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A b s t ~ a c t  - UV i r r a d i a t i o n  of bromoth iazoles i n  various o rgan ic  so lven ts  

(methanol, e the r ,  cyc lohexane)  produces t h i a z o l e  and t h e  i somer i c  i s o -  

t h i a r o l e  as t h e  main r e a c t i o n  products. The r e a c t i v i t y  o f  monobromo- 

t h i a z o l e s  i n  t h i s  r e a c t i o n  decreases i n  t h e  order :  2-bromoth iazole > 
5-bromoth iazole >> 4-bromothiazole. The PPP (LCI-SCF-MO) c a l c u l a t i o n s  o f  

bromoth iazoles were used t o  i n t e r p r e t  and d iscuss  t h e i r  va r ious  p r o p e r t i e s .  

T h e  uv. NMR, and mass spec t ra  of b r ~ n a t h i a z o l e s  were measured. 

INTRODUCTION 

I n  a d d i t i o n  t o  o t h e r  r e a c t i o n  products ,  t h e  pa ren t  unsubs t i tu ted  he te rocyc les  are formed i n  t h e  

p h o t o l y s i s  of bromothiophenes.' b r o m o q ~ i n o l i n e s , ~  b r o m o i s o q u i n o l i n e ~ , ~  and b r o r n ~ p y r i m i d i n e s ~ - ~  

c a r r i e d  ou t  i n  s o l v e n t s  v i a b l e  t o  hydrogen abstraction. The d i s t r i b u t i o n  o f  t h e  v a r i o u s  r e a c t i o n  

p roduc ts  and t h e  r e a c t i o n  mechanism vary  w ide ly  w i t h  t h e  experimental c o n d i t i o n s  ( f o r  recen t  r e -  

views, see refs .  6,7). I n  c o n t r a s t  t o  t h e  abovement ioned photodebrorninations, bromopyr id ines and 

2-brornoquinol ine undergo a l k a l i n e  pho tohydro lys i s  w i t h  t h e  format ion o f  t h e  r e s p e c t i v e  hydroxy 

d e r i v a t i v e s  o r  t h e i r  0x0 t a ~ t o r n e r s . ~ ' ~  

AS a c o n t i n u a t i o n  o f  ou r  p rev ious  s t ~ d i e s , " ~ ' ~ , ' ~ ~ ~ - ~ ~  we wish t o  r e p o r t  t h e  r e s u l t s  ob ta ined  i n  

t h e  p h o t o l y s ~ s  of bromoth iazoles i n  hydrogen-donating so lvents.  The compounds used i n  t h e  

6 Presented.  I "  p a r t ,  a t  t h e  172nd (Cen tenn ia l )  Na t iona l  Meeting, American Chemical Society .  San 
Francisco,  C a l i f o r n i a .  August 30-September 3, 1976. Paper ORGN 208. See a l s o  Abstracts ,  '41th IUPAC 
Symposium on Photochemist ry .  Aix-en-Provence, France, Ju ly  19-23, 1976. p. 254. 



study were 2-brornothiazole, 4-bromothiazole, 5-bromothiazole, 2 ,4-d ibromoth iaro le,  2.5-dibromo- 

t h i a r o l e ,  and 2-bromo-5-phenylthiazole ( c f .  Scheme 1). PPP (LCI-SCF-MO) c a l c u l a t i o n s  have been 

c a r r i e d  o u t  fop t h e  models o f  these compounds and t h e  r e s u l t s  have been used t o  i n t e r p r e t  and 

t o  discuss t h e i r  va r ious  phys ica l  p r o p e r t i e s .  

Scheme 1 

Th iazo les  S tud ied  

RESULTS AND DISCUSSION 

E lec t ron ic  Spectra. The e l e c t r o n i c  absorp t ion  spec t ra  of bromoth iazoles a re  summarized i n  Tab le  1. 

The r e s u l t s  of PPP c a l c u l a t i o n s  (Table 2) p r e d i c t  two a l l owed  t r a n s i t i o n s  i n  t h e  usual  r e g i o n  of 
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Table 1. E l e c t r o n i c  Absorpt ion Spectra o f  Bromothiazolesa 

NO. Compound Amax, nm ( E )  

1 
m 

Th iazo le  208 (-2,600), 233 (-3,700)b 

2 w 2-Bromothiazole 211 (3,100), 248 (5,400) 

3 * 4-Bromothiazole 246.5 (2,800) 

4 * 5-Bromothiazole 218 (3,100). 245 (4,400) 

5 .' 2,4-Dibromothiazole 213 sh  (3,000), 258 (3.900) 

6, 2,s-Di bromothiazole 222.5 (2,800). 260 (6.900) 

5 2-Phenyl-5-bromothiazole 213 (10,000), 298 (16,200) 

a b 
I n  ethanol. Ref. 15. Cf. a l s o  ref. 16. 

