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Abstract - A straightforward and smooth conversicn of
penicillins into 1,2-secopenicillanates is described. The
thiazolidine ring opening is brought about by the co-operative
effect of strong non-nucieophilic bases and thiophilic heavy
metal salts. The nature of the latter and the polarity of the
solvent profoundly affect the reaction rate. Best general
conditions can be drawn for the conversion of numerous
6-substituted penicillanates with various protecting groups

on the carboxy function.

Recently we® reported the shortest synthesis of penems from a natural substrate.
The route exploited an innovative 1,2-cleavage of penicillins I to secopenicii-
lanates II, which were in situ acylated to azetidincones III. Ozonolysis of the

latter and C=0/C=0 reductive coupling afforded penems IV.Z
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The key step, i.e. the transformation of I into secopenicilianates II11, was
realized in a short, practical and efficient way 3in comparison with previous
methods.*»®~ " Being a formal B elimination, the thiazolidine ring opening
smoothly occurred in the presence of a strong neon-nucieophilic base (DBN) and
thiophilic heavy metal salt (AgNOs}.

The apparent major drawback was the poor reactivity of many penam substrates. To

overcome this limitation we started a deeper investigation on the reactivity
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parameters. The whole matter was tackled by examining one variable at a time.
Hereafter influences exerted by the heavy metal salt, solvent, base, penicillin
carboxy protecting group and C-6 substituent are detailed.

Methyl 6,6-dibromepenicillanate® ia, was chosen as a model substrate, because of
its easy availlability and the challenging poor reactivity under the conditions of
the previcus work (AgNO,-DBN, CH,CN)}. In order tc assess how the reaction rate of
la would be affected by the kind of the heavy metal reagent and reaction solvent,
experiments were carried ocut monitering the starting material depletion, while the
preparative wvalue of the reaction was appreciated by the isclated vyields of
thioester 3a® obtained after in situ acetylatlion of the thiolate Za (Table 1).
This methodology avoided the bias caused by the isclaticn of different metal
1,2-secopenicilianates; e.9. mercury derivatives (2a, M=Hg or HgPFh) can be easily
purified by Si0O, chromatography, while losses are associated with the isolation of
the more polar silver thiclate (Z2a, M=Aag) either by chromatographic methods or
solvent extraction (C.H.OAc/water).

A dramatic influence of the heavy metal salt {CH,CN as solvent) and of the
reaction solvent (MX=AgOAc) on the reaction rate 1is evident from Table I,
where results are ranked in order of decreasing reactivity. As far as the
heavy metal thicphile is concerned, the performance of the first entries when
compared to the previously used* silver nitrate is neteworthy, with obvious
implications from a preparative point of wview. Silver salts were studied in
detail compared with Hg(I} or Hg{II} counterparts owing to the minor
environmental problems connected, in prospect, to large scale applications.
The apparent drawback of their c¢ost is minimized by the almost gquantitative
recovery of the precious metal after work-up. In particular, silver chloride
is quite remarkable, since it acts overall as a catalyst, belng recovered
unchanged (and succesfully recycled, if desired)® after acylaticn.

Cu(I} and Pk(II] salts, that were scrutinized as alternative thiophilic
reagents, resulted in poor reactivity and overwnelming side~reactions.
Although the better ability of silver and mercury to cocrdinate thicethers” can be
invoked to explain the effects observed on varying the metal, any attempt to
raticonalize the metal counterion effect has been fruitless so far.

