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Abstract A family of g-lactam antibiotics, having the 1-carbapen-
2-em ting system, Tepresented by thienamycin, possesses potent and
broad antibiotic activities. In this review, total syntheses and
approaches of the antibiotics are summarized according to the
manner for the formation of the bicyclic ring system.
Recently, intense interest has been focused on novel l-carbapenem antibioticsl'zq,
listed in Scheme 1, which were isolated from several strains of Streptomyces and
possess high antibacterial potency and a wide antibacterial spectrum. Early works
about isolation, structure determination, total synthesis, microbiological activity
and so on were reviewed by Cooperzs. However a number of total syntheses and
approaches have been published since then and the elaboration of the method for the
censtruction of this unique ring system is still a special challenge. Therefore we
would like to summarize the synthetic studies appeared so far on journals according

to the formation manner of the carbapenem and the carbapenam.26’27

1. Ring LRREEAGLIRR Rf RAng 4

The first synthesis of the carbapenam ring system was carried out by photolytic Wolff
rearrangement of the diazopyrrolidine-dione {%Q) in 197328. The high lability of
this bicyclic system was pointed out at that time. The key intermediate (%Q) was
prepared as follows. The amine (kl) was coupled to tert.-butyl hydrogen malonate with
dicyclohexylcarbodiimide and the product (}8) was cyclized with sodium hydride in
benzene. Removal of tert.-butoxycarboenyl group by heating in toluene, followed by
diazo-exchange of the resulting pyrrolidine (%%) gave the desired diazo-compound (%Q).
When the photolysis was conducted at -70°C in the presence of one equivalent of 8-

methylphenethyl carbazate, the carbapenam (%l) was obtained as a very unstable

material.
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(1) R=H (3) R=CHaCHoNHAC
b thienamycin!»2 A epitﬁienamycin c,%+5 mmz23816-8
{2} ReAc {4) R=CH=CHNHAC

acetylthienanycind epithienamycin 0,%+5 MMz23836-8

{5) R1=H, RZ=SCHzCHzNHAC {19) R1=H, RZ=CHzCHaNHAC
epithienamycin A,%»5 MM223806-8 ps-514-18

(§) RV=H, R2=SCH=CHNHAC (11) R1=H, RZ=CH,CHyNH,
epithienamycin B,4.5 MM223826-8 NS-53

(7) R1=503H, R2=SCH=CHNHAC (12) Rl=Me, RZ=CH=CHNHAC
epithienamycin E,4,5 MM139028-11 ps-619

(8) R1=S03H, RZ=SCHpCHaNHAC (13) Rl=H, RZ=CH=CHNHAC
epithienamycin F,4,5 mM178808-10,12 pP5-719

0
() R1=S03#, R2=SCH=CHNMAC
mMa5508-11. Mce96-5v2-A13

(18) R=H (18)
w carpetimycin 4,20,21 £.19393H,22,23 asparé%omycin AZ4
(12} R=S503H

carpetimycin B,20,21 (-193935522,23

Scheme 1
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2. CRRCHITRAL Ny-87 A4 £5-8 RRRAR ERIRALARR

Cvcloaddition of imines and ketenes is one of versatile methods for the synthesis

29

of B-lactams Bose and coworkers prepared the 5-methylthiocarbapenams (%%) by

condensation of cyclic imines (22) and acid chlorides (2Z) in the presence of

30

triethylamine The structure of the product (4} was determined by X-ray analysis.

Further approach to the natural antibiotics has not been reported.
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Scheme 3
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3. £1-Cs Bond Eexmation

Copper (II) catalyzed decomposition of penicillin-derived diazoketones (23) in

aprotic solvents resulted in the formation of tricyclic ketones (%Q) in moderate
yields. Desulfurization using Raney nickel provided a mixture of (%Z) and (%Q)Sl.
This conversion found by Ernest attracted attention of several other groups.sz-34

On the reaction of penicillanic acid diazoketone {%é ; R=H) the tricyclic oxapenam
(3l) was gained as a minor product together with (26). The proposed mechanism
is that initial formation of the S-ylide [%2) by intramolecular addition of the
acylcarbene to the sulfur atom and successive cleavage of the C-S bond gave the
intermediates (éQ% and égk) whose ring closure led the carbapenams {%Q) and the

oxapenam (é%}, respectively. The above reaction was further applied to monocyclic

g-lactams but satisfactory results were not Dbtained.33’34
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Scheme 4
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4. £17C; Rend Feimatisn
4 -1. By Wittig Reactisnm

By the ring clesure between Cl and C2 positions, the carbapen-l-em ring system was
¢onstructed by two methods; the intramolecular Wittig type reaction and the aldol
condensation. Canadian workers prepared the intermediate {éi) for Horner-Wittig
reaction, by the Michael addition of the lithium salt of 4-vinylazetidin-2-one (é%)
te several phosphonates followed by ozonolysis of the adduct (33). Subsequent
treatment of the resulting aldehyde (éi) with sodium hydride yielded the bicyclic

compounds (éi)?s

RN 1) MBuLi R g2 03,CHaCl,,-78°C
1euae ~PO(OEL)2 ”
H 2) RICH=Cpa N PO(OEL),
1
(3R (33)
CHO
RZ NaH, THF N2
N > N R
PO(OEt)?
R1 1
(34) (3%)
overall yield
{a) R1=H, RZ=COpEt (25%)
{p) R1=H, RZ=COptBu (18%)
{g) R'=Ph, RZ=COzEt {e2g)
{g) R1=Ph, RZ=5(0)Me (25%}
(f) R1=Ph, R2=50,Me (30%)

