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Abstract  - The ch lor ino lys is  of dithiazeneazetidinones, unrym-azetidinone 

d isu l f ides ,  and 2-chloromethylpenams, w i t h  sul fury l  ch lo r ide  produce the 

2-[2'(R and S~-chloro-4'-oxoazetidin-l'-yll-3-chloromethyl-3-chloro- 

su l feny lbu ty r ic  acid ester isomers i n  which the S-isomer predominates. 

Treament of t h i s  compound I R  and S isomers) with pyr id ine  resu l ts  i n  

e l im inat ion  of HSCl and formation of the Z and E isomers i n  which the Z 

isomer predominates. 

~ e n i c i l l i n s ~ - ~ ,  p e n i c i l l i n  ~ u l f o x i d e s ~ ~ ~ ~ ~ ,  a n h y d r ~ ~ e n i c i l l i n s ~ ~ * ~ ~ ,  and ~ e ~ h a m s ~ ' , ~ ~ ,  undergo 

e lec t roph i l i c  r i n g  opening w i t h  chlorine, th iony l  chlor ide,  su l fu ry l  chlor ide,  and l-chlorobenzo- 

t r i azo le ,  i n  su i tab le  solvents such as carbon te t rach lor ide  or .ethylene chlor ide.  I n  the case of 

the pen i c i l l i n s ,  1, the i n i t i a l  product fomed, the 2-CZ'IR and S1-chloro-4'-0x0-3's-phthalimino- 

doazetidin-l'-yll-3-chlorosulfenyl-3-meth~lbutyrate es te r  2, i s  r ead i l y  converted by excess o f  the 

ch lor ina t ing  agent, o r  w i t h  t r iethylamine, t o  the 2-12'IR and S)-chloro-4'-0x0-3's-phthalimido- 

4 azetidin-1'-yll-3-methylbut-2-enoate ester, 1 . 

P e n i c i l l i n  sulfoxides, 5, on heating i n  the presence of thionyl chlor ide,  are converted t o  the 

3-chloro-3-methylcephams, 8, and the 2-chloromethyl-2-methylpenams, 1, by way o f  the azetidinone 



th i i ran iun chlorides, 5,  which are i n  turn f o n e d  from the 2-[2'S-chlorosulfenyl-4'-oxo-3'S- 
10 phthalimidoazetidin-1'-yll-3-methylenebutyrate esters, 2 . i n  the presence o f  su l fu ry l  chlor ide i n  

place o f  th ionyl  chlor ide,  the product i s  the isomeric mixture of the 2-[2'S-chlorosulfinyl-4'-0x0- 

3'S-phthalimidoaretidin-l~-yl1-3-methylenebutyrate esters, 9 ,  isaner ic about the su l f iny l  center. 

11 
m e  canpounds, 9,  wi th  t r iethylamine f o n  the 3-methyl-7-phthalimidoceph-3-em su l fox ides,g  . 
Chlorination o f  anhydropenidl l ins,  1, produce the su l fu r - f ree  2 - [ 2 ' ( R  and S)-chlor0-4'-oxo-3~S- 

phthalimido or midoaretidin-1'-yll-3-methylbut-2-enoyl chlorides, 12, which are read i ly  converted 

15.16 t o  the acids, 15 i R ' = H )  or  esters, 13 . 



HETEROCYCLES. Vol 22, No 12, 1984 

Di rec t  ch l o r i na t i on  of cephams such as 8, produce the 2 W 1 ( R  and S)-chloro-4'-0x0-3's-phthalimido o r  

amidoazetidin-l'-yll-3-chlorosulfenylmethyl-3-chloro l o r  hydroxy) bu ty ra te  esters. 417'18. 
These products o f  ch l o r i no l ys i s  have been used f o r  the preparation of 5-epipenic i l l ins19,  2- 

halomethylpenic i l l ins,  1,2-disulf ide analogues of cephalosporinsZO, penems21'22, 1-oxapenams, 6- 

24 epi-1-azacephalosporinr23, and 1-oxacephalosporins . Many o f  these products were found t o  be 

bioact ive.  

