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Abstract- Different oxidation procedures of 2-thiazolinone 

hydrazones, the anomalous behaviour of the resulting 2-diazo- 

thiazolines and a quantum-theoretical interpretation based in 

MNDO calculations are reported. 

INTRODUCTION 

Thermolysis of diazoalkanes is a well known procedure for the generation of carbene 

intermediates. However, the procedure has not been succesfully applied to the 

generation of !-substituted thiazolin-2-ylidenes. These species are interesting: 

a). from a structural view-point, because in resonance parlance they are hybrids - 
between a carbene form and a conjugate base form1 ; - b), from a synthetic view-point 
because they are cyanide-like catalysts in many mechanistically related reactions2 

the common step of which is inversion of reactivity at a carbonyl grouping. 

According to reported results3, oxidation of 3-methyl-2-hydrazinobenzothia .ol ium 

tetrafluomborate affords neither the diazo derivative nor the related carbene 

intermediate: instead, other nitrogen-containing substances are isolated. 

In the present paper, new experimental results which confirm the differential 

behaviour of diatothiaaolines are reported and a quantum-theoretical interpretation 

of it is given. Attention is focused on the oxidation of 2-thiazolone hydrazones. 

PREPARATION OF 2-THIAZOLONE HYDRAZONES 
3-Benzyl-4.5-dlmethyl-2-thiazolone hydrazone la and 3-ethyl-4.5-dimethyl-2-thiam- 

lone hydrazone lb were used as starting materials. They were prepared as indicated4 

in Scheme 1 and spectroscopically characterized. 
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CHEMICAL OXIDATIONS WlTH MERCURY( I1 I E E  

Hydrazones la and lb were chemically oxidized by means of mercury(I1) oxide5 and it 

was found that the composition of the resulting reaction mixtures was highly 

dependent on the presence or absence of a dehydrating agent but in any cases 

neither the diazothiazoline nor products derived from the corresponding carbene 

were observed. 

Hydrazone la in ether was oxidized with an excess of mercury(I1) oxide in the 

presence of anhydrous sodium sulphate to give ether soluble and ether insoluble 

products which were studied independently. 

Removal of the solvent from the ether solution led to an oily material (10-158 of 

the starting hydrazone) from which two substances were isolated. They were identi- 

fied as 3-benzyl-4.5-dimethylthiazolin-2-imine 4.3 and 2-15-(3-benryl-4.5-dimethyl- 

thiazolin-2-yliden)pentaza[thiazolium 5a hydroxide. Structural assignments were 

guided and supported by the reported results3 of the oxidation of 3-methyl-2- 

hydrazinobenzothiazolim tetrafluoroborate with lead tetraacetate. Imine 4a was 

identified by comparison with an authentic specimen prepared according to Scheme 2. 

SCHEME 2 

Benzothiazolin-2-imines have been identified in the thermolysis of pentaza-pentame- 

thinecyanine derivatives in solution6. 

The structure of the thiazolium hydroxide 5a was confirmed by its mass spectrum (Scheme 

31. 

Chloroform extraction in a soxhlet apparatus of the ether insoluble part (made up 

of excess mercury(I1) oxide, metallic mercury, sodium sulphate and organic mate- 

rial) led to a yellow solid which accounted for 80-85% of the starting hydrazone. 

On the basis of its spectral data and complementary work on oxidation of hydrazone 

lb (see below), the structure of the main product was assigned to be 1.4-bis(3- 

benzyl-4.5-dimethylthiaaolin-2-y1idan)tetrazene (6.3; undefined stereochemistry), 

(Figure 1). Uv : imax = 408 nm ( E = 1100, in chloroform): Ir : 1510 and 1495 cm'l; 

l~-nmr (6in DMSO-d6): 7.1 ( 5  HI, 4.4 (2 H) and 2.0 ( 6  HI: ms : m/z 462 (Mt). 

