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amine, according to the procedure of Phillips,?® and used in the
preparation of N,N’-hexamethylene bis-{2-[1,N-dimethyl-
3-(2,2,6-trimethylcyclohexyl)propylamino]acetamide } bis(methyl
chloride) (Table IV, 24). For the preparation of [ethylenebis-
(oxyethylene)]bis {dimethyl[1-methyl-3-(2,2,6-trimethyleyclohex-
y)propyl]}ammonium chloride (Table IV, 20), 1,2-bis-(2-iodo-
ethoxy)ethane was used as the starting material. The latter
was prepared from the commercially available 1,2-bis(2-chloro-
ethoxy)ethane (“triglycol dichloride” ) by treatment with sodium
iodide in acetone.?
N,N’-Bis{1-methyl-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-
propyl]-N,N’-dimethyl-1,3-propanediamine Bis(methobromide)
Dihydrate. Method E.—Compound 2 (Table III) is described
as a representative example. [l1-Methyl-3-(2,6,6-trimethyl-1-
cyclohexen-1-yl)propy!]dimethylamine (13.4 g., 0.06 mole)
(Table I, 2) and 6.1 g. (0.03 mole) of 1,3-dibromopropane was
dissolved in 150 ml. of ethanol and refluxed for 72 hr. The color-
less solution was concentrated to a sirup at steam temperature
and water vacaum. The sirup was triturated with ether and
crystallized from acetone—ether, to give 9.3 g. (45%) of product,
m.p. 195-196°.
N,N’-Bis[1-methyl-3-(2,2,6-trimethylcyclohexyl)propyl] -
N,N’-dimethyl-1,6-hexanediamine Bis(methochloride). Method
F.—Compound 7 (Table IV) may serve as a representative
example. To 5 g. of N,N’-bis[1-methyl-3-(2,2,6-trimethyleyclo-
hexyl)propy!]-N,N’-dimethyl-1,6-hexanediamine (Table II, 5),
dissolved in 100 ml. of methanol, was added, at 4°, 10 g. of methyl
chloride dissolved in 100 ml. of methanol. The solution was
heated in a closed vessel at 60° for 15 hr. The colorless solution
was concentrated and the resulting white solid crystallized from
ethanol-acetonitrile-ether, to give 4.5 g. (749%) of material,
m.p. 255-237°.

The synthesis of [ethylenebis(oxyethylene)]bis{dimethyl{1-
methyl-3-(2,2,6-dimethylcyclohexyl)propy!] | ammonium chlioride
(Table IV, 20) is an example of Method G.—To 18.5 g. (0.05
nole) of 1,2-bis(2-iodoethoxy)ethane,® dissolved in 130 ml. of

(29) A.DP. Phillips, J. Am. Chem. Soc.. T7, 2401 (1935),
(30) Procedure provided by Dr. L. M. Jampolsky: b.p. 92-97° (0,05
mm.), %D 1.5383.
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acetonitrile, was added 24.8 g. (0.11 mole) of [1-methyl-3-(2,2,6-
trimethyleyclohexyl)propyl]ldimethylamine (Table I, 5). After
refluxing for 22 hr., the yellow solution was concentrated to a
sirup, at steam temperature and water vacuum. The sirup
was triturated with ether and crystallized from acetonitrile—ether,
to give 16.5 g. (409, ) of the diiodide, m.p. 206-207 ° dec.

Anal. Caled. for CyHyIaN:0:: C, 52.69; H, 9.09. Found:
C, 52.99; H, 8.89.