Table 2. Ca lcu la ted  Spec t ra l  C h a r a c t e r i s t i c s  o f  Bromothiazolesa 
Predominant 

c o n f i g u r a t i o n  
LEI d ~ 3 ~  

No. Compound eV kK fc  cor (d i , j e  W t  eV k K  

1 Thiazole 
.v 

5.131 
5.697 
7.256 
7.806 

2 2-Bromothiazole 
w 

5.124 
5.689 
7.245 
7.809 

3 4-Bromothiazole 
w 

5.106 
5.702 
7.231 
7.808 

4 5-Bromothiazole 
w 

5.111 
5.691 
7.242 
7.806 

5 2.4-Dibromothiazole 5.099 
.v 

5.694 
7.221 
7.811 

6 2,5-Dibromothiazole 5.105 
,% 

5.685 
7.231 
7.810 

7 4,5-Dibromothiazole 5.087 " 5.696 
7.217 
7.808 



a 
Additional theore t ica l  quan t i t i es  concerning the models of compounds given i n  Table 1 can be 

b 
obtained upon request from the authors (C.P.). Exc i ta t ion  energies (eV) and the corresponding 

c 
wavenumbers (kK) f o r  the four  lowest exci ted s ing le t  states. Osc i l l a to r  strength. + i s  the 

angle formed by the pos i t i ve  d i rec t i on  of the axis shown i n  the formula (see Scheme 1) and the 
e 

d i r e c t ~ o n  of the t r a n s i t i o n  moment read counterclockwise. A combination o f  two f igures i s  used 

t o  label a configuration. A pos i t i ve  number refers t o  an o r b i t a l  occupied i n  the  ground state,  a 
< 

negative number t o  a v i r t u a l  o rb i t a l .  Exc i ta t ion  energies (eV) and the corresponding wave- 

numbers (kK) for  the four lowest exci ted t r i p l e t  states. 

the uv spectrum, w i th  the f i r s t  t r a n s i t i o n  occurr ing a t  about 41 kK and the shorter-wavelength 

t r ans i t i on  between 45 and 46 kK. These t rans i t i ons  are associated w i th  the exc i ta t ions  from the 

highest occupied t o  the lowest unoccupied nmolecu lar  o r b i t a l  and from the second highest occupied 

t o  the lowest unoccupied nmolecu lar  o rb i t a l ,  respective& (i.e., 1,-1 and 2,-1 t rans i t ions) .  

In agreement w i th  the  above predict ion,  the absorption spectra of t h i azo le  and bromothiazoles 

possess two broad ab;orption bands. A comparison o f  these two bands w i th  the resu l t s  of the 

calculat ions ind ica tes  t ha t  both o f  them correspond t o  wn* t rans i t ions .  There i s  a good agree- 

ment between the experimental longestwavelength absorption bands corresponding t o  the So's1 t r an -  

s i t i o n  and the corresponding calculated values (Table 3). Although the second t r a n s i t i o n  i s  pre- 

dicted i n  the cor rec t  region, the  quant i ta t ive  agreement w i t h  the  experimental absorption bands i s  

much poorer. As an example o f  a successful cor re la t ion ,  the experimental absorption curve f o r  

4-bromothiazole i s  compared w i th  the resu l ts  o f  the PPP ca lcu la t ions  i n  Fig. 1. According t o  

~epeshko," the longest-wavelength absorption band of t h i a ro le  corresponds t o  an n+n+ t r ans i t i on .  

Our resu l ts  do not support t h i s  assumption. 

