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Abstracti We describe. a convemcnt procedure for prcparmg (lR)-6.6~d~halo-, 6@alo-pcmallanatcs. 6,6-dthalopenam 
dcnvatlves and (lS)-6a-halopcmcdlanates sulrOxldeS by dimethyidioxlrane asymmetnc ox~E~hon of the. corrcspondmg 
pcmcdlanates and pcnam denvatwes This method IS characterized by told reacttons conditions. short reacuon times, 
excellent selechwty, very htgh ylcld, ease of reactmn workup and complete avoidance of ovemulahon products 

Enanttomertcally pure (1R) and (lS)-pentctlltn sulfoxtdes having p-carbons bearing hydrogens can 

undergo thermal rearrangement vta a concerted pseudopertcychc process to sulfentc acids that have been widely 

explotted to trap either tntermolecttlarly for the preparation of 3-methyl or 3-exomethylene cephalosponn 

nucleus1 or tntramolecularly wtth heteroaromattc thtols for prepartng 2-halomethyl-penams dertvattves.2 These 

modtfted cephalosportns and pentctlltns have already proved to be key intermediates tn the manufacture of 

therapeuttcally important cephalosportn anttbtottcs,z and~2-~tnazolylmethyi~~mctil~~tc acids, as ~%ctamase 

tnhtbttors.4 

We have found that the oxtdatton of (ptvaloyloxy)methyl (Porn) 6,6-dthalo- and the 6-~halopentctllanates 

using mchloroperbenzotc actd (rrrCPBA) afforded the pure (R)-sulfoxtdes isomers 5 We also had reported that 

6,6-dtbromo-3a-cyano-2,2_dtmethylpenam reacts wtth oxone tn aqueous methanol to gtve the correspondtng 

pure (lR)-sulfoxtde tn good yteld.6 In these cases the oxtdatton occured at the stertcally more accestble a-face 

otcthe penam nucieus, whtie wttli the Porn 6-a-Iiaiopentctll’anates and’6,6~diliyd?opentctll~?inate, the reaction with 

m-CPBA proceeded wtth a remarkable degree of stereocontrol productng the (lS)-sulfoxtdes 5 

Now, we wtsh to report a mild, facile and high-yteldtng method for the preparatton of dtastereomencally 

pure (R) and (S) sulfoxtdes of a sertes of 6,6-dthalo- and 6-halo-pentctllanates and other penam derivatives 

using Z,Z-dimethyidioxtrane (DMDOj.T in terms ot^operattonai simplicity and.etl?ctency, this approach offers 

stgmticant advantages over existing methods t^or the oxtd%tton ol^pentctllin dtirtvattves with nonXi+acyiamtdi, 
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substttuents. The stereospeciticity ot-the reaction is ill’ustrated~by the conversion of-pemcill’anates (I-4) into the 

(lS)-sulfoxtdes (58),8 
0 

DMDO ) Hobs 

i R 

1 Y=Br lbCH,C,H, 5 
2 Y=CI R=-CH,CGH, 6 
3 Y=F R=-CH&H, 7 
4 Y=F R=-CH,OCOC(CH,), 6 

and pemctllanates (9-14), 6,6-dtbromopemctllamc acid (15) and 6,6-dtbromo-3a-hydroxymethyl-2,2- 

dtmethylpenam (16) into the correspondmg (1R) sulfoxtdes (17-24). 

9 X&r Y=H R=-CO&H&H5 17 
10 X=F Y=H R=-CO&H&H, 16 
11 X=Br Y=F R=-CO,CH&H, 19 
12 X=Br Y=Br R=-CO&H&H5 20 
13 X=Br Y=Br R=-CO,CH,OCOC(CH,), 21 
14 X=Br Y=Br R=-CO,CH(CGH,), 22 
15 X=Br Y=Br R=-COzH 23 
16 X=Br Y=Br R=-CH,OH 24 

R 

The yield for these transformattons was quantttattve and the enantromertc purtttes were lOO%, as 

determmed by tH NMR. The absolute conftgurahon of (1R) and (1s) pcmctlhn sulfoxtdes has been adequately 

established by 13C NMR chemtcal shifts correlations 5.9 Table 1 summanzes 13C NMR spectra. 

