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Heterocyclic Substituted Ureas.

ll. Immunosuppressive and

Antiviral Activity of Benzothiazole- and Benzoxazoleureas

CHarLEs J. PageEr, Kign Nisser, Roserr L. Srtoxe, asp Doxanp Co DelLoNe

The Lilly Rescarch Labovatovios, KU Lilly wwd Company, hovianapodis, Didigo

Heveioad Lpad 17, 1

The siracinre -activity velativn=hip ol the previrmsty reprorted innnnsappuessive and mnivial benzinmidnzole-

nreas has been extendet 1o the analogons benzarthiazale- and henzoxaznlenrens.

imnunnsippressanl compainds wax the T-(2-naphitha

The nust praent seriex of

2, E=dfrhinzn by D=-snbstitaled nreas, one membhber of which

was 231 Lines axs aclive ax azarhinprine in the sheep eryvihroevte 1est in miee.

Benzimidazoleureax are potent. nontoxic immuino-
suppressives asx determined by the suppression of the
primary immune response to sheep erythrocytex in
mice. They also proteet mice from several different
experimental virus infeetions.!  We wish to report an
extension of this work to the oxygen and sulfur hetero-
cyeles,

Benzothiazoleureas have been previously reported to
be loeal anesthetics,® potential hypoglveemie agents,”
and antibacterials.*  Benzoxazolethioureas have been
reported ax being aetive against M yeobacleriwm tubereu-
tasis fie vilral?

Chemistry.- ‘The starting 2-aminabenzothinzoles
were either aequired commercially  ar prepared by
¢yelization of the corresponding thiaurea, using the
method of Hugershoff.®  Tetrahydro-2-aminobenzo-
thiazole was prepared from cyclohexanone and thiourea
by the method of Frlenmeyer and Schoenauer”  The
N-alkyl-substituted 2-aminobenzothiazoles were pre-
pared by autoclaving the appropriate primary amine
with 2-chlorobenzothiazole. The 2-aminobenzoxazoles
were either aequired commercially or synthesized by
cyelization of the appropriate o-nminophenol with
BrCN ¢

The 2-aminoheterocyelex were treated in an aprotie
solvent with an isocyunate or carbamoyl chloride to
vield the desired urea.

Biological Testing. —-The compounds were tested far
immunosuppression iu the sheep ervthrocyvte assav in
mice and for antiviral aetivity against Coxsackie A21
(Coe) virus infections in mice. ax previously deseribed.

Immunosuppressive Structure-Activity Relationship.

The structure-activity relationship here ix similar in
many ways to that found for the benzimidazoleureas.!
The inactivity of alkyl derivatives (16-18, Tuble 1)
indicates that R must be an aryl group to be active.
When Y is H. the best aryl groups for R7 are those that

X
Y@ >'NCO_\'H R’
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R
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are halogen-substituted, ey, p-chlorophenyl. m-ehlora-
phenyl and o-fluorophenyl (3. 4. 9).

Optimal aetivity was obtalned when substitnents
were Joented in the 4 pasition on the benzothiazole
ving; lor example. 22, which hax a 4-CL is even aetive
when BB ix evelohexyl.

Canversiont af [ from H to CHy decreases the poteney
to the 50-myg kg range (51-54). Reduction of the benzo-
thinzole ring to the tetrahydro componnd  decreases
aetivity (85 57). Canversion of X from S to O gallses
a deercase inoactivity 11, 58; 2, 59: 3. 60).

The most potent series results from derivatives in
which an additional benzene ring i= fused to the benze-
thiazole ring in the 4.5 ar 6.7 position to vield naphtha-
thiazoles (Table 111).

Antiviral Structure-Activity Relationships. "I'he -
tiviral activity appears ta be dependent primarily on
the nature aof R7; ifL far example. R is T-naphthyl the
compaiids are gnite active. with a wide range of
substituent= for N (2, 20, 24, 37. 56. 62. 79). One
exeeption ix 52 in which R ix changed from H to ('H,.
This relative tack of activity adds an additional re-
gquirement. that R = H.

