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In the foregoing paper,” it was pointed out that N'-acyl-4-acetylaminonaphthalene-
sulfonamides were of interest in exerting antiviral and surfactant activities and that
"among them, N'-dodecanoyl-4-acetylaminonaphthalenesulfonamide, named PANS-No. 610,
was of promise for antiviral administration. ,

Since the antiviral activities of these compounds might be associated with their
surfactant properties, it was of interest for the search of new antiviral drugs to change
the balance of surfactant acyl groups in these compounds. '

On consideration of such relationship, 4-acylaminonaphthalenesulfonamides and N'-
dodecanoyl-4~acylaminonaphthalenesulfonamides were synthesized. This paper describes
the synthesis and antiviral activities of these new compounds. ’

Synthesis of 4-Acylaminonaphthalenesulfonamides 4~Acylaminonaphthalenesulfon- .
amides have not hitherto been synthesized. It was noted that N*-acylsulfanilamide or
N',N*-diacylsulfanilamide was obtained by the respective condensation of one mole of
sulfanilamide with one or two moles of acyl chloride. By referring to this reaction,
4~acylaminonaphthalenesulfonamides were synthesized by condensing 4-aminonaphthalene-
sulfonamide with equimolar amount of acyl chlorides in a cold mixture of acetone and
dry pyridine, as shown in the following :

NH, NHCOR :
OO+ won > ()
l N
SO, NH, SO,NH,
The compounds thus obtained are summarized in Table I.-
E lt\IHCOR
VAVAN
Tasre I. | [
\/\) |
’ SOzNHz A .
- R Mol. formula m.p. °C (decomp.) Appearance  Soly. of Na salt in water

: “COCHzCHs CmHu.OﬁNsz 249.5~251 Needles Very sol.
—~CO(CH;),CH; CsHg0;N,S ' 239~-241.5 7 Vs
—-CO(CH;),CH, C16HO;N,S 196~197.5 V4 Sol.

v —CO(CH2)60H3 C]BH2403N28 191~192 7 Fairly sol.
—CO(CH2)8CH3 CgongOsNzS 193.5~195 Fine needles 4
"‘CO(CHg)mCHg ngHagOgNzS ‘ . 193~195.5 Needles ) Slightly sol.
"CO(CHz)uCHs Cz;HasOaNzS 196~197 Fine needles . v
~CO( CHg) 14CH3 C26H4003st . 192~193 Needles ' 4
-“CO(CHz)lsCHa C28H4403st 190~191 Fine needles V4 o
~CO(CH,)sCH=CH, C;H50;N,S 190~191 Needles Sol.

Synthesis of N'-Dodecanoyl-4-acylaminonaphthalenesulfonamides These com-

pounds also have not been reported. N'-Dodecanoyl-4-acylaminonaphthalenesulfonamides

* Takeo Ueda and Shigeshi Toyoshima : Researches on Chemotherapeutic Drugs against Viruses.
XXII. .
**  Shinano-machi, Shinjuku-ku, Tokyo (F%&a#, FHLHET)..
1) Part XXI: This Bulletin, 2, 423(1954).
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were synthesized either by the reaction of 4-acylaminonaphthalenesulfonamide possessing
lower acyl groups with dodecanoyl chloride in pyridine, or by the condensation of N'-
dodecanoyl-4—aminonaphthalenesulfonamide with acyl chloride containing higher acyl
group in a mixture of pyridine and acetone as illustrated in the following :

I]\THCO R ) NHCOR

|
VA VAN AN
[ L] + CICO(CH:)wCHy  —> (\! +  HCI
2)10 \/\I)