Table 3. Comparison o f  Calculated and Exper imnta l  50 + 51 (m') 

Transi t ions o f  Monobromothiazolesa 

So ' 51 

NO. Compound Vcalcd , kK 4 + 109 f veJexptl, kK log  E 

1 
," Thiazole 41.39 3.37 42.92 3.57 

2 * 2-Bromothiarole 41.34 3.39 40.32 3.73 

3 
w 4-Bromothiazole 41.19 3.37 40.57 3.45 

4 5-Bromothiarole 41.24 3.39 40.82 3.64 
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Fig. 1. E lec t r on i c  absorpt ion spectrum of 4-bromothiazole. Calculated LC1 t r a n s i t i o n  energies 

and i n t e n s i t i e s  are shown as v e r t i c a l  s t r a i g h t  l ines .  Scale f o r  the  ca lcu la ted  o s c i l l a t o r  s t rength  

i s  shown on t h e  r ight-hand side. 

Almost no emission data could be obtained f o r  bromothiazoles, w i t h  the  except ion o f  5-bromothia- 

zo le  (i) and 2.4-dibromothiazole (5) (Table 4). The experimental SO IT^ t r a n s i t i o n s  f o r  these com- 

pounds are 20.00 and 19.61 kK, respect ively,  and the corresponding ca lcu la ted  values are 18.43 and 

18.41 kK. However, it i s  we l l  known t h a t  t h e  t r i p l e t  energies ca l cu l a ted  by the  PPP method are 

lower than the  experimental values unless the parameterization i s  changed fo r  the  t r i p l e t  s tates.  

I n  a l l  cases, the  i n t e n s i t y  of the  observed emission i s  very low. These resu l t s  suggest t ha t  i n  the  

case of brornothiazoles the  photoexcited molecules are deactivated predominantly 9 r ad i a t i on l ess  

degradation t o  the  ground s ta te  which must shorten t h e  l i fe t ime of t h e  respect ive exc i ted  s ta tes  

we l l  below t h e  values o f  t h e i r  emission l i f e t imes .  

Table 4. Emission Charac ter is t i cs  o f  Bromothiazolesa 

No. Compound Fluorescence" PhosphorescenceL 
iexc. nm iems nm nrn iem. nm 

4 ,. 5-Bromoth~ azole - - 340 500 

5 w 2,4-Dibromothiazole 340 382 345 510 

a 
The bromothiazoles not given i n  the  t a b l e  g ive  p r a c t i c a l l y  no emission. Only weak emission was 

obtained w i t h  the  two compounds l i s t e d .  b i n  ethanol a t  room temperature. The fo l low ing  addi-  

t i o n a l  r e s u l t s  were obtained w i t h  2,4-dibromothiazole: methylcyclohexane (room temperature), Aexc 

340 nm, Aem 388 nm; EPA (77'K), 345 nm, .xe. 383 nm. i n  EPA a t  77-K. 



NMR Spectra. The p ro ton  NMR spectra of bromothiazoles are, i n  general, s i m i l a r  t o  t h e  NMR 

spectrum o f  t h i a z o l e  i t s e l f  (Table 5). Thus, t h e  NMR s p e c t r a l  data f o r  bromothiazoles a r e  i n  accord 

with t h e i r  s t ruc tu res .  

Table 5. 1H NHR (100 MHz) Spectra of Bronmthiazolesa 

Chemical S h i f t ,  6(ppm) ( q ~ ) ~  
NO. Compound Sol vent H(2) H(4) N 5 )  

1 ThiazoleC 
u 

C6H12 8.68 (0.953) 7.83 (1.002) 7.19 (1.086) 

2 2-Bromothiazole CCl4 
n 

7.50 (1.002) 7.25 (1.088) 

3 4-Bromothiazole CC14 8.70 (0.953) 7.24 (1.090) 

4 5-Bromothiazole CCl4 8.65 (0.955) 7.74 (1.006) 

5 2,4-Dibromothiazole CCl4 ,. 7.12 ( s )  (1.093) 

6 2.5-Dibromothiazole COCl3 7.45 ( 5 )  (1.006) 
w 

8 2-Phenyl-5-bromothiazoled CC14 7.66 (5)  
w 

a ~ r o m  i n t e r n a l  MeqSi. For  the  NMR spectrum o f  t h i a z o l e  (60 MHz), see re fs .  19, 20. The SCF-MO 

n-e lec t ron  d e n s i t y  on t h e  respec t i ve  carbon atom. c Taken from r e f .  19. d Chemical s h i f t s  i n  

the phenyl r i n g :  o 7.74-7.86 (m), m + 7.32-7.44 (m). 