The followmg IS a typrcal procedure for the preparatton of benzyl6,6_dtbromo pemctllanate l(R)-sulfoxtde 

(20) A solutron of DMDO (0 08 M sol m acetone, 1 8 mL, 0 144 mmol) was added to a stirred solutron of 

benzyl 6,6-drbromopemcrllanate (12) (43 mg., 0.0% mmol) m dry dtchloromethane (4 mL) at room 
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temperature, under tntrogen. The reaction was completed wtthm 10 mmutes (momtored by TLC). After that, 

solvent was evaporated to yteld the tttle compound (20)s (44.5 mg., la)%), as a colourless sohd. 

able 1. 1 

bmpound 

5 

6 

7 

8 

17 

18 

19 

20 

21 

22 

23b 

24 
^. ^ 

: NMF 

c-2 

73.9 

73.5 

73.9 

73.8 

70.7 

69.4 

72.7 

72.2 

72 0 

72 3 

73.4 

73.8 
T 

SnIffS III ppm aowc 

hemi= 

c-3 

65.1 

65.1 

64.7 

64.6 

66.1 

65 2 

66.6 

666 

66.2 

66 6 

67.6 

60.3 
Id from 

htfts o 

c-5 

789 

79.1 

76.8 

76.9 

79.9 

79.0 

91.0 

92.6 

92.4 

92.5 

89.9 

97.3 
emaiR 

K?mcill 

C-6 

386 

53.3 

89.5 

89.6 

42.9 

91.5 

98 5 

47 6 

47.5 

47 6 

51.0 

48.8 
i 1” cm 

sulfox 

c-7 

165.8 

165.3 

1642 

164.2 

165.7 

1660 

160.3 

162.0 

162.1 

162.0 

166.7 

163.7 
I b) ml: 

:%a 

C-8 

17.8 

17.9 

17.9 

17.9 

16.0 

15.6 

16.7 

16.6 

16.6 

16.4 

19.7 

17.6 
SO-&j 

c-9 

19.5 

19.6 

19.4 

19.2 

24.1 

23.9 

24.5 

24.5 

24 3 

24.6 

26.8 

24.3 

The rn~h~Isrn of these oxtdatron has not been ~~bllshed at present. To explam the htgh degree of 

drastereoselecttvtty of these reacttons we have taken mto account the nature of the C-6 halogen substttuents and 

the stereochemtstry at sulfur m the conformatton of penam nucleus. As 1s shown m compounds 1.2 and 9 they 

are attacked by DMDO exclustvely from the oppostte ortentatron (a or 6) of the bulky C-6 substttuents. 

Interestmgly, Qa-fluoropemctllanates (3) and (4) also give the correspondmg l(S)-sulfoxtdes even though there 

1s not a stgmftcant stenc effect It ts possible that an intmmol~ular polar dtrectmg effect of the fluorme atom can 

explam thts result. An electrostattc effect of a polar subsutuent can favor a transttton state leading to the isomer 

with the sulfoxtde and the polar substttuent tn a trans relattonshtp. It has been reported that thts effect can 

mfluence the stereochemtstry of the olefm-peracid reaction. to A similar explanatron can be used rn the case of 

the syntheses of benzyl 6-fi-fluoropemctllanate (lR)-sulfoxtde (18). Experimental results tn 6,6- 

drbromopemctllanates (12-14) and 6,6-drbromopeructllamc acid (15), as well as, rn 6,6-drbromo-3a- 

hydroxymethyl-2,2-drmethylpenam (16), shows that stenc effects predominate gtvtng the l(R)-sulfoxrdes 

exclustvely, as a result of the attack on the less hmdered face. The possibility of a 1,3-dtaxtal electrostatic 
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mteractlon between the C-6 substltuents m the gonentauon and the oxygen atom of the ksulfoxlde, which may 

favor the transition state leading to the a-sulfoxldes, can not be ruled out. 

In summary, the oxidation of pemclIIm sulfides with non-6-p-acyIamido substltuentsll have several 

outstanding charactenstics. (a) yieIds are quantitative; (6) the oxidation IS stereospeclfic and mild, yleIdmg onIy 

sulfoxldes but no sulfones; (c) the reactlon IS complete within a few minutes, (d) the procedure IS very simple 

and the lsolafion of pemcrlhn sulfoxldes can be camed out readily 
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