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ABSTRACT 
[2+2] cycloaddition reactions of isothiazoles with diphenyl ketene afford 

new fused 6-lactam systems. The intramolecular nucleophilic attack of carban- 
ions on isothiazolium salts is found to take place on the ring sulphur atom. 
2-8-2-benzoyl-l,3-thiaziner were prepared and allowed to react with diphenyl 
ketene, or with acid chloride in the presence of a tertiary amine, to afford 
the corresponding 6-lactams. 

Numsrous 6-lactam antibiotics have been prepared in recent years, and new 
synthetic approaches to these compounds have continued to appear in the litera- 
ture. It is remarkable however, that most of the known @-lactam antibiotics 
are bicyclic and contain the partial structure I, where the two heteroatonu 
(S,N) are part of either a heterocyclic nucleus (thiazolidine or thiazine ring), 
or an acyclic system. It would be of interest to prepare the isomeric system 
11, where the B-laCtam ring is constructed on an isothiazolidine nucleus in 
order to study its .potential antibiotic activity in comparison with system I. 

COOH 
I I I  

With this in mind we have investigated the applicability of Standinger's'') 
mathod for the preparation of 6-lactams from ketenes and imines. It has alrea- 
dy been shown that sevaral bicyclic 6-lactam have been prepared from the reac- 
tion of diphenylketene with A2-thiazolines (2-5) . Treatment of isothiazoles I11 
with diphenyl ketene in T.H.P. under nitrogen and subsequent chromatographic 
separation afforded the expected bicyclic systems IV (Scheme 1). 

111 S C H m  1 I V  
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A n  alternative route to the @-lactam ring is the reaction of an acid chlo- 
ride w i t h  the heterocycle in tho presenco of tertiary amino(6). Sheonan and 
Rayan already suggested that this reaction does not proceed via a ketene inter- 
mediate, but probably involves the addition of tho acid chloride to the imine 
and subsequent cyclization under the influence of the tertiary amino"). 

ditions, either decanposition products were obtained or starting isothiazoles 
Were recovered with no trace of 6-lactam. Monitoring tho reaction bv IR did 
not shar any evidence of 6-lactam formation during tho course of reaction, in- 
dicating that the 6-lactam is not a precursor of the decomposition products. 

When the reaction was carried out in the absence of tertiary amino, alky- 
lation of the isothiazolo took place and the isothiazolium salt V WAS precipi- 
tated by the addition of ether. 
thylamine at room temperature gave back the starting isothiazole, via a simple 
dealkylation process. Heating the reaction mixture on a water-bath for 30 mi- 
nutes gave similar decomposition products. This suggests that the site of in- 
tramolecular attack of the carbanion of VI does not take place on carbon 3 of 
the isothiazolium nucleus. 

Houevor, when the isothiazoles 111 were allowed to react under these con- 

Subsequent treatment of this salt with trie- 

I 

R2 

111 V 

SCHEME 2 

This led us to study the chamistry 
philes with isothiazolium salts in 

2-Phenacylisothiazolium salts 

of intramolecular reactions of carbon nucleo- 
rome details. 
VII were prepared by the fusion of isothia- 

zoles I11 with phenacyl bromide. 
ded the 2-N-2-benzoyl-1,3-thiazines VIII, via intramolecular nucleophilic attack 
on the sulphur atom (Scheme 3). 

Treatment of 3-phenacylthio and 5-phenacylthioisothiazolium salts with ter- 
tiary amines afforded 3-phenacylideneisothiazoline IX, and isothiazoline-5- 
thione XI respectively (Scheme 4 ) .  In the first case, nucleophilic attack on 
the ring sulphur is sterically impossible, and reaction occurs at the carbon-3 
atoar. In the second case, however, nucleophilic attack takes place at the ring 
sulphur atom leading to tho formation of a dealkylated product most probably 
via an unstable intermediate of the type XI. 

Treatmnt of VII with tertiary amines affor- 
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SCHEME 4 

From t h e s e  r e s u l t s  w e  p o s t u l a t e  t h a t  t h e  in t ramolecular  n u c l e o p h i l i c  a t t a c k  
of t h e  carbanion i n  in te rmedia te  VI t akes  p l a c e  on t h e  r i n g  sulphur  atom (rat- 
h e r  than on carbon 31,  l ead ing  t o  t h e  observed decomposition products .  

d e r i v a t i v e s  VIII were allowed to  react with diphenyl  ketene or with chloroace- 
t y l  c h l o r i d e  and t e r t i a r y  m i n e  r e s p e c t i v e l y  (Scheme 5 ) .  