The r e l a t i o n s h i p  between t h e  exper imenta l  p r o t o n  chemical s h i f t s  and t h e  c a l c u l a t e d  n - e l e c t r o n  

d e n s i t i e s  on t h e  respec t i ve  carbon atoms ( t o  which t h e  p ro tons  are bonded) i s  w e l l  known, 

although i n  many cases no s a t i s f a c t o r y  c o r r e l a t i o n s  can be obtained.'' In t h e  case of bromo- 

t h i a r o l e s ,  t h e r e  i s  a s a t i s f a c t o r y  l i n e a r  r e l a t i o n s h i p  between t h e  exper imenta l  6 values and t h e  

ca lcu la ted  q c a s  which can be expressed by a regress ion  l i n e  

6 (ppm) = -9.87 qc t 17.83 

Number o f  p o i n t s  n = 11, c o r r e l a t i o n  c o e f f i c i e n t  r = 0.907. 

A11 data a r e  s i g n i f i c a n t  on 1% p r o b a b i l i t y  l e v e l .  

Mass Spectra. The mass s p e c t r a l  data ob ta ined  f o r  bromothiazoles are s u m a r i z e d  i n  Table 6. It 

has been we l l  e s t a b l i s h e d  t h a t  t h e  u n s u b s t i t u t e d  t h i a z o l e  fragments upon e l e c t r o n  impact by two 

major rou tes  i n v o l v i n g  l o s s  of acety lene o r  hydrogen 

It can be seen (Table 6) t h a t  t h e  i o n s  corresponding t o  t h e  above In te rmed ia tes  are a l s o  impor- 

t a n t  i n  the  f ragmentat ion of bromothiazoles. 
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Photo lys i s .  S o l u t i o n s  c o n t a i n i n g  t h e  s u b s t r a t e  i n  m t h a n o l ,  cyclohexane, or e t h e r  were i r r a -  

d i a t e d  i n  Pyrex vessels, i.e., w i t h  A -300 nm and longer .  This  means ' that  t h e  b r o m o t h ~ a z o l e s  

were i r r a d i a t e d  i n  t h e  longes t -wave leng th  p o r t i o n  of t h e i r  absorpt ion curve. At  s h o r t e r  wave- 

l e n g t h s  t h i a z o l e ,  i s o t h i a z o l e ,  and t h e i r  d e r i v a t i v e s  undergo pho to isomer i za t ion  and a r e  e a s i l y  

conver ted  i n t o  t h e i r  r e s p e c t i v e  i s ~ m e r s . ~ ~ - ~ ~  

Table 6. Mass Spectra of Bromothiazoles, P r i n c i p a l  Fragments, and R e l a t i v e  In tens i t i es . '  

NO. Compound P r i n c i p a l  fragments, m/e ( r e l .  i n t e n s i t y .  %) 

1 ~ h i a z o l e b  87 (5) .  86 ( 5 ) -  85  ( loo), 60 (31, 59 (4 ) ,  58 (70), 57 (9) ,  45 
(7 ) ,  44 (4). 42 Tf) 

5 
a 

2.4-Oi b romoth iazo le  245 (53). 243 ( l o o ) ,  241 (52), 168 (8) .  149 (26) ,  138 (35). 
(10). (35) .  l r ( l O ) ,  125 (12). 123 (12). 93 ( lo) ,  9 1  

(10). 83 (22). 82 (33), 81 (20), 80 (26). 79 (18), 76 (12) ,  71 
( l o ) ,  7o (9 )s  69 ( l o ) ,  67 (a) ,  60(8), 59 (8). 58 (a), 57 (55) ,  
56 (22). 55 (26). 51 ( lo) ,  45 (26). 44 (26). 43 (35) 

a ~ o l e c u l a r  i ons  a r e  under l ined.  Ref. 21. Cf. a l s o  22. Ref. 21 g i ves  167 (3 ) .  166 (2). 165 (70) ,  

164 (2) .  53 (70). 125 (1). 123 (1). 108 (1.5), 106 (1.5), 93 (1). 91 ( I ) ,  60 (6). 59 (5), 58 

( l o o ) ,  57 (12). 56 (2). 45 (7). 44 i s ) ,  40 (2 ) ,  38 (2). 

UV i r r a d i a t i o n  of t h e  bromoth iazoles g ives t h i a z o l e  (A) and i t s  isomer i s o t h i a z o l e  (2)  as t h e  p r i n -  

c i p a l  r e a c t i o n  products .  I s o t h i a r o l e  i s  formed by t h e  photo isomer izat ion of t h i a z o l e .  The r a t e  o f  
, 

photodebrominat ion decreases i n  t h e  o r d e r :  2-bromoth iazole (30% y i e l d )  > 5-bromothiazole (15-20s) . 