Scheme 5

A similar strategy was independently investigated by Sharma and Stoodley36. Namely,
condensation of 4-vinylazetidin-2-one (32} with the glyoxalate in the presence of
triethylamine gave the epimeric alcohols (ég), which were converted into the
chloride (éz). Treatment of {éz) with two equivalents of ethoxycarbonyl-
triphenylphosphorane37 in ethyl acetate produced the phosphorane (38). Ozonolysis
in the presence of trifluoroacetic acid, reduction of the ozonide and neutralization
afforded the carbapen-1l-em (JR) in a high vield. However no isomerization te the

carbapen-2-em by base treatment was obsérved,
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g OHCCOZPNB S0C17,Tutidine
NH Et3N N \r}, -20°¢C - cl
O2PNB CO2PNB
(3#) (3) (30
(80%)
Ph3P=CHCOEL E) oo B £§’§F3C02H’ -78°C
2 COpEL
&N  3) naficos /e
COEY -7 “C0,PNB
OpPNB
() (39)
(50% from ) {87%)
PNB= —CHZQNOZ
Scheme 6

4 -2, By Aldel LRndensatisn

4-Vinylazetidin-2-one {3%) was again used as the

38

condensation According to the Merck method;

derivative (4)) was prepared in 3 steps {from (32).

39-

starting material for the aldol

42 the bis-(p-nitrobenzyl) malondte

After introduction of the allyl

group, ozonolysis of the di-olefinic compound (41), follewed by dimethyl sulfide

treatment gave the labile dialdehyde (42}, which

acetic acid and piperidine.43

was successively treated with

Careful hydride reduction of the aldol condensation

product (43) followed by benzoylation afferded (%i), which was then decarboxylated to

the mono-ester (43).

at the CS position and the hydrogen at the C5 position are cis each ether.

isomerization of the double bond to the carbapen-

A

CO2PNB
])0=<fc02PNB,toluene,ref.

2)50C12, pyridine,-20°C -
3}nBusP, OMF-H20,K2HPO,

0

(3
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The X-ray analysis of (43) revealed that the carboxylate group
Y

The
2-em was also unsuccessful.
E(\ NaH , DMF-THF

H —7
0 WBI‘

PNBozxoszB

(49)
(42%)
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. CHO o
= 1) 03,CHzCl2,-20 E "o AcOH,piperidine N\ cHo
g 2) Mess N N
PNBOC  CO,PNB PRBO2C” “COzPNB PNBOZC  COPNB
- (43)
(31) : (42) (25% From 1)
(75%) "
COPh B 0COPh

Lil,collidine

1) LiA1{0tBu}3H, 0°C
2) PhCOCT, EtgN ! o 150°¢
PNBOoC TOZPNB

(44) (45)

(52% from Qﬁ}
Scheme 7

5. Eaks Rend ERrmation
5-1. By Rrkstitrtisn Reactien

The first total synthesis of thienamycin (%) was accomplished by ring closure between

39-42  The Merck synthesis is constituted of three major synthetic

c, and C; positions.
objectives: (1) preparation of an azetidinone suitably substituted at the C-4 position
for subsequent elaboration of the second ring; (2) introduction of the hydroxyethyl
side cﬂain at the C-3 position; (3} elaboration of the resultant azetidinone to the
properly functionalized carbapen-2-em. The starting B-lactam (47) was prepared by

the 2 + 2] cycloaddition by chlorosulfonyl isocyanate {CSI) to l-acetoxybutadiene

(%Q) followed by reductive hydrolysis. Catalytic hydrogenation of (%@), deacety-
lation and simultaneous blocking of the alcohol and lactam gave the acetonide (48).
Hydroxyethylation was achieved by direct aldol reaction but four possible stereoisomers
formed. The two trans-substituted azetidinones (4R), obtained as major products in a
ratio of 2 : 3, were not separated at this stage. The carbinol group was protected
by the action with p-nitrobenzyl chloroformate and n-butyllithium or 4-(dimethylamino) -
pyridine (DMAP). These laboratories found that the p-nitrobenzyl {PNB) group,

removable by hydrogenolysis, was a proper protecting group for the synthesis of thiena-

mycin derivatives,
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After hydrolysis, of the acetonide, the resulting alcohol (50) was oxidized to the
aldehyde,)whiéh'was immediately converted to the thiocacetal (E%}. Successive treat-
ment of (ék) with bromine in the presence of cyclohexene and then triethylamine in
dimethylformamide produced a mixture of E and Z thioenol ethers [g%) in a ratio of

5 2. Condensation44

of the above mixture (a%) with bis-(p-nitrobenzyl) keto-
malonate in refluxing toluene, followed by chlorination with thionyl chloride and
pyridine, anh then the reduction with tributyl phosphine in dimethylformamide45
furnished the malonic acid derivative (33). Cyclization of (33} te the carbapenam
(é&) was accomplished by successive treatments with bromide, followed by triethylamine
in dimethylformamide. After dehydrobromination using silver fluoride and pyridine,
the (SR*)~ and (85*)-epimers were separated by chromatography at this stage (3R] -
Decarboxylation of (33) with lithium iodide in cellidine, followed by isomerization
of the double boend with diisopropylamine gave the carbapen-2-em (56) together with

the starting material. Hydrogenolysis of (3§} followed by purification using a XAD-2

column furnished (z)-thienamycin (1).