Oxidation of hydrazone lb led to parallel results but with higher experimental 

difficulties in the working up of the resulting reaction mixtures. In this series, 

the tetrazene derivative was identified by comparison with an authentic specimen 

of 1,4-bis(3-ethyl-4,5-dimethylthiazolin-2-ylidene)tetrazene 6b. Balli g .  have 
reported7 that thermolysis at 0nC of 2-diazoazo-3-ethylbenzothiazoline 7 (Scheme 4) 

leads to 1,4-bis(3-ethylbenz0thia~0lin-2-ylidene~tetrazene 8. Following Balli's 

procedure, we have prepared the 2-diazoazo-4.5-dlmethyl-3-ethylthia~01ine 9 and 

established that its thermolysis (at OQC) leads (Scheme 5) to a substance identi- 

cal to the main oxidation product from hydrazone lb to which structure 6b can be 

assigned by analogous reasoning. Furthermore, we have found that thermolysis at - 
20% leads to a mixture which shows activity as benzoin condensation catalyst: this 
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means that 3-ethylthiazolin-2-ylidene is present in the mixture. Depending on the 

working conditions, benzoin yields of 20.60% were achieved. 
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SCHEME 3 

FIGURE 1 



When hydrazones la and lb were oxidized in the absence of a dessicating agent the 

composition of the products was strongly altered: the amount of the compounds 4 and 

5 accounted for up to 85-90% of the starting hydrazane and that of the compound 6 

for only 5-10%. 

SCHEME 4 
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SCHEME 5 

CHEMICAL OXIDATION 0-NITROBENZENESULPHENYL CHLORIDE 

Oxidation of hydrazone lb with 2-nitrobenzenesulphenyl chloride8 led to a complex 

mixture from which tetrazene 6b was obtained as a sole identifiable compound. Its 

formation is discussed latar. 

ELECTROCHEMICAL OXIDATION 

A cyclic voltammetry of hydrazone la in an anhydrous acetonitrile saturated so- 

lution using 0.1M sodium perchlorate as slpporting electrolyte (Figure l) exhibits 

a samiwave potential of 60 mV; no maximum in the polarographic wave is observed 

when a humid acetonitrile solution is used. Electrolysis at 60 mV of the anhydrous 

solution , afforded tetrazene 6.3 in a quantitative electrochemical yield (12% 

chemical yield, after 6 h): on the contrary, when humid acetonitrile was used, a 
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mixture  of compounds 4 a  and 5a was ob ta ined  i n  90% y i e l d ,  compound 6a be ing  formed 

i n  o n l y  8% y i e l d  ( p r a c t i c a l l y  q u a n t i t a t i v e  chemical  y i e l d ) .  These r e s u l t s  a r e  clo- 

FIGURE 2 

s e l y  s i m i l a r  t o  t h e  r e s u l t s  o f  chemical  o x i d a t i o n s  d e s c r i b e d  above. 

The chemical  y i e l d  d i f f e r e n c e  between t h e  two e l e c t r o l y s e s  can be imputed t o  inac-  

t i v a t i o n  of t h e  working e l e c t r o d e  by t e t r a z e n e  when an  anhydrous a c e t a n i t r i l e  

s o l u t i o n  is used: t h i s  e x p l a n a t i o n  is  i n  l i n e  w i t h  t h e  shapes  o f  t h e  corresponding 

po la rographic  waves. 

MECHANISTIC &NJ QUANTUM-THEORETICAL CONSIDERATIONS 

Formation of compounds of  t y p e s  4 and 5 when 2-hydrazinobenzothiazolim s a l t s  

SCHEME 6 



are o x i d i z e d  h a s  a l r e a d y  been r a t i o n a l i a e d 3 :  consequen t ly .  t h e  same r e a s o n i n g  can 

accoun t  f o r  t h e  f o r m a t i o n  of compounds of t h e s e  t y p e s  i n  t h e  m e r c u r y ( I 1 )  o x i d a t i o n  

of wet hydrazone ( I )  s o l u t i o n s ,  i n  which 2 -hydraz ino th iazo l ium hydrox ides  w i l l  be 

p r e s e n t  (Scheme 61. 