>> 4-bromoth iazole (0.5%). P r o v i d i n g  t h a t ,  under comparable cond i t i ons ,  t h e  r e a c t i o n  mechanism i s  



ident ical  for  a l l  isomers, the  quantum y ie lds  can be expected t o  decrease i n  the same order as the 

chemical y ie lds .  Although the quantum y ie lds  i n  t h i s  react ion were not determined, they should 

not be too d i f fe rent  from those obtained w i th  bromothiophenesl (( -0.04-0.10) and bromoquinolines 

and -isoquinolines2 ($ -0.02-0.07). I n  the  case o f  2.4-dibromothiarole, the main react ion product 

i s  4-bromothiazole, along w i th  t races of th iazole.  Uv i r r a d i a t i o n  o f  2.5-bromothiazole gives 

s l i gh t l y  l a rge r  amounts of t h i azo le  and iso th iazo le ,  5-bromothiazole, as wel l  as 4-bromothiazole . 
formed by the photoisomerization o f  the l a t t e r  compound. 

NO changes i n  the composition of the react ion  products were observed w i th  iod ine added t o  the so- 

lu t ions  o f  the substrates i n  cyclohexane or ether, and oxygen does not exh ib i t  any not iceable 

effect upon the reaction. On the other hand, t r le thy lamine accelerates the photodebromination 

rate and i t s  e f f ec t  decreases i n  the  order 5-bromothiazole > 2-bromothiazole >> 4-bromothiazole. 

Photolysis of 5-bromothiazole i n  methanol .gives traces of a product w i t h  mol. w t .  o f  194-196 which 

could be 2-hydroxymethyl-5-bromothiazole o r  the corresponding dihydro der ivat ive.  The formation of 

such a hydroxymethyl der iva t ive  can be explained as the r e s u l t  of a homolytic cleavage of a C-H 

bond i n  t h e  methyl group o f  methanol and the subsequent recombination o f  the hydrogen atom combines 

with the t h i a z o l y l  rad ica l  t o  give th iazole.  A hydroxymethyl rad ica l  i s  then another species formed 

i n  the process pnd ava i lab le  i n  the react ion mixture.' We have shown t h a t  i n  reactions o f  t h i s  type 

the abstract ion o f  hydrogen from methanol occurs from the methyl group and not from the hydroxy 

group.2 No b i th iazo les  were detected i n  the react ion mixture which would be formed by coupling of 

two th iazo l y l  radicals.  

On the basis o f  the  experimental r esu l t s  obtained, it seems tha t  the  react ion mechanism i n  

hydrogen-donating solvents i s  s i m i l a r  t o  tha t  observed w i th  bromothiophenesS1 i nvo l v i ng  homolytic 

cleavage of the C-Br bond and perhaps the formation o f  a n-complex between the bromine atom and 

the respective t h i azo l y l  rad ica l ,  fol lowed by abst rac t ion  o f  hydrogen frbm the solvent leading t o  

thiazole. It i s  l i k e l y  t h a t  i n  the presence of an amine the mechanism involves electron t ransfer  

with the formation of an exciplex. The bromothiazole rad ica l  anion then undergoes a cleavage of 

the C-Br bond w i th  the formation of the bromide anion and t h i a z o l y l  rad ica l  which reacts w i t h  the 

solvent and gives th iazole.  * 
The f i r s t  exci ted s ing le t  s ta te  i s  probably the s ta te  undergoing the react ion  (there i s  no or 

very weak phosphoresence from bromothiazoles). It i s  l i k e l y  t h a t  the  differences i n  the r e a c t i v i t y  

of the isomeric bromothiazoles a re  caused by the di f ferences i n  the C-Br bond strengths. I n  ground- 

state bromothiazoles, such di f ferences i n  the  C-Br bond strengths Can be i n fe r red  from the 

re la t i ve  abundances o f  ions obtained by a loss  of bromine from the molecular ion  i n  the m s s  

spectra o f  bromothiazoles (Table 6). Such values are not read i l y  ava i lab le  fo r  the exc i ted  states. 
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EXPERlMENTAL 

PPP(LC1-SCF-MO) Treatment. The usual version of the  PPP method was used.26 I n t e rac t i ons  between 

a11 monoexcited conf igura t ions  formed by Promotion of one electron from one o f  the occupied Moss 

t o  one of the  vacant MO's were considered. No pa r t i c i pa t i on  o f  the  o r b i t a l s  o f  s u l f u r  was con- 

sidered. The systems s tud ied  were assumed t o  be p lanar  and t o  have i dea l i zed  geometry. A l l  C-C. 

