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strong lines at 78 C.P.S. in a and a t  76 C.P.S. in p 
arise from the 5-methyl, and the doublets at 47 and 
54 C.P.S. in a and 71.5 and 78.5 C.P.S. in p are due 
to the 9-methyl. (In the 0-acetylated derivatives 
the 9-methyl frequencies are identical with those 
given above; the 5-methyl frequencies are 80 and 
78 c.P.s., respectively.) The 25 C.P.S. difference 
in the 9-methyl frequency between a and p is the 
result of a change in environment of the 9-methyl 
from a position above the aromatic ring in I Ia  to 
one near the nitrogen atom in IIIa. In  the former 
case the "ring current" effect will produce a dia- 
magnetic (upfield) shift2* of the order of 25 C . P . S . ~ ~  
The effect of the nitrogen in I I Ia  is less readily 
evaluated quantitatively, but it seems likely that 
repulsion of the electrons in the C-H bond by the 
negative nitrogen atom might produce a small 
paramagnetic shift.24 Since these two effects 
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difference. 25 c.p.9.. is undoubtedly fortuitous, but the  ring current 
effect is seen to be of the right magnitude t o  account for the  observed 
difference. 

(24) A somewhat analogous situation occurs, for example, in 
certain steroids where the  angular methyls experience a paramagnetic 
shift of 6-10 c.p.8. when subjected to  the  influence of a n  11-p-hydroxyl 
group (cf., J. N. Shoolery a n d  &I. T. Rogers, J. Am. Chem. Soc., SO, 
5121 (1958)). 

1370 (1957). 

appear to be the only significant factors in altering 
the resonance frequency of the 9-methyl protons 
in the two molecules, I Ia  should have its 9-methyl 
absorption a t  higher field than IIIa. Thus the 
predominant isomer (a) has the structure IIa, in 
agreement with the rate studies discussed above. 

By means of stereoselective adsorbentsZ6 it has 
been shown that (-)-2'-hydroxy-2,5,9-trimethgl- 
6,7-benzomorphan, the analgesically active anti- 
pode of I Ia  is related stereochemically to (-)-3- 
hydroxy - N - methylmorphinan (levorphanol, 
IV) and morphine. Furthermore, a cis-fusion of 
rings B and C for morphineZ6 and the morphi- 
nans9~z7 and the epimeric relatioilship of the iso- 
morphinansZ8 a t  C- 14 have been rigorously proved. 
It follows therefore that the a-benzomorphan~~ 
are comparable in stereochemistry to IV  and V, 
and that the @-compounds conform to the iso- 
morphinan pattern. 

In general, these @-compounds (111) are lower 
melting, more soluble, and from 7-70 times more 
potent than the a counterparts (11). Assuming 
that all the activity resides in the levo-enantio- 
morphs the most active I11 (R1=Et, Rf=Me) 
would have twenty to thirty times the analgesic 
potency of morphine. Experiments designed to 
render I11 more readily available are in progress. 
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A number of new 2-hydroxythiazoles and 2-chlorothiazoles have been prepared from the corresponding w- and a-thio- 
cyanato ketones reported earlier.lb The 2-hydroxythiazoles were screened for their i n  vitro activity against Str. haemolyticus, 
M .  pyogenes varaures, B. subtilis, S. paratyphi, S. schotlmuelleri, S. typhi, B. coli, Sh .  sonnei, and 8. paradysenteriae (Flexener), 
and some of thc compounds have been found to inhibit the growth of a wide variety of bacteria a t  a dilution of 1 in 1000. 

