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Abstract - The title compound were prepared aa useful optically active 
intermediates for the syntheals of “non-classical” B-lactam compounds. 
These monocyclic atetidinones were formed by cleavage of sulfur-carbon 
5 bond of bicyclic penlcillanates with chlorine or tert-butyl hypochlo- 
rite in approplate solvents. 

Since the discovery of nocardiclns i’, the first biologically active mono- 

cyclic B-lactam8, which uaa followed by the monobactame 1 lc,2 , the the;“,yu;:, 

potential of derivatives of I-atetidinones has been videly recognlted. ’ * 

Another class of natural products, the clevulanic acid 1 3a , the carbapenems i 3b , 

the I-oxacephalosporina 2 3c and other “non-clasblcals” bicyclic B-lactams, has 

dramatically lncreds.:d the research directed to the synthesis of functlondllzed 

I-atetidlnones aa key intermediates of several synthetic approaches to these 

B-lactam derivativea.“’ Among thoee lntermediates [3’-substituted-2’-chloro- 

I’-oxodzetidin-t’ -yll-3-methylbut-2-enoate enter derivatives 5 vere used ds one 

of the key features of dlfferent strategies leading to the preparation of varloum 

6-lactam derivatives.6 N-aryl- 3-hdlogeno- and 3,3-dihdlogeno-4-atetidinonee 

have recently been syntheslted dnd their B-lactamase inhibitory activity evdlu- 
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We were particularly interested in developing a practical route for the syn- 
thesis of optically active (pIvaloyloxy)methyl (Porn) 2-[2’-Chloro-3’-Bromo-2’- 

oxoazetidln-l’-yl]-3-methylbut-2-enoate 9,11 starting from 6-aminopenicillanlc -- 

acid (6-APA) 1, which is abundantly available and Inexpensive. 

A number of methods exist to cleave l-5 bond of penam nucleouse to arrive 

at monocyclic I-atetidinones of general structures 5. These prtxlucts are typi- 

cally formed when a non-6-acylamino tslde chain peniclllanate eater Is treated 

with an electrophilic reagent as chlorine, 
9 sulfuryl chloride 9 and l-chlorobenzo- 

triazole’ O In suItable solvents such as carbon tetrachloride, chloroform or 

methylene chloride, followed by treatment with a tertiary base, vhlch gives rise 

to the removal of the 3-H atom as proton. 

RESULTS AND DISCUSSION 

In this paper ve report a quite fruitful Investigation on a practical method 

Involving cleavage of l-5 bond of Porn penicillanate being a synthetically useful 

method for the semi-synthesis of the optIcally active I-azetidinones 2, fi and=. 

Elactrophilic openinq reaction with chlorine. 

Treatment of Porn 6e-bromopeniclllanate 6s with 2.5 equiv. of chlorine in Ccl, - 

-CHC13 at -7O’C and immediate decomposition of polar intermediates by silica gel 

gives a mixture of the two Isomerlc compounds, 2 and E in a ratio 10:t In 63% 

yield. Eq. (1). A comparable result vas obtained vhen the base N-methyl plperazlne 

vas used to decompose the IntermedIate products. The pure Isomers, were Isolated 

by preparative TLC over silica gel. 
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When Sb was treated under similar conditions as mentioned above, a mlXtUre - 
of 11 and 12 was produced in a ratio of 16:l in 79% yield. Eq. (21. - - 

1) Cl 

2) N-Me plperazlne 

: 
cogom 

8b 

The pairs of compounds 9-11 and lo-12 are enantiomers. Structure prOOf for -- 
compounds 9-12 wan provided by 

1 
H and 13 C NM?, mass spectra and IR SpeCtrOSCOPY. -- 

The ‘H NMR spectra show the H(5)-H(6) coupling constant8 of ca. 1.0 and 4.0 Hz 

to be consistent with the presence of a trans and cis-substituted b-lactam re- 

spectIvely. 
11 

When the chlorination of Ba vas run in an NlIR tube and followed by ‘H N)~R - 

spectroscopy, clean conversion of starting material Into the psnIcIllanate chlor- 

osulfonlum chloride salt 13a or its eulfurane form 13b was revealed. 12,13 Hovev- 



sptkri, of mosocyck AzetidinolK!s 7009 

ef it was not porible to distinguish between these forms (scheme I). 

