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2-(N,A/-Disubstituted Amino)thiazoles with Electron-withdrawing Groups 
a t  Position 5 : Preparation and Investigation of Structural Features 

Timothy N. Birkinshaw, David W. Gillon, Shaun A. Harkin, G. Denis Meakins," and 
Malcom D. Tire1 
Dyson Perrins Laboratory, Oxford University, South Parks Road, Oxford 0x1 3 Q  Y 

A convenient procedure for preparing N-mono- and N,N-di-substituted cyanamides from cyanogen 
bromide has been developed. N,N- Disubstituted thioureas, obtained from the cyanamides, were condensed 
with u-bromo- a-cyano-ketones to give 5-cyano-2- (N,N-disubstituted amino) thiazoles and with 
Z-  bromo-ketones to give 2- (N,N-disubstituted amino)thiazoles. Substitution in the latter products 
afforded 5-trifluoroacetyl- and 5-nitro-2- (N,N-disu bstituted amino) thiazoles ; nitration is greatly facilitated 
by the presence of a 4-aryl group. 

The average values of the barriers to rotation of the 2-NR2 groups (AGSZg8) in the 5-substituted 
thiazoles were established by variable temperature H n.m.r. spectrometry to be 57.4 kJ mol-' (5-N02), 
56.2 (5-COCF3), and 51.5 (5-CN). 1.r. examinations showed that the 5-trifluoroacetyl compounds adopt 
one rotational form preferentially; this is probably the carbonyl U,S-syn-conformation. 

Previous studies of 2-(N,N-disubstituted amino)thiazole-5- 
carbaldehydes ' and -5-carboxylates have given information 
about the rotational barriers of their 2-amino groups and the 
conformational preferences of their 5-substituents. The object 
of the present work was to extend the range of electron- 
withdrawing substituents at position 5 and to vary more 
widely the groups attached to the exocyclic nitrogen atom. I t  
was hoped that this would extend the knowledge about 
structural features such as the degree of mesomeric inter- 
action between the 2-amino group and various Ssubstituents 
attached to the thiazole nucleus. 

The preparative work, sunimarised in Schemes 1 and 2, 
was aimed at producing three series of 2-(N,N-disubstituted 
amino)thiaz.oles (hereinafter abbreviated to 2-NR2-thiazoles), 
ri:., tlie 5-cyano (lo), 5-nitro ( I  I ) ,  and 5-trifluoroacetyl (12) 
derivatives. I t  was intended to study only a selection of the 
conipounds arising from all the possible combinations of the 
I<' ,  Rz, and R3 groups in Scheme I ; those prepared are listed 
i n  Table 1 .  Before the present work several 5-nitro-2-NR2- 
thiazoles lacking 4-substituents and a few with 4-substituents 
were known, but o n l y  two 5-cyano compounds had been 
described and there appeared to be no record of a 5-trifluoro- 
acetyl-2-N Rz-t h i a ~ o l e . ~  While i t  seemed I i kely that the 5-ni tro 
and 5-trifluoroacetyl compounds could be obtained by 
electrophilic substitution of the parent thiazoles (8), no 
convenient method for introducing the cyano group suggested 
itself. Thus the plan was to produce the thiazoles (8) and the 
5-cyan0 derivatives (10) by Hantzsch syntheses, and for these 
a range of N,N-disubstituted thioureas was required. 

As explained earlier ' the reaction of aniines with silicon 
tetraisothiocyanate was unsatisfactory for preparing some 
of the required N,N-disubstituted thioureas and attention was 
turned to Wallach's route ' (later modified ') involving 
addition of hydrogen sulphide lo cyanamides. Many N-mono- 
and N,N-di-substituted cyanamides were first obtained from 
amines using bromine and potassium cyanide (a method which 
Fails with aromatic aniines),' and in  an even earlier metliod 
cyanogen bromide was treated with an excess (at least 2 equiv.) 
of the aniine; both methods have been used subsequently.* 
More recently ' the N-monosubstituted cyanamides have 
been prepared more efficiently from equivalent amounts of 
primary aniines and cyanogen bromide in the presence of a 
base (anhydrous sodium carbonate). I n  the present work a 
study of various bases and solvent combinations led to an 
efficient general procedure (Scheme 2) for converting primary 
and secondary amines into cyanamides (yields 80-90';'1) 

which is more convenient than the published routes to some of 
the known aniines (e.g., N-t-butylcyanamide lo). 

