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Laboratory note 

2,4-Disubstituted thiazoles II.* 
A novel class of antitumor agents, synthesis and biological evaluation 
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Department o~ Pharmaceutical Chetmstry. College oj- Pharmacy, King Saud Umversio', PO Box 2457. Rivadh 11451. Saud~ Arabia 

(Recmved 25 April 1996; accepted 24 June 1996) 

Summary - -  A series of 2,4-disubstltuted thlazole derivatives bearing N-n-butyl or N-cyclohexylthlourmdo ~ynthon at positLon 2 
and N-substituted th~osemicarbazone momty at position 4 have been synthesized and tested for antitumor activity using the National 
Cancer Institute's m-wtro-disease-oriented antitumor screen. All of the tested compounds showed antineoplastic activity at concentra- 
tions less than 100 btM Compound~ 7, 9, 15 and 17 in particular showed activity with Gls0 (mean-graph midpoint) of 17.8, 8.5, 9.5 
and 7.4 btM, respectively. The detailed syntheses, spectroscopic and biological data are discussed. 

2,4-disubstituted thiazole / thioureido derivative / thiosemicarbazone / antitumor testing 

I n t r o d u c t i o n  

The antitumor activity of  certain 2A-disubstituted 
thiazole analogues was reported recently [1-3]. This 
class of  compounds has the general structure A with 
a thioureido group at position 2 and a thiosemicarba- 
zone moiety at position 4. Potato disc assay [4] was 
used to evaluate the antitumor activity of these com- 
pounds. Consequently, a tentative structure-activity 
relationship (SAR) [1] was obtained revealing the 
following. First, an amide moiety at position 4 of  the 
thiazole ring is essential for activity; cyclization of  the 
active thiosemicarbazones A with the loss of the 
amide function led to the reactive 1,2,4-triazolthiones 
B. Second, the N H C S N H - R  (or R') group in A is 
essential for antitumor activity, as evidenced by struc- 
tural comparison with its hydrazide precursor C. 
Third, the alkyl groups (R = R') on A have a signifi- 
cant contribution to the antitumor activity. Aliphatic 
alkyl derivatives are more potent than aromatic substi- 
tution and activity increases as the number of  carbons 
increases (cyclohexyl > n-butyl > ethyl). Finally, the 
substitution at position 2 of  the thiazole ring (thio- 
ureido as in A or acetamido as in D) showed no great 
influence on activity, which suggested that they act as 
an anchoring group to help the active moiety (4-amido 
function) attack the active site or enzyme(s) involved. 

*For Part i, see reference [ I ]. 

O S /N,,,y. SH 

H 14 

A B 

S 
N_.~NHNH ~ (~/~NHNH ~"N/R' 

H,N.~s~ ~ HXN.~S ~ 14 

H3C'~. O 

C D 

R ~ R'= CzHs.~'C4Hg,C6Hll,CmHs" 

The results obtained from our previous study 
showed that derivatives of  A (R = R' = n-butyl or 
cyclohexyl) are among the most active compounds 
investigated. These two derivatives were used as lead 
compounds in the present study, and were further deri- 
vatized in the N-substituted thiosemicarbazone area to 
explore the scope and limitations of  activity and to 
screen their cytotoxicity on human tumor cell lines. A 
new series of thiazole derivatives A was synthesized 
in which R on the 2-thioureido group is still either 
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n-butyl or cyclohexyl, while the R' on the thiosemi- 
carbazone moiety is varied from a 2 to 6 carbon chain, 
such as ethyl, n-butyl or cyclohexyl, representing 
aliphatic substitution, or benzyl or phenyl, represent- 
ing aromatic substitution, to determine the effect of 
such a variation on antitumor activity. 

Compounds containing an amide function such as 
bleomycin [5, 6], mitomycin [7] and streptozocin [8] 
are known antineoplastic agents. Recent literature 
reports discussed the anticancer potency of some 
sulphonamide analogues [9, 10]. Accordingly, the 
-NHCSNHR' function of the thiosemicarbazone 
moiety was replaced by -NHCOPh or -NHSO2Ph to 
form N-aroylhydrazones or N-sulphonylhydrazones, 
respectively, in order to evaluate the influence of these 
two pharmacophores on the antitumor activity of the 
thiazole-4-thiosemicarbazone analogues. The anti- 
cancer testing was performed using the National 
Cancer Institute's (NCI) in-vitro-disease-oriented anti- 
tumor screen. 