2’ 

d+NYF 
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I Pyridine 

10 R,-Cl R2=H 

Scheme I 

To explain the stereoselectivity of theee reactions, we have to take into 

account the following features: i) the carbon 5 of penicillins is an arolnothioke- 

tal; ii) the sulfur atom in the peniclllanate chlorosulfonium chloride salt or 

in its sulfurane form is a very good leaving group, and iii) the unshared electron 

pair of the nitrogen atom can assist the heterolytlc cleavage of sulfur-carbon S 

bond with concomitant departure of sulfonium or sulfurane group, leading to the 

azetidinlum catron 14 which, as it la known, 
9 

- is attacked by a nucleophlle, pref- 

erentially from the opposite orientation (a or 6) of the bulkier substltuent on 

carbon 6. The olefin forming reaction which may be synchronlc with or subsequent 

to the rupture of l-5 bond, has been explained’ by the 6-elimlnation of the hydro- 

gen on carbon 3, abstraction as a proton by the chloride anion or by added base 

with liberation of sulfur dlchlorlde (SC12). 

Denerly and Thomas 13 have reported that the decomposition of penicillanate 

methyl-sulfonlum tetrafluoroborate or fluorosulfonate with anhydrous sodium car- 

bonate led to olefin formation by loas of H(3) ae proton and cleavage of sulfur- 

carbon 2 bond. A similar bond cleavage has been reported An the Nayler reaction, 
14 

ElectrophllFc opening reaction vlth tert-butyl hypochlorite. 

Tert-butyl hypochloritc ‘7 

terl” 

17 
CH3)3CCOC1 has been utlllretd extensively in radi- 

cal and ionic reactions with thioethers and bentyl penicillanate methyl es- 

We report here on the reaction of tort-butyl hypochlorite with Porn 6a- 

and 68- bromo- penicillanates e,h and Pcm 6,6_dibromopenicillanate s, under a 

variety of conditions (See experimental section). 

We found that reaction of (CH3)3CCOCl with x in the presence of ato-bie 

(fsobutyronitrile) (AIM) as radical initiator at 3O.C followed by decomposition 

of unstable intermediates with silica gel yields Porn 2-[2’-chloro-3’,3’-dibromo- 

I’-oxoazetldin-1 ’ -yll and Porn 2-12’-tert-butoxy-3’ ,3’-dibromo-4-oxoazetidln-l’-yll 

-3-methylbut-2-enoates 16 and 17 in a ratio 19:1, 451 yield. See tq. (3). When - - 

1 1 

2) Silica gel 

_ 

HO&, 

1s 16 17 
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15 was treated under similar conditions in the absence of AIBN, the adjor products - 
were again 16 and 17. - - 

The optical rotation vdlues of (O1gol - 9.43 and 4 2.64 for compounds 1p and 

17 were indicative of the etereoeelectivlty of the reaction, In order to determine - 

the relative stereochemistry of the hydrogen8 on carbon 2’ and 3’ of the atetidl- 

none ring, we chose to came 6a- and 66-bromo eplmers to react. When 8s reacted - 
with tert-butyl hypochlorite in the presence of silica gel 60H, the 4’-azetidlnone 

2 was obtained in 8ON yield; while when the base N-methyl piperazine wan used to 

decotnpose the intermedlatee, compound 9 was obtained in 688 yield. Similarly, the 

reaction of the 6B-bromo with tert-butyl hypochlorite folloved by N-methyl pipera- 

zlne produced fi and 12 in a ratio of 5:l in 85t yield. - 
To determine the influence of tert-butanol in the formation of products, ve 

performed the reaction of 88 with tert-butyl hypochlorite in a mixture of CHC13- - 
t 
BuOH, this gave compound 2 in 93% isolated yield. 

The results so far described with tert-butyl hypochlorite can be explalned 

assuming that the reaction proceeds through an ionic mechanism similar to that 

depicted in Scheme I. 