This paper describes our work on the ch l o r i no l ys i s  o f  the 1,2,4-dithiazeneazetidinones, 15,25 and 

the w - a z e t i d i n o n e  d i su l  f ides,  $6'27. 
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Unsyn-Aretidinone d isu l f ides  o f  type 20 have been described by Kamiya and c o - ~ o r k e r s ~ ~ ' ~ ' .  Yhen - 
there compounds are t reated w i th  the stoichiometric amount (0.5 mole equivalent) of ch lor ine  or 

s ~ l f ~ r y l  chloride, i n  a su i tab le  solvent such as methylene chlor ide o r  carbon tetrachlor ide,  a t  a 

low tmperature (about -40°C), excel lent  y i e l ds  of the 26-chloromethyl-2 -methylpenam, 21, are 

obtained. This react ion proceeds by way of the (unisolatedl  sul fenyl  chloride, 5, and the 

27 thi iranium chlor ide,  & . 
The unrym-azetidinone d isu l f ide ,  20, when dissolved i n  excess su l f u r y l  chlor ide (reagent and 

solvent), undergoes an imed ia te  react ion t o  give essent ia l ly  quant i ta t ive  y i e l ds  of methyl 2-[2'(R 

and Sl-ch1oro-4'-0~0-3'S-phenoxycarbonylaminoazetidin-l~-yll-3-chlorom~th~l-3-chlorosulfenylbuta- 

noate, 19. i n  an isomer C2'R and S-chloro isomers, determined from the 300 MHz NMR spectrum] r a t i o  

Of R:S of 1:4. This same product, 19, i s  a lso obtained, i n  the same isomer (R:S) r a t i o ,  by the 

chlor inolysis,  i n  the same way, o f  the 20-chloromethylpenam, - 21. 

The 3-phenoxy-1,2,4-dithiazeneazetidinone, g5, reacted very slowly w i th  su l fu ry l  chlor ide ( 1  o r  2 

mole equivalent) i n  methylene chloride, a t  room temperature. A f te r  one hour, a t  room temperature, 

the NMR spectra and t h i n  layer  chromatograms indicated the presence o f  considerable amounts o f  the 

starting material, 15, along w i th  other products. However, when the 3-phenoxy-l,2,4-dithiazene- 

azetidinone, E, was dissolved i n  su l fu ry l  chlor ide (reagent and solvent), an imed ia te  react ion 

occurred (as shown by the nmr spectrum, run on the react ion mixture). The product o f  t h i s  react ion 

i s  methyl 2 4 2 '  (R and S)-chloro-4'-oxo-3'S-a-phenoxy-o-chloromethyleneiminoazetidin-l ' -y l l -3-chloro- 

nethyl-3-chlorosulfen~lbutanoate, 18, probably formed the sul fenyl  chloride, 2, and the 

2~-chloromethylpenam, g, (which were not isolated).  This product, 18, obtained i n  quant i ta t ive  

y ie ld,  consisted o f  the isomeric mixture a t  C-2, the r a t i o  o f  R:S isomers being 1:4, as determined 

from the NMR (300 MHz) spectrum. The compound, 18, i s  f a i r l y  stable i n  solutions, and a so lu t ion  i n  

benzene can be washed rap id ly  w i th  water, t o  remove excess su l fu ry l  chloride. The NMR spectrum o f  

the washed sample i s  ident ica l  t o  t ha t  o f  the crude sample. On s t i r r i n g  v i t h  i c e  water, t h i s  

compound, 8, i s  hydrolyzed t o  methyl 2-C2'IR and S)-chloro-41-oxo-31S-phenoxycarbonylaminoazetidin- 

1'-yll-3-chloromethyl-3-chlorosulfenylbutanoate, 19, ident ica l  w i t h  the samples obtained from the 

m - a z e t i d i n o n e  d isu l  f ide,  20, and from the 26-chloromethylpenan, 1. 
Compound 19, on treatment w i th  pyr id ine  (reactant and solvent), i n  an ice-bath, gave a mixture o f  

both the Z (COOCH3 to  CH3-compound g ) ,  and the E (COOCH3 trans t o  CH3-compound 3 )  geometric 

ismers, i n  a r a t i o  of 4:l; each of these geometric isomers also consist ing o f  the ch i ra l  R and S 

isomers. The s t ruc tura l  assignments of these compounds were made on the basis o f  the NMR 0 0 0  MHz) 

Spectrum of the product obtained frm the treatment w i t h  pyridine. The C s  s ing le t  o f  the Z i smer ,  

22, thus appeared a t  6 2.33, whi le the C 3  s i ng le t  of the E isomer. 3, was a t  6 2.11. - 
Yhen compound 19, was treated wi th  pyridine, i n  methylene chlor ide as solvent, the r a t i o  o f  the Z:E 

isorerr changed frm 4 : l  t o  2:l. 