The new 0-lactam s y s t e m  XI1 and XIII, were obtained when t h e  1,3- thiazine 

SCHEME 5 
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EXPERINENTAL 
A l l  mel t ing point. wero taken on a Pirhor-Johns m l t i n g  point apparatus  

and aro  uncorrected. lH-YNR rpoctra were obtainod on a Varian 56/60 A, and 
I(.rr Spoctra on a Varian CH5 mama spectrorm.tor. 
Unicam S.P 2006. 
t e d  values, and wero performod by Cairo Univorsity Micro-analytical Conter. 

I R  rpoctra wero w a r u r e d  on a 
Unlerr ind ica ted  C,H,N a n a l y r i r  woro 2 0.4 t of  t h e  calcula-  

Yield 
x 
63 
59 
65 

Roaction of i r o t h i a z o l e r  I11 with diphenyl kotene x 

Calcd. X Found X 
U.P Po-le 
*C C l H  I N  I 8  C I H  I N  ' 5  

165 C23H1,N08 77.75 4.79 3.94 9.01 77.41 5.16 3.73 9.38 

164 C24H,9NOS 78.05 5.15 3.79 8.67 77.65 5.32 3.21 8.40 

161 C2+iI7NW 77.75 4.79 3.94 9.01 77.59 5.09 3.64 8.74 

I I I I I 1 

I l l  I l l  
I l l  I l l  
I l l  I l l  

I r o t h i a z o l e  I11 (SOOmg, 3.1 rmaol) and diphenyl kotene (660mg, 3.4 mmol) 
i n  te t rahydrofuran ( f O O m l ) ,  woro r t i r r o d  a t  room t.mp.raturo f o r  two days,  then 
refluxod on a watorbath f o r  6 hrr . ,  and l o f t  to  s tand  f o r  12 hr r .  The aolvant  
then was removed under vacuum and tho r e r i d u e  war chromatographed on s i l i ca  g e l  
with benzene-pet. e t h e r  ( 5 0 0 .  The product was r o c r y r t a l l i r e d  from pet. e t h e r  
(693mg, 63 t y i e l d )  m.p. 165.C; marr rpectrum : m/e 355; c a l c u l a t e d  f o r  
C2 H i  NOS, 355; IR spectrum x (Nujol) 1z60 cm-1 (6-lactam C - 0 ) ;  NHR spectrum : 
T t C d l 3 )  5.03 ( 1 H  r i n g l e t ,  C-5 proton 
g l e t ,  t h e  i r o t h i a z o l i n e  r i n g  proton) ,  2.5-2.9 (15H bandr, the aromatic protons). 
Tho a n a l y t i c a l  r e s u l t s  of compounds IVa-IVc are l i r t o d  i n  Table 1. 

t h e  furod carbon pro ton") ,  3.20 ( 1 H  r i n -  

TMU I R l  m:h ' Ph 

R, 

TMU I R l  m:h ' Ph 

R, 

4-tolyl 

Roaction of i r o t h i a z o l e s  111 with ch loroace ty l  ch lor ido  and t r ie thylamine  x 

(313mg, 3.1 nrmol) i n  dry te t rahydrofuran (100ml) war added dropwiso chloroaco- 
t y l  ch lor ide  (350mg, 3.1 mmol) a t  room temporatwe. A white p r o c l p i t a t e  war 
formod, the mixture becams red and a rise i n  temporatwe was noted. 
t h e  reac t ion  iwth I .R .  d id  not  ahow any evidence f o r  6-lactam formation (no abs. 
i n  t h e  region of  1780-1740 cm'l). Af te r  s t i r r i n g  f o r  3 day. t h e  s o l i d  ( t r i e t h y l  
ammonium hydrochloride) war f i l t e r o d  o f f  and washed with T.H.P. Tho combined 
T.H.P. f i l t r a t e 8  and warhingr were evaporated under reduced pressuro and tho  
residue war chromatographed (rilica; benzene, pet. e t h o r  508) t o  a f f o r d  r t a r t i n g  
i r o t h i a z o l e  and decomporition products. 