A survey of Table 1 also reveals the important role played by the solvent on
the reaction rate. Extremely fast reactions were generally ocbserved when polar

aprotic solvents were used, nevertheless no 1linear vrelationship could be drawn

— 618 —




HETEROCYCLES, Vo! 31, No 4, 1990

Table 1 - Influence® of the heavy metal salt and solvent on the rate of

formation of Z2a

o Br s M . Brjr 4 SCOCH,
| N MX-DBN _| | CHy )j
0/ N / N o/ M
CO,CH, Co,ci, co,cH,
la 2a 3a
Heavy Metal Salt kffect Solvent Effect
{Solvent = CH.CN) {Heavy metal salt = AgOAc)
MX Time® Yield Selvent Time® Yield
(%) (%}

Ag.0 P min 72 Pyridine 2 min 8o
Ag.CO, 4 min 61 DMSO 6 min -
AgCl ] min 78 DMA 8 min 85
PhHgC1 12 min 5 HMEPA 8 min 82
AgSCN 20 min 78 DMF 10 min 6l
HgO 40 min 21 Acetone 45 min 55
AgF 50 min 81 CHLCN 2 h 77
Hg.Cl, 1.8 h EtOAc 4 h 18
AgQOAC 2 n Dioxane 6.5 h 47
Ag hexanoate i h T3 Benzene B h J0
Ag salicylate 24 h CH.C1. 24 h 88
AgNO; 10 n 3 Ethyl formate 30 h 59
AgClOo, »2 days 45 C1CHLCH.C1 48 h 513

1) Experiments were performed

A mixture of the selected

[4.3.0]non-5-ene (DBN)
was stirred 2 min under nitrogen before addition of methyl 6,6~dibromopenicil-
lanate la {1.0 mmoij}.
depletion (295%) of penicillahate.
while keeping the temperature at 15-20°¢C. After 15 sec. the

as follows:

heavy metal sait (1.3 mmol) and 1,5-diazabicyclo-

Stirring was continued at room

temperature

was filtered and poured intec ethyl ether-H.0. The organic layer

Na.S0, and evaporated to afford the crude thicester 3a& which was

flash chromatography on

eluants).

2) Time corresponding te 295% depleticn of la
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silica gel {cyclohexane - ethyl acetate

(1.2 mmol) in the organic solvent (sieve-dried,

Acetyl chloride (Z mmol) was then

purified by
mixtures

5 ml)

until
injected,
reaction mixture

was dried cver



between reactivity and polarity descriptors.

In many c¢ases, even for very fast reactions, c¢lean preduction of the
intermediate silver thiolate 2a (M=Ag) was assessed by the isolation of thioester
3a in good to excellent yield. Prevalent formation of tars occurred when operating
with ethyl acetate as well as with ethyl ether, carbon tetrachleride and xylene.
performing the reaction in DMS0O apparently (tlc) gave the expected intermediate
salt 2a (M=Ag), but after quenching with CH,COC1l, the symmetrical disulphide 4°

was isolated in 75% yield.

Br Br

/ w)\ o/

CO,CH,

Use of AgOAc/DBN in nitromethane caused predominant monodebromination of 1la,
methyl &-a-bromopenicilianate 5% being produced in more than 50% yield after 3 h

at room temperature. Organic bases alternative to DBN have been screened on
substrate 1ia with silver acetate as thicphile and acetonitrile as solvent.
Practically no reaction occcurred with triethylamine, pyridine and dimethylamino-
pyridine (DMAP} after 8 h at room temperature, thus suggesting the inefficiency or
the 1limited wvaiue of tertiary aliphatic and aromatic amines. On the contrary
1,8-diazabicycle[5,4,0]undec-7-ene {DBU) and 1,1,3,3-tetramethylguanidine®
approximately doubled the reaction rate relative to DBN; in addition, by-products
were minimized and thicester 3a could be isclated in somewhat higher yield. These
findings corrcborate ocur original hypothesis® that strong non-nucleophilic bases,
as ad hoc substituted amidines and guanidines, are needed to accomplish the
B elimination step.

At this point, backed by the knowledge of the main reactivity parameters, we were
eased to face problems connected with structural variation of the substrate,
namely ester typology and C-6 substitution.