The synthesis of some 2-chloro- and 2-hydroxy- 
thiazoles required as intermediates in the prepara- 
tion of therapeutically important 10 : 11 thiopegans 
was reported earlier.2-6 The present paper const,i- 
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tutes an extension of the previous work and de- 
scribes the synthesis of some 2-hydroxy- and 2- 
chlorothiazoles, with phenolic, alkoxy, alkyl, and 
acetamino, phenyl moieties in position 4 of the 
thiazole system. A number of 5-methyl-substi- 
tuted thiazole derivatives were also prepared with 
a view to studying the effect of the alkyl group on 
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TABLE I 
2-HYDROXYTHIAZOLES 

SI,. 
NO. 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

w-Thiocyanato Ketone 

w-Thiocyanato-p- 
ethoxyacetophenone 

w-Thiocyanatoaceto- 
vanillone 

w-Thiocyanato-3,4- 
dimethoxyaceto- 
phenone 

w-Thiocyanato-2,4- 
dimethoxyaceto- 
phenone 

w-Thiocyanato-2,5- 
dimethoxyaceto- 
phenone 

w-Thiocyanato-p-ethy I- 
acetophenone 

w-Thiocyanato-2- 
hydroxy-5-methoxy- 
acetophenone 

w-Thiocyanato-2- 
hydroxy-4-met h- 
oxyacetop henone 

acetaminoaceto- 
phenone 

hydroxy-5-acetami- 
noacetophenone 

w-Thiocyanato-3- 
methyl-4-methoxy- 
acetophenone 

w-Thiocyanato-2- 
met hy l-5-met hoxy- 
acetophenone 

a-Thiocyanatopropio- 
phenone 

a-Thiocyanato-p- 
chloropropio- 
phenone 

a-Thiorpanato-p- 
methylpropiophe- 
none 

bromopropiophe- 
none 

ethylpropiophenone 

w-Thiocyanato-p- 

w-Thiocyanato-2- 

a-Thiocyanato-p- 

a-Thiocyanato-p- 

Product 

2-Hydroxy-4-( 4- 
ethoxypheny1)- 
thiazole 

methoxy-4-hydroxy- 
pheny1)thiazole 

2-Hydroxy-4-( 3,445- 
methoxypheny1)- 
thiazole 

dimethoxypheny1)- 
thiazole 

dimethoxyphenyl) - 
thiazole 

2-Hydroxy-4-( 4-ethyl- 
pheny1)thiazole 

2-Hydroxy-4-( 2- 
hydroxy-5-meth- 
oxypheny1)thiazole 

hydroxy-4-meth- 
oxypheny1)thiazole 

acetaminopheny1)- 
thiazole 

hydroxy-5-acetami- 
nopheny1)thiazole 

methyl-4-methoxy- 
pheny1)thiazole 

methyl-5-methoxy- 
pheny1)thiazole 

2-Hydroxy-4-phenyl-5- 
methylthiazole 

2-Hydroxy-4-( 4- 
chlorophenyl)-5- 
methylthiazole 

2-Hydroxy-4-(p- 
tolyl)-5-methyl- 
thiazole 

2-Hydroxy-4-( 4- 
bromophenyl)-5- 
methylthiazole 

2-Hydroxy-4-( 4-ethyl- 
phenyl)-5-methyI- 
thiazole 

2-Hydroxy-4-( 3- 

2-Hydroxy-4-( 2,4- 

2-Hydroxy-4-( 2,5- 

2-Hydroxy-4-( 2- 

2-Hydroxy-4-( 4- 

2-Hydroxy-4-( 2- 

2-Hyd roxy-4-( 3 - 

2-Hydroxy-4-( 2- 

Solvent 
for 

% tion 
Yield, Cry&dlisa- 

57.5 so:; 
(crude Ethanol 

product) 
50 

26.4 

96 

60 

5 2 . 5  

46.6 

60 

24 

53.6 

36.6 

50 

67 

83 

60 

61 

60 

the therapeutic activity of the thiazole ring as well 
as of the resulting thiopegaii derivatives. 

The mechanism of the reaction leading to the 
formation of 2-hydroxy- and 2-chlorothiazoles 
has been reported a l r e a d ~ . ~ , ~  

2-Hydroxy-4-(4-acetaminophenyl)thiazole has 
Iwcn found t o  inhibit the growth of Rtr.  haemolyti- 
cus, M. pyrogenes varaures, S .  paratyphi ,  S .  schott- 
muelleri ,  S .  typhi ,  B .  coli, Sh. parudysenteriae 
(Flexener), a t  a concentration of 1 in 1000 and only 
S t r .  haemolyticus at 1 in 5000 while 2-hydroxy-4- 
(2,5-dimct hylphenpl) t hiazole, 2-hydroxy-4- (2-hy- 
droxy-5-mcthoxypheny1)t hiazolc, and 2-hydroxy4 
( I -mc~ th~ lph~ .n~ l ) - . i -mc th~- l  thiazolr h a w  shon n 