When tert-butyl hypochlorite vds distilled it gave a mixture of three pro- 

ducts. This mixture showed three singlet in the ’ H NCM spectroecopy in the ratio 

of 1:20:1. The singlet at 1,27 ppm was identified ds that of methyl groups of 

tert-butanol 19 I9 and the singlet at 1.31 ppm as that of tertiary butyl hypochlorltg 

whereas the singlet at I.60 ppm could not be identified. When this material wa8 

reacted vith &, compound 18 vas Isolated in 85% yield. Eq. (4). It vas evident - 

that the presence of this third compound dramatically changed the course of the 

reaction. This change in the prcxluct formdtlon canot be attributed to tert-butanol, 

since as previously mentioned, it favors the introduction of a chlorine atom at 

position 2’ of the azetidinone ring. 

1) %uOCl (dist.1 

8a (4) 
2) N-Me piperarlne 

In summary, ve have shovn that the preparation of compound 2 and 11, and also 

of compound 18, 
B-Aactams, -. 

which are key intermediates for the synthesis of “non-clduslcdl” 

were obtained in good yield from the bicyclic 6-APA. Our investigations 

of tert-butyl hypochlorrte and chlorine vith penicillins complement other stu- 

dies.“18 
EXPERIMENTAL 

~spectra*re~witha BecknanAccxllabJpectrcmeterbyusurgathinfilmof the 
oils betveen Hacl plates. ‘Hard’3CMspectraUerereamded W'ithd~ZUkUt@60~~ 

mm dt 80.13 d 20.15 nt, rsspecti*ly, Using -13 SolutiOne d m-1 &lft are axpreJ_ 
d, in part-13 per rnillicn ~leld from internal tetramethylsilane. LCM mluticn Iwss sp=tra 
were &ten&-& an a Varlan p9rT 112 S, CY7A spsctrnneter. oleaical icnitatial mua m m 
~bsdCIldhtos=-30 spectrrrmater,and&tained~the~ of Prof. Dr. H.G. Flcn6 

(rXdo Stste Lhaiversity, LEA), Fast I~J mt (FIB) - Bpectra - -cnaVarian 
HRTCH5andabtairred~theacurtesy of Prof. Dr. 0. Killer and Mr. D. Grzelak I-&v=- 
sitit Bc&m, GErmulyl. cqt1ak.l rptatials yetp nmumred using a IWkln Elm&c 241 au-tic polar- 
titer in a 10 an -11. Analytical ar*;1 preparative lo= ve~e carried a& cn silica gel (?Lpe 6?$ 

orlteuMpreparedacxn~~tothe 
z:Er%:,‘6l3:- (8bjZ1 ard Rrn 6,6+li 
synthesized starting frun 64~~ (7) M prwiaJBly 

Rssctian of sea 6+~cil~a~re (~a) pith ~31i0rina. A fdwh of (Ba) (50 9, 0.127 
-1) in dry chloroform (2 ml) m -led at -7O’C srd a aolutlan of chlorine in aubn teba- 
chloride (0.5 H, 1 ti), m &&d. Ihe mixture MM \arm dt rocDl w-r Dtrdted .WXi 

pwified by mative TLC cn silica gel u8i.q 6:4:1:0.3 ~~ether-ethyl acetate aa 
eluant yielding 28.5 fq (%.%I of Fam 2-l ‘R,3’S)-2’-chlo~+3’-~4’+n~= etidin-1 ’ -yl I-3- 
rrpthylbut-2-aerate (9) aa a clear oil. [al 
1760 cm-’ 

+ 12.0 (e0.73, CMZl3); IR 1810 (GO, 6-lactrm), 
(M, ester); ‘H HR 6 1.23 (9 H, 8, -CUBi 

4.89 (1 H, H J-1.0 Hz), 5.85 (1 H, d, 2’-H, J-1. Hz), 5.79 arrd 5.99 (9iWh 1 y, d, - _2 ; 8’ 
2.03 srd 2.34 (d 3 H, a, =WJJ2; 

515.6 HaI; m 6 21.9 ard 23.8 Ic(B3l2, 26.5 -C(a(3)3, 38.4 -CCa3)3, w.0 C-3 s 74.0 c-2 a 
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79.5 *-, 117.1 C-2, 158.9, 159.5 ad 160.6 (C-1,3,4'), 176.6 _oC(O)C(a3)3; lls (To eW m/e 
395 (Pt*), 365 (W-300), 85 ad 57. 