To 9.85 g. (0.012 mole) of [ethylenebis(oxyethylene)]bis{di-
methyl {1 -methyl - 3-(2,2,6 -trimethyleyclohexyl)propy!] Jammo-
nium iodide suspended in 3 1. of water was added freshly
precipitated silver chloride obtained from 25 g. (0.15 mole) of
silver nitrate. The mixture was stirred vigorously for 4 hr.
then filtered. The filtrate was concentrated and the resulting
yellow gum crystallized from acetonitrile-acetone—ether, to give
6 g. (79%) of [ethylenebis(oxyethylene)]bis {dimethyl[l-methyl-
3-(2,2,6-dimethylcyclohexyl)propyl] Jammonium chloride, m.p.
190-192°,

N,N’-Bis[1-methyl-3-(2,2,6-trimethylcyclohexyl)propyl] -
N,N'-diethyl-1,6-hexanediamine Bis(ethobromide), Monohy-
drate. Method H.—Compound 9 (Table IV) is described as an
example. To 19 g. (0.04 mole) of N,N’-bis[1-methyl-3-(2,2,6-
trimethylcyclohexyl)propyl]-1,6-hexanediamine (Table II, 4)
and 65.5 (0.6 mole) of ethyl bromide, dissolved in 300 ml. of
ethanol, was added 8.2 g. (0.08 mole) of anhydrous sodium car-
bonate. The mixture was heated, with shaking, in a closed
vessel at 100° for 15 hr. The solids were filtered and the yellow
colored filtrate concentrated to a sirup, at steam temperature and
water vacuum. The sirup was extracted with chloroform and the
extract taken to dryness. The residue was crystallized from
chloroform-acetone-ether, to give 5.5 g. (18%;) of product, m.p.
195-196°,

Acknowledgments.—We are indebted to Dr. A.
Steyermark and his staff for the microanalyses, and to
Miss G. Orth, Mr. E. Stafford, and Mrs. B. O’Brien
for assistaiice in the synthesis of some of the com-
pounds.
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A series of aromatic, polyaromatic, and heterocyclic glyoxals have been prepared. These were treated with

p-aminobenzoic acid to give a variety of products depending upon the reaction conditions.

The chemical and

antiviral properties of these compounds are discussed. *Many of these compounds possess considerable in ovo
activity against the herpes simplex virus and the influenza (PR-8) virus.

The antiviral activity of a series of glyoxals and
derivatives was first disclosed by Underwood and
co-workers.? This report, as well as subsequent
papers®~® on the extension of this work, indicated that
certain compounds of this type were effective against
Newcastle disease virus (NJKD strain) and influenza
virus (PR-8 strain) when administered to embryonated
eggs. It wasreported later® that the compounds did not

(1) Deceased.

(2) G. E. Underwood, Fifth National Medicinal Chemistry Symposium,
East Lansing, Michigan, June, 1956.

(3) B. D. Tiffany, J. B. Wright, R. B. Moffett, R. V. Heinzelman, R. E.
Strube, 3. D. Aspergren. E. H. Lincoln, and .J. L. White, J. Am. Chem. Soc.,
79, 1682 (1937).

(4) R. B. Moffett, B. D. Tiffany, 3. D. Aspergren, and R. V. Heinzelman.
ibid., 79, 1687 (1957).

(5) J. B. Wright, E. H. Lincoln, and R. V. Heinzelman, ibid., 79, 1690
(1957).

possess antiviral activity in animals. Shortly there-
after, de Bock and co-workers’ observed that a series of
a,B-dicarbonyl derivatives possessed growth-inhibiting
activity toward influenza virus A-USA-47 (A’-strain
former designation FM,). Cavallini and co-workers?
more recently extended this study to bipheuylyl gly-
oxals and derivatives. Many of these compounds
exhibited in eitro activity and several were reported to
have in vivo activity against influenza virus A-PR-8
and hepatitic virus MHV;. Some of these compounds

(6) G. E. Underwood. R. A. Siem, S. A. Gerpheide, and J. H. Hunter,
Proc. Soc. Exp. Biol. Med., 100, 312 (1939).

(7) C. A. de Bock, J. Brug. and J. N. Walop, ¥ature, 179, 706 (1957).

(8) (a) G. Cavallini and E. Massarani, J. Med. Pharm. Chem., 1, 365
(1959): (b) G. Cavallini, E. Massarani, D. Nardi, F. Magrassi, P. Altuceci,
G. Lorenzutti, and V. Sapio. ibid., 1, 601 (1959); (¢) G. Cavallini, E. Mas-
sarani, and D. Nardi, 7bid.. 2, 99 (1960).
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have nndergone elinieal mnvestigation for ise in cases o1
ifliienza and other respiratory infections.