OAc ]) Hz,Pd-C
MOAC 1) ¢St DJ:_A/\/ 2} NaOMe Mg_)
—_ 5 ey
2} Nagshs H 3) (MeO)ache; 0 -78°C
BF3-Etz0
(46) (47
(41%) (4R)
(73%)
., 1) Cr03,pyridine
Me/’gﬁ' 1) PNBOCOCT,base Mecﬁ,ce1ite
0 0 2) H20-AcOH(1:4) 2) HS~+NHCO,PNB
>< 65°C BF3-Etp0 2
(49)
(B0%} BR*:;85%=2:3
0C02PNB
0
NHCO-PNB  Brz cyclohexene W] = 5
SN T2 : 2 BV Ve NN
= TS Me - KHCO2PNB
PNPLEL EtaN S 2
(82)
(77%)

—470—




HETEROCYCLES, Vol 17, 1982

0COPNB 0CO2PNB

.
1) 0=<Egg;:g ,toluene, I"E‘E. Me)"'-. N S\/\NHCOZPNB N BY‘Z i, SNNHCUQPNB
z; S0C17,pyridine T H 2) EtaN - ‘
3) MBusP,KzHPOg . DMF S A P
PNBOZC COZPNB 2L 2
(53) :
(23%)
0CO2PNE
4 1) Lil,collidine NHCO,PNB

AgF,pyridine ue 5" o~ NHCO2PNE T 7501305
s

2) TProNH, DMSO

HE’Pd'C’Kszoq__e? (+)-thienamycin

)

- Scheme 8

TR Y

Non-stereoselectivity on the production of the hydroxyethyl compound (49 ig one of
defects in the above total synthesis. This problem was lately overcome by a stereo-
selective reduction of the corresponding ketome (37}, prepared by oxidation of the
alcohol (42) or the direct acylation of (%Q). Reduction of (57) with potaésium tri-
sec.-butylborohydride (K-Selectride) in the presence of potassium iodide in“ether
produced exclusively the (8R*}-carbinol (49); the ratio of 8R* : 8s* was about 9 : 1.
It was postulated that the hydride attack on the least hindered face of a coﬁplex
formed hetween the potassium metal and the carbonyl group caused the stereoselective
formation of (;\1}2) .46

For the purpose of assignment of the relative configuration at Cc» Cp and C8 positions,

nmr spectroscopy was carefully investigated.40’46

The trans- and cis-isomers are
easily differentiated by the coupling constant due to the protons on the S-lactam
ring; the trans-isomers have about J = 1.5 Hz, while the cis-ones show about J = 5 Hz.
The hydrogen at the C6 position (or the C3 position of R-lactams) of the trans- (8R¥}-
isomers generally resonates at a slight higher field than that of the.gzggi-(ss*)-ones

with few exceptions.
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Scheme 9

Monocyclic intermediates in the above total synthesis were prepared by the following
three different routes, which constituted formal total syntheses of racemic thiena-
mycin. Beecham group started from the tetrahydro-1,3-oxazines {a@), readily available
from 3-aminopropan-l-cl and acetone or cyclohexanone.47 Reaction of (}§) with
diketene, followed by diazo exchange of the resultant acetoacetamides (33} gave the
diazo compounds (§f)). Cyclization was carried out by photolysis or metal catalysed

47

decomposition as shown in Scheme 10. Reduction of acetyl group with K-Selectride

*
selectively produced the {8R )-alcohol (QR}‘M

2
i M
(’\!} diketene Me TsN3,Et3N /ﬁi m
" N0 r?<
) o< R
)

(58) (59 (59)

2R=2XMe or 5XCH2 (60%) (89%)

=

reduction (le

—_—
conditions
hv (55~73%)
Rh2(0Ac)g,r.t.  (75%)
. Gu, 90°C (25%)
Scheme 10

—472—




HETERCCYCLES, Vol 17, 1982

The hydroxyethyl group was incorporated prior to construction of the R-lactam ring
in the following two syntheses. Our strategy was a stercoselective synthesis of
thienamycin via a trans-isoxazoline-ester in which the stereochemical relationship

9 . . . .
The isoxazoline derivatives

between the Ce and Cg positions has already been set up.4
(¢4 and $5) were prepared by 1,3-dipolar cycloaddition of the nitrile oxide (Qé]?o

derived from 3-nitropropanal dimethyl acetal (§2) and crotonic esters. By catalyctic

COoR
OzN\/\<OMe PhNCO o® OMe e v
—_—— N= = >
OMe Et3n o-N /\<0Me

H 1) TMsCl1,Et3N
H2,Pt02,AcOH Ve H OMe 2) EtMgBr
—_ﬁ H [ A—
= 3) aq.
RO,% } aq.RH401

(58) (£9)

21% from 64) 384 from
41% from g%) ( ﬁ&)
l 1) PNBOCOC, DMAP

2) HS~NHCO2PNB,CF3CO2H

Oa¥P§3

g~ NHCORPNB
g WHCOZPNE

(5))

{(86%)

Scheme 11

hydrogenation over platinium oxide in acetic acid, the isoxazolines were quantitatively
reduced to amino-esters (QQ and QZ}. 1f hydride attacked from the reverse side of
the ester group, the amino-ester formed would have the same relative configuration

as that of thienamycin. Therefore the desired amino-ester having the correct stereo-
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chemistry was mere selectively produced from the more hindered ester (pg). After.
many investigations,, the conversion of the epimeric mixtures intc the B8-lactam (§8)
was accomplished by the succesive treatments; trimethylsilylation, cyclization with

Grignard reagent and debloeking.s1

Selective cyclization was obsegrved in the case

of tert.-butyl ester and only. the trans-azetidinone {f$} was obtained. On the other
hand, the ¢is-azetidinone (Q%) having the same relative configuration as those of -
epithienamycins A (3 and B (f§) was gained as a major product from the methyl ester
(84). N,O-Bigsilylated aminc-esters were used in the case of the cyclization of the
methyl estersgwhereas O-mono-protected tert.-butyl ester was precursor for the’
f-lactam formation. When the cyclization of the corresponding B-amino acid was
carried out with dicyclohexylcarbodiimide, significant epimerization was observed.49
After protection of the carbinol group of (§8), the resultant acetal was treated

with the protected cysteamine in trifluorocacetic acid52 to furnish the thiocacetal

(i&), the intermédiate to (t)-thienamycin.