The antiviral activity seems to require that R be an
arvl group =iuce practicalty all aliphaties tested were
mactive (16. 17, 18, 22, 35. 50. 54. 60) with the excep-
tions ol the naphthaothinzole seriex in which the aliphatie
groups al cvelohexyl (76, 81; and adamantyl (77)
were active.  The naphthathinzoles were the most
netive gronp of compenmids,

Experimental Section

Mehing prants were 1aken v o Mel-Temp apparalas and are
anearrected.  Tr bands, mnr, ml nralions were consizlenl for
the proposed =irmanres. Al eompnands were analyvzed for
C, HL, N and gave resulls within =14, of 1the theovenieal valies.
The mehing poinls atd franmbas ave given in Pables T-TIT fimnd
v the fullowing puages.

Goenerally, The =tarting wanine was vhecked i sodabiline
THE, Phdte, v MeCD) The reaciion was nsnally rnn e 1he
<udvenl in which the amine was nnwt <ednble. The praduel was
n=aatly recrvsiallized froam mixtuves of 1hix solvem and Skellv B
nntib e =pat by silien geb ke in F1OA«c.

1-12-Benzothiazoly!;-3-phenylurea. - -\ ~olution of 200 ml ol
they PhMe armlaining 1) g «D.DBT mnle) of 2-aminvhenznthiaznle
and 704 g (0,067 mmde; o phenyt isneyanate was refinxed wd
stirved for 4 hr. The emled sidatinn was filtered tn remave the
pradact, which wax washed with additional twlaene and dried;
mp 333-335°, vield 115.3 g.

1-t4,5,6,7-Tetrahydro-2-benzothiazoly!)-3-cyclohexylurea.- - A
mixtnre af 6.25 g (0.05 mule} nf evelohexyl ispeyvanate, 5.5 g of
FIaN, 1,53 g nf 2-nminne-4,5.6,7-tetrahyvdrobenzothiazale hydro-
chbithe amb 20h b o PHE nas refioxedd and stivred 1 be. Fhe
THE wax removaerl ae cacved, anl The remaining oil was washael
niee with 100 mb ol RO wherenpom it evyvsrallized: the solinh wies
rerryvstallized fronn Me,CO - hexane; wp 2182102, vield D) g
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TaBLE I