We arc reporting the synthesis and preliminary anti-
viral activity of a scries of glvoxals and derivatives
which we have prepared in our Laboratories and tested
for antiviral activity.

Chemistry.—Thc ketones reguived for conversion
to glvoxals were prepared by acylation of the requisite
ring svstem with acetyl chloride nnder standard Friedel
Crafts reaction conditions, nsing ahnutunm chloride as
the catedvst. By using an excess of rengents, the
dizccetylnted compoiunds conld he obtained. I the
ring svstem contained sulfur, it was advantageotns to ise
stannie rhloride as the ca lor example, acyla-
tion of 2-phenyithiophene™ using stunnie chloride as a
catalyst gave excellent yiclds of the monoketone but was
ot coffeetive for the introduction of the second accetyl
groitp. This could be done only by nsing aluminnm
chloride in carbon disulfide at room temperatitve lor
{8 hr. In the case of bithiophene, the nse ol stannie
chloride gave good vields of d-acetyl-2 27-bithiophene,
but o saitable catalvst conld not he foiund for the prep-
aration of the bisacetyl componud withont the ocernr-
renee ol extensive deeomposition, Those ketones which
have not previousty been prepared ave histed in Table T

The ketones were oxidized with seleniin dioxide in
dioxane toogive the glyoxals* I most the
proditets were olated as the sobid hydrates by recrys-
tatlization Irom aqneans solvent svsteins, most Ire-
quently dilnte acetie eid. In few instances, the
prodhiets were purificd by distillation and frequently by
conversion to the sodium bisulfite addition compouids
to incrense  solibility and  stability.  The glvoxals
prepared are listed in Table L1

The data presented by previons workers® indicated
that a high degree of antiviral activity was associated
with the condensation prodiets of hiphienylyt glvoxals
with  p-uminobenzoie acid.  As o means of hetter
cotrelating structure-activity relationships, we have
treated a variety of aromutic, polyaromatice, and hetevo-
cvelie glvoxals with p-auinobenzote acid and studicd
the antiviral activities of the products. The reaction
ol a glvoxal with p-aminobenzoe acid (PABA) may
Tollow three reaction paths, dependimng upon the reac-
tion conditions cmployed.  The procedure emploved
Tor the preparation of coutpounds of type T was esscn-
tlally thaf deseribed Dy Cavallini, ™ nanely, reflnxing
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a miixture ol the glyoxal and p-aminobenzoice acid i
cthianol.  The compounds thus prepared are shown
in Table TII. The yiclds were variable, due to the
difficulty in purification.  Most of the compounds were
quite insoluble and 1 many instaees, merely wariiig
i a solvent wis sufficlent to canse loss of cthanol,
giviig rise to compounds of type 111

Componuds of type ITI were most readily prepaved
[rom 11 by heating at about 100° in racuo for several
Lhonrs.  Fregnently, however, traces of material which
had ot been de-cthoxylated wonld  remain  which
conld be detected readily by an examination ol the
infrarcd speetra. .\ more convenient procednre wias to
heat the glvoxal and p-aminobeuzoie acid inoan anhy-
drons solvent sich as benzene and distil the cthenl
Irom the reaction mixture.  The compounds ol this type
are shown it Table TV,

Compounds ol type IV, as shown in Table V, some-
times were Tormed mder cither of the reaction condi-
tions deseribed carlier. The reasous tor the reactions
following this conrse are not immediately apparent.,
Compotnds of this general type have been reported to
ocenr as the reaetion produets of aldehydes and varions
amhive  derivatives”® However, only  one  renetian
between a glvoxal and an amine has been deseribed,
Titany and co-workers® treated two moles ol p-anino-
benzote acid with one mole of g-cthoxy-a-ketobutyr-
aldehvde monohvdrate in tetrabiydrofiiran and  de-
scribed their proditet only as an anil in which one mole
ol p-aninchenzoie acid had reacted with the a-keto
grotp and the other with the aldehyde. We have
repeated the preparation of this compomnd and have
duplicated thelr melting poimt and clemental analyses.
[Towever, o the basis of the infrarved spectrmt (doitble
peak at 2.9% and 13.05 u for NTI, two peaks at 3.80 and