Rm 2-[(2'S,3'S)-2'-&.&~3'-hmu+J ‘~l’-yll-3+aefthyl&t- -4nosbs (10) 
isolated as 3.3 rg (6.58) Of a char 011: IR 7815 (CIO, 6-W), 1760 aa" 3 "p" ((ho, BtU); 
Ha 6 1.22 (9 H, a, -C(Q( 13, 2.05 axI 2.32 (esctr 3 H, o, IC(CHJ12, 5.9 (1 H, d, 3’-H, J-4.0 &jr 
5.77 arrd 5.88 (each 1 H, _d, -a&- J-5.6 Hz), 6.05 (1 H, d, 2,-H, J-4.0 MI. 

af m 6&~l~te @b) with chlorlrre. A sdluuxn of (8b) (35.7 gag, 
0.091 rmol) in dw e, rrsl axAd at -7O’C arrd stirrad durirq % etim of 8 aolutlcn 
of chlorlrm in o&n wtrxilioride (0.5 n, 1 d). The mhtum rasw4matrumteqxtmtumsrd 
twb3thyl pipara~lne (0.05 ml) um &kd and the mixture cata sthmd for an dl.itiu-d 15 mh afd 
caxxmtratd. Rre radtmt oil (28.4 ~3) w filtexvd thru4-1 silica gel 6O H (2 g) uglrrJ &.I- 
form as elmt yielding a &&m of Fm 2-[12’S,3’R)-2’-&1~3’-bxUTK+l’-oPomzetidFn-l’-y~)- 
3-mBthylhut-2sn01te (11) 26.9 sg (7St) a-d Rm 2-[(2’R,3’R)-2’-~~3’-~4’-a#lazetidikl’- 
yll-wthylklt-2-wxlte (12) 1.5 rq (4%). 

Forthe'HHRassigmmtof~ 11 &Id 12, aa? aba the repatted value8 far the 
ellmticmers 9 ad 10 LwFectively. 

Internrediatss 13a of 13b. Tb a eolutian of 8a (9 WI in -3 (0.3 ml) in an m tube, was 
adjed a solutkm of d&xFIIB ln El4 (t.0 M, 0.2 ml). After 15 min. the 'H MI spehnar we m+ 
aded, 8hcwing that all the siqls of starting asterial (8a) diassopear. lH MR of &I 6 1.22 
19 H, s, 12-H). I.50 ad 1.62 (each 3 H, 8, 13 arrd 14-W), 4.57 I1 H, 8, 3-H), 4.81 (1 H, d, 
S-H, J-2.0 HZ), 5.41 (1 H, d, 6-H, Jm2.0 Hz), 5.81 and 5.84 (esch 1 H, d, 9-H, J-S.6 HZ). Inter- 
tiiates 13a or 13b 6 1.22 (9 H, a, -C(qlj13, t.54 arc3 1.71 (ex+i 3 H, s, 13 ad 14*), 4.41 
(1 H, 8, 3-H), 4.77 (1 H, d, S-H, J-2.0 Hz), 5.37 (1 H, d, 6-H, J12.0 Hz), S+8O arrd 5.62 (each 
2 H, br. 8. M -I. TD m 
20 min. the lH% qsctnm 

tkJe intermeblates 0.005 ml of pyridine w a&w, ad after 
rBs read&, aharing the typical signals of axrpwda9 ad 10. 

Reacti- of Pnn 6,6~cilLanat (15) with tert-b&y1 hncmhbrite. A 6idut~m of 
15 (130 aq, 0.275 caol), in d.ichknaatkwe (Ii r&L) -8 strrretd at 3O’C &&rim the akliticn of 
wt-butyi hypochlorlte (4.0 d) ml AIBN (4 w, 0.02 rmol). Mtar the ixkGticll was ccmplet& 
the aolutian was stirred at rum taperature (M’CI, axxmtratd and the rasirhre uw purified by 
preparative mz m silica ql usiq 95:s tmzmc+chlorofora an eluant yieldirq 56 rrq (43N1 of Pun 
2-l (2’~chlo1~3’,3’ 