Ethanol 

Dilute 
ethanol 

Dilute 
ethanol 

Ethanol 

80 c/o 

Ethanol 
ethanol 

Ethanol 

Acetic 
acid 

80 % 

80 4'c 

Ethanol 

ethanol 

ethanol 

Ethanol 

80 % 

so::, 

50s; 

80 %c 

ethanol 

ethanol 

ethanol 

ethanol 

Molecular 
A1.P. I'ormula Calcd. I~orind 

180 CuK,lOeNS N, 6.33 X, 6.10 

170 CiuHg03SS S, 6 28 N, 6 2 
S, 14 35 S, 14 8 

188 CilHliO NS N, 5 9 N, 6 14 
s, 13 5 Y, 13 30 

138-139 CiIHii03SS S, 5 97 N, 5 63 

183 Cl,HliOaXS N, 6 .33  S, 6.15 

204 CllHliOSY S,  G 82 S,  6.87 

191 CIoHg03SS N, 6.27 S ,  6.26 

184 CIoH1003?;S S,  6 . 2 5  S, 6.15  
S, 14.22 S, 14.05 

299 CiiHioOeNzS N, 11.96 N,  11.9 
S, 13.67 S, 13.43 

260 Ci,HlOOjN&3 N, 11.2  N, 10.90 

187 CllHllOPSS S, 6.33 S, G.08 

230 CllHllOzSS S, 14.40 S, 14.47 

168 C,,H90KS S, 7 3 S,  7 3 

205 CioHsOSSCl S, 6 68 ?;, 6.3G 
S, 15 27 S, 14.7 

184 CiiHliOSS S, 6 82 S, 6 64 

231 Cl0H&XSBr S, 11.55 S, 12.40 

139 C1,HlaONS S, 6.39 X, 6.13  

activity against Air. haemolyticus,  JI. pyogenes, S .  
paratyphi ,  S .  schottmeulleri, and S .  t yph i ;  Str .  hae- 
molyticus,  M .  pyogenes, B. subtilis, and S .  para- 
typhi;  and S t r .  haemolyticus, B.  szibtilis, and S. 
paratyphi, respectively, a t  a dilution of 1 in 1000. 

Experimental 
General Procedure for the Preparation of 2-Hydroxy- 

thiazoles.-Thiocpanato ketone, 4.0 g., was dissolved in 16 
to 20 ml. of glacial acetic acid and to this was added a solu- 
tion containing 2 ml. of water and 0.5 to 1 ml. of concd. 
sulfuric acid. The mixture was heated on a water bath for 
1-2 hr. After cooling and dilution uith 50-60 ml. of water, 
the protiiirt I\ as rollertcd by suction nvcr a Riichnpr funnel 
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TABLE I1 
2-CHLOEOTHIAZOLES 

2149 

SL. 
KO. 

1. 

2 .  

3. 

4. 

5.  

6. 

7. 