Hantzsch condensations between various cc-bromo-ketones 
(4) and the thioureas (3a-e) and (3k) gave the parent 2-NRz- 
thiazoles (8); as explained earlier the 4-benzyl conipounds 
(8; R3 = PhCH2) are more readily obtained via the 5-  
carboxylates (9; R3 = PhCH,). Condensations involving 
cr-bromo-a-cyanoketones (7) are less satisfactory but three 
5-cyano-2-NR2-thiazoles (10) were prepared in this way. 
Trifluoroacetylation of the 2-NR2-thiazoles (8) was remarkably 
easy and a simple general procedure afforded nineteen 5-tri- 
ftuoroacetyl-2-NR2-thiazoles ( 1  2) in 85-95% yield. In con- 
trast, nitration presented difficulties. 

Nitration of 4-substituted 2-aniinothiazoles (R = H, Me, or 
Bu') occurs at 20 "C in a medium consisting of 70% nitric acid 
and an excess of 70-98% sulphuric acid." It appears that 
2-nitroaminothiazoles are formed initially and that these 
isomerise to 5-nitro-2-amino compounds in an acid-catalysed 
process at a rate determined by the strength of the sulphuric 
acid; whether the 5-nitro-2-amino derivatives are also 
produced directly in a competing reaction is not clear. 2- 
D i met h y lam i n 0- , 2- pi per i d i no-, and 2- mo r p h 01 i no - t h i azo le 
are satisfactorily nitrated at position 5 by mixed acid,', but 
other 2-NR2-thiazoles are reported to undergo cleavage rather 
than nitration . 1 3  

I n  the present work (Scheme 2) it  was found that 4-alkyl-2- 
NR2-thiazoles are unaffected by 70% nitric acid alone. The 
4-alkyl-2-N Mez compounds are smoothly converted into their 
5-nitro derivatives ( I  la) by mixed acids, but when a benzyl 
group is present at pasition 4 or o n  the exocyclic nitrogen 
extensive decomposition occurs. Nitration of two benzyl- 
containing thiazoles (8a; R3 PhCH,) and (8c; R3 = PI-') 
was accomplished, in  low yield, using nitronium tetrafluoro- 
borate. In  the 4-t-butyl-N-n1ethyl-N-phenylaniinothiazole 
(8b; R3 R u t )  the phenyl ring is the more readily nitrated. 
An unexpected result, not previously reported, is that 4- 
aryl-2-NRz-thiazoles are efficiently nitrated at position 5 by 
cold 70'x nitric acid alone, and with this type the presence 
of a benzyl group does not lead to complications. Further 
work is being carried ou t  o n  tlie comparison between 
4-alkyl- and 4-aryl-2-NRz-thiazoles in  other electrophilic 
substitutions. One 5-nitro derivative ( I lc ;  R3 Me) was 
obtained by a Hantzsch condensation ; another possible 
approach, treatment of 2-bronio-5-nitrothiazoles with amines, 
is unsatisfactory for secondary amines containing bulky 
groups." 
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R'R'NH + Br-CN 4 R ' R 2 N . c ~  - R'R2N.CS.NH2 

(la-i 1 (2a-i  (30 - e ,k  1 

X (2f,g) 5 ( 2  j , k )  
I 

R3.C0 . C H B r  
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(4) X = H 
( 5 )  x = C02Et 

(6)  X = NO;, 
(7) X = CN 

R' R2  R '  RZ 
a ;  Me Me g; H BU'CH~ 
b; Me Ph h; Et Et 
c ;  Me PhCHz i; Pr' Pr' 
d ;  Me CF3CHz j ;  Me But 

e ;  dH2CH,CH PhCHz k; Me Bu'CH, 
f ;  H But 

R3 = H, Me, PhCH,, Prl, But, Ph, C6&BT-p, or C6H4OMe-p 

Scheme 1. N,N-Disubstituted cyanamides and thioureas, and 5- 
derivatives of 2-(N,N-disubstituted amino)thiazoles. Recigenfs: i, 
MgC0,-H,O-Et,O or EtOAc, 5 "C; i i ,  H,S-Et,N-EtOH, 10 "C; 
iii, Mel-KOH-Me2SO; iv, EtOH or MeKO or Me,CO-MgSO,, 
heat; v, ~M-HCI, heat; vi, see Scheme 2;  vii, (CF3C0)20-C6H6, heat 