The above cis-azetidinone (§Y) was selectively transformed into the trans-compound
{RB) by the following sequences; selective N-protection with tert.-butyldimethylsilyl
(TBS)} group, oxidation, reduction of the resulting trans-ketone with K-Selectride,

and deprotection.53

Furthermore, the asymmetric synthesis of the azetidinones (R8
and $9) was investigated through isoxazoline derivatives prepared by 1,3-dipolar
cycloaddition using an optically active crotonate. It was proved that (4R)-
B-lactams having an alkyl group at the C, position showed a negative Cotton effect
around 212 - 214 nm.>?
Sankyoc group synthesized in stereoselective manner the thicenol ether (E%) after
long process.Ss Namely, the acid chloride (78) derived from the correspopding (£}-
erythro-acid was reacted with the lithium salt of amine (Z%) to give the amide'(Z%J,

which was cyclized with DBN to the azetidinone ({3) via a SN, type substitution.

2
After conversion of (Zé} into the phenylthiomethyl ketone, thé resulting ‘isomeric
mixture was epimerized to the thermodynamically stable trans-isomer (ZQ) with DBU.
Reduction of {75) with sodium borchydride and chlorination gave the migrated sulfide
(ZQ), which was oxidized to a sulfoxide and then subjected to elimination of hydrogen
chloride. vMichael addition of N-tritylcysteamine to the olefinic sulfoxide (Zz),
followed b; héating in the presence of sedium carbonate gave the vinyl thioether
(78). Phenylselenylation produced‘the unexpected secondary B-lactam {J9), which was

:

converted intoe (32) in three steps.
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1) HS~NHTr,DBU
2) A, NapCO3
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2) CF3COzH
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QAc .o
CONCH(CO%Et)g
Bu0,CCHoNHCH(COEL) — iy (HpC0p By
Br
() )
OA% 1) aq.NaQH-pyridine
1) aq.NaOH-pyridine Me,,!, COzEE 2) (COC1)p
0°¢ 2 3} CHaNp
2) pyridine ” 4) HC1 .
130-150°C 5,5) PHSHAELaN
2% DBU
(28
(35% from 7])
4 AcO OKS-Ph
1) NaBHg 1) MCPBA
2) socla 2) DBU
_— it oA
(76) )
AcO AcQ

Hi=x
=
] =

2 NS Nre LIN(THS), Me’%?” i SNt
1 o |
OgtBu
(78) 79
(30% from 75) {33%)
0CO2PNB
H B . \
,\.e/g"-- 2N SN HCOPNB
B :
N
(52) Tr=-CPh3
Scheme 12
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Recently, Hoechst group alsostudied the synthesis of the bicyclic system by intra-
molecular substitution.56 The B-lactam (QQ)57 was transformed into the malonic
derivative (81), which was further converted into the bis-tosylate (82). After

iodination, the resultingbis-iodide was cyclized with DBN to the cis-compound (83).

e CO2EL
2) S0C15,NEL3

3) PrSH,NEtz

1) 03,-60°C
2) NaBH3CN,pH2-3 N

3) TsCl,pyridine

N
Et020;>\\5025t

(81)

(78%)

[1{f==

H

Ts : 0TS 1) Nal, acetone
2) DBN, 0°C
——

g :>\\C
Ft0pC”  COgEt

(82) (83)

{70%) {81%)

I

(

Scheme 13
5-2. By tided Lendensation

Shibuya and Kubota prepared 2-azetidinones having an olefinic side chain at the C4
position via isoxazolones, Namely reaction of B-keto esters (%ﬁ) with hydroxylamine,
followed by reduction of the resulting isoxazolones (%%) with sodium in isopropyl alcchol
and ésterification gave B-amino esters (%QJ in good yield, The B-lactam formation
was carried out by reaction with o-tolylmagnesium bromide in dichloromethane.58
Aldol condensation was applied for an unenclizable aldehyde {B8) derived from one of
the above products (87d). Condensation of (§ZQ) with bromoacetate followed by ozo-
nolysis and reductive treatment gave the aldehyde (88). Reaction of (88) with lithium
hexamethyldisilazide followed by quenching with E-toluenesulfon%c acid, chloro-
trimethylsilane or methanesufonyl chloride provided the carbapenams (%%éhv&) Trespect-
ively. Stereochemistry, determined by the nmr nuclear overhauser effect, is explicable
in terms of a chelated transition state during the aldol condensation.

Elimination of the mesylate (%%E) with 3,3,6,9,9-pentamethy1-2,10-diazabicyclo[4.4.1]-

l-decene gave the stable carbapenem (gg).sg
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0
Et0 —N ) NH2
2%R3 1) NH20H-HC1 ,NaDAc 4 | 1} Na, proM Me2C
RV NRZ 2) conc.HCl 7 R3 2) MeoH,HEl 7 R3
(&) (86)

(84)

Me
MgBr,CHC1»
R 3
R
Ed %

(89)
(a) ReH (52%)
() R=TMS (78%)
(g) R=Ms (53%}

1
(87)

(yield from ge)
() R1=R2=H, R3=CH,CH,CH=CHz (33%)
(E) R1=H, R2=CH2CH3, R3=CHpCHpCH=CHy (86%;cis:trans=1:1)
{¢) R1=RZ=CH3, R3=CHaCHaCH=CHp (95%)
(d) R1=R2=H, R3=C{CH3),CH=CHy (44%)

Me Me
1) LiN{TMS)5.BrCH2C02B2 H
2) 03,Me0H,220°C o 4 LiN(TMS},, -78°C
3) MeyS ! j 2) a)TsOH b)TMSC c)MsC1 ~
C02Bz
(88)
R=Ms
—_—
base

Scheme 14
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Lately, Glaxo group applied the aldol condensation to enclisable oxo-derivatives.

