlr s tap l i y l oc r~ rv i .  

r ! i )  I". 1'. I l o y k  and .J. €1. C. h-nI-ler. I-. i. Patent ?,,'J%..i0l fIW31). 
(!la) Noii.  A n n m  I N  P~oo€..-~.ITo\vrver. 1:. P Iloylr. J C .  Hanson, .1. 

.\, \V, Lone, J H. C. Sayler,  and  E. R. Stuve.  .I. C h p r n .  Soc.. 5838 
(1963), have recently reliorted tha t  tile resistanre of oxacillin to  penicil- 
linasrs is depenrknt on the presence of both the plienyl and  inethyl g r o u p  
on  t h r  isoxazole ring. Tlir reqriirriiient fo r  a sec:ond (albeit small) or tho  
substi tornt in this r a s e  is in keelling wi th  our observation (rrf. 6) that 
~ir i ly  speciijr types of lietwocycle can re r ing A witliout loss of BC- 
t ivity naainst tile resistant staphylococci. 

(10) H, .\hn-Nassar. 1'. TT. TTiIliarus, ,Ir. ,  a r i d  li. 31, Y a w  . I n .  .I. IUed. 
,Sei., 245, 4. iS fl963).  

( I l i  S. H .  Rosenriran and t ; .  11. n'arren in ".\ntiinirrobial .\gents alii1 

t ~ ~ ~ ~ ~ ~ i i ~ ~ t l ~ e r ~ i ~ i y - l ! ~ ~ ~ , "  .J. C'. dylwst?r,  %I . ,  . 'iin~rican Society for 11irro- 
l,ioloz>-, Ann Arhor, lficti., l C l f i 3 ,  p. 389. 

11. (', ltii,liards, .I. R. Iioiisley, ;iml r ) .  1'. Spiioner, S n t u r e ,  199,  :134 

('iii,i!lary iiic,ltinc i i r i i l  ~ ~ r i ~ n i i i i ~ , , ~ , t , , , , ,  1i: ) ints were d ~ t ~ r i i i i i i c ~ l  n n i l  a w  
vorrwtwl. I:tlinnol u as l l . . \ .  era<lr 213 (anliyilr(,irsj; p e t r c d e i i i i i  rttter 
w x s  tlte f r w t i m  I;.II. : 3 0 -  1 ) i l i i t ~  h y d r ~ ~ c l i l o r i c  acid i i a s  useit f u r  w i d i f i -  
cation. L:v:iliorations 75 ?re rarriril oiit tinder nslirator i ao i i i i i n .  Refr;ir,- 
t i \ e  iii<liiii-s ( (ere  iiir.nsiirrv1 u i t l i  :in \ h b 6  rrxfr;ii,turilrter. 

. 
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was quantitative. The filtered solution mas evaporated and the 
residue was recrystallized from aqueous methanol to give 18.7 
g. (877,) of the colorless product, m.p. 140-142". 

A n a l .  Calcd. for C14H1602: C, 77.75; H, 7.46. Found: C ,  
77.68; H, 7.57. 

Preparation of Penicillins.-The methods used are described 
in the previous paper of this series.' In almost all cases the 
chlorides of the side chain acids were coupled with 6-aminopeni- 
cillanic acid in aqueous acetone in the presence of sodium bi- 

(19) J. Weinstock, N. Schaartz ,  and ill. F. Kormendy, J .  Org. Chem., 26, 
5247 (1961). reported that  ezo-3-pheny1-5-norbomenene-en~o-2-carboxylic acid 
could be hydrogenated in ethanol n i th  palladium-on-carbon. This cata- 
lyst did not hydrogenate our compound. 

carbonate (method A), and the penicillins were isolated as their 
alkali metal salts. Departures from these procedures are re- 
ported in the footnotes to the Tables. 
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New Antiviral Compounds with Considerable Activity in Vivo. 
IV. Aromatic a-Keto Aldehydes 
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The antiviral activity in tissue culture, in chick embryo, and in mice of a-keto aldehyde derivatives of biphenyl, 
diphenylmethane, diphenylethane, stilbene, diphenyl ether, diphenyl sulfide, and diphenyl sulfone was studied. 
Several substances were found active in chick embryo against A-PR8 virus, in tissue culture against poliomyelitis 
virus, adenovirus, and vaccinia virus. All substances were active in mice against MHV3 virus and nonactive 
against Columbia SK virus. The biphenyl, di- 
phenylethane, and diphenyl sulfide derivatives showed the best antiviral activity. 

Some of them were also active in mice against A-PR8 virus. 

In  previous papers the synthesis and the antiviral 
properties of 4-biphenylglyoxal, of 4,4'-bisbiphenyl- 
glyoxal, and of several d e r i ~ a t i v e s ~ - ~  have been de- 
scribed. The glyoxal derivatives of biphenyl proved 
active as antiviral agents in vivo and also in human 
t h e r a ~ y . ~ . ~  It appeared interesting to synthesize 
additional substances formed from diglyoxals in several 
ring systems; some of these compounds were found to  
display good antibacterial a~t ivi ty . ' .~  l lono- and bis- 
a-keto aldehydes were introduced into the 4- and 4,4'- 
positions of diphenylmethane, diphenyl ether, diphenyl 
sulfide, diphenyl sulfone, diphenylethane, and of stil- 
bene, and into the 2,2'-positions of biphenyl. 