1-(BENZOTHIAZOL-2-YL)- AND 1-(BEN2OXAZOL-2-YL)-3-sUBSTITUTED URE.s

X
Y—@E )—N—CONHR'
o

Drug level

(mg/kg X 3)
Coe virns lor fourfold
EDso. or greater
Ny A Y R R’ Mp. °C Formiila mg/kg immnnosippression
1 S H H CsH;] 333—33‘-) CMH“N,;OS >].].‘-) 6 2
2 S H H 1-CyoHx 278-280 CisHisN;08 28 50.0
q S H H 4-ClCeH., 315-316 CHoCIN;OR >100 6.2
4 S H H 2,5-Cl,CsHs 329-330 C1H,0CENOS >60 1.6
B S H H 2-CICsH, 3356-336 C14H),CIN;08 >100 50.0
6 S H H 3,4-CL,CeH; 316-317 Ci HoCLN;08 49 12.5
7 S H H 2,5-ClLCsHs 327-328 CisHqCLN;08 <16 12.4
S S H H 4-FCe¢H, 341-342 Ci:H,,)FN;08 83 25.0
9 b H H 2-FCsH, 333-333.5 Ci H o FN;08 38 6.2
10 S H H 4-NO,C¢H,4 290-291 Ci1Hi N OR 19 >100.0
11 S H H 3-NO,CeH, 309-310 CiaH oNO38 32 50.0
12 S H H 2-NO.CeH, >400 Ci4H,oN O3 120 6.2
13 S H H 2-CH;C¢H, 335-336 Ci;Hi3N,08 45 50.0
14 S H H 4-CH3CeH, 327-328 Ci:HisN;08 64 100.0
15 S H H 3-CF;CeH, 328-329 Ci;H10F3N08 52 50.0
16 S H H CH; 272 CoH,N;08 >128 >100.0
17 S H H C.H; 331-332 CioHuN;08 64 >100.0
18 S H H CeHn 319-320 CHizN;08 139 100.0
19 S 4-Cl H CeH; 268-270 C1H,,CIN;08 N7 12.5
20 S 4-Cl H 1-C,oHx 256-258 CisHi:CIN;OS <16 12.5
21 S 4-Cl H 3-CICsH, 266-268 CiHCLN;08 71 50.0
22 S 4-Cl H CsHiy 219-220 Ci1:H,6CIN;OS 128 1.6
23 S 6-OCHs H Ce¢H; 321-322 Ci;HisN;0.8 >128 25.0
24 S 6-OCH; H 1-CoH- 297-298 CioH 5N ;028 20 0.0
25 S 6-OCHs H 4-CIC¢H, 310-311 Ci:Hi:CIN028 23 50.0
26 S 6-OCHs H 3-CICeH, 306-307 Ci:HipCINGO,S <16 12.4
27 S 6-OCHs H 2-CICeH, 314-315 Ci:H CIN;0,8 28 50.0
28 s 6-OCHs H 2-FCsH, 313-314 Ci:H12FNGO0.8 26 3.1
29 S 6-OCHjs H 3-N0,CeH, 270-272 Ci:HiNOS 22 6.2
30 S 6-OCH; H 2-N0.CsH, 299-301 Ci;H . N O 73 6.2
31 S 6-OCHj H 4-NO,CeH, 278-279 C:Hi: N O H4 12.5
32 S 6-OCH; H 4-CH;CeH. 297-298 CisHiN;008 108 100.0
b S 6-OCHs H 3-CH,CeH, 209-210 CeH1:N0.8 56 50,0
34 S 6-OCH; H 2-CH;CeH, 311-312 CieH15N;0.8 19 25.0
35 S 6-OCHs H Ce¢Hn 304-306 Ci:H, o N30:8 82 >110.0
36 S 5,6-(CHs)e H Ce¢H; 370-372 CieHi:N;08 >100 100, 0
3 S -),6-(CH3)~_> H ].-C]gH-, 353-356 C20H17:\-308 19 >100.1
38 b 5.6-(CHj)h H 4-CIC¢H, 259-260 CisHi, CINGOS 60 >100.0
39 S 5,6-(CHs): H 3-CICsH, 363 CisH,,CIN;08 27 >100.1)
40 S 5,6-(CHs) H 2-ClCeH, 353-304 C16H,,CIN08 88 1001
41 S -),6-(CH3)2 H 3,4-C12C6H3 331-332 C13H13C12N3OS N1 A0.0
42 S 5,6-(CHs)z H 4-FCgH, 353-354 Ci¢H1 FN;08 65 >100.0
43 S 5,6-(CHjs)z H 2-FCsH. 355-356 Ci6H14FN;08 28 1.6
PP 5.6-(CH, ), H 1-NOCH, 324-325  CiHuN.OeS 27 100.0
47] S 5,6-(CH3)2 H 2-N02C6H4 328—329 C13H141\-4038 64 ].6
4G S 5,6-(CHj3). H 4-CH,C¢H., 349-350 CizHzN;08 36 100.0
47 S 5,6-(CHs). H 3-CHsCeHa 349-350 Cr=Hi:N;08 22 25.0
BN s 5,6-(CHj)s H 2-CH;3CeH, 340-341 CizH;5N308 19 230
4(.) x\‘ ‘..).,“-)-(CH;; )2 H 2,‘-)-C12C6H:| 360—361 ClsHlsclzxs()s J 7 J 2 . A
50 S 5,6-(CHs)e H CsHy 351-332 CisHaN;08 103 100.0
51 ~ H CH; CeH; 95 Ci;:HisN;08 >128 50.0
52 S H CH; 1-CyoH- 174-175 CHi:N;08 >12% 30.0
33 > H CH; 4-CICsH, 140-141 C1:H,,CIN;08 85 50.0
54 S H CH;, CeHi 118-119 C1:H1sN;08 >128 50.0
55 S Tetrahydro H CsH;, 318-319 C14H15N3OS >12% >100.0
'-)6 ~ Tetrahydm H l-CmH'; 257—258 C13H17N3OS 32 50.0
ar = Telrahydm It CeHn 218-219 (1 HANBOS > 128 0.0
Bh O H H C¢H; 192-193 Ci:HuN;0; 31 5300
39 O H H 1-C,oH 232-235 CisHisN,0, 20 >100.0
60 O H H CsH]l 162—16‘5 C“H]TN;{Oz 9,-) >10()U