The Schiff's bases (92), formed from the aldehydes (f1), reacted with methoxyacetyl
chloride in the presence of triethylamine to give the cis-azetidinones (93), which
was converted into the carbonyl compounds (94). Short treatment of (%%) with

lithium hexamethyldisilazide at -70°C, followed by quenching with acetic acid provid-
ed the carbapenams {%&). Dehydration of (%@;R=H) via the mesylate gave the .
carbapenem (3§ : R=H). On the other hand, treatment of (§5 ; R=Me) with thionyl
chloride in pyridine yielded the exo-methylene compound (27), which was isomerized

to the carbapenem (96 ; R=Me). Ozonolysis of (§7) furnished the Z-oxo-carbapenam
5
HaNCH2 COpPNB | > MeOCH>COCT
MgS0g 5 EtgN
4 —>
X .

1) LiN(TMS)s
-70°C, 1 min

2) AcOH

1) T1(NO3),,MeOH-THF
2} HC104, aq.-dioxane

I

(94)
(62%)
R=H ) '2‘ ﬂ
MsC1,Et3N -
R
02PNB
(98)
{33%) (R=H,69%) .
R=WE T
S0CT2,pyridine
Et3N
H H
H H MeO =z =
MeQ = 3 :
oH 03 0
2 .,
¢ 02 PNB “C02PNB
(9 (88)
Scheme 15
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5-3. By Witrdg Reagtion
5-3-1. Iatramedecnlay Reaction heiwesn Aldehyde and Dheseherans

It has been made clear from results by several workers that cyclization by intra-
molecular Wittig reaction of the aldehyde group produced the carbapen-Z-em de-

49,61-63

rivatives in reasonable yield. By this methodology, Merck research group

synthesized {%)-descysteaminylthienamycin (Lgé), whose dextro-isomer was derived
from thienamycin by hydrogenolysis of the corresponding N-phenoxyacetyl derivative.64
o-Nitrobenzyl group, readily removable by photolysis, was chosen as a protecting
group for the synthesis. The g-lactam (42), which had been previously synthesized,
was used as the starting material and the carbinol group was protected with o-
nitrebenzyl carbonate. The two isomers were separated at this stage. After removal
of the acetonide group, condensation of (33) with the glyoxalate, followed by
blocking with tert.-butyldimethylsilyl group gave (l0Q). Conversion into an ylide,
debrocking and oxidation of the resulting alcohol (1lQl) provided the carbapenem
(%Q%) with spontaneous cyclization. The rather low yield was due to formation of

methyl thiomethyl ether of (}Ql) during the oxidation step. Photolytic removal of

the ester group gave (*)-descysteaminylthienamycin (%QQ)?l

1} ONBOCOCT
DMAP

2} aq. CF3COzM

1) OHCCOZ0NB,Cah,
2) TBSC1,DMF,Et3N

C?FONB
| g H o DTBS 1) S0C1,,pyridine ,/]
ﬁ z 2) Ph3p e MepS0,Ac20

>

hv(3,5008)
PH 7

Scheme 16
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Our monocyclic f-lactam (Q§)49 having the protected aldehyde group was also con-
verted into (t)-descysteaminylthienamycin. After protection of the carbinol grouﬁ,
the resulting B-lactam was condensed with hemiacetal in the presence of molecular
sieves 3A65 to give (104) as a mixture of epimers. After conversion into the
phosphorane (10%), deprotection of the acetal group, followed by neutralization with
sodium bicarbonate spontaneously caused the intramolecular Wittig reaction to

produce the protected (*}-descysteaminylthienamycin (kQ%)49

0C0O20NB
o H

1) ONBOCOCT Ly = aMe 1) S0C15,2,6-lutidine

e W e ZLFP3
2} HOCH(OEt)COZONB
molecular sieves \];’
CoONB
(68) {14)
(57%}
0CO-0NB
! oM
\ ) 3 e lg TsOH,acetone
i 2} NaHco
N _.pphite . )
(55.4%)
CO20NB
(195)
(74%)
Scheme 17

Beecham group has extensively studied the synthesis of carbapen-2-em derivatives by

63,67,68  and succeeded in the total synthesis

48,69

the intramolecular Wittig reaction

4-Allylazetidinone {107) was
63

of several natural products by this strategy.
prepared by interaction of penta-1,4-diene (]{f) and CSI followed by reduction.
After conversion44 into the ylide (102 ) via (10Q8), selective oxidation of the
terminal double bond in the presence of the phosphorane group was achieved by
ozonolysis in the presence of trifluorcacetic acid.44 Reduction of the ozonide with
triphenylphosphine followed by treatment with aqueous sodium bicarbonate resulted
in the bicyclic system (}18}. ‘

Michael addition of N-acetylcysteamine to (}10) gave an inseparable mixture of three
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isomers, (111 112, and,klé) in the ratio of 5 : 3 : 2, The thermodynamically less

favoured epimer (%&é) was isomerized to (k&%) by the action with DBU.

Oxidation of the mixture of (111) and (112) with one equivalent of iodobenzene dichloride
in the presence of pyridine gave the carbapen-l-em (1]4), which was isomerized with

DBU to give the carbapen-Z-em (]l3) together with the starting material (k&&).

Deprotection by hydrogenclysis furnished (*)-PS-5 (%Q].