Chemistry 

Ethyl 2-aminothiazole-4-carboxylate 1 was reacted 
with n-butyl or cyclohexyl isothiocyanates in pyridine 
to give the corresponding 2-thiourea derivatives 2 and 
3 in 80 and 78% yields, respectively. Treatment of 2 
or 3 with hydrazine hydrate yielded the acid hydra- 
zides 4 or 5, respectively, which were subsequently 
reacted with benzenesulphonyl chloride and benzoyl 
chloride in pyridine to give the sulphonyl hydrazones 
6 and 8, and the benzoyl hydrazones 7 and 9, respec- 
tively. 

The hydrazide function of 4 and 5 was further used 
to prepare the N-substituted thiosemicarbazone deri- 
vatives 10-19 by allowing them to react with a variety 
of isothiocyanate derivatives (ethyl, n-butyl, cyclo- 
hexyl, benzyl, phenyl) in refluxing ethanol (scheme 1, 
table I). 

Biological investigation and discussion 

The NCI's in-vitro-disease-oriented antitumor screen 
determines a test compound's effect on growth against 
a panel of approximately 60 human tumor cell lines 
[ l l ,  12]. The antitumor screen usually involves the 
determination of the molar concentration that inhibits 
net cell growth to 50% (median growth inhibitory 
concentration, GIs0), the molar concentration which 
causes total inhibition of cell growth (total growth 
inhibitory concentration, TGI) and the molar concen- 
tration which causes 50% loss of initial cell level at 
the end of incubation period (median lethal concentra- 
tion, LC~0) for each compound along with the full 
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panel mean-graph midpoint concentrations (MG- 
MID) for all GIs0, TGI and LCs0 values. Most of the 
tested compounds showed anticancer activity (GIs0, 
TGI and LCs0 -< 100 p-M) against leukemia, non- 
small-cell lung, colon, central nervous system, mela- 
noma, ovarian, renal, prostate and breast cancer 
subpanel cell lines (tables II and III). 

Compounds 7, 9, 15 and 17 showed effective 
growth inhibition GIs0 values (MG-MID) of 17.8, 8.5, 
9.5 and 7.4 p,M, cytostatic activity TGI values (MG- 
MID) of 47.9, 38.9, 40.7 and 30.2 ~tM, and cytotoxic 
activity LCs0 values (MG-MID) of 83.2, 83.2, 83.2 
and 74.1 p-M, respectively. Compounds 6, 8, 13 and 
18 showed GIso values (MG-MID) of 33.1, 30.9, 35.5 
and 33.9 p-M, respectively; compounds 10, 12, 14 and 
19 showed GIs0 values (MG-MID) of 66.1, 85.1, 79.4 
and 53.7 p-M, respectively. 

The ratio obtained by dividing the compound's full 
panel MG-MID (JAM) by its individual subpanel MG- 
MID concentration (p-M) is considered as an indica- 
tion of the compound's selectivity [13]. Ratios between 
3 and 6 refer to moderate selectivity, while ratios 
greater than 6 indicate selectivity towards the corre- 
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Table I. Recrystallizatlon solvents, melting points, yield percentages and molecular formula of the synthesized compounds. 

Compound R R' or X Solvent Mp (°C) Yield (%) Molecular 
formula 

2 n-C4H~ - iso-PrOH 106-107 80 C t t HIvN302S 2 

3 n-C6Hi i - iso-PrOH 186-187 78 C 13Ht~NaO2S2 

4 n-C~H,, - n-BuOH 125-127 46 C~HIsNsOS2 

5 n-C(1Hll - iso-PrOH 201 205 58 CllHITNsOS2 

6 n-C4H , SO~ DMF 196-197 78 CIsHI~NsO3S3 

7 n-C4H ~ CO AcOH 125-126 55 C I~HI~jNsO2S: 

8 n-C6H1L SO~ DMF 175-176 84 C I vHzINsO~S3 

9 n-C6Hi i CO AcOH 112-113 90 CI~H21N502S~ 

10 n-C4Ho C2H 5 EtOH 198-200 65 C i ~He0N60S 3 

12 n-C4H, C6H i i EtOH 189-190 50 C 16H26N6OS~ 

13 n-C4H9 C~HsCH2 EtOH/H~O 219-220 82 C 17He2NbOS3 

14 n-C4H~ C~H5 EtOH/H20 243-244 70 C 16H20N~OS 3 

1S n-C.Hij CeHs EtOH 229-230 56 C I4H22N60S 3 

16 n-C~H i i t/-C4H, EtOH/H20 184-185 74 C 16H26N6OS3 

18 n-C.H i i CaHsCH, EtOH 139-140 80 C IoH24N6OS 3 

19 n-C6H 11 C(~H5 EtOH/H~O 164-165 85 C i sH22N6OS 

Compounds 11 (R = R' = n-C4H~) and 17 (R = R' = C6H l j) are cited in reference [ 1 ]. 