Y
SO,NH, SO, NHCO(CH;),cCHs
ll\IHg NHCOR
. VAV
(\ O + . CICOR. — | ]\) + HCl
N ] . A4 l
SO, NHCO(CH,;)(CHj, , SO, NHCO(CHj,),(CH,4
The compounds thus obtained are summarized in Table II.
II\THCOR
TasLe II. (\ |
» N
SO,NHCO(CH,) ,CH, |
R Mol. formula m.p. °C{decomp.) Appearance Soly. of Na salt in water
"‘COCHQCH:; C25H3604NZS 152.5~154.5 Plates Sol.
"CO(CHQ)zCHg 026H3304N28 141~143.5 7 7
*CO(CH2)4CH3 ngH4204st 140.5~142 . V4 Fairly sol.
—“CO(CHg)sCHg ngH4604N28 142~145 Vd 7
~CO(CH,)sCH, CarHioO,N,S 144.5~147 ’ ’
-CO (CHg) 1()CH3 034H54O4N23 144~146 7 Sl ighﬂy sol.
*_C:Q (CH2)120H3 036H5804N28 143~145.5 S V4
’—CO(CH2>14CH3 : C33H62O4N2S 140~144 - v 4
—‘CO(CHg) 16CH3 C49H6604NZS 145~-148.5 7 4
~CO(CH;)sCH=CH, C33Hzo04N,S 141~145.5 Prisms ‘Fairly sol.

Conditions for the syntheses of the compounds of the two series were studied by
using various modified methods deduced from those for sulfanilamides and the methods
described above were found to be the most effective for these two series.

Both 4-acylaminonaphthalenesulfonamides 2nd N'-dodecanoyl-4-acylaminonaphthal-
enesulfonamides came in colorless crystals, hardly soluble in water but soluble in aqueous
alkali solutions with formation of the sodium salts. Their solubility in alkaline solution
decreased on lengthening their carbon chain.

Antiviral Activities of 4-Acylaminonaphthalenesulfonamides and N'-Dodecanoyl-

4-acylamionaphthalenesulfonamides For the test of antiviral activities of these
k TaBre TH.
Drug concentration(%)
Compound pH
0.05 0.025° 0.01
N:i-Dodecanoyl-4-propionylaminonaphthalenesulfonamide 8.2 8/10 3/10 0/9
N!-Dodecanoyl-4-butanoylaminonaphthalenesulfonamide 8.2 10/10 3/10 0/10
N!-Dodecanoyl-4-hexanoylamincnaphthalenesulfonamide 8.2 9/10 5/10 0/9
' N'-Dodecanoyl-4-octanoylaminonaphthalenesulfonamide 8.2 7/10 6/10  0/10
N'-Dodecanoyl-4-decanoylaminonaphthalenesulfonamide 8.2 10/10 3/10 0/9
Ni-Dodecanoyl-4-undecylenoylaminonaphthalenesulfonamide 8.2 5/9 = 3/11 0/8
N!-Dodecanoyl-4-acetylamincnaphthalenesulfonamide(PANS-No. 610) 8.2 9/10 4/10 0/10
Control 7.6 0/10
"~ The numerator represents the number of mice that survived and the denominator,

total number injected.
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compounds in vitro tgainst the Nakayama strain of Encephalitis japomca, the same
procedures as described in Part V® were employed. The results are shown in Table 1I.

~ From the results thus obtained, it may be said that such compounds having acyl groups
at N*-position but not any substituent at N'-position as 4~acylaminonaphthalenesulfonam-
ides, were less effective agaitist the virus than N'-acyl-4-dcylamino- and N'-acyl-4-ami-
nonaphthalenesulfonamides. This fact might be due to the decrease of both adsorption
and penetration properties of the compounds caused by the lowering of surface activity.
Thus, it was deduced that the existence 'of ‘acyl group at N'-position was preferable for
‘the exertion of ‘an antiviral activity.

In the series of Nl-dodecanoyl~4—acylammonaphthalenesulfonamldes it was 'found
that the antiviral activities in vitro were similar when the number of carbon atoms of
the acyl group at N*-position was 3~12, and were nearly equal to that of PANS~No. 610.
This fact suggests that their in vitys activities, related to direct action on the virus,
might remain ‘almost invariable until ‘their acyl groups became very large. In other
words, the existence of a lauroyl group ‘at N'-position as well as an acyl group of a not
very large sigze at Nt-position was considered requisite in showing a strong activity in
vitro. Hereupon, in vivo effects of the six active compounds described above were tested
by using the test method described in the foregoing paper!, but none were as effective as
PANS-No. 610. Consequently it may be said that the introduction of an acyl group of
not so large a size at N*dpos;tmn was preferable for the exertion of in wivo effect.
That the in vivo effect of- N1~dodecan0yl~4~acy1ammonaphthalene5u1fOnamude having an
acyl larger than a propionoyl group was inferior to that of PANS-No. 610 might at
least be partially due to the difference of surfactant property, especially penetration
activity between the former and the latter. The relationship between the antiviral and
surfactant property of these compounds will be discussed in the near future.

