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was quantitative. The filtered solution was evaporated and the
residue was recrystallized from aqueous methanol to give 18.7
g. (879%) of the colorless product, m.p. 140-142°,

Anal. Caled. for CyyH,40:: 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. Schwartz, and M. F. Kormendy, J. Org. Chem., 26,
5247 (1961), reported that ero-3-phenyl-3-norbornene-endo-2-carboxylic acid
could be hydrogenated in ethanol with palladium-on-carbon. This eata-
1yst did not hydrogenate our compound.

AXNTIVIRAL AROMATIC a-KETO ALDEHYDES 255

carbonate (method A), and the penicilling 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-PRS virus, in tissue culture against poliomyelitis

virus, adenovirus, and vaceinia virus.
against Columbia SK virus.

In previous papers the synthesis and the antiviral
properties of 4-biphenylglyoxal, of 4,4’-bisbiphenyl-
glyoxal, and of several derivatives?—* have been de-
scribed. The glyoxal derivatives of biphenyl proved
active as antiviral agents in vivo and also in human
therapy.®® It appeared interesting to synthesize
additional substances formed from diglyoxals in several
ring systems; some of these compounds were found to
display good antibacterial activity.”®* Mono- 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.

Experimental®

The aromatic a-keto aldehydes listed in Table I were prepared
by two methods: (A) by oxidatien of the corresponding aryl
methyl ketones with selenium dioxide in aqueous dioxane; (B)
by reaction of the corresponding e,a-dichloromethyl ary! 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. All inquiries concerning this paper should be directed to
E. Massarani, Research Division, Recordati S.p.A., Milan, Italy.

(2) G. Cavallini, E. Massarani, D. Nardi, F. Magrassi, P, Altucci, G.
Lorenzutti, and U, Sapio, J. Med. Pharm. Chem., 1, 601 (1959).

(3) G. Cavallini, E. Massarani, and D. Nardi, 7bid., 2, 99 (1960).

(4) G. Cavallini, E, Massarani, D. Nardi, L. Mauri, and F. Magrassi,
Farmaco, (Pavia) Ed. Sc., 16, 503 (1960).

(5) F. Magrassi, G. Cavallini, and E. Massarani, Arch. Ges. Virusforsch.,
10, 19 (1960).

(6) Acta, I1 Ilnternational Symposium of Chemotherapy, Napoli, Sept.
14-17, 1961.

(7) G. Cavallini, E. Massarani, D. Nardi, L. Mauri, and P. Mantegazza,
J. Med, Pharm. Chem., 4, 177 (1961).

{8) G. Cavallini, E. Massarani, D. Nardi, L. Mauri, I. Tenconi, F. Pac-
ehiano, and P. Mantegazza, ibid., 6, 573 (1963).

(9) All melting points are corrected,

All substances were active in mice against MHV3 virus and nonactive
Some of them were also active in mice against A-PRS virus.
phenylethane, and diphenyl sulfide derivatives showed the best antiviral activity.

The biphenyl, di-

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,? 2,2’-bisacetylbiphenyl by oxidation of 9,10-
diox0-9,10-dimethyldihydrophenanthrene,!” and 4-acetyldiphenyl
sulfoxide and 4-acetyldiphenyl sulfone by oxidation of 4-acetyl-
dipheny]l sulfide with hydrogen peroxide.!8

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.8

Preparation of «-Keto Aldehydes (Table I). 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 8eO. in 50 ml. of 309,
aqueous dioxane at 50-60° (for the preparation of the bisketo
aldehydes 0.3 mole of SeO; 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.

(10) H. Duval, Compt. rend., 146, 342 (1908).

(11) N. P. Buu-Hoi and R. Royer, Bull. soc. chim. France, 820 (1947).

(12) H. Kipper, Ber., 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, 7bid., 124, 81
(1930).

(15) W. C. Ross, J. Chem. Soc., 536 (1945).

(16) G. A. R. Kon, sbid., 224 (1948).

