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The structure -activity relationship of the previously reported immunosuppressive and antiviral benzimidazole-
ureas has been extended to the analogous benzothiazole- and benzoxazoleureas. The most potent series of 
immunosuppressant compounds was the I-(2-naphtho !2, l-(/]thiazolyD-3-substitulcd urea.-, one member of which 
was 250 t.imes as active as azatliio])i'ine in the sheep erythrocyte test in mice. 

Benzimidazoleureas tire potent, nontoxic immuno
suppressives as determined by the suppression of the 
primary immune response to sheep erythrocytes in 
mice. They also protect mice from, several different 
experimental virus infections.1 We wish to report tin 
extension of this work to the oxygen and sulfur hetero
cyclic. 

Benzothiazoleureas have been previously reported to 
be local anesthetics,- potential hypoglycemic agents,-'1 

and antibacterial*.4 Benzoxazoiethioureas have been 
reported as being active against M ijcobaclerhun tubercu
losis in vitro:' 

Chemistry.- The start ing 2-aminobenzothiazoles 
were either acquired commercially or prepared by 
cyelization of the corresponding thiourea, using the 
method of Hugershoff." Tetrahydro-2-aminobenzo-
thiazole was prepared from cyclohexanone and thiourea 
by the method of Erlenmeyer and Sehoenauer.7 The 
X-alkyl-substituted 2-aminobenzothiazoles were pre
pared by autoclaving the appropriate primary amine 
with 2-chlorobenzothiazole. The 2-aminobenzoxazoles 
were either acquired commercially or synthesized by 
cyelization of the appropriate o-aminophenol with 

BrCX." 
The 2-anrinoheterocycles were treated in an aprotic 

solvent with an isocyanate or carbamoyl chloride to 
yield the desired urea. 

Biological Testing. The compounds were tested for 
immunosuppression in the sheep erythrocyte assay in 
mice and for antiviral activity against Coxsackie A21 
(Cue) virus infections in mice, as previously described.1 

Immunosuppressive Structure-Activity Relationship. 
The structure --activity relationship here is similar in 

many ways to that found for the benzimidazoleureas.1 

The inactivity of alkyl derivatives (16-18, Table I) 
indicates that R ' must be an aryl group to be active. 
When Y is H, the best aryl groups for H' are those that 
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are halogen-substituted, c.</., /)-chlorophenyl. w-chloro-
phenyl. and o-fluorophonyl (3, 4, 9). 

Optimal activity was obtained when siibstituents 
were located in the 4 position on the benzothiazole 
ring; for example. 22, which has a 4-CI, is even active 
when R ' is cyclohexyl. 

Conversion of R from H to CH ; ; decreases the potency 
to the oO-mg kg range (51-54). Reduction of the benzo
thiazole ring to the tctrahydro compound decreases 
activity (55 57). Conversion of X from S to O causes 
a decrease in activity (1, 58; 2. 59; 3, 60). 

The most potent series results from derivatives in 
which tin additional benzene ring is fused to the benzo
thiazole ring in the 4,"> or (i.7 position to yield naphtho-
thiazoles (Table 111). 

Antiviral Structure Activity Relationships. The an
tiviral activity appears to be dependent primarily on 
the nature of R'; if. for example, R' is 1-naphthyl, the 
compounds are quite active, with a wide range of 
substituents for X i,2. 20, 24, 37, 56, 62, 79). One 
exception is 52 in which R is changed from H to CH ; t. 
This relative lack of activity adds tin additional re
quirement, that R = H. 

The antiviral activity seems to require that R' be an 
aryl group since practically sill aliphatics tested were 
inactive (16, 17. 18. 22. 35,' 50, 54, 60) with the excep
tions of the naphthofhiazole series in which the aliphatic 
groups of cyclohexyl (76, 81) and adamantyl (77) 
were active. The naphthothiazoles were the most 
active group of compounds. 

Experimental Section 

Melting points were Liken on a Mel-Temp apparatus and are 
uncorrected. Ir bands, nmi-, and titrations were consistent for 
the proposed structures. All compounds were analyzed for 
C, 11. X and gave results within .T:().4' ,' of the theoretical value-. 
The melting points and formulas are given in Tables I III found 
on the following pages. 