C-N. and C-S bond lengths were assumed t o  be 1.40 h and the C-Br bond leng th  was taken as 1.86 h. 

The r i ngs  were assumed t o  be regular  pentagons. SCF MO's served as the  basis f o r  C I  ca lcu la t ions .  

Only resonance i n t e g r a l s  between nearest neighbors were Considered. The parameters used i n  the  

ca lcu la t ions  are sumnarized i n  Table 7." The resu l t s  of the ca l cu l a t i ons  are shown i n  Table 2. 

Table 7. Parameters Used i n  t h e  PPP Calculationsa 

Atom, p I, A, Apir Zu BC-p 

C 11.22 0.69 10.53 1 -2.318 

N 14.10 1.80 12.30 1 -2.318 

5 20.27 10.47 9.80 2 -1.623 

8 r  22.07 14.50 7.57 2 -0.695 

a 
Values i n  eV. Ip and A, are the ion iza t ion  po ten t i a l  and the  

e l ec t r on  a f f i n i t y  o f  t h e  atom u i n  t h e  atomic valence s ta te .  

respec t ive ly .  The monocentric e lec t ron ic  repu ls ion  i n t e g r a l s  and 

resonance i n t eg ra l s  between nearest neighbors are represented by 

ip,, and BC-lr,respectively. Z,, i s  t h e  core charge a t  atom p. 

The b i c e n t r i c  e l e c t r o n i c  repu ls ion  i n t eg ra l s  were ca lcu la ted  using t h e  Mataga-Nishimoto formula:28 

where 1"" ( i n  h = l o - '  nm) i s  the  distance between atoms p and u. The ca l cu l a t i ons  were ca r r i ed  

ou t  on an I B M  360165 computer. 

Mater ia ls.  2-Bromothiazole, 4-bromothiazole. 5-bromothiazole. 2.4-dibromothiazole, 2,5-dibromo- 

t h i azo le ,  and 2-phenyl-5-bromothiazole were synthesized using procedures described i n  t h e  l i t e r a -  

ture.  The y i e l d s  of the  brornothiazoles obtained and t h e i r  m l t i n g  o r  b o i l i n g  po in t s  are sumna- 

r i z e d  i n  Table 8. A11 mel t ing  and b o i l i n g  po in t s  are uncorrected. 



Table 8. Yields and Physical Charac ter is t ics  of Bromothiazoles 

No. Compound X Yield M.P., O C  0.p.. Slmm Ref. 
( i so la ted )  (L i t . )  (L i t . )  

2 2-Bromothiazole 90 54/9 29.30 
n (171-1741760) 

3 4-Bromothiazole 51.5 72\20 31 
P (189-1901760) 

5-Bromothiazole 36 4517 30.32 ?, (62-63115, 81/18) 

5 2.4-Dibromothi azole 64 80-82 33 
X (821 

6 2,5-Dibromothiarole 23 46 
N 

33, 
(45-47) 

8 2-Phenyl-5-bromothiazole 10 78-80 .-, 35 

Electronic Spectra. Uv absorption spectra were recorded on Cary 14 and Beckman Acta V spectropho- 

tometers i n  ethanol solut ions using 1 cm quartz c e l l s  and a re  presented i n  Table 1. The emission 

measuPements were car r ied  out w i th  an Aminco-Bowman spectrophotofluorometer equipped w i th  the 

Aminco-Keirs phosphoroscope accessory. The fluorescence experiments were performed a t  room tem- 

perature i n  ethanol and methylcyclohexane, the  phosphorescence was studied i n  EPA a t  77'K. The 

avai lable information on t h e i r  emission spectra i s  given i n  Table 4. 

NMR Spectra. NMR spectra were obtained on a Varian HA-100 spectrometer i n  carbon te t rach lo r i de  o r  

deuterochloroform, w i th  tetramethyls i lane as the i n te rna l  standard. A summary o f  the recorded 

data i s  given i n  Table 5. 

Mass Spectra. Mass spectra were taken on an AEI Model MS 9 spectrometer operating a t  70 eV 

ion iz ing  potent ia l .  The pr inc ipa l  fragments and r e l a t i v e  i n t e n s i t i e s  are presented i n  Table 6. 