(17) Th. Zincke and W. Tropp, Ann., 363, 305 (1908).

(18) H. Harry Szmant and F. P, Palopoli, J. Am. Chem. Soc., 72, 1757
(1950).
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Tantw |
a-KETo ALpEnypes, RCOCHO

Com- Solvent
pound Yield, M.p., of
no. R Method % e(r. erystn!
I 0,0’~CeHaCiHa A 65 120131
I1 p-Cs HsC HColls Al 75 82-83 D-W
B A=W
11 p-CeHaCH200H,C
A 56 H6-97 D-W
B 80 AW
v 2,0 -CyHa(CHapoCuHy A 50 146-148 D-w
B 75 AW
Ay p-Cs1CH==C O H \ 45 144-146 W
Vi P -CsHyCHe= C TR A 45 202 D-W
VIE p-CilOCHy? A 71
B 75 85 D-W
A-W
VI pop’-CeaOCH, A 7h 144-145 D-W
B 34 AW
IN p-CaHERCeHY” A 40
B 685 69-70 [:-P
A=W
X p.p’-CallaNCsHy A 10 135-136 n-w
B 153
X1 p-CsHsROCHy A 20 126-128 W
NIt p-CsHs80:CeHy A 75 A-W
XIII  p,p'-CeHsS02CeHy B 22 153-154 W

+ 1) = dioxane, W = water, A = ethanol, I. = ether, P = petroleum ether.
We were nevertheless able to obain the monosodium bisulfite addition product pure.
¢ B.p. 136-140° (0.05 mm.).

pure a-keto aldehyde.
stance was calculated.
7.0. Found: Na, 6.80.

¢ B.p. 144-146° (0.2 mm.).

The keto aldehyde hydrates were obtained by treatment with
water or aqueous dioxane and the corresponding hemiacetals were
isolated by treatment with alcohols. When it was not possible
to obtain the pure keto aldehyde either hydrated or anhydrous,
we prepared the corresponding monosodium bisulfite addition
product by filtering the separated selenium, and evaporating
the solution in vacuwo. The residue was dissolved in 500 ml. of
ethanol and a solution of 52 g. of NaHSO; in 1000 ml. of water was
added. The mixture was shaken for 4 hr. at 20°; the mono-
sodium bisulfite addition products generally crystallized, but
sometimes it was necessary to add water or ethanol. The prod-
ucts were filtered, washed with some water, and recrystallized
from aqueous ethanol (see Table I).

B.—A solution of sodium methoxide, prepared from 4.6 g.
(0.2 mole) of sodium and 100 ml. of anhydrous methanol (for
the preparation of the bisketo uldehydes, 0.4 mole of sodium
methoxide and 200 ml. of methanol was used), was added drop-
wise with stirring to a solution of 0.1 mole of the aryl «,e-di-
chloromethyl ketone in 150 ml. of anhydrous methanol at 40-50°.
When all the sodium methoxide had reacted, the mixture was
neutralized with methanolic hydrogen chloride. After cooling
the separated sodium chloride was filtered. The solvent was
evaporated under reduced pressure and the crude dimethyvl acetal
was dissolved in 150 ml. of acetic acid. The solution was filtered
with charcoal, hydrolyzed by adding 20 inl. of 1 & hydrochlorie
acid and by warming the mixture for 2 hr. at 40-50°. Water
was added in order to separate the a-keto aldehyde hydrate.
The substances were filtered, washed with water, and purified
hy the procedures listed in Table I.

Quinoxalines.—These were prepared by heating a mixture of
keto aldehyde with an equivalent amount of o-phenylene-
diamine in ethanol or in aqueous dioxane. After cooling, the
quinoxalines were filtered and recrystallized. The yields, melting
points, solvents of crystallization, and analvtical data are sum-
marized in Table II.