The r e a l l y  i n t r i g u i n g  q u e s t i o n  is  t h e  appearance of t e t r a z e n e  6 when anhydrous 

s o l u t i o n s  are employed. T e t r a z e n e  6 is ,  f o r m a l l y ,  a d imer  of d i a z o t h i a z o l i n e  10 

( t h e  i n i t i a l l y  e x p e c t e d  p r o d u c t ) ,  ( F i g u r e  31,  b u t ,  up t o  now, d i m e r i z a t i o n  of d i a z o  

d e r i v a t i v e s  t o  t e t r a z a n e  d e r i v a t i v e s  h a s  no t  been r e p o r t e d .  Quantum-mechanical 

c a l c u l a t i o n s  o n  2-diazo-3-methylthiazolina ( 1 0 c  = 1 0 ,  R=CH3), t a k e n  as a model,  

a f f o r d  an  e x p l a n a t i o n  of  t h e  e a s y  d i m e r i z a t i o n  of  d i a z o  d e r i v a t i v e s  10a and lob .  

The geometry and e l e c t r o n i c  s t r u c t u r e  of 10c  a r e  f a r  d i f f e r e n t  of  t h o s e  which would 

be e x p e c t e d  of  a c o n v e n t i o n a l  d i a z o  d e r i v a t i v e .  The CNN a n g l e  i s  of  abou t  140° ( t h e  

c a l c u l a t e d  v a l u e  depends on t h e  method of  c a l c u l u s  employed) and t h e s e  t h r e e  atoms 

d e f i n e  a p l a n e  which i s  p e r p e n d i c u l a r  t o  t h e  r i n g  p l a n e .  Bond o r d e r s  are t h o s e  

g iven  i n  F i g u r e  4 .  

FIGURE 3  FIGURE 4  

On t h e  o t h e r  hand, t h e  expec ted  v a l u e  of  t h e  S2 o p e r a t o r  i n  t h e  UHF ( U n r e s t r i c t e d  

Har t ree -Fock)  s o l u t i o n  is 0.860 w i t h  t h e  s p i n  d e n s i t y  d i s t r i b u t i o n  g iven  i n  F i g u r e  

5 ,  which c l e a r l y  shows up t h e  s t r o n g  b i - r a d i c a l  c h a r a c t e r  of  2 - d i a z o t h i a r o l i n e s .  

F i g u r e  6  g i v e s  a p i c t o r i a l  view of t h e  above in fo rmat ion .  

  he s t r o n g  r a d i c a l  c h a r a c t e r  o f  t h e  t e r m i n a l  d i a z o  n i t r o g e n  e x p l a i n s  q u i t e  

s a t i s f a c t o r i l y  t h e  e a s e  of  d i m e r i z a t i o n  of 2 - d i a z o t h i a z o l i n e s  t o  t e t r a z e n e  d e r i v a -  

t i v e s  and,  as a consequence,  t h e  f a i l u r e  i n  t h e i r  i s o l a t i o n  o r  c o n v e r s i o n  t o  

ca rbene  d e r i v a t i v e s .  
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FIGURE 5 FIGURE 6  
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Ulr.era1 aspects 
Melting points were  determined in a mchi - ~ c h m e ~ t r p u n k t b e ~ t i m ~ ~ . g s  apparar ndch ~ r .  ~ottoli. and 
are uncorrected. The ms soectra were recorded in a ~evlett-~ackard 5930A w s s  aoectrometel-. 1r 
spectra w e r e  recorded ir. a Perki=-Elmer 681 specti-ophotometer, and only noteworthy absortions lcm- 

are listed. Nmr spectra are sxpresed in 6 units with TMS as internal standard u d  were recorded 
in a Perkin-Elmer R-248 (l~-nnrl. Uv spectrum was recorded in a Perkin-Elmer Lambda 5 rpectropho- 
tometer. 

reprogrammed for a?. I - ~ ~  ~- - ~~ ~ . 
determined bv minimizino the total ent . . 
standard DPP a1goritmll. 