8 
~4’~zeti~~i’-yll-3~thylbut-2~te 

0.48 in beuene,IO)~ m 
(16) as a clear oil, Rf 

-9.4 (c-?-90, W3); IR 1620 (0, B-IA*), 1760 an-’ (0, eat-); 
‘H tam 6 1.22 (9 H, s, -cCC.Xi,,, 2.03 Md 2.35 (ead-~ 3 H, s, -C(~A, 5.79 a& 5.91 (each 1 H, 
d, -aii-, J-S.6 Hz), 6.18 (1 H, 6, 2’-H); ‘3~ HR 6 22.3 and 23.8 -C a~),, 26.7 C(cH3)3, 56.3 f ’ 
C-3’, 79.6 (+I2-), 
(70 ev) m/e 473 (M+) 

si.0 C-2’, lls.9 c-2, 160.6 ard 161.7 (C-1,3,4’), 177.0 _oC(O)C(~3)3: = 
443 (H’+-3O), 85 and 57. 

455 (W-C4Hg1, 346 W-+-C5~BrO), 85 srd 57. 

~eectkn of RX 6a-brcrrcpblicillanate (8a) with tert-butyl hypxhlorite. 
Wttrod A. To a aoluticn of &I (1OO aq, 0.25 mol) ln dx-y c&l-form (10 ml) vms &Med 0.5 q 

of silics gel 60 H ad the rrdxtum was atid at 3O’C during the additiar of &u-t-tutyl + 
chlorite IO.90 Iraol). After ti z&iticn was oclrpleted, the mixture w stid 15 min at ruxa 
temperatunE, filtered and anceltrat.ezl y1eldirq 60.5 iTq (80%) of m 9. 

HethA 8. A wluticn of 8s (100 q, 0.25 -1) zn dry chkxoforrn (10 ml) ad 0.2 ml of 
tert-turn1 was stirred at ram tmraparattm &ring the a&Iitian of text-hrtyl hypocfilorite (0.90 
mrol). Afiftar stirring for 15 dn, N*thyl piperazine (0.1 ml) \Qls W ard the rtkture y18 
stirred far an acklitiaral 30 C&I arrd m-ted. ?he resultant oil uu dissolved in chlarofara 
ar~I filtered thrwgh silica gel 60 H (2.5 q) usiq chloroform aa eluant yield- 90 rq (93%) of 
e 9. 

ResCtian of m CB-~c~llanate 98b) with text-b&y1 hywxzhl orite. A soluticx of (8bI 
(2S.l rrq, (1.064 1) Indrychl f (2 ml) -8 stirred at 3O’C dwlrr~ the adiitian of tert- 
buwl hyFochlorir(O.27 -1). ~=?tirrlrq for S min. N-nrathyl piperazine (0.02 ml) cas M 
arrdthemFxturewsssti~foran~tl~l30~n~ mtrated. ?he -1-t oil (26 rrg) 
was dissolved in chhmfozm fillared thru~$~ silica gel (2 g) us- chlyfoxn as eluant yielding 
22.0 mJ (8SU) of a mlxtum of 11 an3 12 in a ratio of S:l, de- & H m w. 

Reactlm of Iha 6Cb~ci1hnate 8a with distihted tert-tmtyl mlorlte. A sdutlm 
of Ba (4s gqr 0.114 iraol) in dry cMrxofonn (2 ml) was stirred at rum tenperstm wing the 
etlm of distillat tert-hrtyl hypohl~rite (0.36s ml). Mter atirrurg fat s men, N_cr~thyl 
Pii=azine (0.05 ml, 0.45 rrePo1) W added ard the solution ws atim for M additicrra1 S & 
ti cmcrentrated. ‘Lhe crwk product has tlltered w sillaa ~1 using CNorofonn as elmt 
ylelditlg 42 ng (8Sa1 of Rm. 2-I (2’S,3’R)-2’-tert-br~-3’-~4-r#oatetidikl I-yl]-)-mthylbut- 
2-eaXWe (la), as an oil: IR 1790 (CIO, f3-Lsctan), 1760 as-' (w, -tar); ‘H m 6 1.23 (la H, 
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