Starting from 6,6-dibromopenicillanic acid®® the most common carboxy protecting
groups in B-lactam chemistry were introduced on the carboxy function uneventfulily
affording penicillanic esters 1b-i.* These were subjected to the action of
AgOAC/DBN complex f{(or, for less reactive esters, to PhHgCl/DBN] in CHL,CN and,
following gquenching with CH,COCl, thioesters 3b-i were isclated in good to

excellent vields {75-93%} (Table 2).
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Table 2 - Influence*-* of the ester moiety on the 1,2-cleavage of penicillanates

B =
i g sSeocds b R=CH,CCL, 1£ R—CH2® OCH,
Br & 1) MX/DBN ‘
\% - le R-CH,OCOCE, lg R=CE,CH,S1(CH,),
N 2) CHtOCl  |—N
O4¢ 5 = 1d R-CH,CH=CH, 1h R:CH(<::>)2

CO.R
2 CoR le R-CH, @ ¥o, 1i R=C(CH,),
la-i 3a-i
Substrate MX Time= Substrate MX Time
1k AgOhc 1 min 1g AgOAC 3.5 h
1c " 15 min ih PhHgC1 3 h
14 " 45 min 1i " 6.5 h
le v i h la AgCAC Z h
1f " 2.3 h " PhHgC1 12 min

l) See Footnote 1, Table 1 for general reaction conditions.
2) Time required for 295% depletion of starting la-i

3) For all substrates isolated yields of thicester 3 were in excess of 75%.

As expected, electron withdrawing carboxylates induced faster ring-opening
reactions, the cbserved reactivity order on varying R being CHoCCls > CHROCOCH, >
CH_CH=CH_, 2 CH;@NOZ > cm@ OCH, > CH.CHzSi{CH.), > CH({ “). > C{CHs)s, but
all of the esters, independently of the reactivity evidenced, smoothly underwent
the thiazolidine ring cleavage with high material balance.

Having refined the experimental conditicons of the cleavage reaction by operating
on 6,6-dibromopenicillanates we turned our attention to the influence of the Cg
sidechain. The range of substituents examined in cur preliminary work has beenh
broadly extended, as it can be appreciated by a survey of Table 3. Reported vields
refer to unoptimized experimental conditicns, which should be tailored for each
individual substrate; nevertheless the potentiality and broadness in scope of the
method is testified by its successfull application to 6,6-disubstituted and 6a- or
6R-alkyl, sa-halo-, 6a—-alkoxy-, oa-acyloxy-, 6A-alkylamino- and
68-acylaminc-substituted penam derivatives.*? The opening reacticn is

- - - - = - . . ~, s -
favoured Dby electron withdrawing substituents; free -OH or NH functions do

— 621 —



{Z°Z=C"P) 09’5 {w) grg  (usdoostT’{us)szil’ooLl 99 ofT n [y} i

u NI 000" HDPHD el

(1'Z=r'p) 'S {u} zz-¢ (9} OAT'SZLLSSLT 7L el M 1 " fHd “ THOOOHYHD W0
(Z=0P) 9876 (w} 61°¢ SOLT/GGLT €€ wgl “HDOHD 9 " HHA " YHOTHACHD  wgT
(5°2=r"P) 59°5 (976°2=L"PP) £2°¢ SEOT (8AJOSLT 29 ALI W {3a0) 5°0 n u “ HOCHO)HD- 1) o
{5 2=0"P) 69°5 (57575 g=r"pp) z2°¢ 0LT7(SA)0GLL 09 PLT u 70 W HO¥ N SRIO{ “HOYHD- {4} P
(Z=rp) @5 (57 577=0"98) 0T % OTLT7SSLY 1S 94T “ROPHOTHO000"HD  (wwa) ¥ Taby it ] n " of
" “ M u " S 0~y “ M u n
(9°z=rp) 0L°S (9'9'7=0"PP) gl°¢ UTA AR ST AR S TA { u (¥ua} v roby oW u " ;3
" u " 08 “ " z TO6HTd “ w " "
(e°z=0"p) £1°5 {E"9E Z=P'PPIZZ L ZERU/SELIOGLT 09wl " (250} 09 “ONDY u H SHIALO(HD) Ho- (4) L3
(8) €84 - SOLT/ZZLI RLLT Te qol n 43 u Hz4 " " qg
(*100) (s) 865 - DOLTDGLT-0BLT  +L &9l M 7 “onby HOV | SHA9LO( “HD) HD- (S) L]
(S'G=["P) £E'S {5 sfe=r'pPI0Y ¢ SEOT/0PLI69LT 96 ST " z 1oBHud L SWedo( H ) HD-{ 1) H 3
(s} 209 - % PRl u ._ u " HOESHD - {d) M 2]
=) €09 - O0LT OSLT-08(T 78 91 "W {3257-)5°0 136¢ oY SULO{ " HD JHD-{4) u a9
(s) €29 - OTLT’SELT 05LT-06L 08 @BT u b M u  IDE000(“HDIHD- (4} u -]
(s) o1°9 - DOLT74Z4T7081) 6L Wl SHIELOHD 5L SHNBY L swoglof THIIHD-(4) ag L]