Experimental

General Method of Synthesis of 4-Acylam1nonaphthalenesulfonanudes—4 5g. of 4-aminonaph-
thalenesulfonamide was dissolved in a mixture of 100 cc. of acetone and 5cc. of pyrxdme Agitation
was started and mixture was cooléd to 5° to 0°, and 0.02 mole of acyl chloride was added in small
portions. - After 15 mins.’ stn‘nng, 50'cc. of acétone was removed by evaporation, and the precipitate,
produced by adding 100 cc. water and 5cc. conc. HCI, was filtered, and 4-acylaminonaphthalenesulf-
onamide was obtained after recrystalhzatxon.

" General Method of Synthesis of N l-Dodeca,noyl-4-acylammonaphi:halenesulfonamuiesu»-—(1) 0 005
mole of 4——acy1(propxonoy1 butahoyl, hexanoyl, or octanoyl)-aminonaphthalenesulfonamide was mixed
with 6.cc. of pyridine. The tixture was heated to 90~100°, agitation was started, and 1.1g. of
dodecanoyl chloride was added in portions. After 15mins’. stirring at 100~110°, the reaction mixture
was poured into a mixture of 30cc. water and 6 cc. of conc. HCI, and the precipitate was collected
by filtration. (2)2g. of N‘—dodecanoyl%—ammonaphthalenesulfonamzd'a was dissolved in 15cc. of
-acetone and 1.5cc. of pyridine. Under stirring, 0.005 mole of acyl (decanoyl, dodecanoyl, tetradecan-
oyl, hexadecanoyl, octadecanoyl or undecylenoyl) chloride was added to the mixture at room tem-
perature. After 15 mins.’ stirring, most of the acetone was removed and the precipitate, produced
by adding 30cc. water and 1.5cc. of conc. HCI, was filtered.
4-Propionoylaminonaphthalenesulfonamide—Recrystd. from 9025 EtOH to needles, m.p. 249.5~
251°, Yield, 69.5%. Anal. Calcd. for C,;sH; O3NS 'N, 10.09.. Found: N, 10.12.
4—Butanoylaminonaphthalenesulfonam1de~—Recrystd from 7075 EtOH to needles, m.p. 239~241.5°.
Yield, 63.5%. Anal. Calcd. for C;,H;gOsN;S: N, 9.59. Found: N, 9.39. )
4-Hexanoylammonaphthalenesnlfona.mide——Recrystd from 7075 EtOH to needles, m.p. 196~197. 5°.
Yield, 89%5. Amnal. Calcd. for CigHzOsN,S: N, 8.75. Found: N, 8.81.
4-0ctanoylamlmonaphthalenesulfonamlde——Recrystd. from 9075 EtOH to needles, m.p. 191—-—192o :
Yield, 509. Anal. Calcd. for C,gHgOsN,S: N, 8.05. Found: N, 8 14. s
4-Decanoylammonaphthalenesulfonamlde—-Recrystd from 9095 EtOH to fine needles, m.p. 193 5~
195°. Yield, 55. 5/ "Anal. Calcd. for CoHgOsNsS : N, 7.45. Found: N, 7.53.