H
1} cst 1} TBSCY,EtaN, DMF ] 2
NN 2) Na2503 {L—AH/\/ 2) LIch,Eer’ M/W
e 4 .
3) KF,MeOH

[} =

(08) (101 (108)
(40%) (60%)
H H 1) 03,CF3C00H NHAC
e j:N 2) piap o ° i .
—_— C
— > 0 YPPhE} 3) NaHCO3 KoCO3,OMF
70
DoPNB (70%)

(199)

(N2 (13

i 1 eq. PhIClg e

pyridine
H 4 H2:PAC, (4 -ps-s
NHAC %
SN DBU (lg)
1"’C02PNB
CQOzPNB
(i{é)
(30%)
LICA=Li N<C6H”
Scheme 18
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The ratio of the Michael adducts was varied by the substituent at the CG position

and a kind of thiols. Treatment of a mixture of (1if) and (117) with two equivalents
of iodobenzene dichloride gave a single o-chlorosulfoxide (118), whose stereo-
chemistry was established by X-ray analysis. Dehydrochlorination with DRU produced
the carbapen-2-em (%%g).ﬁs

2eq.PhICl2

pyridine DBY

Scheme 19

By the similar methodology, the cis-substituted epi-PS-5 was synthesized from the
f-lactam (QQ),57 derived from cyclohe?a-1,4-diene and CSI.69 The Michael addition

to carbapenem {120}, prepared via the corresponding phosphorane, produced the three
stereoisomers, which were subjected, without separation, te reduction of the aldehyde
group and mesylation, After separation of the stercoisomers, reduction with sodium

cyanoborohydride yielded (121), which was further converted into (£)-epi-PS-5

(L22) by the same treatments as above.
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1) HS~NHAc
KaC03 (71%)
2) NaBHg

3) MsCl,pyridine {81%)
4) NaBH3CN,HMPA,35°C (74%)

COzPNB

1) PhICIp,pyridine {66%) M
-~

2) DBY (14%)
3) Hz,Pd-C

(121) | {122)

Scheme 20

5-3-2. Jntramedecudar Reactien Retussn Keieng rd KRRIRRRLARG
Intramolecular Wittig reaction of ketones, which were prepared by different routes,

63,70,97 Reaction rate of the ketone was slower

was investigated by several groups.
than that of the aldehyds as expected, and 2-alkyl-and Z-arylcarbapen-2-ems were
prepared in moderate yields.

Oxidation of the phosphorane (l73) with Jones reagent gave the corresponding acid
which was converted intce the thioester (%Ei) via the acid chloride. The thiocester
{124) was a key intermediate which on reaction with a lithium alkyl or aryl cuprate
or a magnesium alkyl or aryl cuprate, provided the corresponding alkyl or aryl
ketones (%%g). Cyclization to carbapenems (%%Q) was carried out by heating in
xylene.70 The carboxylic acids of 2-alkyl and aryl substituted derivatives showed
good antibacterial activity.

Oxypalladation of the B-lactam (1Q7) previously described yielded the ketone (117),
which was converted into the phosphorane (128). Heating (128) in toluene at 100°C

resulted in cyclization to the carbapenen (%%g).ﬁs

H
0 1) Jones reagent COSPh
MerCuLi
N__.PPh3 2) (cacl)p S PPhs 2CuLi (28%)
Y 3) PhSH,pyridine ‘7?7 PhoMgCuX (66%)
0

COo0NB 20NE

{123 (124)

(66%)
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R xyleng,A R
' N ; N/
‘]T=PPh3
4
0

SONB 0,0NB
{125) (128)
(a) R=Me (25%
(ﬁ% R=Ph 523%§
F Hg( 0Ac) 5
H CuCla,PdCT o RH N‘~F=PPh3
MeOH CO,PNB
2
(187 (127) (128)
{70%)

toluene,100°C

02PNB

(129)

(64%)
Scheme 21

5-3-3. Intramedgcrlar Reaction ketvsen Thigester and Rhosnherang

The ease of cyclization is influenced by both the thioester and phosphorane ester.
Alkyl thioesters are not so reactive for the cyclization, For example, the
phosphorane (%éée) did not give a sufficient amount of the protected thienamycin
derivative (%é&%) for purification, while heating phenyl thioester-phosphorane
(134b) for 60 hr provided the Z-thiophenylcarbapenem (134R) in 36% yield based on

the consumed starting materia1.71

The thioesters (l32a and p) were prepared by the
reaction of the carboxylic acid (131), derived from the previously synthesized 8-
lactam (Q§)4g via (130}, with the corresponding thiol in the presence of DMAP and DCC

or N,N—diisopropylcarbodiimide.72
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(0CO5PNB
H 1} aq.AcOH HSR, DMAP
2} Jenes reagent R N=NR
_— > >
0COzPNB
toluene
hydroquinone ,ref.

>

Q/‘,Hﬂ SR
e

2} R=CHRCHZNHCO2PNB
B &

Scheme 22

Cyclizations of variable kinds of thioester-phosphoranes were investigated by
Beecham group. The results by refluxing in toluene are shown in Table 1. It is
made clear from the Table that electron-withdrawing thioester and electron-
donating phosphorane ester accelerated the rate of cyclization. Particularly, 2Z-
pyrimidinylthicesters provided the carbapenem derivatives in high yields (entries
13,14 and 16 in Table).73 Even when the ester function contained the wery bulky

phthalidyl ester group, the cyclized product was obtained in a moderate yield {entry

15).
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COSRI  toluene,ref.
PPh3