#-H £-H AH-EouxmB> (%) o o

(zu'rye (Froup) awu §y (F1oun)11  preth # 18 L jeurg P ad 1A #
Bl8(q 27doosoaioeds peloeiss
SUO T3 TPUO)

19npold 13315201Y4]- [AUCUTPTIBZY-% 0110740y /FuTuedy-FuTy

831BIISqNS WRUa]

e T~
4702

000,49 (Z
-y
NEQ/XH (T

ET~9

L
o

=]
B,

dwad 10 uonyojAa0 /eboroa|a 7' | sy} uo wioyospis— 97 syj o BaLANUY — ¢ 31D

— 622 —



HETEROCYCLES, Vol 37, No. 4, 1990

*(3%3], 935) pawioy sem yewtds [-) JO 389 UDTIIppe ul (g
"pasIasal aq PIaGd BUTI RIORT-g S} JO p-H PUR {-} 53 onp STRUSTS JW |, 543 JO UOTINGINIE (¥

‘pa1e1s BFIMISYIC sEATUN (Jueatos se NDVHD) ‘T oTR] ‘1 910U3ICO] UL peTIE}ep S @ie SUOTITRUCD UOTIORST TRI2U3g (f

1200, 43Ta Buryouend exojeq swWyy woTioeay (Z

oprurteiyd = qgg (TEgIew = oy Iriapdyzueq = yzg Tdzusq = NY {TAzusqixomiaa-d = gyd {1Az0eqOI3TH-G = gNd
‘TAgjemixcyjene = NOY ITAG3S0IOTYDTI = ADG TATTSTAYIaWTIy = SWlL TATTSTAUaqdTpriing-13e3 = §4QgL !TATISTAMAUTPTAING-1301 - SWOAL !SMOTTOI SB 3T SusTiRIASIqQY (I

(5°6=r"P) Z8'S (5°5=L"PYZE"9 (US}OOLT/SZLT/GLLT BT " ¥ DL 431d " 11
(5 5=0"D) BB°S {R'G"b=LPP)93"F AR TN L -4 w gg " YQaIHN u o1
SEITAORLTISLLT  aL QR n L] AN w " a1
{5=r’P} 11" (8/5=r"PRIZE"S SE9TIZELTISLLT 09 mE “H) 50 ot A0 HIODHN H LA
AZ=PY 6976 (2=r'PI¥e 5 (us)DESI-0FLLGBLT 5 Wl “HIOH2 i) u dnNd u WWV’~0% 1
WSZ=0PY 2L (z=r‘plog’s SE9T(USIORLT SLLT €9 (6L " Y00 o6y WO¥ " " 84
L{2=0"P) 89°5 (Z=r"P)iL"5 (95)00LT 0ZLTYOBLT 6E 6T " 0 ovpby M w 4do"HI000 L3188
(s‘Hz) 29°§ G69T-GZLT78GLIBRLT &L UGT H307HD 5°0 u aNd “ “HI000 L 181
W(8°2=r"P) 89°% {z=rp) z8°5 SOLT'ZELTI98LT TF Bl Mo [ " 0L " 2AL7000 BIT
(z=r’pP) S¥°S (z=r’p) 18°% SEST/STLT 0L 9L X6 HA07HD 1 T25HUg aNd u SAUALD Fia
(2=r'p) 48's (Z=I''p) s8°F OTLT'SELT'SBLT 98 86l M (3a0)09 “ONEY ERY " g a11
(1°z=rpP) 09°s (g=r’p) 8L°F (us)ogeT’szel’soel 82 b6l " Zo by ANd " 6] PI1
(T17Z=r‘PPI6R"S {¥5°Z=0‘PP)ES S ITLT'PELT LT OF 26T FHIOTHO ¥ " 0 " Et ary