2) T. Ueda, et al.: J. Pbarm. Soc. Japan 72, 265(1952); see p. 413 of this Bulletin,
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4—Dodecanoylamlnonaphthalenesulfonamlde-—Recrystd from EtOH to needles, m.p. 193~195 5°.
Yield, 71.595. Anal. Calcd. for CyuHyOsN,S: N, 6.93 Found: N, 7.02.
4-Tetradecanoylammonaphthalenesulfonamlde———Recrystd from EtOH to fine needles, m.p 196~
197°. Yield, 82.59%. Amnal. Calcd. for CyHgOsNyS : N, 6.47. Found: N, 6.56.
4-Hexadecanoylamlnonaphthalenesulfonamlde——Recrystd from EtOH to needles, m.p. 19?~193°
Yield, 93%. Anal. Calcd. for CysHyOsN,S ¢ N, 6.09. Found : N, 6.10.
4-QOctadecanoylaminonaphthalenesulfonamide—Recrystd. from a mixture of abs. EtOH and benzene
to fine needles, m.p. 190~191°. Yield, 83%. Anal. Caled. for CogH,OsNS ¢ N, 5.73. Found: N, 5.79.
-Undecylenoylammonaphthalenesulfonamlde——Recrystd from 802 EtOH to needles, m.p. 190~
191°. Yield, 7195. Amnal. Calcd. for CyHggO3NyS : N, 7.21. Found : N, 7.29.
N!-Dodecanoyl-4-propionoylaminenaphthalenesulfonamide—Recrystd. from 7025 EtOH to plates,
m.p. 152.5~154.5°. Yield, 5295. Anal. Calcd. for CysHgOuN,S @ N, 6.09. Found: N, 6.11.
N!-Dodecanoyl-4-butanoylaminonaphthalenesulfonamide—Recrystd. from 80% EtOH to plates,
m.p. 141~143.5°. Yield, 349%. Amnal. Calcd. CxHpONS : N, 5.90. Found : N, 5.88.
N!-Dodecanoyl-4-hexanoylaminonaphthalenesulfonamide—Recrystd. from 90% EtOH to plates,
m.p. 140.5~142°. Yield, 36%. Anal. Calcd. for CygHuONS: N, 5.58. Found N, 5.69.
N!'-Dodecanoyl-4-octanoylaminonaphthalenesulfonamide—Recrystd. from 90% EtOH to plates,
m.p. 142~145°. Yield, 5024. Anal. Calcd. for CyH,ON,S: N, 5.28. Found: N, 5.25.
N1-Dodecanoyl-4-decanoylam1nonaphthalenesulfonamxde——-Recrystd from benzene and from 80/
EtOH to plates, m.p. 144.5~147°. Yield, 22%. Anal Calcd. for C;HsyO4NGS : N 5.02 Found: N,
5.10.
Nl-Dodecanoyl-4—dodecanoylamlnonaphthalenesulfonamlde——Recrystd from 90/ EtOH to plates,
m.p. 144~146°. Yield, 2495. Anal. Calcd. for CgHs0N;S: N, 4.78. Found: N, 4.64. ’
N!-Dodecanoyl-4-tetradecanoylaminenaphthalenesulfonamide—Recrystd. from benzene and EtOH
to platés, m.p. 143~145.5°. Yield, 439%. Awnal. Calcd. for CygHsOuN,S : N, 4.56. Found : N, 4.44.
N!'-Dodecanoyl-4-hexadecanoylaminonaphthalenesulfonamide—Recrystd. from benzene and from
EtOH to plates, m.p. 140~144°. Yield, 22%;. Anal. Calcd. for CssHgON,S : N, 4.36. Found : N, 4.29.
N!-Dodecanoyl-4-octadecanoylaminonaphthalenesulfonamide—Recrystd. from benzene and from
EtOH to plates, m.p. 145~148.5°. Yield, 36%. Anal. Calcd. for CyoHgON.S: N, 4.17. Found: N,
4.14.

N!-Dodecanoyl-4-undecylenoylaminonaphthalenesulfonamide—Recrystd. from: EtOH to prisms,
m.p. 141~145.5°. Yield, 35%. 4nal. Calcd. for CsHOMNS : N, 491. Found: N, 5.03.

Summary

1) 4-Acylaminonaphthalenesulfonamides were synthesized by condensing 4-amino-
naphthalenesulfonamide with equimolar amount of acyl chlorides in a cold mixture of acetone
.and pyridine. = N'-Dodecanoyl-4-acylaminonaphthalenesulfonamides were synthesized
either by the reaction of 4-acylaminonaphthalenesulfonamide possessing lower acyl groups
with dodecanoyl chloride in pyridine or by the condensation of N'-dodecanoyl-4-amino-
naphthalenesulfonamide with acyl chlondes containing h1dher acyl groups in a mixture
of pyridine and acetone. _

- 2) The antiviral effects of these compounds were tested agamst the Nakayama
strain of the Japanese encephalitis virus, : o

3) Antiviral activities in vitvo of the series of N'-dodecanoyl-4-acylaminonaphthal-
enesulfonamides were similar when the number of carbon atoms in the acyl group at
N*— pOS1t10n was 3~12 and were nearly equal to that of PANS-No. 610.
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