5.95 u Tor the two acids, and strong ketone absorption

15,80 . follawed by a strong broad peak at 6.0 g
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TasLE II
RCO-CHO

~—————Analyses, p————

M.p., Yield, C- —~ ~———H —

Compd. no. R °C. % Forinula Caled. Found Caled. Found
1 6,7-Dimethyl-1,2,3 4-tetrahydronaphthalene-5  105-108 19 C1H;60: H.O 71.77 71.70 7.74 7.43
2 4-Trifluoromethylphenyl 90-105 34 CyH:F30;-H,0 49,10 49.40 3.21 3.49
3 2,3-Dimethylnaphthalene-1 120-123 17 C14H1,0.-0.5H,0 76.00 76.19 5.92 5.99
4 4-Benzamidopheny! 181-183 69 CisHuNO;-0.75H,0 67.53* 67.67 4.72 4.98
b 2.3-Dimethylnaphthalene-1,4 300 16 C1sH140168:Na, 4H,0*  35.03 35.77 4.04 4.08
6 2,3,5.6-Tetramethylphenyl-1,4 212-214 45 C1aH1,04-2H,0 59.56 59.41 6.43 6.20
7 4’-Sulfonic acid-biphenyl-4 295 dec. 14 C1.H10:8-1.5H,0 52.99° 52.82 4.13 4.22
8 5-Phenylthiophene-2 136-138 51 C:Hs0:8 - H,0 61.52 61.67 4.30 4.39
9 5-Phenylthiophene-2,4 146-150 24 CuH:0.8 - H,0 57.92 57.63 3.47 4.28
10 2 2-Bithiophene-5 126-130 37 C1oH:0,8;- H,O 49.98 49.68 3.36 3.32
11 Fluorene-2 127-129 46 CisH10: - H.O 74.99 74.69 5.03 4.97
12 Fluorene-2,7 217-218 64 C1H;004-2H,0 64.97 64.75 4.49 4.44
13 Dibenzofuran-2 135-137 30 C1Hs0:-H:0 69.42 69.44 4.16 4.13
14 Dibenzofuran-2,8 120-123 36 Ci6Hs0;- H.O 64.43 64.82 3.35 3.69
15 Dibenzothiophene-2 135-141 27 CuH;s0:5-0.5H:0 67.45 67.32 3.64 3.60
16 Phenoxathiin-3 206 dec. 63 C1H08,Na? 46.66 46.64 2,52 2.47
17 Phenoxathiin-3,7 138-144 20 CisHs05S - 2.25H,0 54.47 54 .48 3.57 3.69
18 Xanthene-2,7 144-145 45 CiiH 105 - 2H0 61.82 60.80 4.27 4.18
19 Thiaxanthene-2 123-133 18 C1:H100:S - H,0 66.16 65.75 4.44 4.45
20 2-Chlorothiaxanthene-7 144-146 36 CisH Cl0:S -0.75H,0 59.63 59.46 3.50 3.54
21 Anthracene-9 115-118 32 CisH100: - H:0 76.18 76.46 4.79 5.04
22 Anthracene—? 157 30 CmeOg . HZO 76 .18 75 . 80 4. 80 4 .94
23 Phenanthrene-3 125-130 12 CieH100:-H20 76.18 76.00 4.80 4.73
24 Phenanthrene-2 136-138 79 CiH100:- H:0 76.18 75.90 4.80 4.66
25 Phenanthrene-9 106-109 45 Ci16H100: - H,O 76.18 76.40 4.80 5.00

¢ Nitrogen: Caled.: 5.25. Found: 5.37. ° Isolated as the sodium bisulfite addition product. Drying for 68 hr. at 115° in vacuo
gave the monohydrate. Anal. Caled. for Ci1gH1u:NaO10S-H,0: C, 38.90; H,327. Found: C,38.76: H,3.46. °Sulfur: Caled.: 5.25.
Found: 5.37. ¢ Isolated as the sodium bisulfite ‘addition product.