Table II. Median growth inhibitory concentration (GIs0, ~tM) of in vitro subpanel tumor cell lines. 

Cancer cell 6 7 8 9 10 12 13 14 15 17 18 19 
line panel 

Leukemia 40.1 40.9 47.2 5.0 65.4 62.8 26.9 >100 5.7 24.9 46.8 51 7 

Non-small- 
cell lung 39.6 20.6 44.8 10.3 85.8 >100 54.2 87.3 36.3 31.0 42.5 75.4 

Colon 30 1 14.2 29.0 7.2 66.8 90.4 35,5 90.4 20.0 18.1 33.1 45.6 

CNS 34.5 21.4 31.6 23.9 78.5 97.9 31.1 76.6 14.9 6.9 37.7 74.4 

Melanoma 24.8 15.7 25.0 12.4 79.8 95.4 30.0 73.6 7.2 6.4 28.3 54.5 

Ovarian 32.3 13.6 38.3 6.7 82.6 79.5 55.0 >100 3.9 6.9 52.7 74.7 

Renal 41.3 16.9 34.0 17.5 69.1 86.9 42.9 79.4 11 7 7.9 42.5 82.3 

Prostate 32.3 17.5 30.7 13.3 86.8 >100 50.8 >100 14.8 12.9 48.2 81.2 

Breast 39.9 16.0 26.5 10.1 75.0 96.3 37.8 84.5 8.5 9.4 32 6 50.4 

MG-MID ~ 33.1 17.8 30.9 8.5 66.1 85.1 33.5 79.4 9.5 7 4  33.9 53.7 

Data obtained from NCI's in-vitro-disease-oriented human tumor cell screen (see references [11-13] for detad). Compounds 11 
and 16 were not tested: ~GIs0 (~tM) full panel mean-graph midpoint. 
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Table lit. Total growth inhibitory concentration (TGI,/aM) of in vitro subpanel tumor cell lines. 

Cancer cell 6 7 8 9 13 15 I7  I8 I9  
line panel 

Leukemia >100 >10(/ >100 70.9 81.9 b 83.8 b 74 4 91 6 b >100 

Non-small 
cell lung >100 64.4 97.8 b 39.2 >100 68.0 51.6 95.0 b >100 

Colon 81.2 39.3 78.9 23 0 >100 35.6 38.1 76.3 >100 

CNS 95.3 b 76.7 85.0 b 60.8 92.2 b 41.4 25.3 89.6 b >100 

Melanoma 61.0 32 3 59.8 31.0 93.5 b 24.7 31 0 76.7 80.7 

Ovarian 9().8 h 49.6 86.6 b 50.6 > 100 52.7 25.4 > 100 > 100 

Renal 87.8 b 39.7 75.1 51.9 96.1 b 49.6 33.5 94.2 b 97.5 

Prostate 96.6 b 46 6 90.8 b 50.1 >100 55.2 62.5 >100 >100 

Breast 96.6 b 45 2 62.0 44.2 94.2 b 42.1 43 7 90.2 b >100 

MG-MID .t 83.2 47.9 75.9 38.9 93.3 40.7 30.2 85.1 95.6 

Compounds 11 and 16 were n o t  tested: compounds 10, 12 and 14 showed TGI values >100 btM. 
graph midpoint, bCompounds ~howed LCsu (median lethal concentratmn) >100 laM. 

-~TGI IbtM) full panel mean- 

sponding cell-line subpanel [13]. All of  the active 
compounds in the present study (7, 9, 15 and 17) 
proved to be nonselective with broad spectrum anti- 
tumor activity against the nine tumor subpanels used 
with ratios of 0.2-1.7 for GI> and 0.4-1.7 for TGI. 