The main spectrometric results are shown in Table 2. With 
most of the 5-substituted-2-NR2-thiazoles (lo), ( I  l ) ,  and ( I  2), 
splitting of the N - C H  'H n.m.r. signals occurred in  the range 

3 to -20 "C, and standard treatment I s  led to the AGt 
values for rotation of the 2-NR2 groups. In  the amines with 
R, - Me and Ph, Me and CF3CH2, and PhCH2 and cyclo- 
propyl no splitting was observed. I t  could be argued that the 
electronic effects of these groups lower the rotational barrier, 
but the AGX values would have to be below ra. 38 kJ niol ' to 
account for the absence of splitting at -90 "C. This is unlikely 
since 2-diniet h ylani i not hiazole (no 5-su bsti tuen t ) has ACr 
32.2 kJ rnol ' , I 6  and it seems more probable that with these 
2-NR2 groups one rotameric form is markedly the more 
stable and is adopted preferentially over the temperature 
range studied. The variations in the AGt values of the members 
of the different types, (lo), ( 1  l ) ,  and (12), are small. Thus, as 
with 5-aldehydes ' and 5-~arboxylates,~ the nature of the 
4-substituent and the 2-NRz groups has little effect on the 
barrier to rotation, and since the variations are less than the 
possible errors i n  the values further discussion is unwarranted. 
[For the one 5-nitro-2-NRz-compound ( 1  l a ;  K 5  H )  
examined previously, in CHFzCl at 60 MHz," A@ war found 
to be 51.9 kJ mol ' at 241.5 K .  The present study gives a value 
of 53.8 mol I at this temperature.] Scheme 3 shows the 

1 

(8a; R3 = H, Me, Pr', and But) + 
( l la ;  R3 = H, Me, Pr', and Bu') 

I 1  
(8a; R3 = Ph, C6H4Br-p, and C6H40Me-p) + 

(1 la ;  R3 = Ph, C6H4Br-p, and C6H,0Me-p) 

I1 

(8c; R3 = C6H4Br-p) + ( I  Ic; R3 = C6H4Rr-p) 

1 

(8b; R3 = Bu') --+ (13) + (14) 
... 
111 

(8c;  R3 = Me) $+ ( I  Ic; R3 = Me) f- (3c) + (6; R3 = Me) 

iv  

(8a; R3 = PhCHJ 
(8a; R3 = PhCH2) & ( 1  la ;  R3 = PhCH2) f- 

iv 
(8c; R3 = Pri)& ( l lc ;  R3 = Pr') (8c; R3 = Pr') 

Scheme 2. Preparation of 5-nitro derivatives of 2-(N,N-disubsti- 
tuted amino)thiazoles. Reagents: i ,  70% HNO,-HLSOJ at 20 "C; 
ii, 70% HNO, at 5 "C; iii, Me2C0, heat; iv, NO,+ BF,--MeCN or 
tetrahydrothiophene 1,l-dioxide 

0 c F3 
(111 (IY 1 

carbonyl O,S-syn carbon y 1 0, S - ant,  

E NOz COCF, CHO" C N  C 0 , E t "  H 
Number of I I 13 6 2 I 1  1 
co ni pu u n d s 

Average 57.4 56.2 52.5 51.5 44.2 33.2 
AG%zm(kJ 
mol ') 