TasLe III
?C;Hs
RCO—CH—NHOCOOH
————Analyses, —
M.p.c Yield, —_ C——— -~ H N

Coupd. no. R °C. %% Formula Caled. Found Caled. Found Caled. Found
26 1-Trifluoromethylphenyl-4 159-160 46 CisH1sFaNO, 58.86 58.85 4.39 4.46 3.81 4.02
27 2.3.5,6-Tetramethylphenyl-1,4 331-333 55 CiHysN2Os 66.65 66.52 6.29 6.21 4.86 4.98
28 Thiophene-2 177-179 65 CisHi:NOSS 59.00 59.12 4.95 5.09 4.59 4.67
29 Naphthalene-1 185-187 26 CuH sNOy 72.19 72.09 5.48 3.71 4.01 4.09
30 6,7-Dimethyltetralin-5 211-213 38 CysHauNO, 72.42 72.06 7.13 7.08 3.67 3.61
31 2.2’-Bithiophene-5 267-269 86 CiHiNOSS, 58.89 58.65 4.42 4.60 3.62 3.67
32 Fluorene-2 203-205 44 CoHauNO, 74.40 74.39 5.46 5.44 3.62 3.57
33 Dibenzofuran-2,8 >360 76 C3:HyoN304-0.5H,0 65.91 66.10 5.04 5.09 4.52 4.20
34 Phenoxathiin-3 200203 43 CpsHisNOsS 65.54 65.46 4.54 4.75 3.32 3.25
36 2-Chlorothiaxanthene-7 249-250 43 CoHyCINOSS 63.50 63.57 4.44 4.64 3.09 2.85
36 Phenanthrene-9 197-198 21 CasHuNOy 75.17 74.80 5.30 5.23 3.51 3.47

TaBLE IV
RCOCH= —QCOOH
e e Analyses, -
Compd. M.p.. Yield, C — H N

no. R °C. % Formula Caled. Found Caled. Found Caled. Found
37 23,56 Tetramethylphenyl-1,4  >315 56  CwHuN:Os-0.5H,0  68.14 68.35  5.11 5.19  5.68 5.54
38 Naphthalene-1 184-185 57 CigH13NO; 75.24 75.13 4.32 4.67 4.62 4.63
39 Thianaphthene-3 171-173 78 CyHuNOSS 66.01 65.53 3.58 4.31 4.53 5.14
40 Fluorene-2 203-205 91 CoHisNOs 77.41 77.24 4.43 4.80 4.10 4.12
41 Dibenzofuran-2 225-227 67 CuH1sNO,4-0.5H,0 71.56 71.13 4.00 4.09 3.97 3.78
42 2-Chlorothiaxanthene-7 236-238 100 CyHi.CINOsS 64.78 64.60 3.46 3.78 3.43 3.51
43 Phenoxathiin-2 208-210 59 CaHizNOSS 67.19 67.11 3.49 3.74 3.73 3.54
44 Phenanthrene-2 212-213 62 CysHisNOs 78.17 77.70 4.28 4.27 3.96 4.06
45 Phenanthrene-9 199-200 90 CuHisNO; 78.17 77.40 4.28 4.19 3.96 4.13
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for the acids), we wonld suggest stimeture CHzCH-
(OCH;)COCH (p-NHC¢H,COOH)« for this produect.
The compounds listed in Table V exhibited similar
infrared absorption characteristics. The forniation of
derivatives of this type could be readily circumvented
by briefly refluxing the glyoxal in aleohol containing a
few drops of concentrated sulfurie acid. The hemi-
acctal thus formed n situ reacted normally with the
p-aminobenzoic acid to give the desired product.