Alkylammr.ium alkyldirhiocarbamates m. Carbon disulfide and ethar.01 are placed in a three necked 
flask orovided with a mechanic stirrer. an addition funnel and a lor temoerature thermometer. The 
mixture is cooled below OOC in an ice-salt bath ar.d the suitable amhe is slowly added maintaining 
the temperature of the reactior. mixture under lo'?. After the addiriar. is fir.ished, the stirring is 
stopped, the mixture is allowed to settle out and the resulting crystalline precipitate is fil- 
tered. washed with BChanal and dried m. 

senrylammonium benzyldithiocarbamate m. Carbon disulfide (282 g. 3.7 mols), ethanol (250 
mll ar.d benzylamine (640 g, 6 nmolsl are used and 873 g of 3a are obtained (96 8):mp 143-145°C; r.mr 
(DHSO-drl: 4.0 ls.2H.CH,). 4.6 (d.2H. CH,). 7.3-6.8 lbr.lOH.2 P h l .  8.0 lbr.3H. NHx), 8.5 It.lH.NH1. 

~ t ~ ~ l ~ ~ ~ i ~ ~  sthyidithiocarbamte ~. Carbon disulfide (76 9, 1 moll, 70 i aqueous solution 
of erhylamine (103 g, 1.6 mols) and ethanol (75 ml) are used and 84.2 9 of 3b are obtained 163.5 
6): mp 101-102°~; nmr (OMSO-d6): 0.85 (t.3H.CH31. 1.0 (t,3H.CH3), 2.75 (q,2H,CH21. 3.2 idg.2H.CH21. 
7.4 (br.3H,NH3). 8.2 (br.lH.NH1. 

3-Alkylthiazolin-2-thione. - (21. A solucior. of the suitable alkylamniur alkyldirhiocarbamate (69.6 
mnolsl and 3-chlorobutanone (7.9 9 .  74.2 mnolrl in ethar.01 (75 ml) is refluxed far 5.5 h. The 
4olver.t is removed & =, and the residue is shaken with water (25 ml) and chloroform (25 ml). 
  he organic layer is washed with water 12 x 25 mll, dried over anhydrous sodium sulfate, filtered 
and evaporated to dryness. The residue is recrystallized from ethanol, yielding the correspor.ding 
3-alkylthiasolin-2-thione 2. 

3-Benzylthiazolin-2-thione m. From 20 g of 3a. 12.5 g of 2a are obtained (77 8); mp 113- 
114%; m r  (COCl31: 2.0 (s.3H.CH31. 2.1 (s.3H.CH31, 5.4 (s.2". CH21, 7.1 (br.5H.Ph): ir (KBrl: 1205 
IC-51. Anal. Calcd for C>?H?xNS?: C. 61.28: H. 5.53; N. 5.96. Pound: C. 61.22; H. 5.53; N.  5.97. . . .- .. - 

3-Ethylrhiaaolin-2-thions (2b). From 8.5 g of 3b. 7.2 g of 2b are obtained (59.5 %I; mp 59- 
61%; nmr (CDCl31: 1.3 (t.3H.CH-CH21, 2.2 ls.6H.2 CH3). 4.2 (q,2H. CH2L 

3-Alkylthiazolin-2-one hydrazones u. A mixture OF the suitable 3 -a lky l -4 .5 -d i ine thy l th iazo l in -2 -  
thione (5 g1 and the sraichiometric amount of dimethyl sulfate is smoothly heated to fusion ia a 
beaker. The melt is coaled and di%aolved in ethanol (80 ml) ar.d 95 % hydrazir.e hydrate (20 nl) is 
added.   he resulting solution is heated far 30 min at 7O0C and diluted vith water I750 mll is added 
until permanent turbidity and coaled ir. a refrigerator overnight. The hydrazone crystallizes out 
and is separated by filtration. 

3-Benryl-4.5-dimethylthiazolin-2-one hydrazone ila). From 2a I5 9. 21.3 mmolsl and dimethyl 
sulfate (2.7 g, 21.3 mols) are obtained 4.0 9 of la (81 81;mp 92.94%; nmr (CDC13): 1.8 
(s.3H,CH3). 2.0 (s.3H.CH3), 4.0 (s,2H,NH2). 4.8 (s.2H.CH2), 7.1 lbr.SH. Phl; ir (KBr): 3310 IN-HI, 
1620 (C-C). 1610 (C-N). Anal. Calcd far Cl2HI5N3S: C,61.80; H, 6.41; N.18.03. found: C, 62.07; H. 
6.42; N.18.02. 