" Ref. 1. ' Ref. 2. ' Ref. 16, AGS,,, in CHF,CI a t  60 M t k  

Scheme 3. Barriers t o  rotation of 2-NKZ groups in compound.; of 
types (lo),  ( I  I ) ,  and (12);  rotational isomerism In ccirnpounds of 
type (12)  

average AGX values for different types 01' 5-substituted 
2-NRz-thiazoles. For comparison with these the figure for the 
rot at i o n a1 barrier of 2 - d i met I1 y 1 am i not h i azo I e s h o u 1 d be 
increased slightly, probably (in line with the 5-nitro derivative) 
to cu. 36 kJ mol I .  A mesorneric effect is seen to operate in all 
types, and increasing ACX values can be equated with larger 
contributions of the dipolar canonical f o r m  ( 1 1 ) .  The lack of 
sensitivity towards the size of the 4-substituent implies that 
mesonierism is n ot appreciably i t i  h i bi ted by st er ic i n terac t ions 
which might be expected to arise in form ( 1 1 )  o f  the .5-NO2, 
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5-COCF3, and 5-C02Et types. This point also emerges from 
the correspondence between the AGt values and the op- 
constants of the 5-substituents for which figures are available 

Interpretation of the i.r. bands of the 5-trifluoroacetyl 
derivatives ( 1  2) is not straightforward. These compounds 
show doublets (h, higher, and I, lower wavenumber bands) 
which may be ascribed to the presence of the rotational 
isomers (111) and (1V) (Scheme 3), but the 1-bands are so weak 
as to preclude precise curve resolution. [The exceptional 
behaviour of compound (12a; R3 = H) in MeCN probably 
arises from the incursion of Fermi resonance.] That the I9F 
n.m.r. signals remain as sharp singlets on cooling the solutions 
to -90 "C does not necessarily argue against the presence of 
rotamers. Although the i.r. bands lie in narrow wavenumber 
ranges the nature of the 4-substituent has somewhat different 
effects on the h- and 1-bands. Reasoning as before '1'' suggests 
that the predominant rotamers, giving the h-bands, have the 
carbonyl 0,s-syn-arrangement (111). There may appear to be 
a contradiction between the interpretation of the i.r. data and 
that of the n.m.r. results with regard to the effects of 4- 
substituents. Thus it has been argued that the nature of the 
4-substituent does have a discernible influence on the position 
of the CO band of the trifluoroacetyl group but not on its 
A@ value. This apparent conflict arises from the different 
degrees of accuracy with which the results are obtained. A 
small change in the CO position caused by altering the 4- 
substituent is readily observed but the corresponding change 
in the rotational barrier is likely to be smaller than the 
statistical error of the n.m.r. examination. 

(NO,, 1.27; CHO, 1.13; CN, 1.00; COZEt, 0.68). 

Experimental 
Since most of the preparative work involved application of 
general procedures these are illustrated by examples and the 
products obtained by each procedure are then specified. The 
characterisation of new compounds and leading references 
to known compounds are given in Table 2. 

Ncopetityl~yununiide (2g).-Neopentylamine (1 I .7 g) was 
added during 30 min to a stirred dispersion of MgCO, 
(4 g) in H,O-Et,O (50 nil; 1 : 9) containing BrCN (14.4 g) at 
at 5 "C,  and the stirring was continued for 1 h at 20°C. 
Dilution with water, isolation with Et,O, and distillation gave 
tiec)pc~ntyIr:L.uncit?iiric ( I  2.7 g). A similar yield was obtained 
when EtOAc was used in place of Et,O. The cyanamides 
(2a--i) were thus obtained, yields 80-90:/,. 

N - M e  th y I- N -ncwpcn t y lcyur i c w  iidc ( 2 k ) .-- M e I (9.2 m 1) was 
added during 10 min to a vigorously stirred suspension of 
finely powdered KOH (6.5 g) in Me2S0 (65 ml) containing 
neopentylcyanamide (2g) (8.2 g) and the stirring was 
continued for 1 h. Dilution with water, isolation with Et,O, 
and dis t i I la t ion gave N - t i i c ~ t l i y l - N - n c ~ o p ~ ~ t ~ t , v l ~ ~ y r m a r , ~ i ~ k c ~  (7.8 g). 
S i in i I a r I y obtained was N - t -I> i i  t.vl- N -nic tirjdc y r m c i t i  iiclr. ( 2j  ) 
(87;:). 