Testing Methods

Influenza Virus (PR-8).—Compounds were tested for netivity
against influenza virus in 10-day-old chick embryos.  Four two-
fold dilutions of the compound, starting with the maximum tol-
erated dose, were inoculated e the allantoic cavity into each of
five chick embryas.  This was followed immediately with inoen-
lntion of approximately 100 EID's of influenza virus, strain
PR-8. The eggs were sealed and incubated for 24 hr., when
virus vontrol eggs showed a hemuagglutination titer of 1000 or
more.  The allantoie flnid was then harvested, pooled for each
componnd level, and then titrated for “hemagghntination redne-
tion factor,” that is, the HA titer of the virus controls divided
Ly the HA titer of the treated gronps.  An HA reduction factor
of 10 or greater was considered signifieant.  The mininmm effec-
tive dose, therefore, is the dose per egg which will produee an
HA factor of 10 or grenter.

Herpes Simplex Virus.—This test was run in 10-dayv-old em-
bryonated eggs in essentially the smine manner as the influenza
gronp, with the exception that cight eggs per group were used
and the eggs were observed for survival for 10 davs rather than
for HA determinations. A survival rute of 50¢0 or greater in
the treated gronp was considered significant.  The eflective dose,
thercfore, is thnt dose level at which a snrvival rate of 5067 or
grenter is ohserved.

Structure-Activity Relationships.—AlIl of the cour-
pounds listed in Tables IT, TIT, TV, and V were tested
in both virns systems, but to reduee the anmount of data
reported, the therapeutic index obtainied for the in-
fluenza (PR-8) virns lias been arbitrarily selected as a
eriterion of activity.  The compounds shown in Table
V1 are arranged in order of decreasing therapentic index
with respect to the influenza (PR-8) virus.  Only thosc
contpounds with a therapeutic index of two or more
arc listed it the table.  The exceptions arce compounds
5 and 6 which had unusually high activity in the herpes
sirplex system.

In gencral, it was found that the bisglyoxals in the
hoteroeycelie series were quite active, in niost cases more
s0 than the biphenyl analog. These compounds were
niore active as the free glyoxal rather than the p-auino-
benzoie acid reaction prodnets.  The mniost notable
exception is the dureuc bisglvoxal reaction prodicet
with p-aminobenzoic acid i ethanol, no. 27.  This
compottiid was quite active it both test systens,

L the case of the monoglyoxals, greater activity was
usually obtained when combined with p-aniinoboizote
acid it the prescice ol alecohol. The de-ethoxylated
products were nsually less active.  Componnds 46,
47, 48, and 49, which contain two nwoles of p-amino-
benzoie acid, had a moderate degree ol antivirnl ae-
tivity.  Conipounds derived from the polyaromatic ring
systems (21-25. 36, 44, 45) were relatively mactive,
probably diic to the very low solubitity.

As a means of comparing sterie offects ipon antiviral
activity with the bulk afforded by the heteroeyelie
systems, & munber of substitited beuzene, naphtha-
lene, and tetralin derivatives were prepared (3, 8, 6.
30, 37). Althongh some of these possessed shizghtly
nore activity than the parent ring svstems, the in-
crease was not great and was mueh less than that
afforded by the bulkicr ring systenrs,

Many of these componnds have heen Tomd to he
cffective antivival ageuts in <n 2ivo test systems, and the
resilts of these tests will be reported inoa later com-
miinication.

Experimental'’

Ketones.-— The tollowing procedure s typieal of 1hal nset
{or the preparation of the ketones deseribedin Table [,

2-Acetyl-5-(4-acetylphenyl)thiophene.--To a mixtre ol 2.5
g. (0.468 mole) of anhydrons aluminmm chloride in 150 wl of
carbon disulfide at 0° was added a solition of 25 g, (0,156 moles
of 2-phenylthiophenc and 37.2 ¢, (0.46% mole) ol acetyl chloride
in 125 ml. of carbon disulfide.  The addition was effected dnving
1.5 hr. while maintaining the temperature between 0 and 3¢
The reaction mixture was then lelt at room temperature for 18
hr. when it was poured into a mixture of 260 ml. of coneentrated
hvdrochlorie acld and 30 g erushed 1ee. When the iee had
melted, the solid wag colleeted by filtration and washied with enhl
witer,  Reervstallization from 600 1l of othanol wave ‘1 o
(230) of ketone.