{152 (9617 £ Z=r"PRYFE T Y
=[PP) §9°5  (9°ST T S=LPRSp CiD (9=)060T 0TLTEGLT 26 46T Ud™Hy z by N » " qur

(ST°8"Z=r’pelse z:9
{w) aL-§ {ST7G=r"PP)ES L 00LT’SELT'S9LT 75 96T u (240109 “ONBY 21 " H L4
{Z=0"p} Sb°5 {miet s (us)SEUT OZLI'SSIT B PAT “HOO"HO z o6y ad H SAQLLOHI"HD ool

9-H £-H (. ma) ¥ (%) o g s
(ze'r)e  (%roap) awu g (%1oHD)2T  preid ¥ W L utl XN d v d ! #
e3eq 2Tdessoajoeds peloeIss
SUOTRTIPUOD

3onpold I91560TYL-TAUOUIPTIVZY -

uet13eTLoy/Futuadp-Futy

2Iv13sqNS WeUSJ

panuiuoy — ¢ 2|qe]

— 623 —



not interfere. Perficrming the reaction 1lh DMA, as predictablie from the study on
the solvent influence, accelerates the reaction rate. Operating at lower
temperature, though it requires Ilionger reaction time, often had a beneficial
effect on the final yield.

A final mention should be made of the stereoselectivity of the ring opening
process. HNo epimerization at €, or <, (aZetidincene numbering) was ever
observed, apart from the case of 6,6-dibrome (la-i) and 6B8-phtalimida (13)
substrates., The latter, under the conditions stated 1n Table 3, afforded a 1:4
mixture of *cis® (3R) thiocester 21 and its C, epimer {35). The increased
acidity of the proton adjacent tc the phatalimido group (and a4 to the B-lactam
carbonyl) facilitates its removal Dby DBN and thus accounts for the
preferential formation of the less sterically congested trans arrangement on
the B-lactam ring. Substituting an acylamino or, even better, a tritylaminoc
for the phtalimide group, avolded the ¢, epimerization to take place (Table

3; entries Zza-g). Various degrees of epimerization at €, ([leading in scme
cases to completely racemic thicester products] were uncovered®® in the
ring-opening reaction of 6,6-dibromopenicillanates f{la-1) by usging (R)- and
{S)-Mosher's acid chlorides™” as the acylating agents. This fact was
undetected at the time of our preliminary communication* and spurred a series
of experiments aimed at elucidating the reaction mechanism and by-products which
will be reported in due time. Further work confirmed the C,-epimerization to be
restricted to the dibromo substrate and the enantiomeric purity of the products
reported in Table 3 was confirmed.