The chemistry of compounds 18, 19, g, and c, i s  under study and w i l l  be reported i n  subsequent 
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publ icat ions.  

EXPERIMENTAL 

IR spectra were recorded on a N i co l e t  OX-FTIR spec t rophotmter .  NMR spectra were recorded on a 

Varian EM-360A, and a Brucker AM-300 spectrometer, us ing tetramethylsi lane as an in te rna l  reference. 

Methyl 2 4 2 ' I R  and S~-chloro-41-oxo-3'S-o-phenoxy-o-chloromethyleneiminoazetidin-l'-yll-3-chloro- 

~nethyl-3-chlorosulfenylbutanoate, 8. 
Methyl 3-phenoxy-4,5-dithia-2,7-diazabicycloC4.2.Oloct-2-ene-8-one-7-isopropel acetate, 15, (1.0 

g) was dissolved i n  d i s t i l l e d  su l fu ry l  ch lo r ide  ( 5  ml) .  There was an i m e d i a t e  react ion w i t h  

production o f  the t i t l e  compound as was evident  from the nmr spectrum ( 8 0 ~ ~ 1 ~ 1 ~ ~ :  Major product 

(2'8-isomer) 6 1.73 13H, s, C%), 3.8 l3H, s, COOCt&), 4.10 12H, s, C ~ C I ) ,  4.63 (IH, s, CFOOCH~), 

5.06 I lH ,  d, J=1.8Hz), 5.50 I lH,  d, J z 1 . 8 H z - w - e - l a c t a m  protons),  7.33 ISH, m, C&); Minor 

product l2'R-isomer) 6 1.66 (3H, s, C131, 3.82 (3H, s, C O O C 3 1 ,  4.18 I2H. s, CSCI ) ,  4.5 I lH ,  s, 

CsOOCH31, 5.20 (1H. d, J-4Hr). 6.17 I lH ,  d, J=4Hz-cis-B-lactam protons),  7.33 (5H, m, C&). The 

excess s u l f u r y l  ch lo r ide  was removed under reduced pressure and the r esu l t i ng  o i l  was d r i ed  under 

h igh vacuum. The resu l t i ng  o i l  was dissolved i n  benzene and t h i s  so lu t ion  washed rap id l y  w i t h  

water. The organic layer  was dr ied  over sodium sul fate,  f i l t e r e d  and concentrated. The nmr 

spectrum of the residual  o i l  ( i n  LOCI3) was i den t i ca l  t o  that  o f  the reac t ion  product l i n  SO2Cl2), 

and showed the presence o f  the S- and R-isomers i n  a r a t i o  of 4 : l .  This compound, although 

comparatively s tab le  i n  so lu t ion  i n  the absence o f  a i r  and mnisture, changes rap id l y  on i s o l a t i o n  

and on attempted pur i f i ca t ion ,  and should be used as soon as possib le.  A high reso lu t ion  mass 

spectral analysis of t h i s  compound gave a measured mass o f  436.9890, wh i le  t h a t  calculated f o r  

32 
CI6Hl6N2O4S C1335 (M-35) i s  436.9898. 

Methyl-2-[2'(R and S)-chloro-4'-oxo-3'S-phenoxycarbonylaminoazetidin-l'-yll-3-chlorornethyl-3-chloro- 

sulfenylbutanoate, 19. 

Methyl 2-~2'S-~benzothiarol-2-yl)dithia-4'-oxo-3'S-phenoxycarbonylaminoazetidin-l'-yll-3-methylene- 

butanoate, 20, 11.0 g) was s t i r r e d  w i t h  d i s t i l l e d  su l fu ry l  chlor ide I15 m1). There was an i m e d i a t e  

react ion,  the compound dissolved t o  a yel low so lu t ion  and very qu ick ly  a yel low s o l i d  separated. 