Pharmacology. I. Materials and Methods. (1) Viruses.—
Different viruses were chosen for their size, for the type of nucleic
acid, and for the fundamental biological properties (seat of cellular
growth, quick and characteristic evtopathogenic effect (CPL),
pathogenicity to mice, ete.). They were: poliomyelitis virus type
1, SK Columbia virus, adenovirus type 7, PRS influenza A virus,
MHYV 3 mouse hepatitis virus, and vaccinia virus.

Poliomyelitis virus type 1, adenovirus type 7, and the vaceinia
virus were tested in tissue cultures of monkey kidney; PRN
strain of influenza A virus was tested in chick embryo and in mice;
MHWS3 strain of hepatitis virus and SK Columbin virus were
tested in mice only,

0 Caled, - o Poand

Formula o 1§ ~ « 11 R
CrH 0y T2I8 574 72,87 ERRi
CreHiOq 2Na HROy 1353 Rt
C15H1202 - H20 71.36 583 74.91 Y
C15H120: NaHSOy" 5487 b75 9.76 54,58 1.72 4,450
CiyHuOr &0 60 5,02 80.22 H X5
CraH 102 H20 7198 6. 24 75,10 508
CieHuO:- NaHR0; 5504 t10 43 56,12 1T 036
iy HuOy - 2H.O 65 11 S.40 65 33 510
CiHL04-2NaHNO; 12 66 12 85
CisH 0y HLO TH.5T 5.55 THoA8 a4
CyeH 0Oy NaHSO; A5t 46 385 0.2 5634 {08 G 70
CigHpOy - 21,0 65,85 101 65,46 a.51
C1sH O3 T4.33 4. 46 74.55 168
CryHpOy - H0O 6884 45 68 .82 (s
C1aH0s- NaH305 471 TR
15 HioOs - 2H:0 60,38 AR 60 .21 452
(eH10s - 2Na 1RO 13.08 1240
1 H160:8 iy 40 416 13.20 68.91 416 12,690
(4 Hp0:N - HO 64.61 465 12.29 6484 66 1231
CsH10:8 - NaHSOs 18.56 3,20 18.51 48,53 371 1840
C1eH 1048 - 2H.0 AT 1Y 4,22 (3t 57 23 101 9 40
CieH10048 - 2NaHROy 19,00 149,13
CraHp048 - H0 60,87 4,38 11.61 60 .82 [T 11.77
CreHp0s8 - Na HS Oy (R 2.93 16.96 14,75 308 1710
CreHuOgs - 2H.0 52 46 385 8 65 5214 3081 8,82

» By this procedure it was not possible to isolate the
The yield of this sub-

¢ B.p. 148-150° (0.1 mm. ). 7 Anal. Caled.: Na,

(2) Tissue Cultures.—Either primary tissue cultures of
rhesus monkey kidney or 37 R.C. line of cercopithecus kidney
were used. The growth medium emploved was 597 hydrolyzed
lactalbumin in Hanks’ balanced saline solution plus 2-5¢ calf
deactivated serum; as surviving medium, T 199 1¢7 hovine al-
bumin was used. The compounds were dissolved in Carbowax
200 on a boiling water bath for 15 min. Previously, the max-
imum tolerated dose (MTD) of each compound was determined,
i.e.,, the highest dose which does not provoke cytotoxic effects
within 4 days.

(a) Virucidal Tests.—10 MTD of the compound was added
to the viral stock and incubated at 36° for 30 min.: serial 10-fold
dilutions of the mixture were effected and each dilution was
inoculated into 4 or 5 tissue culture tubes and these were statically
incubated at 36°. After 4 or 6 days from the inoculation the
eyvtopathogenic effect (CPE) was read. Controls which con-
tained no drugs were treated identically.  End points were calcu-
lated according to the wmethod of Read and Muench.’™ The
activity of the compound was caleulated from the significant
difference between the titer of control and the titer of the treated
VIrus.