N
\Ez R4

SR3
/
02R4%

entry Rl R2 R3 gt reaction time |yield (%) |reference
1 H Me Ph PNB 3days 53 66
2 H H Ph PNB 24hr 18 66
3 R H Ph tBuy 6hr 39 66
4 K Me p-NO2Ph tgy S5hr 54 66
5 H H p-NO2Ph teu 15min 7 66
6 H Me p=NO2Ph Bz 10hr 61 66
7 H Y p-NO2Ph Bz 1.5hr 7 66
8 H Me Et tBu ddays 32 66
NHAC
g H H — Bz Shr 32 67
NHAC
10 H H _ PNB 48hr 25 67
NHAC
11 H H == PNB ghr 21 67
HCOoMe
12 H H e Bz ohr 20 67
Me
A
13 H H _< Bz 3hr 80 73
Me
N
N
14 H H _</N— PNB 3hr 70 73
3
N
_</ N
15 H H = e phtalidyl 3.5hr 27 73
0COpPNB
N
~ A
16 H N PNB 3he 76 73
Me
Table 1
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By application of this methed, olivanic acid, MM22383 (epithienamycin D) was totally

48

synthesized as follows. After protection of the 1 : 1 mixture of diasterecisomers

of B-lactams (}33) 47 with p-nitrobenzyloxycarbonate group, the acetonide was de-

protected to the alcohol (3f). Oxidation with PCC and trapping of the intermediate
aldehyde using stabilized Wittig reagent yielded the ester (léQ). After conversion-
into the phosphorane (&§ZJ, the corresponding acid chloride was treated with silver

67

(E)-2-acetamidoethenethioclate to give the thiocester-phosphorane (138}. Heating |

*
the 1 : 1 mixture of diasterecisomers (%éﬁ) in toluene afforded the mixture of 885 -
*
and 8 R -carbapenems (%ég) in the ratio of 15 : 8, which were separable by chromatography.

*
Hydrogenolysis of the 8S -isomer afforded (t)-olivanic acid, MM22383[(*}-epithienamycin

p].48

1) MBuli
PNBOCOC]
2} Hp504-aq.acetone

7

1) pCC
2) PhaP=CHCOpMe
—_ 5

1} SO0C12,pyridine

2) pggSAHAC

Y
-~

03
(45%) (30

QCO2PNB

05y~ NHAC toluene,ref. Me

M
N.___PPh3 : 48hr
\EZPNB
(A38) 1:1 mixture (13%)
(55%) {8S*:15%)
(8R*: 8%)
Scheme 23
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6. £3°£4 Rend Termatice

Merck research group developed very efficient method for construction of the bicyclic

nucleus by carbene insertion reaction forming C.-N bond.74 This methodology

374
coupled with introduction of the cysteamine moiety by addition-elimination reac-
tion74’75 led the elegant total synthesis of (+)-thienamycin.76

Namely, N-silylation of dibenzyl aspartate (%&Q), followed by cyclization with
Grignard reagent provided the g-lactam (&&%). Reduction of (lék) with sodium boro-
hydride, conversion of the alcohol inte the ilodide via the mesylate and then N-
protection with TBS group furnished (142). Reaction of {42} with 2-1ithio-2-
(trimethylsilyl)-1,3-dithiane gave the substituted dithiane derivative (143) having
only one acidic center. Direct acylation of (]43) using N-acetylimidazole and LDA-
followed by reduction with K-Selectride in the presence of potassium iodide as
previously deseribed,46 produced predominantly the (8R)-hydroxyethyl compound (14%) -
The acetyl compound (}f{lj‘l)) was prepared by an alternative route; aldol condensation
of (143) with acetaldehyde and oxidation of the resultant mixture of epimeric alcohols
containing mainly the (83)-isomer with dimethyl sulfoxide and trifluoroacetic anhydride.
Hydrolysis of (145), followed by oxidatioen of the resultant silyl ketone with
hydrogen peroxide provided the carboxylic acid (%ig). The required ketoe ester chain
was homologated by using a slight modification of Masamune's method.77 Thus, the
acid (]48) was converted, on the treatment with N,N-carbonyldimidazole (CDI), into

an imidazolide, which was reacted in situ with the magnesium salt of the mono ester
of malonic acid to afford the keto ester (]47). After deprotection of the silyl
group, the carbene precursor (%&@) was prepared by diazo exchange. Thermolysis of
(148) in the presence of catalytic amount of rhodium (II} acetate in hot benzene or
toluene produced the bicyclic keto ester (148) in quantitative yield.

The keto ester (%Q%) was activated by conversion into the vinyl phosphate, which
could be isolated from the reaction mixture, However it was more convenient to
directly treat it in situ with the cysteamine derivative to give the protected

thienamycin (150}, which was converted into the natural product by H‘ydrogenolysis.76
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i 1) TMSCI,Et4N L
= ,C0pBz 2) tBuMgC tA:L/
r-[ H
82020 iy 3) 2N-HC
(140) (141)
(65~80%)
H ™S S H TMS g
B I x B
L s::: R s::j
~T85 ?
(14%) (143)
(50% from aspartic acid) {70~80%}
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C0sBz 1) NaBHa
2) MsCl,Et3N

3) Nal
4) TBSC1,Et3N,DMF

LDA,CH3CO©

——

HO
Me/l 12
1) HgCl2,HgD,aq.MeCH A coH
K-Selectride,kI M 2) Ha02 N ~TBS
-
(143) (14¢)
(87%) 8R:85=9:1 (71)
1) HC1-MeOH
HO ) "0y H
=””H g 0 2) HOZC—@— S0oN3 %lh" z
s 7
2) Mg(02CCH2C02PNB) 3 TBS “~C02PNB 2
(142) (149)
(86%) (90%)
HO
Me,,Qh, 1) (PhO)ﬁPOC1,DMAP,1Pr2NEt
RhZ(OAC)AI, 80°¢C 5 fi 2) HS~N CO2PNB >
H “to,PNB
(149)
(100%)
NHCO,PNB H2:Pd-C . (4)-thienamycin
(1)
Scheme 24
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Similarly, Koga and his coworkers started from an aspartic acid derivative for
the preparation of optically active B-lactam, which was further converted into the
bicyclic system (156) by the application of the above method. Thus the aspartic
acid derivative (131) was tramsformed into (152} by the Arndt-Eistert reaction.