(ienerally, the starting amine was checked for solubility in 
THF, PhMe, or Mc.CD. The reaction was usually run in the 
solvent in which the amine was most soluble. The product was 
usually recrystallized from mixtures of this solvent and Skelly H 
until one spot by silica gel tic in EtOAc. 

l-(2-Benzothiazolyl)-3-phenylurea. A solution of 200 ml of 
dry I'h.Me conlaining 10 g (0.007 mole) of 2-aminnbenzoiliiaznle 
and 7.05 g (0.007 mole/ of phenyl isocyanate was retiuxed and 
stirred for 4 hr. The cooled solution was filtered to remove the 
product, which was washed with additional toluene and dried; 
mp 333-335°, yield 1(5.3 g. 

l-(4,5,6,7-Tetrahydro-2-benzothiazolyl)-3-cyclohexylurea. A 
mixture of 6.25 g (0.05 mole.) of cyclohexyl isocyanate, 5.5 g of 
KuX, 9.53 g of 2-amino-4.5.(i.7-tetrahydrobenzothiazole hydro
chloride, and 200 ml of TI IF u a~ retiuxed and stirred (i hr. The 
Till-' was removed hi rurun, and the remaining oil was washed 
t w ice with 100 ml of 1M ). whereupon it crystallized: the solid was 
recrystallized from Me.CD hexane: nip 21s 21!)°, yield 0.0 g. 
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TABLE I 

1-(BEXZOTHIAZOL-2-YL)- AND 1-(BENZOXAZOL-2-YL)-3-SLTBSTITUTED UREAS 

Y ^ Q T } — N—CONHR' 

R 
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59 
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s 
s 
s 
H 

s 
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s 
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s 
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0 
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Y 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

4-C1 
4-C1 
4-G1 
4-C1 
6-OCH3 
6-OCH, 
6-OCH3 
6-OCH3 

6-OCH3 

6-OCH3 

6-OCH3 

6-OCH3 

6-OCH3 
6-OCH3 

6-OCH3 

6-OCH3 

6-OCH3 

5,6-(CH3)2 

5,6-(CH3)2 

5.6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

5,6-(CH3)2 

2,5-(CH3)2 

5,6-(CH3)2 

H 
H 
H 
H 

Tetrahydro 
Tetrahydro 
Tel rahydro 

H 
H 
H 

R 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

CH3 

CH3 

CH3 

CH3 

H 
H 
II 
H 
H 
H 

R' 

C6H5 

I-C10H, 

4-ClC6H4 

2j5-Cl2C6H3 

2-ClC6H4 

3,4-Cl2C6H3 

2,5-Cl2C6H3 

4-FC6H4 

2-FC6H4 

4-X02C6H4 

3-N02C6H, 
2-X02C6H4 

2-CH3C6H4 

4-CH3C6H4 

3-CF3C6H4 

CH3 

C,H5 

CeHn 
C«H5 

I-C10H, 

3-ClC6H4 

CsHn 
C6H5 

l-Ci»H7 

4-ClC6H4 

3-ClC6H4 

2-ClC6H4 

2-FC6H4 

3-N02C6H4 

2-N02C6H4 

4-N02C6H4 

4-CH3C6H4 

3-CH3C6H4 

2-CH3C6H4 

CsHu 
C,H5 

l-CioH7 

4-ClC6H4 

3-ClC6H4 

2-ClC6H4 

3,4-Cl2C6H3 

4-FC6H4 

2-FC6H4 

4-N02C6H4 

2-N02C6H4 

4-CH3C6H4 

3-CH3C6H4 

2-CH3CeH4 

2,5-Cl2C«H3 

CeHn 
C6H5 

I-C10H7 
4-ClC6H4 

CaHn 
C6H5 

1-C10HT 

C6Hu 
C6H5 

I-C10H, 

CeHu 

l i p , °C 

333-335 
278-280 
315-316 
329-330 
335-336 
316-317 
327-328 
341-342 
333-333.5 
290-291 
309-310 
>400 
335-336 
327-328 
328-329 
272 
331-332 
319-320 
268-270 
256-258 
266-268 
219-220 
321-322 
297-298 
310-311 
306-307 
314-315 
313-314 
270-272 
299-301 
278-279 
297-298 
209-210 
311-312 
304-306 
370-372 
355-356 
259-260 
363 
353-354 
331-332 
353-354 
355-356 
324-325 
328-329 
349-350 
349-350 
340-341 
360-361 
351-352 