N- Mcthyl- N - n c ~ o p ~ ~ t i t ~ , k t ~ i i ~ ~ ~ ~ r i ~ ~ ~  (3 k ) .  --Dry H2S was bubbled 
through a solution of N-methyl-N-neopentylcyanamide (2k) 
(5.6 g) and Et,N (12 nil) in EtOH (14 nil) at 10 "C for 2 h,  
and the mixture was filtered. The precipitate crystallised from 
EtOH to give N-riicltiiyl-N-trL.t,pc.ntlt?~ltiliol(r~~u (3k) (3.6 g). 
Evaporation of the filtrate gave material which was dissolved 
i n  CH,CI,. The solution was boiled with active charcoal, 
filtered, and evaporated. Crystallisation of the residue gave a 
second batch of product ( I  .7 g), m.p. 152-1 54 'C. Products 
thus obtained were the thioureas (3a--e) and (3k),  yields 
65--80", after crystallisation from EtOH or Pr'OH. 

4- Methyl-2-( N-nzeth yl-N-neopentylarnino)thiazole (8 k ; R3 
= Me).-A solution of chloroacetone (2.2 ml) in Me2C0 

(5 ml) was added during 10 min to a solution of the thiourea 
(3k) (4.05 g) in Me2C0 (25 ml) which was boiling under 
reflux, and the boiling was continued for 2 h. The solution was 
poured into ~M-H,SO,, washed with Et,O, and basified with 
I~M-NH, .  lsolation with Et,O and distillation of the product 
gave the thiuzoke (8k; R3 = Me) (4.3 g). A similar yield was 
obtained when anhydrous MgSO, was present during the 
condensation; the use of EtOH in place of MezCO led to a 
lower yield (75%). Similarly obtained were the thiazolcs 
(8e; R3 - -  Pri and C,H,Br-p), yields 70438%. 

4- Benzyl-2-[N-methyl-N-(2,2,2-frifluoroethyl)at~iino]thia~~~le 
(8d; R3 = PhCHz).--Condensation of ethyl 2-bromo-3-0x0- 
3-phenylpropanoate (5; R3 -= Ph) with the thiourea (3d) 
using a suspension of anhydrous MgS0, in dry Me2COZ gave 
ethyl 4-benzyl-2-[N-methyl-N-(2,2,2-trifluoroniethyl)ut~iino]- 
thiuzole-5-carbo~ylute (9d ; R3 7 PhCH,) (80%). Hydrolysis 
and decarboxylation of this ester by boiling under reflux 
with ~ M - H C I  for 6 h '  afforded the thiazole (8d; R3 = PhCH,) 
(76%). 

5-Cyuno-2-dimethyluniino-4-t~iethylthiazolc ( 1 Oa ; R3 -- Me). 
--The precipitate obtained by treating MeCN (25 g) with Na 
(8 g) suspended in dry Et20  (300 mi) was collected and 
dissolved in H,O-Et,O (60 ml; 1 : 5). Br, (60 g) was added to 
the stirred mixture during 45 min. The addition of ice--H,O 
(50 g), basification with Na2C03, and isolation with Et,O gave 
an oil (7 g) shown by 'H n.m.r. to contain l-bromo-l-cyano- 
propan-2-one (7; R3 = Me) (95%). Condensation of this oil 
( I  .2 g) with N,N-dimethylthiourea (0.88 g) under the standard 
conditions gave material which was purified by chromato- 
graphy on SiO, (100 g). Light petroleum-Et,O (9 : 1) eluted 
the 5-cyanothiazole (10a; R3 = Me) (0.75 g). Similarly obtain- 
ed was the 5-cyano-2-(N-n~ethyZ-N-phenylut~iino)thiazole ( 1 Ob ; 
R3 = Me) (55% from 1-bromo-1-cyanopropan-2-one). 

5-Cyario-2-dirnethyluniino-4-t-bi~tylthiuzole ( I Oa ; R3 -- But). 
-A solution of Br, (0.4 ml) in CHCI3 (5 mi) was added during 
10 min to a stirred solution of l-cyano-3,3-dimethylbutan-2- 
one (1.5 g) in CHC13 (15 ml). After 45 min the solution was 
washed with aq. Na2C03, dried, and evaporated to give an oil 
(2.42 g) shown by 'H n.m.r. to contain 1-bromo-1-cyano-3,3- 
dimethylbutan-2-one (7; R3 = Bu') (91%). Condensation of 
this oil with N,N-dimethylthiourea (1.18 g) gave the 5-cyuno- 
thiazolc (10a; R3 -- Bu') (1.1 g) which was purified by subli- 
mation at 100 T / l  mmHg. 