{b) Virustatic Tests.—Groups of 4 or 5 tissue culture tubes
were infected with 1,000-10,000 CPDs, of virus (cytopathogenic
doses 50C%); after adsorption for 2 hr. at 36°, the viral seed was
removed and washed 3 times with Hanks’ balanced saline solu-
tion. Two ml of T 199 containing 1 MTD/ml. of the compound
added to each tube was incubated statically at 36° for 22 hr.
At the end of this period, the medium was removed and washed
with Hank’s balanced saline solution: 2 ml of T 199 was added
for each tube, and the tube stored at —40°. Controls which
contained no drugs were treated identically. For the virus titra-
tion, the tubes were thawed, centrifuged and the supernatant
fluids of each group of 4 tubes were serially diluted 10-fold.
Each dilution was inoculated into groups of 4 or 5 tubes of mon-
key kidney cultures. The tubes were rotated and incubated
at 36° for 6 days. The titer was calculated from the reading of the
evtopathogenic effect. The activity of compounds was caleu-
lated according to the significant difference between the titer of
control and the titer of the treated culture, Virustatic tests with
Adenovirus were not done owing to technical difficulties.

(3) Chick Embryo.—Embryonated Leghorn hen eggs 9 or 10
dayvs old were used. The compounds were suspended in buffered
galine solution at pH 7.2-7.4, or dissolved in Carbowax 200.
The dose chosen for the tested drugs hus never shown any toxieity
ineggs; therefore, the MTT was not ealeulated.

s o Rend aod 1 Mueneh, Awme S0 Hyg 27, B8 (1038



May, 1964

ANTIVIRAL AROMATIC o-KETO ALDEHYDES 257

TasLE II
QUINOXALINES
a-Keto Solvent
aldehyde Yield, M.p., of —— % Caled. % Found————
no. %% °C. cryst.% Formula C H N 8 C H N S
I 91.5 214-216 D-W CosHysNy 81.93 4.42 13.65 81.30 4.48 13.13
II 90 122 A CaH16N> 85.11 5.44 9.45 85.18 5.78 9.39
111 90 113 A CoHisN> 85.13 5.85 9.03 85.21 5.98 8.97
v 95 202-203 D CyHaaNy 82.16 5.06 12.78 81.85 4.74 12.80
A 71.5 164-165 A-W Co:HiN» 85.69 5.23 9.09 85.33 5.28 8.81
VI 67 252-253 D-W CaoHaoNy 82.54 4.62 12.84 82,08 4.72 12.74
VII 98 117-118 A CyH14N,0 80.51 4.73 9.39 80.26 4.62 9.21
VIII 95 170-171 D-W CpsHsNO 78.85 4.25 13.14 78.96 4.36 13.30
IX 90 134-135 A C2Hs NS 76.42 4.49 891 10.18 76.30 4.64 8.88 10.20
X 90 185-186 D-W CaHisN S 76.00 4.10 12.66 7.23 76.34 3.94 12.61 7.35
X1 76 167-168 A CH1N:08 72.72 4.27 8.48 9.69 72.62 4.42 8.20 9.68
XII 98 196 D-W CaoH14N,0:8 69.36 4.07 8.09 9.24 69.55 4.25 8.06 9.20
X111 98 280 D-W CagH1sN 0.8 70.82 3.82 11.81 6.75 70.91 3.93 11.72 6.70

e D = dioxane, W = water, A = ethanol.

(a) Virucidal Test.—To the PRS8 influenza A virus diluted
1:10 in buffered saline solution, 10-5 g./mole of compound was
added. The EIDy (509, egg infection dose) should be at least
10-%. 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
EIDs. Controls which contained no drugs were treated iden-
tically. The virucidal activity was calculated according to the
significant difference between the control virus titer and the
treated virus titer.

(b) Virustatic Tests.—Groups of 4 eggs were inoculated in the
allantoic sac with 0.1 ml. of serial 10-fold dilutions of PRS8 strain
of influenza A virus. After 1 hr. adsorption at 37°, 0.1 ml. of a
dilute solution of the compound containing 1 egg dose was inoc-
ulated into the allantoic sac (1075 g./mole). After incubation
for 40 hr. at 35° the allantoic fluid of each egg was titrated for
the EID;, titer. Controls which contained no drugs were treated
identically. The virustatic activity of the compound was calcu-
lated accordimg to the significant difference between the control
virus titer and the treated virus titer.

