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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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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 iv i 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. 

In  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). 
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a-Keto 
aldehyde 

no. 

I 
I1 
I11 
I v 
V 
VI 
VI1 
VI11 
I X  
x 
XI 
SI1 
XI11 

Yield, M.P . ,  
70 O C .  

91.5 214-216 
90 122 
90 113 
95 202-203 
71 5 164- 165 
67 252-253 
98 117-118 
95 170-171 
90 134-135 
90 185-186 
76 167-168 
98 196 
98 280 

Solvent 
of 

cryst.a 

D-W 
A 
A 
11 
A-W 
D-W 
A 
D-w 
il 
D-W 
A 
n-w 
n-w 

a 11 = diosane, W = witer, A = ethanol. 

(a)  Virucidal Test.-To the PR8 influenza A virus diluted 
1 : 10 in buffered saline solution, g./mole of compound was 
added. The EIDso (50% egg infection dose) should be a t  least 
10-6. The mixture was kept in water bath at  36" for 30 min. 
One-tenth ml. per egg of 10-fold dilutions of the mixture were then 
inoculated into groups of 5 eggs. The eggs were incubated at  36" 
for 40 hr. and the allantoic fluid of each egg was titrated for the 
EIDSo. Controls which contained no drugs were treated iden- 
tically. The virucidal activity was calculated according to the 
significant difference beheen the control virus titer and the 
treated virus titer. 

Virustatic Tests.-Groups of 4 eggs were inoculated in the 
allant,oic sac wit,h 0.1 ml. of serial 10-fold dilutions of PR8 strain 
of influenza A virus. After 1 hr. adsorption a t  37", 0.1 ml. of a 
dilute solut,ion of the compound containing 1 egg dose was inoc- 
ulated into the allantoic sac ( 10-5 g./mole). After incubation 
for 40 hr. a t  35" the allantoic fluid of each egg was titrated for 
the EIDjo titer. Controls which contained no drugs were treated 
identically. The virustatic activity of the compound was calcu- 
lated according to the significant difference between the control 
virus titer and the treated virus titer. 

Infection in Mice.-Swiss albino mice weighing 12-15 g. 
obtained from ARSAL of Rome were used. The mouse diet was 
supplied by the same company. The temperature of the cages 
was kept a t  18-20'. The compounds were tested on groups of 10 
mice. The treatment, was effected with g./mole/kg./day 
of the (-ompound finely suspended in buffered saline solution. 
The dose of the compound (0.1 nil.) was administered b y  stomach 
intubation twice daily. 

(a) PR8 Strain of Influenza A Virus.-An influenza virus strain 
adapted to mice was used and the viral stock was prepared with 
lungs taken from the live animals 3-4 days after intranasal infec- 
tion. LDm/O.5 
ml. The animals were infected intranasally, under ether anes- 
thesia with 25-100 LDBo (LDjo for mice on the tenth day from 
infection). The treatment was started 24 hr. before infection 
and continued till 5 days after infection, when all surviving ani- 
mals were sacrificed and examined for pulmonary involvement. 
The lung suspension, 1: lOwt./v. in broth for each animal, was 
made. After cold centrifugation the supernatant was collected. 

( b )  

( 4 )  

The LDjo was effected orally. 

S o  stock was used if it contained less than 

7-- 70 Crtlcd.---. 
C H N  

81.93 4.42 13.65 
85.11 5.44 9.45 
85.13 5.85 9.03 
82.16 5.06 12.78 
85.69 5.23 9.09 
82.54 4.62 12.84 
80.51 4.73 9.39 
78.85 4.25 13.14 
76.42 4.49 8 .91  
76.00 4.10 12.66 
72.72 4.27 8 .48  
69.36 4.07 8.09 
70.82 3.82 11.81 

- ---- Found-- 
R C H N  

81.30 4.48 13.13 
85.18 5.78 9.39 
85.21 5.98 8.97 
81.85 4.74 12.80 
85.33 5.28 8 .81  
82.08 4.72 12.74 
80.26 4.62 9.24 
78.96 4.36 13.30 

10.18 76.30 4.64 8.88 10.20 
7.23 76.31 3.94 12.61 7.35 
9.69 72.62 4.42 8.20 9.68 
9.24 69.55 4.25 8.06 9.20 
6 . 7 5  70.91 3.93 11.72 6.70 

S 

4-5 days following infection, was used as viral stock. Only viral 
stocks containing more than lozJ LDso/O.l ml. were used. The 
treatment was started 24 hr. before infection and continued until 
6 days after infection, when the surviving mice were sacrificed by 
beheading and the plasma of each animal was collected. In 
plasma, the sorbitol-dehydrogenase activity (SDA) was deter- 
mined according to Gerlach.20 Coltorti, et U Z . , ~ ~  demonstrated 
that the variation of the SDA can be taken as an index of the 
infectious process and that the a-ketoaldehydes do not modify the 
SDA in uninfected mice. The controls which contained no drugs 
were treated identically. The evaluation of the activity of the 
compounds was calculated according to the significant difference 
between the average titer of the SD.4 in controls and the average 
titer in treated mice. 

S. K. Columbia Virus.-The animals were infected by 
intraperitoneal injection of 10 L D ~ o  in 0.1 ml. The viral stock 
was prepared with suspensions of brains of infected and para- 
lyzed mice. Viral stock containing lo3 LDjo/O.l ml. only m-as 
used. Treatment was started 24 hr. before infection and con- 
tinued for 5 days after, recording paralyzed and dead mice. 
At the end the surviving animals were sacrificed and tested for 
the presence of hemagglutinin in the brain. The activity was 
calculated as 5!L, survival of healthy animals. 