5- Nitrotliiuzol~~s. 2- Ditiiethyluririno-5-nitro-4-t-b1~tyltiiiu~ol~~ 
( I l a ;  R3 But).--Nitric acid (70%; 0.82 mi) was added in 
drops to a vigorously stirred solution of 2-dimethylamino-4-t- 
butylthiazole (1.9 g) in H,S04 (10 nil) at 5 "C. The solution 
was stirred at 20 'C for 3 h,  poured into ice-H,O (80 g), and 
neutralised with ~ ~ M - N H , .  The precipitate was collected and 
crystallised from MeOH to give the 5-nitrothiuzolc~ (I l a ;  
R3 But) ( I  .6 6). Similarly obtained were the 5-nitrothiazoles 
( I  la;  R3 H, Me, and Pr'), yields 60-70'/,. 

Nitric acid (70'4; 0.57 ml) was added to a stirred solution 
of 2-(N-niethyl-N-phenylaniino)-4-t-butylthiazole (8b; R3 
B u t )  (1.5 g) in H,SO, (20 ml) at 0 'C.  After 2 h at 0 'C, work- 
up as in the foregoing experiment gave material which was 
chromatographed on  SiO, (100 g). Light petroleum-Et,O 
(9 : 1 ) eluted the dinitro c.ot,ipuitnd ( I  3) (0.61 g). Repetition of 
the experiment using less nitric acid (70%; 0.20 ml) gave a 
mixture which was chromatographed. Light petroleum eluted 
starting material (8b; R3 B u t )  (0.67 g). Light petroleum- 
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Table 2. 'H N.m.r. and i.r. absorptions of 5-derivatives of 2-(N,N-disubstituted amino)thiazoles 

The 'H n.m.r. signals (6 values at 305 K) are for solutions in CDC13. The AGS values (kJ mol-', statistical error rt3 kJ mol I ) ,  obtained 
at a source frequency of 90 MHz using solutions in CD2CIz over the range 183-305 K, are the activation energies for rotation about the 
C(2)-N bond at 298 K .  1.r. work was carried out as described previously; band positions are in cm-' at 303 K. The weaker components 
of doublets are shown in parentheses; their areas are generally 3-10% of those of the stronger components in CC14 and 5--15% 
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C,H4Br-p 
C,H,OMe-p 

7 

N-CH3 
3.18 
3.07 
3.1 5 
3.20 
3.18 
3.10 
3.21 

'H N.m.r. 

N'-CH2 A$ 
58 

4.77 56 
57 
58 
59 

4.78 59 
58 

1673 
1 672 
I 674 
I672 
1 670 
1671 
1671 
1 676 
1 670 
1 670 
1671 
1672 
1 674 
I672 
1679 
1 679 
1 680 
1 674 
1675 

(1 648) 
( I  646) 
( I  648) 
( 1  646) 
( I  645) 
( I  647) 
(1 648) 
( 1  651) 
( 1  643) 
( I  644) 
( 1  645) 
( I  641) 
( I  644) 
( 1  642) 
( I  645) 
( I  646) 
( I  646) 
( I  641) 
( 1  641) 

1 665 
1 663 
1 666 
1 663 
1 659 
1 662 
1 663 
1 668 
1 660 
1658 
1658 
1661 
1663 
1661 
1 669 
1 669 
1 669 
1 663 
1 663 

(1  646) 
( 1  638) 
(1 640) 
( I  635) 
(1 635) 
(1 638) 
( 1  638) 
( I  642) 
(1 634) 
( I  634) 
( 1  635) 
( 1  631) 
( 1  633) 
(1 632) 
(1 636) 
( 1  637) 
( 1  635) 
( 1  631) 
( 1  640) 

D. J.  Chadwick, J. Chambers, G. D. Meakim, and K. L. Snowden, J .  C'hern. Soc., Prrkirz Trans. 2,  1972, 1959. No splitting of 
N-CH, singlet. The N-CH, and N-CH, singlets split at 263 K but overlap 

prevents evaluation of AGS. ' No splitting of N-CIf3 singlet or N-CH, quartet. No splitting of N-CH2 singlet or N-CHCH2CH2 multiplet 
(at 6 2.59). 