Glyoxals.—The glyoxals were all prepared hy previonsly ye-
ported procedures.”  The preparations deseribed wee typieal oF
the compounds listed in Table T,

5-Phenylthiophene-2-glyoxal Hydrate 1 8.\ mixinre »f 30 g
(0.194 mole) of 2-actevl-5-phenyvithiophene,’® 214 € 10, 194mdde
of seleninm dioxide, 175 mlb of dioxane, and 5.5 wml. ol worer
was stirred at the reffux temmperature for 2 hr. The hot veaction
mixture was filtered to remove seleninm, and the fitrate was conded
and diluted with 200 b, ofwater.  The solid was separated by fil-
tration and dried to give 35 g. (72.5021 of solid, m.p. 135-138° dee.
Reerystaltization from a mixture of acetie neid and water gave 23.3
g. (514%) of pure material,

5-Phenylthiophene-2,4-bisglyoxal Hydrate (9:.—A mixture of
31 g. (0,127 male) of 2-ncetyl-5-(4-acetylphenylthiophene, 282
g. (0.254 mole) of seleninm dioxide, 175 ml. of dioxane, and 5 ml.
of water was stirred at the reflnx temperatiwe for 2 br. - The hat
sohition was filterced, and the filtrate was dilnted with 800 ml. of
water.  Attempted purification by reervstallization from agueons
acetie acid was unsnecessful. The solid was dissobved in absbol

013) Al welbing 1vomrs weee Giken onoa Haover Thosws senine i
spparatas snd are correcteld.
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TasLE VI:
———————Influenza (PR-8) virus
Compd. Table Toxic level, Effective level,

no. no. (mg./egg) (mg./egg)
14 11 8 0.064
12 1I 64 1

9 11 64 1
18 1I 64 1
45 1I 16 1
(a) 1 128 16
17 1I 8 1
27 111 32 4
43 111 16 2
49 v 8 1

4 11 64 16
(b) 11 8 2
33 1I 64 16
(c) 11 8 2
(d) 1I 64 16
11 II 64 16

16 11 2 0.5
(e) 11 4 1
(f) v 6 1.5
28 111 32 8
40 v 8 2
38 v 8 2
46 A% 32 8
47 A% 8 2
48 A% 8 4
37 111 8 4
(g) I 4 2
() 11 4 2
13 11 4 2

b 11 8 0

6 11 8 0

= R = biphenyl4, ref. 8c.

and treated with excess sodium bisulfite solution. The precipi-
tated bisulfite addition product was recrystallized from aqueous
alcohol and the glyoxal liberated by heating with dilute hydro-
chloric acid. After washing with water and drying, there were
obtained 8.8 g. (24%) of pure glyoxal.

Condensation Products of Glyoxals and p-Aminobenzoic Acid.
—The condensation of glyoxals with p-amincbenzoic acid was
carried out essentially as described by Cavallini.® The pro-
cedures described are typical of the methods we employed for the
preparation of the compounds listed in Table ITI.

p-[(2-Chloro-7-thiaxanthenylcarbonyl)ethoxymethyleneamino]-
benzoic Acid (35).—A mixture of 50 g. (0.176 mole) of 2-chloro-
thiaxanthene-7-glyoxal hydrate, 500 ml. of ethanol, and 4 dron
of concentrated sulfuric acid was heated at the reflux temperature
for 15 min. when 23.7 g. (0.176 mole) of p-aminobenzoic acid was
ndded. The reaction mixture was heated for an additional 30
min., cooled, and the solid was separated by filtration and washed
thoroughly with cold ethanol to give 34 g. (439,) of product.
Characteristic infrared bands, AN 2.95 (-NH), 6.0 (—C=0),
0.5 (ethoxy), and 10.5 u (acid).

p~[(2-Chloro-7-thiaxanthenylcarbonyl)methyleneamino]ben-
zoic Acid (42).—p-{(2-Chloro-7-thiaxanthenylcarbonyl)ethoxy-
methylamino]benzoic acid (19 g., 0.032 mole) was heated in
vacuo at 105° for 4 hr. and then slurried with ether to give 17 g.
(100%) of pale yellow solid. Characteristic infrared bands,
Mol 5.95 (—C=0), 6.05 (-C=N—), and 10.6  (acid).