Experimentalg 
The aromatic a-keto aldehydes listed in Table I were prepared 

by two methods: (A) by oxidation of the corresponding aryl 
methyl ketones with selenium dioxide in aqueous dioxane; (B)  
by reaction of the corresponding a,a-dichloromethyl aryl ketones 
with hydrochloric acid. The keto aldehydes were isolated as 
hydrates or as monosodium bisulfite addition products. In  a 
few cases the anhydrous a-keto aldehydes were obtained by 
vacuum distillation. 

I n  order to confirm their structure, quinoxaline derivatives 

(1) Deceased. .AI1 inquiries concerning this paper should be directed to 

(2) G. Cavallini, E. Massarani, D. Nardi, F. Magrassi, P. Bltucci, G. 

(3) G. Cavallini, E. Massarani, and D. Nardi, ibid., '2, 99 (1960). 
(4) G. Cavallini, E. hlassarani. D. Nardi, L. hlauri, and F. Magrassi, 

(5) F. Magrassi, G. Cavallini, and E. Massarani, Arch. Ces. Virusforsch., 

(6) Acta, I1 International Symposium of Chemotherapy, Napoli, Sept. 

(7) G. Cavallini, E. Massarani, D. Nardi, L. hlauri, and P. Rlantegazza, 

(8 )  G. Cavallini, E .  hlassarani, D. Nardi, L. hlauri, F. Tenconi, F. Pac- 

(9) All melting points are  corrected. 

E. hlassarani, Research Division, Recordati S.P..~., Milan, Italy. 

Lorenzutti, and U. Sapio, J .  Med.  Pharm. Chem., 1, 601 (1959). 

Farrnaco, (Pavia) Ed. Se., 16, 503 (1960). 

10, 19 (1960). 

14-17, 1961. 

J .  Med. Pharrn. Chem., 4, 177 (1961). 

ahiano, and P. Mantegazza, ibid. ,  6, 573 (1963). 

were prepared by condensation of o-phenylenediamine with the 
keto aldehydes. All the a-keto aldehydes reduced Tollen's rea- 
gent. 4-Acetyldiphenylmethane, 4-acetyldiphenylethane, 4,4- 
bisacetyldiphenylethane, 4,4'-bisacetylstilbene, 4-acetyldiphenyl 
ether, 4,4'-bisacetyldiphenyl ether, 4-acetyldiphenyl sulfide, and 
4,4'-bisacetyldiphenyl sulfide were prepared by Friedel-Craft's 
reactions according to the literature. '0-15 4-Acetylstilbene was 
prepared by the Meerwein reaction from 4-aminoacetophenone 
and cinnamic acid,*B 2,2'-bisacetylbiphenyl by oxidation of 9,lO- 
dioxo-9,10-dimethyldihydrophenanthrene, 17 and 4-acetyldiphenyl 
sulfoxide and 4-acetyldiphenyl sulfone by oxidation of 4-acetyl- 
diphenyl sulfide with hydrogen peroxide. 

The a,a-dichloromethyl aryl ketones used for the preparation 
of the keto aldehydes according to method B were prepared by 
Friedel-Craft's reaction or by chlorination of the corresponding 
methyl aryl ketones.* 

A.-The aryl 
methyl ketone (0.1 mole), dissolved in 120 ml. of warm dioxane, 
was added to a solution of 0.15 mole of SeO? in 50 ml. of 30Oj, 
aqueous dioxane a t  50-60" (for the preparation of the bisketo 
aldehydes 0.3 mole of SeOz was used). The mixture was refluxed 
gently for 10 hr. The selenium which separated was filtered hot. 
The solution after standing for some days in the sunlight was 
filtered again and water was added in order to crystallize or 
precipitate the keto aldehyde hydrate which was filtered and 
recrystallized from aqueous dioxane or water. When this pro- 
cedure was not convenient, the solvent was evaporated under 
reduced pressure and the residue was dissolved in anhydrous 
ethanol, filtered with charcoal, and again evaporated. The crude 
ethyl hemiacetal obtained was distilled under reduced pressure 
to prepare the anhydrous keto aldehyde. 

Preparation of a-Keto Aldehydes (Table I). 

(10) H. Duval, Compl. rend., 146, 342 (1908). 
(11) N. P. Buu-Hoi and R. Royer, Bull. soc. chim. France, 820 (1947). 
(12) H. Kipper, Be?., 38, 2491 (1905). 
(13) W. Dilthey. E. Bach, H. Grutering, and E. Hansforder, J .  prakt. 

Chem., 117, 337 (1927). 
(14) W. Dilthey, L. Nenhans, E. Reis, and W. Schommer, %bid., 124, 81 

(1930). 
(15) W. C. Ross, J .  Chem. Soc., 536 (1945). 
(16) G. A. R. Kon, ibad..  224 (1948). 
(17) Th.  Zincke and W. Tropp, Ann. ,  363, 305 (1908). 
(18) I€. Harry Szmant and F. P. Palopoli, -1. 8m. Chem. S o c . ,  72, 1757 

(1950). 