3-Ethyl-4.5-dimethylthiazolin-2-one hydrazone 0. From 2b I5 9. 28.9 mols) and dmethyl 
(3.6 g, 28.9 nmols) are obtained 3.5 g of lb in the form of a yellor orange oil (70 $1: nmr 

(CDC13): 1.3 (t.3H,E3-CH2), 1.9 (s.3H. CH3), 2.0 (s.3H.CH3). 4.1 (q,2H.CH21; ir (film): 3300 (N- 
HI, 1650 (C-Cl, 1630 (C-Nl. 

oxidation g la with mercury (11) oxide. In a flask provided with a calcium chloride tube and a 
magnetic stirrer are placed la (0.5 g, 2.1 mnolsl, mercury (111 oxide (0.98 9. 4.5 wolsl, anhy- 
drous sodium sulfate (0.25 g) and anhydrous ethyl ether (4 ml). A saturated methanolic solution of 
potassium hydroxide is slowly added ur.ti1 the so1utior. darkens> afterwards. the mixture is main- 
tained at room temperature for 1 h.   he crude mixture is filtered and the solid residue is extrac- 
ted in a soxhlet rith ether.   he above filtrate and the extract are combined. The solid is again 
extracted rith chloroform. =he ether solution is dried, yielding 60 mg of an oil, that after 
crirtallirarion affoids 40 mg of 5a (8 a); mp 140-14S0c (dec.); n w  (OHSO-d61: 1.9 (s.6H.2 CH31, 
2.0 (s.6H.2 CH3). 5.0 (p.4H.2 CH2). 7.2 (b1.1OH.2 Ph); ir (KBrl: 3700-3150 (0-Hl, 1570, 1560 (C-N- 

N-N-N-N-N-Cl. Hs: 476 (N'), 273 (IN-Cl2Hl3NSJ'>, 217 ((273-2N21t). 
From the mother liquors, 15 mg of la (3 a) as a coloured oil are obtained; nmr (DWO-d61: 1.8 

(s.3H.CH3), 2.0 (s.3H,CH3). 4.9 (s,2H.CH2). 5.5-4.0 (br.1H.N-HI. 7.2 lbr.5H.Phl; ir Ifilml: 3330, 
3290 IN-H), 1575 (C-NH). Ms: 218 (H'), 141 ([H-~h)+), 127 ((H-C~H~)'~, 100 ((127.~~~)'). 91 
llC7H71t. 100 %I. 



The ch lo ro fo rm extract a f f o r d s ,  a f t e r  removing t h e  s o l v e n t ,  396 mg of 6.3 182 81; mp 255- 
251°c: m ( D % o - ~ ~ ) ;  2 . 0  (br . lZH.4 CH3); 4.4 (s.4H. 2  CH2), 7 .1  (br.lOH. 2  Ph ) :  ir IKBr): 1495 
(C-N-N-N-NS). Hs: 462 (M'), 434 ( ( M - N ~ ) ~ ) .  343 ( (434 -C l~7) ' 1 .  9 1  (C7tl7*, 100 8 ) .  

ox ida t i o r .  g l b  w i t h  mercuiy  (111 ox ide .  A s u s p e n s i o n  of  lb 11.0 9 .  5.8 m n o l i l ,  mercury  (11) o x i d e  
(2 .8  g .  12 .9  mols), anhydrous sodium s u l f a t e  ( 0 . 5  9 )  and anhydrous  e t h y l  e t h e r  ( 5  r l )  i s  s t i r r e d  
at room temperature for l h  and f i l t e r e d  o u t .  ~h~ s o l i d  r e s i d u e  is  c a r e f u l l y  washed x i t h  e t h e r  and 
e x t r a c t e d  w i t h  chloroform i n  a s o x h l e t  appara tus .  The r e s u l t i n g  ch lo ro fo rm s o l u t i o n  is e v a p o r a t e d  
ar.d 0.42 g  of  t e r r a z e n e  6b are o b t a i n e d  ( 5 1  8 ) ;  mp 219.222%; uv 1CHCl3): ,,, 405.9 nm. -1.1 x 
104; m (onso-d6) :  1.2 (t .6H.2 0( j -CH2) .  2.0 ( s . 1 2 ~ , 4  CH3), 3.9 lq.4H.2 CH2J; i r  IKBr): 1495 (C-N- 
N-N-N-C). W: 338 lMt).  