In conciusion, the reactivity parameters of the heavy metal assisted 1,Z-cleavage
of penicillins were explored, and the best general conditions for their conversion
into synthetically wuseful 1,Z-secopenicillanates were found. This reaction
favourably compares with any other ring-opening reaction leading to azetldinonyl

thioesters®= " for scope, sterecoselectivity, yields and straightforwardness.
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4.87{2H,s), 6.33(1H,s8); mp 90-%4°C. Anal. Calcd for C,,H;,BroCIiiN0L5 : C,
27.07; H, 2.27; W, 2,63; 3, 6.0G2. Found : C, 27.15; H, 2.2B; N, 2.62; S, 6.11.
3c : Ir (CHCl,) Jmax 1780-1750, 1735-1700 cm~*; *H nmr (Cbcl,) & 1.91(3H,s).,
2.97(3H,s), 2.23 {3H,s), 2.33(3H,s), 5.78(2H,aBq,J= 6HzZ), &.13(1H,s); mp 96-
99°C; fdms (EHC= 0 mA), m/z 471, 473, 475 (44, 100, 50, M“). Anal. Calcd for
Cy3H.sBrNOS @+ C, 33.00; H, 3.20; N, 2.96; 5, 6.78, Found : €, 33.05; H, 3.31;
N, 2.88; 8, 6.74. 3@ : Ir (CHCl1l,) Jmax 1778, 1705 em *; *H nmr (CDCl,) & 1.9%

(3H,s), 2.30(3H,s), 2.43(3H,s), 4.72{2H,m), 5.2-5.%6 (2H,m), 5.8-6.2{1H,m), 6.28

(1H,s); mp 69-71°C; fdms (EHC= O mA}, m/2 439, 441, 443 {59, 100, 59, WM.

Anal. Calcd. for C,3H,Bro,nNoc,S : C, 35.40; H, 3.43; N, 3.1§; 5, 7.27. Found: <,
35.61; H, 3.49; N, 3.20; S, 7.22. 3e : Ir {CHCl,) Jmax 1790, 1720, 1708 cm =:
*H mnr (CDC1,) & 2.01(3H,s), 2.33(3H,s), 2.43(3H,s), 5.31(24,s), 6.15{1H,s),

7.55(2H,8,J= 8.5Hz), 8.25(2H,d,J= 8.5Hz); mp 83-86°C; fdms (EHC= 0 mA), m/z
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534, 536, 538 (55, 100, 52, M"). Anal. Calcd for C,-H,sBr-N,0.S : C, 30.08; H,

1ir

Hy

3.01; ®, 5.2%2; S, 5.98. Found : C, 29.98; H, 3.03; N, 5.22; S5, 5.85. 3
{CHC1,) Jmax 1778, 1700 cm™*; *H nmr {CDCl,) & 1.90(3H,s), 2.24(3H,s), 2.34
{3H,s), 3.74(3H,s}, 5.13(2H,s), 6.13{(1H,s), 6.38(2H,d,J= 8.6Hz), 7.33(2H,d,d=
8.6Hz); 0il; fdms (EHC= 0 ma), m/z 519, 521, 523 (47, 100, 49, M*). 3¢ : Ir
{CHC1,) Jmax 1779, 1700 em~*; *H nmr (CRCls) & 0.04(%H,s}, 0.8-1.3 (2H,m),
1.91(3H,s), 2.19({3H,s), 2.37(3H,s), 3.9-4.4(2H,m), 6.23(1H,s); oil; fdms
(EHC= 0 mh), m/z 499, 501, 503 (56, 100, &6, M™). 3h : Ir {cHcl,) Jmax 179¢,
1717 em™*; *H nmr (CDCl.) & 1.97(3H,s), 2.27(3H,s), 2.35{3H,s), 6.10(1H,s],

©.88(1H,s), 7.33(10H,s); oil; £fdms (EHC= 0 mA), m/z 455, 457, 459 (48, 100,

51, M7). 31 : Ir (K8Br) Jmax 1792, 1780, 1710, 1660 cm *; *H nmr (CDC1l.) &
1.60(9H,s8), 1.92(3d,s), 2,27 {3H,8), 2.45{3H,s), ©.25({1iH,s); mp 105-108°C.
Anal. Calcd for C;,.H,oBr-NO,5 : C, 36.78; H, 4.19; N, 3.06; 5, 7.01. Found: C,