Structure-activity correlations of the obtained anti- 
tumor screening data revealed that the 2-cyclohexyl- 
thioureido derivatives 15 and 17 IR' = C~Hs and CaH~; 
Gl~u (MG-MID) = 9.5 and 7.4 laM, respectively) are 
more active than their corresponding 2-n-butylthio- 
ureido compounds 10 and 12 (R' = C2H~ and C++H~: 
GIs,, (MG-MID) = 66.1 and 85.1 ~IM, respectively). 
The introductton of either the benzyl or phenyl moiety 
to position 4 of the thiosemicarbazone group in both 
2-cyclohexyl and 2-n-butylthioureido series gave 
compounds of  ahnost equal activity as shown in 13 
and 18 (R' = C,+H~CH< GIs0 (MG-MID) = 33.5 and 
33.9 IJM, respecnvely): and 14 and 19 (R' = C+,Hs: 
GIs.. (MG-M1D) = 79.4 and 53.7 JaM, respectively). It 
is worth mentioning that even though the n-butyl and 
cyclohexyl groups have the same spacial distance 
(four carbons length), the 2-cyclohexylthioureido 
series is more active than the 2-n-butylthioureido 
derivatives possibly due to the increased cell mem- 
brane permeability, which supports our earlier find- 
ings [ 1 ]. 

Further interpretation or" the obtained data showed 
that, within the cyclohexyl series, aliphatic substitu- 
tion at the 4-thiosemicarbazone moiety, such as in 15 
and 17 (Gls,, (MG-M1DI = 9.5 and 7.4 btM, respec- 
tively) increased the antitumor activity to more than 
threefold what was found for the aromatic substttution 

derivatives 18 and 19 (GIs0 (MG-MID) = 33.9 and 
53.7 btM, respectively). 

Replacing the -NHCSNHR'  of  the 4-thiosemicarba- 
zone moiety of 10-19 by the benzoylhydrazone group 
I -NHCOPh)  led to the more active compound 9 with 
GI> (MG-MID) = 8.5 btM, which is comparable to the 
activity of  compound 17. On the other hand, replacing 
the same moiety with sulphonylhydrazone synthon 
(-NHSO,Ph, 6 and 8) did not improve the antitumor 
potency. Benzoylhydrazones 7 and 9 (GI~0 (MG-MID) = 
17.8 and 8.5 btM, respectively) are found to be more 
active than the sulphonylhydrazone derivatives 6 and 
8 (GI+~, (MG-MID) = 33.1 and 30.9 btM, respectively). 
Further evidence emphasizing the enhanced activity 
of the 2-cyclohexylthioureido series over the 2-n- 
butyllhioureido derivanves is obtained by comparing 
the activity of  the 2-cyclohexylthioureido-4-benzoyl-  
hydrazone derivative 9 (GL0 (MG-MID) = 8.5 btM) 
with 2-n-butylthioureido-4-benzoylhydrazone deriva- 
tive 7 (GI~o (MG-MID) = 17.8 ~tM), compound 9 is 
about twice as active as 7. 

in conclusion, our investlgatton revealed that the 
-NHCOC6H~ and -NHCSNHC~M~ moieties could 
replace each other without loss of  antitumor activity, 
as shown from the obtained antitumor data of  
compounds 9 and 17. Compounds 9 MG-MID = 8.5, 
38.9 and 83.2 gM, 15, M G - M | D  = 9.5, 40.7 and 83.2, 
and 17 MG-MID = 7.4, 30.2 and 74.1 gM, for GL,., 
TGI and LCs,,, respectively, are the most active mem- 
bers of  this series, showing broad spectrum antitumor 
activity. 



Experimental protocols 

Melt ing points (°C. uncorrected) were recorded on a Electro- 
thermal melt ing point  apparatus. ~H-NMR spectra were 
recorded on a Varmn FT-80A. 80 MHz instrument, m DMSO-d,  
using TMS as an internal standard (chenncal  shift in 8 ppm) 
Microanalyncal  data (C, H. N) agreed with the proposed struc- 
tures within _+0.4% of the theoretical values. Thin  layer chro- 
matography (TLC) was performed on precoated sihca-gel 
plates (60-F 254, 0.2 ram) manufactured by EM Sciences Inc; 
shortwave UV light (254 nm) was used to detect the UV- 
absorbing compounds.  