95 
174-175 
140-141 
118-119 
318-319 
257-258 
218-219 
192-193 
232-235 
162-163 

Formula 

CnHnN3OS 
ClsHl3^30S 

CuHioClN8OS 
CUH10C12N3OS 
C I 4 H 1 0 C 1 N 3 O S 

C14H9C12N30S 
CnH9Cl2X8OS 
C»H10FN3OS 
Ci4H10FN3OS 
Ci4HioN403S 
C,4H10N4O8S 
CHHION4OSS 

C I 5 H I 8 N 3 O S 

CI5H13X3OS 
C-.H^FsNaOS 
C9H9N3OS 
CioHnNaOS 
C14H,-N3OS 
C14H10C1N3OS 
C18H12C1N30S 
C14H9C12X30S 
C14H16C1X30S 
C15H13N302S 
C19H15X302S 
Ci5H12ClX302S 
C15HI2C1N302S 
Ci5H12ClN302S 
C l ;H I2FN302S 
C,5H12N404K 
C15H12N404S 
Ol4rii2rS404k? 

C16HuN302S 
C,6H15N30,S 
C16H15N302S 
C15H10N3O2S 
Ci6HI3N3OS 
C2oHi7N3OS 
C16H14C1X30S 
CHuClNjOS 
C16H14C1N30S 
C16HI3C12N30S 
C16H14FN3OS 
C16H14FN3OS 
Ci6Hi4N403S 
C16H14N403S 
d-Hi-NsOS 
d-HnNaOS 
C17H„X3OS 
C16Hi8ClaX3OS 
C16H2iX3OS 
Ci.,Hi8N8OS 
C19H15X3OS 
CI5H12C1N30S 
Ci5H19N3OS 
C14Hi5X3OS 
C18HI7X3OS 
CI!4H21X3OS 
Ci4HuX302 

CiSHi3X302 

CuH17N302 

Coe virus 
EDa, 

mg/kg 

>115 
28 

MOO 
>60 

>100 
49 

<16 
S3 
38 
19 
32 

120 
45 
64 
52 

>128 
64 

159 
S7 

<16 
71 

128 
>12S 

20 
23 

<16 
28 
26 
22 
73 
54 

108 
56 
19 
82 

>100 
19 
60 
27 
SS 

SI 

68 
28 
27 
64 
36 
22 
19 
17 

193 
>12S 
>128 

85 
>128 
>128 

32 
>128 

31 
20 
95 

Drug level 
(mg/kg X :« 
fur fourfold 
or greater 

immunosuppression 

6.2 
50.0 

6.2 
1.6 

50.0 
12.5 
12.5 
25.0 

6.2 
>100.0 

50.0 
6.2 

50.0 
100.0 
50.0 

>100.0 
>100.0 

100.0 
12.5 
12.5 
50.0 

1.6 
25.0 
50.0 
50.0 
12.5 
50.0 

3.1 
6.2 
6.2 

12.5 
100.0 
50.0 
25.0 

>100.0 
100.0 

>100.0 
>100.0 
>100.0 

100.0 
50.0 

M0O.O 
1.6 

100.0 
1.6 

100.0 
25.(1 
25.0 
12.5 

100.0 
50.0 
50.0 
50.0 
50.0 

>100.0 
50.0 
50.0 
50.0 

>100.0 
>100.0 
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T.VHLI, 1 1 

[-(2-\APHTi-i()[l,2-(/]'['HiAZoi.yi;j-.'J-sLrn.s'ri'rr,i'Ki) ljiu:.\n 

N=r-XHCONHR 

No. 

til 

62 

68 

64 

ti."> 

66 

67 
(IS 

(ill 

70 

71 

72 

i >) 

71 

t • > 

7(1 

--

u 
C e I I , 

1-0,„I17 

4 - C l C H j 

a-ciCsH, 
2-C\CdU 
2,5-0120611:, 

4 - F C 6 H 4 

2-F0 6 H< 

4 - X ( ) 2 C 6 l b 

3 - X 0 2 C 6 ] U 

2-XO.,C6H, 

3,4-01206If , 

4 -OH 3 C 6 H 4 

8 - C H 3 0 6 H , 

2-on.,c6n, 
C J I n 
Ada tnan t \ ' l 

M|>. ' ( ' 

320 -322 

269-270 

3 1 0 - 3 LI 

814-31.") 