11. Statistical Methods. (a) Virucidal and Virustatic Tests 
in Tissue Cultures and in Embryonated Eggs.-The u of control 
titers was calculated. Only a difference between treated groups 
and controls superior to 2-u was considered significant. 

Test in Mice Infected with Influenza Virus.-Student's 
"t" was calculated, attributing conventionally to dead animals 
the average viral titer of the surviving controls. We excluded 
all experiments showing more than 10% of uninfected animals. 
A probability equal or inferior to 0.05 was considered significant. 

(c) Test in Mice Infected with Hepatitis Virus MHV3.- 
Student's "t" was calculated according to a method which takes 
into account the dead and the surviving animals separately. 
To this end we determined the arithmetic mean (658.9 units/ml.) 
and the deviance (Z  (z  - 2)2 = 523,107.88) of SDll of 12 controls 
dead within 6 days from infection. This value was given to the 
treated mice dead before the end of the experiment. Taking this 
into account, the "t" was calculated using the following formula 

(c) 

( b )  

The aulmonarv suspensions of each animal serially diluted 10- where 

N,,  = number of controls dead within 6 days from infection fold &re titrated in embryonated eggs. The controls which 
contained no drugs were treated identically. The evaluation of 
the activity of the compounds was calculated according to the 
significant difference between the average viral titer of the control 

= arithmetic mean of the values of detelnlined in  the 
12 rontxol mice dead within 6 days from infection 

mice and that of treated mice. 

were infected hy suh(&utaneous injection of 60 I~IIjo/O.l ml. A 10% 
(b) Craig Strain of Hepatitis Virus MHV3.-The animals 

triptose h t h  ( w t  , /v , )  suspension of livers of inicbe, sacrificed 

(20) v. ~ ~ ~ l ~ ~ h ,  ~ l i ~ .  I ~ - ~ ~ ~ ~ ~ , . ~ ~ ~ . ,  37, 93 (1054) ,  
(21) M. Coltorti, P. Altiicci. -4. ni Rinione, 0. Lormziit t i ,  and 0. Sapio, 

BO/!. ,Tor, 11d. Bioi. S P O ~ . ,  36, 11-12 (1960). 
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Discussion 

Table 111 shows that all tliese keto aldelivdes havc 
marked virucidal activity against ,I-PIi8 x-irus iii em- 
bryonated eggs. l los t  of tlieqe compounds in the samr. 
system IiaT-c virustatir acti\.ity agaiiist *I-PR8 viru.;. 
111 tissue cultures all the keto aldehydes, c m q t  I. 
I-his, YII-his, IS-bis. XII, aiid XIII, have virucidal 
acti\*itp against vacciiiia virus. 111-his, IT-, IV-his, 
YHI,  YIII-bis, IS ,  S, niid S-his she\\* iirucidal ac- 
tivity against adenovirus type 7 .  Oiily compoiuids 
ST ' ,  111, and VI s h v  1-irucidal actix-ity against polio 
1.iriis type 1. -1s for virustatic. activity ill tissue cul- 
tures, only 11-his a i d  X are actin. against type l polio- 
myelitis \ iriis, a d  11-bix aiid ?( ngaiiist vacciiiia viius. 

111 micat: all a-keto aldehydes are iiiactive against SI< 
ColumhitL virus: a1 mt all of them, except 11-bis, 
111, IX, atid XII I ,  arcs active agaiiist SIH\'( x-iriis. 
.lmoiig tlicl compounds tested ill mice against ,2-PK8 
virus, XV-his, XYI-liis, I-his, TII, TX, and S piovetl 
actix,e. 

It is iiiterestiiig to iiotice that the hydrated @-keto 
aldehydes arid the corresponding monosodium bisulfit P 

addition products hehare hiologically as tn  o c l a s w  of 

differelit compouuds aiid I I I  sonic' iiistailces a selectiT e 
activity against the viruses caii he observed. Thus, 
inoiiosodium hisulfitc addition products of the hi- 
plieiiyl (XIT'-t)j,3 X\'-his, aiid I-his) derix-atives arc' 
iiiostly actiw in inirct agaiiist .l-l'R8 vjriis. I3y coli- 
tixst, the l iydra td  keto aldehydeh of diphc>iiyletliaiic 
aiitl of dipheiiyl sulfide (11, IX, a i d  S) arc' activo 
nga i ii st .I- 1'118 vii.ii\. 

From the data 01 this 'l'ahle in' ('air coticludc that 
1 Iic u,,Micai%oiiyl radical leads t o  aiith-iral activity 
k)ut this activity is ex ident iii tests in mi.0 o~tly n h e ~ i  tlit 
Ixlical is joined t o  a suitable supporting moiety. Tlir 
tliplieliyl d f i d e  derivative* ai'(' tlie most iiiterestiiig 
ones 1)ccause t h y  have  ti nctix-ity i i i  all tlic thi*ec 

y oliscrvd for the antibacterial avtivitj 
oi y~iatiylhydrszoiie~ atid lialometliyl aryl ketonc 
clci il-atix PS, ! i l l  t h i z  wries of glyosals also, tlie biphenyl, 
cliplir.iiyletliaiit., aiid diplieiryl sulfide del ivativcs show 
nioi c: pi otioiiii(8ed niltiviral actixity. 
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