Area 67% of that of the stronger band (at 1 665 cm I ) .  

I - -  I 

Et,O (9 : 1) eluted the nitro conipoitnd(l4) (0.75 g)  followed by 
the dinitro compound (13) (0.1 1 g). 

2-(N- Bcnzyl-N-nicthylat~iino)-4-nlcthyl-5-tiitrot~ii~z~~le ( I 1 c ; 
R3 = Me).-The sodio derivative of l-nitropropan-2- 
one l9 (0.65 g)  was added during 10 min to a mixture of CCI, 
(20 ml) and H 2 0  ( 5  ml) containing Br2 (0.29 nil) which was 
stirred vigorously a t  0 "C. After a further 30 min more CC14 
(20 nil) was added. The organic layer was washed with H,O, 
dried, and evaporated to give an  oil (0.61 g) shown by 'Hn.m.r. 
to contain I-bromo-I-nitropropan-2-one (6; R3 - Me) (93'%,). 
Condensation of this oil with N-benzyl-N-methylthiourea 
(0.63 g) gave the 5-nitrotliiuzole ( 1  Ic; R3 Me) (0.45 g) which 
was purified by adsorption on SiO, and elution with Et,O. 

4- Benzyl-2-~iiniethylaniino-5-nitr~tl~iazolc ( 1 1 a ; R3 
PhCH,).-NO,+BF,- (0.4 g) was added to  a stirred solution 
of 4-benzyl-2-dimethylaminothiazole (0.5 g) in dry MeCN 
(5 ml). After 30 min H,O was added. Isolation with CHCl3 
gave material which was chromatographed on SiO, (50 g). 
Light petroleum-Et,O (7 : 3) eluted a product (0.1 I g) which, 
from a 'H n.m.r. examination, is considered to be 2-dimethyl- 

amino-4-(4-nitrobenzyl)t hiazole. CHCI, eluted the 5-nitro- 
thinzok ( I l a ;  R3 = PhCH,) (0.31 6). Repetition of the 
experiment using tetrahydrothiophene I ,  1 -dioxide as solvent 
gave the product ( l l a ;  R3 = PhCH,) in lower yield (22%). 
S i m i I a r n it ra t i on  of 2-( N-  benzy 1 - N- me t 11 y 1 amino ) -4- i 50 pro- 
pylthiazole (8c; R3 = Prl) in tetrahydrothiophenc 1 ,I-dioxide 
gave the 5-nitrothiazolc (1  l c ;  R3 Pr') ( 1  8y4). 

2-(N- B c n z y f - N - r t i c t i 1 y l u t ~ i i n o ~ - 4 - ( 4 - h r o r , -  
tliiazolc ( 1  Ic;  R3 C,H4Br-p).--2-(N-Benzyl-N-methyl- 
aniino)-4-(4-bromophenyl)thiazole (0.8 g) was added during 
15 niin t o  nitric acid (70%; 15 ml) which was stirred at 5 'C. 
After a further 10 niin the solution was poured into icc-H,O 
(80 ml) and basified with ISM-NH,. Isolation with EtOAc gave 
the 5-nitrofhiazok ( 1  Ic;  R3 ~ C,H,Br-p) (0.79 g ) .  Similarly 
obtained were the 5-nitrotliiazoles ( I  l a ;  R3 Pli, C,H,Br-p, 
and C,H,OMe-p), yields 80-90%. 

2-( N- Bcnz~~l-N-t~ic~thylcrniino)-4-t~ictiiy/ 
thiazolc (1 2c; R3 - Me).-A solution of 2-( N-benzyl-N- 
methylamino)-4-methyI t hiazole (0.74 g)  and trifl uoroacetic 
anhydride (1 ml) in dry C6H6 ( 2  ml) was boiled gently under 
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reflux for 4 h. (If the boiling is vigorous most of the anhydride 
remains in the condenser.) The  solution was poured into H 2 0  
and basified with Na2C03. Isolation with Et,O gave the 5- 
rvi~zroroucctylthiuzole ( I  2c; R3 = Me) ( I  .01 8). Similarly 
obtained were the nineteen 5-tri~i~oroacetylthiaz~les listed in 
Table. 2, yields 85-95:!. 
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