(4) 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 at 18-20°. The compounds were tested on groups of 10
mice. The treatment was effected with 1073 g./mole/kg./day
of the compound finely suspended in buffered saline solution.
The dose of the compound (0.1 ml.) was administered by stomach
intubation twice daily. The LD, was effected orally.

(a) PRS8Strain 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. No stock was used if it contained less than 108 LD;,/0.5
ml. The animals were infected intranasally, under ether anes-
thesia with 25-100 LDg (LDj, 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, 1:10wt./v. in broth for each animal, was
made. After cold centrifugation the supernatant was collected.

4-5 days following infection, was used as viral stock. Only viral
stocks containing more than 1025 LDy /0.1 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.? Coltorti, ef al.,?! 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 SDA in controls and the average
titer in treated mice.

(¢) 8. K. Columbia Virus.—The animals were infected by
intraperitoneal injection of 10 LD in 0.1 ml. The viral stock
was prepared with suspensions of brains of infected and para-
lyzed mice. Viral stock containing 10% LD;/0.1 ml. only was
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 ¢ survival of healthy animals.

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

(b) 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 109, of uninfected animals.
A probability equal or inferior to 0.05 was considered significant.

(¢) 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 (2 (z — z)? = 523,107.88) of SDA 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

N, N N,
(N’I - ﬁ) + ]\”

t =

G -%)
D, 4+ D. + D N' N + + N,
Np— D4+ N — 1)+ (N~ 1) No NeT N

The pulmonary suspensions of each animal serially diluted 10-
fold were 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
mice and that of treated mice.

(b) Craig Strain of Hepatitis Virus MHV3.—The animals
were infected by subeutaneous injection of 60 1.1);,/0.1 ml. A 109,
triptose broth (wt./v,) suspension of livers of mice, sacrificed

where

N number of controls dead within 6 days from infection
7z arithmetic mean of the values of SIDA determined in the

12 control mice dead within 6 days from infection

(20) V. Gerlach, Klin. Wockschr., 8T, 93 (1959).
(21) M. Coltorti, P, Altucei, A, Di Simone, G. Lorenzutti, and O. S8apio,
Boll. Sor, Ital, Biol, Sper., 36, 1142 (1960),
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ANTIVIRAL ACTIVITY OF a=-KETO ALOBEIYDRES
- Mice
Clolume-
hin &K
viras,
e o e e (PS80 QUL LT e oo e CoosUr-
~————Embryonated eggg——--- Virustatie vival
Clome Virueidal Virustatie Virucidal activity derivity MHV:  healthy
pound activity activity AMDT;e Polio Adeno Polio LD A-PRS Craig ani-
no. A-PRS8 virus -1l type 1 type T Vaceeino type 1 Vacrino mg./kg. Virus virus mals’
1 bt t LAl O 25 0 0 0 0 0 1500 0.4 297 A ]
I-his® T+ttt A + A 62 0 0 0 0 4o 750 2. 84 173A 10
11-bis +4+ A +4+A 25 0 4 : bob A 0 1100 07 0 0
111 A 0 2.5 + A + 0 - 600 2 2A 5 0
III-bis  +-+++A 0 25 0 L+ A + A 750 0 1114 T
v LS A + A 50 4 -+ A 0 0 > 1500 3614 4]
IV-bis 4+ A + -+ A 50 8] ++ A -+ 1 > 1500 7 1734 )
v + A 0 25 0 [} 3} [} > 1500 1824 O
VI +++ -+ A -+ 25 + A + 0 0 > 1300 191 A [}
VI 4+ 44+ A ek b+ A 6.2 0 [§] R S [ B 750 EBIYN 0
VII-bis 4+ A i 2.5 0 0 [} [§] 0 750 1.6 1024 3]
Vi otk b+ A e+t A 25 0 A A 0 0 > 150003 N "
VII-bis  ++-F+ A 4+ A 56 0 ~+ A - A 0 i > 1500 14 213 A 0
IX bt 4+ A 0 50 0 A b A 0 0 > 1500 2 3A 30 o
IX-bis +4+++A 0 30 0 0 (i 0 . > 1500 0 1824 1]
X +ott A 1A 50 0 ++ A R ¥ =t T A S 3 > 1500 304 JELVN ]
X-bis + kA + A 50 ] ++ A S [} R > 1500 0 3824 (}
NI +++ A +A 50 O 0 0 0 >1500 1874 1
XIII +4+ 4+ A + 4 A 100 8] ¢} 0 D} 1 > 1500 1.0 0 "
NIV ++++aA +A 2.5 0 0 - b+ A + 0 1500 0.5 151 0
XIV-bis S+ +-+ A + 12.5 0 0 -+ A () - 1200 2854 3604 10
XVe ++4++++A ++A 50 LA+ A0 - > 1500 o 316A o
X V-bis A+t A ++ 4+ A 50 ¢ -+ PoE A 0 4 > 1500 PAEY 1094 HU