e r a p a r a t i o n  of &.  his substance was p r e p a r e d  i n  t h e  same way as h y d r a r o n s s  l a ,  by  chang ing  
h y d r a l i n e  h y d r a t e  by a s a t u r a t e d  e tha r . o l i c  ammonia s o l u t i o n ;  y i e l d .  91  a .  The a n a l y t i c a l  d a t a  are 
i d e n t i c a l  t o  t h e  d e s c r i b e d  above.  

O x i d a t i o n  of  la v i a  d e c o m p o r i t i o r  & o - n i t r o h e n z e n e s u l f e n v l  d e r i v a t i v e .  Triethy1amir.e (434 mg. 
4.3 m o l )  d i s s o l v e d  i n  ch lo ro fo rm (25  m l )  i s  added t o  la ( 1  g .  4.3 m o l )  p l aced  i n  a f l a s k  p rov ided  
v i t h  magne t i c  s t i r r e r .  A f t e r  comple t e  a d d i t i o n ,  t h e  r e a c t i o n  m i x t u r e  was washed v i t h  water ( 3  x 25 
ml), d r i e d  over anhydrous  sodium s u l f a t e .  the  s o l v e n t  removed and t h e  r e s i d u e  chromatographad an 
s i l i c a  g e l .  E l u t i o n  v i t h  benzene a f f o r d e d  1.1 g of  %-ni t robenzene d i r u l f i d e  183 8 )  and e l u t i o n  x i t h  
ch lo ro fo rm 0.47 g  of 6a (47 8 ) .  

E l e c t i o c h e m i c a l  o x i d a t i o n  g &. I n  a 250 ml e l e c t r o l y t i c  cell p rov ided  w i t h  p1atir.u. e l a c t r o d e e  
and a calomel r e f e r e n c e  e l e c t r o d e .  la (439 mg. 1.9 mmol) and a s o l u t i o n  of sodium p e r c l o r a r e  0.1 w 
i n  a c e t o n i t r i l e  (200 m l )  were p l a c e d  and a p o t e n t i a l  of  60 mv was e s t a b l i s h e d .  ~ f t e r  consuming 42.8  
c 16 h )  t h e  c u r r e n t  i n t e n s i t y  was n u l e .  m e  anode was c o a t e d  by a p r e c i p i t a t e  i d e n t i c a l  t o  t h e  one 
i n  t h e  bot tom of  t h e  c e l l :  such p r e c i p i t a t e  was i d e n t i f i e d  as 6a  ( 5 1  mgl. Chemical  y i e l d :  12 0 ;  
e l e c t r o c h e m i c a l  y i e l d :  100 8. 

P r e p a r a t i o n  g 2-diaro-4.5-dimerhyl-3-ethylthy1thiai01iii (9b1 ar.d i t s  use in t h e  ber.roir. condensa-  
t i o n .  The p r e p a r a t i o n  and t h e r m o l y s i s  a t  OOC of  9b was c a r r i e d  o u t  e s s e n t i a l l y  by t h e  p rocedu re  
d e s c r i b e d  by ~ a l l i ~  f o r  t h e  r e l a t e d  benzo d e r i v a t i v e .  The t h e r m o l y s i r  a t  -20 OC was c a r r i e d  i n  t h e  
presence of ber.raldehyde. Benaoir. was o b t a i n e d  i n  v a r i a b l e  y i e l d s  (20-6081, d e p s r d i n g  on t h e  
r e a c t i o n  t i m e  and t h e  h e a r i n g  speed of t h e  so lu t i o r . .  
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