101S AxbprEw . Lovesey Vol 12

Tanr 1
- (2-Navarnol ] 2-dfrH1AZoLy L )-8-sUBstirirgh Unrias

N=—NHCONHR
S

@@

Drug level
(mudke X 3t

Cne virns e {onrlold or grenter
Nin )S¢ My, “® Farnngda 1o Dsn, s/ ke T su] ressinm
Bl Cylls 320-122 CigHliNGON >100 12.5
(G2 F-Chlt, 269-271) CaaH i NOR8 42 ol
G 4-ClCel 1,4 310-311 CisHpCINZOS 28 .
64 3-ClCeH, 314313 CisHiCIN;O8 1] i
(S8} 2-CICeH, q21-322 CisCINGOS 14 It
GG 2,3-()1205”;; 3153516 (‘15"1]](,:12:\-3()‘\‘ RN mo.n
1Y +FCeH, 30O8~319 Crs i FNOS i A
(% 2-FCelly 318-314 CuHEFEN;OS < 16 Al
1il) 4+-NOCel 2035--204 ChisFhaNO4 N a0y
] A-NO,Cel 264265 CiHaN, O ESIH RN
Tl JNO,Cgllyg A0:3-3D4 Cha NGO, < 1G gl
T2 34-CLCI L 313316 CuHp CLN,OS IS Gl
T $-CHCeHy HSOT--308 CrHaNL 0S8 IV G2
T 3-CH,Celly FIT-51EN CraHRNOS 2 R
A 2-CTHClH, 3191321 CrahaNR 08 2 Il
Tl Colhi 245246 Ci HuNON 1 Gl
T Adaman(yvl 242240 Caal s N3ON IS g
Tanne HH
-i2-Navnrnold -d) rHiazoLy L-8-stvpsrrrrreh Uit as
S—5—NHCONHR
et
Drug lerel
g ke X 3)
Cor virns far raarfold nr greater
Nn R My 7O IFrcamla 1. Dso, my/ky Hminnostippressinil
™~ CeH, Aa3-354 (s H N3OS 23 0.8
il F-Cinll; 346-347 ConNZOS <16 1.4
SO 4-CH,Cl L 169370 CraiNGOS <16 >25.1
S Iy 3a4-3a0 CiHLNGOS a7 R SN

Potential Coenzyme Inhibitors. 1II.! Some Reactions
of Substituted Nicotinamide and Dihydronicotinamide Derivatives

AxDrREW C. LOVESEY
Institule of Cuncer Rescarch, T'he Royal Cancer Hospital, London, SV .3., England

Ieceived March 2.4, 19649

The reactivn between KCN and sabstitated nicotinamide derivatives was examined, and » nnmber of ¢yvanide
derivarives have heen isalated. The speetroscopie evidence shows that CN = addition cecars at the 4 pasition
af the pyridine ring.  Equilibrinm constants for these reactions have been calcalated from the absorption spec-
1ra, and the influence exerted by the 4-Me substituent upn the rate of addition is disenssed.  The H-transfer
reactions between 2,6-dichlorophenolindophenol and some substituted dihydronicotinamide derivatives werc
cxamined by visible absorption spectroscopy. Rate constants for the oxidation reactions at different H* con-
centrations were calculated. The reaction rates have been related to the effects of the substituents attached to
rhe nicotinamide ring.

The glyeolytic pathway of carbohydrate metabolism NADH (II).2 Cancer cells are relatively defieient in
involves an oxidative step in which glyceraldehyde NAD and this eoenzyme must be regenerated from
phosphate is converted into diphosphoglyceric acid. NADH if continuous energy production is to be main-
In this reaction the pyridine ring of the cofactor (NAD, tained. This is achieved by the reduction of pyruvate
I} accepts an H atom in the 8 configuration giving

11 Previons paper in (his series: V. (. Loavesey aid W, (. J. Ross. 1 L8, Leewns, 11 R. Levy, aml B, Vennesland, J. Biol. Chew., 223,
S Clcm, Saco, B 1920 1be0 D8Y 11U,
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