« Maximal tolerated dose.

product. < 4-Biphenylglyoxal. < 4,4’-Bishiphenylglvoxal.

deviance of values determined in the 12 control mice dead
within 6 days from infection

number of controls

number of surviving controls

devianee of values 1n surviving controls

arithmetic mean of values in surviving controls

number of treated mice

number of surviving treated mice

arithmetic mean of values in surviving treated mice

= deviance of values in surviving treated mice

=
1

I

e

I

A probability equal or inferior to 0.05 was considered significant.

Discussion

Table II1 shows that all these keto aldehydes have
marked virucidal activity against A-PR& virus in em-
bryonated eggs. Most of these compounds in the same
system have virustatic activity against A-PR8 virus.
In tissue cultures all the keto aldehydes, except I,
I-bis, VII-bis, IX-bis, XII, and XIII, have virucidal
activity against vaceima virus. [II-bis, IV, IV-bis,
VIII, VIII-bis, IX, X, and X-bis show virucidal ac-
tivity against adenovirus type 7. Only compounds
XV, III, and VI show virucidal activity against polio
virus type 1. As for virustatic activity in tissue cul-
tures, only II-bis and X are active against type 1 polio-
myelitis virus, and IT-bis and X against vaccinia virus.

In mice all a-keto aldehydes are inactive against SK
Columbia virus; almost all of them, except II-bis,
1T, IX, and XIII, are active against MHV; virus.
Among the compounds tested in mice against A-PRS8
virus, XV-bis, XVI-bis, I-bis, TIT, IX, and X proved
active.

It is interesting to notice that the hydrated a-keto
aldehydes and the corresponding monosodium bisulfite
addition products behave biologically as two classes of

b €% Survival healthy animals with hemoagglutination titer equal to zero.
£ A Indicates statistical validity.

* Sodium bisulfite addition
The + sign corresponds to log unit.

different compounds and in some instances a selective
activity against the viruses can be observed. Thus,
monosodium  bisulfite addition products of the bi-
phenyl (XIV-bis, XV-bis, and I-bis) derivatives are
mostly active in mice against A-PR8§ virus. By con-
trast, the hydrated keto aldehydes of diphenylethane
and of diphenyl sulfide (II, IX, and X) are active
against A-PRS8 virus.

From the data of this Table we can conclude that
the «,8-dicarbony! radical leads to antiviral activity
but this activity is evident in tests ¢n vivo only when the
radical is joined to a suitable supporting moiety. The
diphenyl sulfide derivatives are the most interesting
ones because they have an activity in all the three
svstems tested.

As previously observed for the antibacterial activity
of guanylhydrazones and halomethyl aryl ketone
derivatives,” in this series of glyoxals also, the biphenyl,
diphenylethane, and diphenyl sulfide derivatives show
more pronounced antiviral activity.
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