p-[(2-Fluorenylcarbonyl)methyleneamino]benzoic Acid (40).
—A suspension of 23.8 g. (0.06 mole) of p-[(2-fluorenylcarbonyl)-
ethoxymethylamino]benzoic acid in 200 ml. of toluene was stirred
at the reflux temperature for 3 hr. with slow distillation of solvent.
The mixture was cooled and the solid separated by filtration and
washed with ether to give 19 g. (929) of pale yellow solid. Char-
acteristic infrared bands, A5 5.98 (—C=0), 6.05 (—C=N—),
and 10.7 x (acid).

4’-Glyoxyloyl-4-biphenylsulfonic Acid (7).—To 87.3 g. (0.75
niole) of chlorosulfonic acid at 5° was added 34.2 g. (0.15 mole)
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® R = thiophene-2, F. Kipnis and J. Ornfelt, J. Am. Chem. Soc., 68, 2734 (1946).
thene-3, C. Hansh and H. C. Lindwall, J. Org. Chem.. 10, 381 (1945).
Goldyrev and I. YaPostovskii, J. Gen. Chem., 10, 39 (1940); Chem. Abstr., 34, 4732 (1940).
naphthalene-2, W. Madelung and M. E. Oberwegner, Chem. Ber., 65, 939 (1932).

Herpes simplex virus— —_——
Therapentic Toxic level, Effective level, Therapeutic
index (mg./egg) (mg./egg) index
128 8 0.064 128
64 64 4 16
64 64 4 16
64 64 4 16
16 16 0 0
8 128 16 8
8 8 0.125 64
8 32 1 32
8 16 0 0
8 8 2 4
4 64 0 0
4 8 4 0
4 64 16 4
4 8 4 2
4 64 64 1
4 64 0 0
4 2 0 0
4 4 0 0
4 6 0 0
4 32 0 0
4 8 0 0
4 8 0 0
4 32 0 0
4 8 0 0
2 8 0 0
2 8 1 8
2 4 0 0
2 4 0 0
2 4 0 0
0 8 0.125 64
0 8 0.5 16

¢ R = thianaph-
4R = biphenyl-4,4’, ref. 8b. R = naphthalene-1, L. N.
7R = biphenyl-4,4’) ref. 8¢, R =
# R = bhiphenyl-4, ref. 8c.

of p-biphenylylglyoxal hydrate over 1 hr. The black reaction
mixture was heated at 75-80° for 1 hr. and then decomposed with
ice water. The gummy solid was separated by filtration and
purified by four recrystallizations from dilute acetic acid to give
5.1 g. (149%) of off-white solid.

N,N’-(3-Ethoxy-2-oxobutylidene)bis-p-aminobenzoic Acid.—
A mixture of 20 g. (0.08 mole) of 58.59, aqueous solution of
B-ethoxy-a-ketobutyraldehyde? and 22 g. (0.16 mole) of p-
aminobenzoic acid in 500 ml. of ethanol was stirred at the reflux
temperature for 3 hr. and then concentrated to about 100 ml. and
diluted with an equal volume of water. The precipitated solid was
separated by filtration and purified by recrystallization from
aqueous alcohol to give 22 g. (719) of pale yellow solid. Char-
acteristic infrared bands, ATV 2,98 and 3.05 (—NH), 3.80 and
3. 5 (acids), 5.80 (—C=0) and 6.0 g, strong and broad (acids).

N,N’-(2,4,6-Trimethylbenzoylmethylene)bis-p-aminobenzoic

Acid (48).—A mixture of 9.7 g. (0.05 mole) of mesitylglyoxal and
13.7 g. (0.1 mole) of p-aminobenzoic acid in 200 ml. of benzene
was stirred at the reflux temperature for 2 hr. The mixture was
cooled and the solid separated by filtration. Two recrystalliza-
tions from aqueous alcohol gave 14.3 g. (669,) of pure product,
m.p. 232-233°. Characteristic infrared bands, M4 2.95 and 3.1
(—NH), 5.90 (—C=0), 6.05 and 10.5 u (acids).
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