821-322 

8 I 0 - 8 I 6 

80K-309 

318-31(1 

293 -294 

264-26.") 

303-304 

80.V306 
307-30S 

317 3 I S 

819-320 

24.V246 

242-243 

F o r m u l a 

O l 8 H 1 3 X 3 OS 

0 2 2 H , , X 3 O S 

0,«H,2C1X8OS 

01 S ,H1 2C1X30S 

0 , J I 1 2 C 1 X 3 0 S 

0 „ , H „ C 1 2 N 3 0 S 

C „ I I , 2 F X 3 O S 

C H H . O F X S O S 

0, sH1 2X403rS 

o,di12x4o3s 
o„.n12x4o;,s 
C s I l n C l j X j O S 

0 1 : ,H 1 5N 3OS 

0,, ,H,;,N sOS 

0,,,Hi.-,X3OS 

O l sH,, ,X 3OS 

0 2 2 H 2 3 X 3 OS 

( 'oe \' i rn.-. 

K t)6d. mz/kn 

>10l) 

42 

2S 

21 

49 

.").") 
it; 

-. 16 

17 

0 0 

< 16 
IS 

17 

28 
• ) ' ) 

81 
IS 

Druff level 

( i i ia/kt : X :U 
lor lourt'old or creiiHT 

immunosuppress ion 

12. . . 

8 . 1 

100 .0 

1 .6 

6 . 2 

10(1.0 

12 . . > 

3 . 1 

..(Ml 

8 1 

8 1 

8. 1 

6 2 

8. 1 

1 6 

8 1 
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TAHLK III 
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NHCONHR 

No 

7s 
79 

so 
SI 
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0 6 H„ 

l-0„ , I I 7 
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6H 4 

Ml). '-'C 

8.")8-3.VI 
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3 6 9 - 3 7 0 

8.")4-3.")."> 

l-'onnula 

0 1 5 I I 1 3 X 3 OS 

0 2 2 r I I 5 X 3 OS 

O l 9 H 1 ,X 3 ( )S 

0„H 1 : I X 3 (>S 

< 'oc viru 

KDso, nig, 

Xi 

<1() 

<1(i 
• ) -

s 

,'U.K 

(MlK/kB X :i) 
tor fourfold or crea tor 

immunosuppress ion 

O.S 

0 .4 

>2.").(l 

> 1 2 ..". 

Potent ia l Coenzyme Inhibi tors . III.1 Some Reactions 
of Subst i tu ted Nicotinamide and Dihydronicotinamide Derivatives 
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The reaction between KOX and substituted nicotinamide derivatives was examined, and a number of cyanide 
derivatives have been isolated. The spectroscopic evidence shows that CX~ addition occurs at the 4 position 
of the pyridine ring. Equilibrium constants for these reactions have been calculated from the absorption spec
tra, and the influence exerted by the 4-Me substituent upon the rate of addition is discussed. The H-transfer 
reactions between 2,6-dichlorophenolindophenol and some substituted dihydronicotinamide derivatives were 
examined 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 
the nicotinamide ring. 

The glycolytic pathway of carbohydrate metabolism 
involves an oxidative step in which glyceraldehyde 
phosphate is converted into diphosphoglyceric acid. 
In this reaction the pyridine ring of the cofactor (XAD, 
I) accepts an H atom in the 0 configuration giving 

XADH (II).2 Cancer cells are relatively deficient in 
NAD and this coenzyme must be regenerated from 
NADH if continuous energy production is to be main
tained. This is achieved by the reduction of pyruvate 
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