I r radiat ions.  I rad ia t ions  were ca r r i ed  out a t  room temperature i n  pyrex vessels using a water- 

cooled Hanau PQ 150 W high-pressure mercury lamp. A l l  samples were i r r ad ia ted  f o r  24 hr. The 

concentration o f  the solut ions was 0.5-1.0 m o l e  o f  the substrate i n  300 ml o f  methanol. Some 

i r rad ia t i ons  were performed i n  ether o r  cyclohexane as the  solvent. The i r r a d i a t i o n s  were car r ied  

out both i n  the presence of oxygen and under nitrogen, w i t h  various substances added i n  ce r ta in  

runs ( iodine, t r iethylamine, water, hydrochlor ic acid, sodium hydroxide). A f t e r  the  reaction. 2 nl 

of concentrated hydrochlor ic ac id  were added t o  convert the th iazo le  and i so th iazo le  formed i n t o  

the i r  respect ive hydrochlorides. The solvent was evaporated on a ro tary  evaporator, the residue 

was neut ra l ized wi th  sodium carbonate, and extracted w i th  ether. The ether so lu t ion  was then 

dried and evaporated. The residue a f te r  evaporation was analyzed by the usual techniques (GC, TLC. 

GC-MS). 
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A n a l y t l c a l  ~ ~ t h o d s .  O e t a i l ~  of t h e  a n a l y t i c a l  c o n d i t i o n s  are as fo l l ows .  E. The products  were 

analyzed by gas chromatography u s i n g  an In te rsmat  IGC 15 gas chromatograph equipped w i t h  a f lame 

l a n i z a t l o n  d e t e c t o r  and coupled w i t h  a V idar  Auto lab i n t e g r a t o r .  The f o l l o w i n g  t h r e e  s t a i n l e s s  

8 - in .  columns w e r e  used: A was a 5 - f t  column packed w i t h  Carbowax 20 M (10%) on Chrornosorb Q 

(80-100 mesh). B was a 7 - f t  column packed w i t h  Apiezon L (10%) on Chromosorb W ,  HMOs 

(80-100 mesh). C was a 7 - f t  column packed w i t h  S i l i c o n e  SE-30 (10%) on Chromosorb W ,  HMOS (60-80 

mesh). A l so  a column packed w i t h  OV 225 was used. The Kovdts i n d i c e s  ob ta ined  f o r  va r ious  bromo- 

S u b s t i t u t e d  t h i a z o l e s  are  shown 1 "  Table 9. 

Table 9. Kovdts I n d i c e s ,  I. of B romoth ia ro lesa  

NO. Compoundb Colurnnc (Temp., "C) 
A (125) B (120) C (185) 

1 Th iazo le  1260 760 720 

2 .. 2-Bromoth iazo le 1530 1000 1030 

3 4 -Bramoth ia ro le  1690 1150 

4 5-Bromoth~aza le  1650 1130 - 
5 2 ,4 -D ib ramath ia ro le  1535 1070 - .  

6 2,s-01 b romoth ldzo le  1530 1030 - 
2-Chloro-4-bromothiazole 1800 1265 

2 -Ch lo r0 -5 -b r0m0th iazo le  1750 1240 

a K o v i t s  i n d i c e s  were c a l c u l a t e d  acco rd ing  t o  t h e  genera l  formula37 1 = 200 [ l o g ( d ' n ) x  - l o g ( d ' ~ ) ~ ] I  
b 

[ l o g ( d ' ~ ) z + z  - l o g ( d ' ~ ) z ]  + 100 Z where d ' n  rep resen ts  t h e  reduced r e t e n t i o n  d is tance.  A11 h a l o -  
C 

S u b s t i t u t e d  t h i a z o l e s  were o b t a i n e d  u s i n g  procedures repor ted  i n  t h e  l i t e r a t u r e .  For  t h e  des- 

c r i p t i o n  o f  t h e  columns, see t e x t .  

GC-MS. These ana lyses  were per formed u s i n g  Aerograph Model 1400 and Var ian  MAT 111 ins t rumen ts  a t  

80 eV. The column used was 5 ft x 0.125 i n .  OV 225 (5%) on Varaport (100-120 mesh), operated i n  

Programmed tempera tu re  range 100-25O0C, 4-6°C mi"-'. 
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