Chemistry,  

1 -n-Buty l  or  l - cyc lo lw .o , l -3 -14- (e t lu )xv (arbonv l ) th iaco l -2  3"1] 
th ioureas  2 a n d  3 
A m~xture of  ethyl 2-aminothiazole-4-carboxylate  ( 1, 0.0l tool. 
1.7 g) and n-butyl or cyclohexyl isothmcyanate  (0.01 moll  in 
pyridine (10 mL) was heated under reflux for 8 h. the solvent 
was then removed  Ln vacuo. The obtained residue was flash 
chromatographed on SdlCa using CH=Ch. The purified com- 
pounds were then recrystalhzed, tH-NMR, 2 : 8  0.7-1.0 (m, 3H, 
-N(CH2)~CH~I, 1 2-1.8 (m, 7H, -CH,CH~ and -NCHz(CH_,n~, 
3.2-3.5 (m. 2H. -NCH~), 4.1 tq, 2H, -CH~CH0. 6.8 (brs, 2H, 
NH), 7 6 Is, IH, thiazole-H) 3 : 1 . 2 - 2 . 3  (m, 13H, cyclohexyl-H 
and -CH2CH3), 3.2-3.4 (m. IH, cyclohexyl-H),  4.2 (% 2H, 
-CH=CH0, 6.2-6,4 (m, IH, NH), 7.7 Is, IH, thiazole-H), 8.2 
(brs, IH. NH). 

l -n-Buty l  or  l -o 'c lohe.D,I-3-[4-(hydrazmocarbonvl) thulzol-2-yl  ]- 
th ioureas  4 and  5 
A mixture of the thiourea derivatives 2 or 3 ((1.01 moll and 
hydrazlne hydrate 85% (10 g, 0.2 moll  m ethanol (25 mL) was 
heated under  reflux for 4 h; the solvent was then removed 
under  reduced pressure and the moist  solid obtained was iso- 
troped twice with benzene (50 mL). The resulted solid was 
adsorbed to silica and colunm chromatographed using 20% 
EtOAc/CH=C1, to obtain an analytmally pure sample. IH-NMR, 
4: ~5 0 .6-0.9  (m, 3H, -N(CH=)3CH31, 1 2 - 1 . 6  ~m, 4H, 
-NCH=(CH=)=), 3.3-3_5 (m, 2H -NCH,_), 6 3 (brs, 2H, NH). 7.7 
Is, 1H, thiazole-H), 8.2 (m, IH, NH), 9 3 lbrs, 2H, NH). 5: 
1.0-2.1 tin, 10H, cyclohexyl-H),  3.1-3.2 (m, IH, cyclohexyl-  
H), 6.1-6.3 (m, 2H, NH), 7.7 Is, IH, thmzole-H),  7.9 (brs. IH, 
NH), 8.6 (m, 2H, NH). 