w-Thiocyanato Ketone 

w-Thiocyanato-p- 
ethoxyaceto- 
phenone 

w-Thiocyanato- 
vanillone 

w-Thiocyanato-3,4- 
dimethoxyaceto- 
phenone 

w-Thiocyanato-2,4- 
dimet hoxyaceto- 
phenone 

w-Thiocyanato-2,5- 
dimethoxyaceto- 
phenone 

ethylacetophenone 
w-Thiocyanato-p 

w-Thiocvanato-2- 
hydroiy-5-meth- 
oxyacetophenone 

hydroxy-4-meth- 
oxyacetophenone 

9 a-Thiocyanatopro- 
piophenone 

10. a-Thiocyanato-p- 
chloropropio- 
phenone 

11. a-l'hiocyanato-p- 
methylpropio- 
phenone 

12. a-Thiocyanato-p- 
bromopropio- 
phenone 

13. a-Thiocyanato-p- 
ethylpropio- 
phenone 

8. w-Thiocyanato-2- 

Product 
2-C hloro-4-( 4-ethoxy- 

pheny1)thiazole 

2-C hloro-4-( 3-meth- 
oxy-4-hydroxy- 
p heny1)thiazole 
Hydrochloride 

2-Chloro-4-( 3,4- 
dimethoxypheny1)- 
thiazole 

dimethoxypheny1)- 
thiazole 

diniethoxypheny1)- 
thiazole 

2-Chloro-4-( 4-ethyl- 
pheny1)thiazole 

2-Chloro-4-( 2-hy- 
droxy-5-methoxy- 
pheny1)thiazole 

2-Chloro-4-( 2-hy- 
droxy-i-methoxg- 
pheny1)thiazole 

2-C hloro-4-phenyl-5- 
niethylthiazole 

2-Chloro-4-( 4-chloro- 
phenyl)-5-methyl- 
thiazole 

2-C hloro-4-met hyl- 
phenyl-5-methyl- 
thiazole 

2-Chloro-4-( 4-bromo- 
phenyl)-5-methyl- 
thiazole 

2-Chloro-4( 4-ethyl- 
phenyl)-5-methyl- 
thiazole 

2-Chloro-4-( 2,4- 

2-Chloro-4-( 2 , s  

Yield, 
70 

57 

69 

58 

50 

69.4 

G l  

70 

48 

60 7 

88 

82 

73.8 

82 

All the hydroxythiazoles were obtained in a fairly pure form. 
These a ere, however, crystallized from the appropriate 
solvents. The yields, physical characteristics and analytical 
data for 2-hydroxythiazoles is given in Table I. 

2-Chlorothiazoles.-Each thiocyanato ketone, 2 g., was 
dissolved in 100 to 120 ml. of absolute ether which was then 
saturated with dry hydrochloric acid (ca. 2 hr.). After re- 
moving the solvent, the residue was triturated with a 2% 
solution of sodium carbonate in the cold, filtered, washed 
with water and crystallized from dilute ethanol in light pale 
needles. The liquid products were distilled in vacuo. 

In the case of 2-chloro-4-(3-methoxy-4-hydroxyphenyl)- 
thiazole, the hydrochloride has been isolated. The product 

Solvent 
of 

tion B.P./Mm 
Cry~tallisa- M.P. or 

Ethanol 100 

60 % 70 
ethanol 
-glacial 190 
acet8ic 
acid 

40% 120 
ethanol 

80 % 105 
ethanol 

Ethanol 100 

80 % 50 

80 % 105 
ethanol 

ethanol 

80 c,'o 95-96 
ethanol 

90-95"/30 mm. 

100°/15 mm. 

100"/15 mm. 

100°/S mm. 

100°/12 mm. 

Molecular 
Formula Calcd. Found 

CiiHioOSSCl N, 5.88 N, 5.66 
S, 13.36 S, 13.7 

CioHsOzXSCl S, 12.8  S, 13.2 
CioHsOzNSClz 

Pi, 5 . 0  N, 4.45 

Cl~HloO~SSC1 N, 5 . 5  N, 5.23 

CllHlo02NSC1 N, 5.47 N, 5 .30  

CllHloNSCl Tu', 6.25  N, 6 . 1  

CloH80zNSCl N, 5.79 N, 5 .78  

CIoHsOgNSCl S, 5.79 S, 5.62 

CloHsXSCl C1,16.94 C1,17.34 

CloH7NSClz C1,29.09 C1,28.95 

CllHloNSCl N, 6 26 S, 6.22 

CjoH7SSCl . N, 4 .85  N, 4 . 7  
S, 11.09 s, 11.09 

C12H1zNSCl N, 5.89 X, 5.53 
C1,14.90 C1,14.93 

after crystallization from glacial acetic acid melts a t  190". 
Anal. Calcd. for C1oHQOJSClJ: S, 5.0. Found: 5, 

4.90. 
The yields,, physical characteristics, and analytical data 

for 2-chloroth~azoles are listed in Table 11. 
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