The reac t ion  mix tu re  a f t e r  f i l t r a t i o n  was concentrated t o  give a yel low syrup. This syrup was 

S t i r r e d  w i t h  ether,  f i l t e r e d ,  and the  ether evaporated t o  give a y e l l w  o i l  w i t h  an nmr ICDCl3) 

spectrum: Major product 12's isomer) 6 1.73 (3H, s, CQ, 3.80 (3H, s, COOCK3), 4.10 12H, s, Cfi2C11, 

4.73 ( lH,  S, C&OOCHd, 4.90 ( lH,  dd, J1=8Hz, JpZHr ,  3-H), 5.80 I lH,  d, J=ZHr, 2-X), 6.56 ( lH,  d, 

J=8Hz, NK), 7.26 Im, C&);  Minor product (Z'R isomers) 6 1.63 (3H, s, Ct13), 3.80 (3H, s, COOL%), 

4.23 (ZH, s, C12C1), 4.53 ( lH,  s, CsOOCH31, 4.90 (lH, dd, J1=8Hz, J2=4Hz, 3-$, 6.20 (lH, d, JZ4Hz, , 

2-51, 6.56 (IH, d, J=8Hr, N l ) ,  7.26 In, C6H5). This nmr spectrum shows t h a t  the major product i s  



the S-isomer, and the minor the R-isomer i n  a r a t i o  o f  4: l .  

The same compound, w i t h  essent ia l l y  the same isomer d i s t r i bu t i on  i s  obtained by t r ea t i ng  the 

2-chlor-thylpenam, 21, wi th  su l f u r y l  ch lor ide  i n  a s im i l a r  way, or by s t i r r i n g  compound 18 w i t h  

ice water (ac id ic )  f o r  0.5 h. The nmr spectra of the products obtained f ron  21 and 18, were 

identical t o  t ha t  o f  the product f r on  20. 

Methyl 2-C2'lR and S)-chloro-4'-oxo-3'S-phenoxycarbonylaminoazetidin-l'-yll-3-chloromethyl-but-~- 

enoate, 2 and 12. 
Compound 19 (1.2 g) was dissolved i n  pyr id ine  (10 ml) cooled i n  an i ce  bath. Imed ia te l y  a f t e r  

solution was canplete, the pyr id ine  was removed under vacuum, using benzene as a chaser. The 

resul t ing brown gum was dissolved i n  benzene and the resu l t i ng  so lu t ion  was washed w i th  1 normal HCI 

and water. The benzene solut ion was then dr ied over anhyd. Na2S04, f i l t e red ,  and concentrated t o  a 

brwn foam. The nmr spectrum ( in tegra t ion  of the methyl and 0-lactam protons) o f  the product showed 

a mixture of the four products 225:221(235:23R i n  the r a t i o  12:4:3:1. Chromatography on s i l i c a  gel 

using ethyl  acetate-hexane (3:17) as eluant gave 350 mg (35%) o f  compound 225. NMR (C0Cl3) 

spectrum: 6 2.33 (3H, s, C S I ,  3.83 (3H, s, COOC13), 4.27 (ZH, d, J=6Hz, Ct&Cl), 4.97 ( lH,  dd, 

J1=8Hz, J2=2Hz, 3-11. 6.00 (lH, d, J=2Hz, 2-11, 6.40 ( lH, d, J=8Hz, NE), 7.27 (5H, m, CAI. I R  

(KBr) 3377, 2951, 1790, 1731, 1529, 1491, 1324, 1266, 1220, 1208 on-'. 

A second f rac t ion  (150 mg) consisted o f  a mixture o f  22R:23S:23R i n  the r a t i o  o f  7:2:1 from the nmr 

spectrum. The nmr (CDC13) spectrum f o r  cmpound 3: 6 2.31 (3H, s, C S ) ,  3.83 (3H, s, COOCS), 

4.23 (ZH, d, J=6Hz, CsC l ) ,  5.20 ( lH, dd, J1=8Hz, N i l ,  7.33 (5H. m, C&). The mr spectrum o f  

compound 3 (both S and R isomers) d i f f e r s  from tha t  o f  compound 22, i n  t ha t  the C 3  s ing le t  appears 

a t  2.11 and the CsCl  appears as a doublet a t  4.67 w i th  J=lHz. 

The analysis of compound 225, obtained as described above, i s  w i t h i n  acceptable l i m i t s .  
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