1-n-Buts'l  or  l - c y c l o h e x y l - 3 - [ 4 - ( N - h e n z e n e s u l p h o n v l  or  N- 
ben=oyl h y d r a z i n o c a r b o n y l  lthia=ol-2-yl l th toureas  6 - 9  
A mixture of the hydrazide derivatives 4 or 5 (0 01 moll and 
benzene sulphonyl chloride or benzoyl chloride 10.01 moll  in 
pynd ine  was stirred at room temperature for 10 h. Pyridine was 
then removed under reduced pressure, the gummy residue was 
washed with petroleum ether 60 -80  ° and was loaded onto a 
silica-gel column, then eluted with CH,CL The purified 
compounds  were then recrystalhzed. I H-NMR, 6:~5 0.7-1 _0 (in, 
3H, - N ( C H z ) 3 C H d .  1.1-1.7 Im, 4H, -NCH_~CH2L~), 3 .2-3.4 ~m, 
2H, -NCHz), 5.9 /br, m, 2H, NH), 7.4-7.8 (m, 6H, ArH and 
thmzole-H),  8.1 (brs, IH, NH), 9.3 (brs, IH, NHI. 7 : 0 . 8 - 1 . 1  
(m, 3H, -N(CH,)~CH~, 1.2-1.7 (m, 4H, -NCH=(CH,)=), 3.1-3.5 
(m, 2H, -NHCHe), 6.6 (brm, 2H, NH), 7 2-7.5 {n~, 5H. ArHI, 
7.7 Is, IH, thiazole-H), 8.3 (brm, 2H, NHI. 8 :1 .1 -2 .1  (m, 10H, 
cyclohexyl-Hh 3.0-3.3 (m, IH, cyclohexyl-H),  5.9 (brs. IH, 
NH), 6.2 tbrs, IH, NH), 7 .2-8.0 (m, 7H, ArH: thtazole-H and 
NH), 8.5 (brs, IH, NH). 9' 8 1.0-2,1 (m, 10H, cyclohexyl-H),  
3.1-3.3 (m, 1H, cyclohexyI-H),  4 .5-5.2  (brm, 2H, NH), 7 .1 -  
8.2 (m. 8H, ArH; thiazole-H and NH). 
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4-Alkv l  or  arv l -1 -12- (N-a lky l  or  N-ao ' l t h toure ido ) th taco l -4 -  
carbo l l y l ] th io semicarbaz tdes  1 0 - 1 9  
The acid hydrazide 4 or 5 ((I.(/l moll  was treated with alkyl or 
aryl isothiocyanate (0.015 moll  in ethanol (5() mL) and was 
heated under  reflux for 4 h. The separated solid obtained upon 
cooling was filtered and washed with water. The obtained 
solids were then recrystallized. IH-NMR, 10 :8  0.8-1.2 (m, 3H, 
-N(CHe)~CH3), 1.3-1 7 (m, 7H, -CH,CH~ and -NCHz(CH=I=), 
3.1-3.5 (m. 2H, -NCH=). 4.2 (in, 3H, -CH=CH~ and NH), 4.9 
(m, 2H, NH), 6.5 (brs, IH, NH), 7.4 (brs, IH, NH), 7 8 Is, 1H, 
thiazole-Ht,  12:~3 0 .8-2.2  (m, 17H, -N(CH=hCH> -NCH=¢CH=) 
and cyclohexyl-H),  3.0-3,6 (m, 4H, -NCH,,  cyclohexyl-H and 
NH), 5 1 (brs, 1H, NH), 6.7 (brs, IH, NH), 7.6 (m, 3H, thia- 
zole-H and NH). 1 3 : 8  0.9-1 1 (m, 3H, -N(CH_,)~CH3), 1.2-1.7 
(in, 4H, -NCH=(CH=)=), 3 2-3 .6  (m, 2H, -NCH,),  4.6 (m, 3H. 
BnCH,  and N H ) ,  5.4 Ibrm, 2H, NH), 7.3 (m. 6H, ArH and 
NH), 7.7 Is, IH, thiazole-H/,  8.2 (brs, IH, NH). 1 4 : 8  0.8-1.1 
(m, 3H. -N(CH,)~CH0, 1.1-1.7 (m, 4H, -NCH=(CHe):), 3.1-3.5 
(m, 2H, -NCH~_), 5.2 (brm, 2H, NH), 6 2 (brs, 1H, NH), 7.2 Is, 
5H, ArH), 7.8 (s, 1H, thiazole-H), 8.3 (brm, 2H, NH). 15: 8 
1.0-2 1 (m, 13H, -CH_,CH3 and cyclohexyl-H),  3.1-3.3 Ira, IH, 
cyclohe~yl-H),  4 .1-4.3 (m, 3H, -CH=CH~ and NH), 5.6 (brm, 
2H, NH), 6 4  (brs, 1H, NH), 6 9  (brs, IH, NH), 7.7 Is, IH, thi- 
azole-H). 1 6 : 8  0.9-2.3 (m, 17H, -N(CH,hCH~. -NCH_~(CH:)= 
and cyclohexyl-H),  3.1 3.6 Ira, 3H, -NCH= and cyclohexyl-H),  
4.9 (brs, 1H, NH), 5.4 lbrm, 2H, NH), 6.3 (brs, 1H, NH), 7.7 
Is, IH, thiazole-HI, 8.1 (hrs, IH, NH). 18: ~ 1.1 2.2 (m, 10H, 
cyclohexyl-H),  3 .0-3.4 (m. IH, cyclohexyI-H),  4.4 (m, 3H, Bn 
CH, and NH), 6,4 (m, 2H, NHI, 7.3 (m. 6H, ArH and NH), 7.6 
Is, IH, thiazole-H), 8.0 (brs, 1H, NH). 19:~3 1.0-2 1 tin, I()H, 
c2¢clohexyl-H), 3.0-3.3 Ira, 1H, NH), 6.5 (brs, 1H, NH), 7.3 Is, 
5H, ArH), 7.7 Is, IH, thiazole-H), 7.9 (m, 2H, NH). 
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