2-(Chloroacotyl) i ro th iazol ium chlor ide  V 

amol) woro heated gent ly  togothor  a t  80 f o r  30 minuter. Cooling and d i l u t i o n  
with othor  afforded V am a whit. c r y r t a l i n e  matorial .  Tho product was rocryr-  
t a l l i z e d  from benzene (620mg, 73t y ie ld)  m.p. 181.C. 

Pound x C, 55.18; H, 3.92; N, 5.64; S,13.31. 

Roaction of 2-(chloroacetyl)  i ~ o t h i a ~ o l i u m  chlor ido  V with t r ie thylamine : 
Triothylamine (200mg, 2 -1) war addod dropwire to  a r t i r r o d  r o l u t i o n  of 

i rothiazol ium chlor ido  V (550mg, 2 mmol) i n  totrahydrofuran ( 1 O O m l )  a t  r o o m  
terrperaturo. 

The roac t ion  war monitorod by I R  to  dotoc t  any evidence f o r  6-lactam for-  
mation. Aftor  3 day., t h e  molvont war romovod and t h e  ror iduo was chromato- 
graphod (rilica; benzone-pet. e thor  50)) t o  a f f o r d  iaothiazole 111 am w e l l  as 
decomporition product.. 

To a s t i r r e d  r o l u t i o n o f i r o t h i a z o l e  I11 (SOOmg, 3.1 mmol) and t r ie thylamine  

Uonitoring 

Chloroacotyl ch lor ide  (350mg, 3.1 ~ 1 )  and i so th iazolo  111, (SOOmg, 3.1 

Analysis f o r  CllH9 N 08 C1; calcd.  t : C,55.35; H,3.78; N, 5.87; 8 ,  13,42. 
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2H-2-Bonzoyl-1,3-thiazines VIII : 

moll wore fused togethor gontly on a steam-bath for 10 minutos. The coolod 
product was extracted with other, then the residue was Cry.talli8ed from etha- 
nol to give the 2-phenacylisothiazolium bromides VIIa-VIIc. 

ximately a five-fold eXC08. of dry pyridine, and reflwed until homogeneous. 
The mixture was dilutod with water and extracted with benzene. The benzene 
extracts wore washed with dil. HC1, water and driod. Evaporation, and chroma- 
tography (silica; benzene-pat. otbr 700) afforded VIII ; tho I.R. spectrum 
shcuod three characterlatic bands at 1570, 1610, and 1685, which were attribu- 
ted to C-N, C-C, and C-0 strotching vibrations respectively) mass spectrum m/o 
279, calculated for C17H13NOS, 279; "R spectrum : T (cDc13) 6.48 (1H singlot, 
C-2 proton), 3.14 (1H singlet, C-6 proton), 2.72-2.50 (10H bands, tho aromatic 
protons), 1.76 (1H singlet, the C-4 proton). 

(A)  Phonacyl bromide (1.99g8 0.01 mol)  and isothiazole I11 (1.61g8 0.01 

(6) Isothiazolium bromide VIIa (lOOOmg, 2.28 mmol) was treated with appro- 

The analytical result. for compounds VII1,-VIII, are listed in Table 11. 

Calcd. X Y i e l d  M.P 
C I H  I N  9 

I l l  
I l l  
I l l  

-. Bz .C 
I 1 I 

74 142 Cl7HI3N08 73.12 4.66 5.02 11.47 
73.72 5.12 4.70 10.92 

65 139 Cl,H13NOS 73.12 4.66 5.02 11.47 

PIII, H ph 
P 4-tolyl 72 147 Cl8PI5N08 

Found X 

C I H  I N  I 8 

I l l  
I l l  
I l l  

1 1 I 
73.46 4.81 5.34 11.80 
73.23 5.54 4.49 10.67 
73.50 4.95 4.78 11.02 

PIII, 

Calcd. X 
F0-h 

C I H  I N  9 

I l l  
I l l  
I l l  

I 1 I 

Cl7HI3N08 
Cl8PI5N08 
Cl,H13NOS 

73.12 4.66 5.02 11.47 
73.72 5.12 4.70 10.92 
73.12 4.66 5.02 11.47 

4-tolyl 72 147 
65 139 

Found X 

C I H  I N  I 8 

I l l  
I l l  
I l l  

1 1 I 
73.46 4.81 5.34 11.80 
73.23 5.54 4.49 10.67 
73.50 4.95 4.78 11.02 

2-Mothyl-3-phe~cy1idine-5-pbnylisothiazoline IX : 