37.12; H, 4.28; N, 2.97; S, 6.88. 4 : Tr (CHCl,;) Jmax 1780, 1730 cm™*; *H
nmr(CDC1l,) & 2.01(3H,s}, 2.33(3H,s), 3.80(3H,s), 5.63(1H,s); foam. Anal. Calcd
for C,gHzoBr,No0g52 @ C, 29.05; H, 2.71; N, 3.76; S, &.62. Found: ¢, 29.36;
H, 2.83; N, 3.93; s, 8.40.

2 simple and inexpensive procedure for the recovery of silver from silver
chlioride residues in laboratory wastes yielding 90% of solid silver nitrate
has recently been reported: J. P. Rawat and S. 1. M. Kamccnpuri, J. Chem.
Educ., 1986, 63, 537.

S. G. Murray and F. R. Hartley, Chem. Rev,, 1981, 81, 3863,

J. P. Clayteon, J. Chem. Soc. (C}, 1%6%, 2123; R. G. Micetich, S. N. Maiti, P.

Spevak, M. Tanaka, T. Yamazaki, and K. Ogawa, Synthesis, 1986, 292.

F. Francalanci and M. Altamura, private communication.

R. A. Volkmann, R. D. Carcll, R. B. Dreclet, M. L. Elliott, and B. 3. Moore,

J. Org. Chem., 1982, 47, 3344.

Penam derivatives 6-12 were prepared according to published procedures, as
below reported:

6a-d, 7, Ba-b, %a-e F. Di Ninno, T. R. Beattie, and G. B. Christensen, J. Qrg.

Chem., 1977, 42, 2960. 1lDa-d: 3. Hanessian and M. Alpegiani, Tetrahedren Lett.,

1989, 45, 941. 1la-b: C. M. D. Beels, M. 5. Abu-Rabie, P. Murray-Rust, and J.

Murray-Rust, J. Chem. Soc., Chem., Commun., 1979, 665; J. Brenhan and F. H.

Hussain, Synthesis, 1985, 749%. 1lc: E. L. Settl and O. A. Mascaretti, J. Chem.

Soc., Perkin Trans. I, 1988, 2059, 114: I. McMillan and R. J. Stoodley,
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13.

J. Chem. Scc. (C), 1968, 2354. lle: D. J. John and N. D. Tyrrel, Tetrahedren,

1983, 39, 2477; see ref. 8. 11£f-11k : E. Roets, A. Vlietink, and H.

vVanderhaeghe, J. Chem. Soc,, Perkin Trans I, 1976, 704; J. €. Sheehan, E.

Chacko, J. J. Commons, ¥. S. Lo, D. R. Powzi, and A. Schwabacher,

J. antibiotics, 1984, 37, 1441; D. Hauser and H. P. Sigg, Helv. Chim. Acta,

1967, 50, 1327. 1l2a-b: R. R. Chauvette, P. A. Pennington, C. W. Ryan, R. D. G.
Cooper, F. L. José, I. G. Wright, E. M. Van Heyningen, and G. wW. Huffmann,
J. Org. Chem., 1971, 36, 1259; M. 5. HManhas, K. Gala, 5. S. Bari, and A. K.

Bose, synthesis, 1983, 549. l2¢: R. Reiner and P. Zeiler, Helv. Chim. Acta,

1968, 51, 1905. 13: J. €. Sheehan and XK. R. Henery-Logan, J. Amer. Chem. Soc.,

1962, 84, 2983.

M. Alpegiani, A. Bedeschi, P. L. Bissolino, G. Visentin, E. Perrone, and G.
Franceschi, 3 International Symposium on Recent Advances in the Chemistry of
B~Lactam Antibiotics, Cambridge, 1988, Poster No. B.

J. A. Dale, D. L. Dull, and H. S. Mosher, J. Org. Chem., 1969, 34, 2543.
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