troatod with approxhatoly a five-fold excess of dry pyridine and reflwed un- 
til homogeneous. 
The bonzone extracts were washed with dil. HCL, water and dried. Evaporation, 
and chromatography affordod IX m.p. 163O (390 yield); mass spectrum I m/e 293, 
calculated for C 8H15NOS 293; NllR spectrum : 1 (CDCLJ) 3.5 (1H singlet, the 
isothiazoline hydrogen) , 2.1-2.95 (5H bands, the aromatic protons of the side- 
chain phonyl), 2.6 (5H singlet, the aromatic protons of the iaothiazoline phe- 
nyl). 

2-W.thyl-3-phenacylthio-5-ph.nylisothiazolium bromide(8) (0.01 moll was 

The mixture was diluted with water and extracted with benzene. 

2-~thyl-4-phenyl-isothiazoline-5-thione X : 
2-Mothyl-4-phenyl-5-phenacylthioisothi~zolium bromide(8) ( 0 . 0 1  mol 

troatod with dry pyridino as described abovo, and afforded X m.p. lSO"C~~)wa' 
(500 yiold). 

Reaction of 2H-2-Benzoyl-l,3-thiazino VIII with diphenyl ketene I 

This reaction was carried out as deacribed above for tho reaction of iso- 
thiazole with diphenyl kotene to afford the 6-lactams XII. 
obtainod in 328 yield, m.p. 206OC; mass spectrum I m/e 473; calculated for %W 
CjlH2jN02S 473; IR spoctrum I (Nujol) 1755 cm-l (6-lactam C=O). The NMR spec- 
trum : c (CDCl3) 6.82 (1H singlet, C-2 proton), 5.48 (LH singlet, the fused 
carbon proton), 4.1 (1H singlet, thiazine ring proton), 2.94-2.56 (20H m., the 
aromatic protons). 
The analytical reclults for compounds XIIa-XII, are listed in T a b l e  111. 

Compound XII, was 

- 153 - 



COPh 

Y i d d  M.P 

=Ia H ph ph ph 32 206 
tl 4-tolyl ph ph 28 209 

ph ph 37 214 

X I X I .  H ph H C1 26 225 
U 4-tolyl H C1 30 217 
Ph H C1 22 229 

Ph H 

Calcd. X F o u d  x 
C ' H  I N  I S  C ' H  ' N  I S  

C3143U028 78.65 4.66 2.96 6.76 78.83 4.98 2.60 6.45 
C321$5N02S 76.85 5.13 2.87 6.57 78.46 5.41 2.53 6.88 
C3143N02S 78.65 4.86 2.96 6.76 78.51 5.12 2.71 6.53 

ClgH14N02SCl 64. 1413.9413.9419.00 63.79I3.6113.68l8.68 
C20H16N028C1 64.9514.3313.7918.66 64.6714.7413.9118.32 
C19H14N028C1 64. 1413.9413.9419.00 63.8513.8013.4318.76 

Po-l. 

I 
1 1 ,  1 I ,  

I l l  1 1 1  
I l l  I l l  
I l l  I l l  

Roaction of 2-H-2-Benzoyl-l,3-thiazine V I I I  wi th  ch loroace ty l  ch lor ide  and 
t r i a t h y l u n i n a  : 

The raac t ion  war c a r r i o d  o u t  according t o  t h e  procedure dercr ibed f o r  tho 
reaction of i s o t h i a z o l e r  with ch loroace ty l  ch lor ide  and t r iothylamine.  
t h e  6-lactamr X I 1 1  were obtained i n  t h i n  care. Compound X I I I ,  war obtainad i n  
26B y i e l d ,  m.p. 225'C; mar. r p e c t r y  : m/e 3551 ca lcu la ted  f o r  ClgH14N 028 C 1 ,  
355; I R  rpoctrum : (Nujo l )  1772 cm- (6-lactam C-0).  
The analytical  resul t .  f o r  ccmpoundr X I I I a - X I I I c  are l i s t e d  i n  Table 111. 

Hawevor 
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