The g-lactam (%éél was prepared via the cyclization of an acid chloride and further

transformed into the R-keto ester (%ég) as shown in Scheme 25.78
H H 1; HCI
£, COpH 1} C1CO2Et,amine = PhCHO
!—{ 2} Gl g—(\COZMe 3) Hp,Pd-C
> —_—
Bzoz¢ M 3} PhCOZAg,MeQH Bz0p 4} sQClp
02tBy Loty 5) EtgN
(151) )
i
1) aq.NaQH i 1} H2,Pd-C
2) Na,NH3 COzCHPh 2) BuOCOCT,Et3N
oF s >
3} PhaCHN? NH 3} CH3CO2Bz,LDA

1} Ar50oN3,Et3N
2} Rhz(DAc)y, 80°C

Scheme 25

By application of this methodology, another group in the Merck. laboratories develop-

ed a more practical route to (t)—thienamycin.7g’80

Namely, the symmetrical dicar-
boxylate (%El) was converted into the keto enamine (%ég) via the enamine (l&@).
After reduction using sodium cyanoborohydride, the crude reduction mixture (%QQ)
was subjected to an acld treatment to give the lactone (%Q&) as a single stereo-

isomer having wrong stereochemistry at the methyl group.
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After catalytic debenzylation of (%Qk}, the resultant lactone was solvolyzed in

benzyl alcohol to give an equilibrium mixture of the acylic ester (162) and the
starting lactone. -On cyclization using DCC, followed by silylation and hydrogenolysis,
the 4-caboxymethyl-g-lactam (%gé) was obtained in a good yield.

After chain-elongation and desilylation, the stereochemistry of the hydroxyethyl

81 The resulting inverted formate

group of (1§43} was inverted by Mitsurobu procedure.
was hydrolyzed to an alcohol, which was subjected to the diazo exchange to provide

the diazo-ester [%iQ). According to this procedure, (+)-thienamycin was synthesized

in more than 10 % overall yield.7g
NHBz oy B2
BzNHz
molecular sieves = CHa=C=0 & NaBH3CN
7 _—> —_—
Et0, COsEt Et0p 0zEt Et0; 0t AcOH
(R4) (R (132
HQ . NHBz 9 H
Pd(OH)z -C T
Me” h conc . HCl £oH AcOH t—(\COZBz
————————
CosEt 00Et HO2
(169)
g (82)
{40% from 157)
TBSO
1) Et3N,DCC : 1} ¢0l
2) TBSCT,EtaN, DHF e T Cop %) Meldrum's acid,OMaP
3) Hz,Pd-C 3} PNBOH -
4} HC1,MeQH
(163)
Hg
1) Ph3P, (=NCOpiPY), Me/l H K
HCOZH FR ;
2} HC1,aq.MeOH
3) TsN3,Et3N 5 C02PNE
(138)
Scheme 26
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The inversion of the stereochemistry was performed intramolecularly prior to the B-
lactam formation. Thus the lactonization of the above intermediate amino ester
(%QQ) was carried out under milder and anhydrous conditions to give the ester (%Qé).

After solvolysis, the resulting alcochel ({QQ) was reacted with triphenylphosphine

and diethyl azodicarboxylate {(DEAD). The inverted lactone was similarly converted
0

into the B-keto ester (%zg) as shown in scheme 27.3 They also reported a facile

synthesis of protected cysteamine derivatives.82

1} Ph3P,DEAD

(180) HCY, CHpCT NaHC03 2) conc HCI
r.t. Me] 3) Hp,Pd{0H)2-C
H
A
BzOH,70°C Me ﬁ"l—f\cwaz 1) Et3N,DCC,BzOH
) I HOoC NH2 2) Hp,Pd-C
=G HH? HCT
Toph HC

(182) (53% from 168)

1) €Dl
2} Mg{0pCCHoCOPNB)p

(¥)-thienamycin

()

Scheme 27
49 . .
Qur B-lactam acetate {QQ) having the same stereochemistry as that of thienamycin

was effectively converted, by the application of the Merck method,76 into (£)-

71,83

thienamycin, ~°* Furthermore the cis-g8-lactam (Qg),4g obtained as a major product

from the isoxazoline methyl ester (Q&), was transformed into epithienamycins A (x)
and B (g) (olivanic acids MM 22380 and MM 22382).84 The proposed relative stereo-

chemistryd’s’8b

of these antibiotics was confirmed by this synthesis.
On the ring closure between €; and N,, synthesis of carbapenams was further examined
by the following two methods; cyclization of 4-(3'-butenyl)azetidinene (L7L) to

85

(72} by electrophilic reagents and intramolecular substitution of the mesylate

(478 to 78"
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=
2X

(IR (373)
" conditions
I7,MapC03 %=1 {62%)
phsBr X=SPh {10%)

Hg(OAc) ; NaBHg X=H (75%)

e w
M% LiN(THS )
i
OMs
73
Scheme 2B

7. Ngt£7 RRRd KRERREARR

The cyclization of 2-pyrrolidylacetic acid derivative would be the straightforward
method for the synthesis of the bicyclic ring system. Chain-elongation of N-tosyl-
L-preline (175) followed by detosylation provided homoproline (176), which was
cyclized to (55)-carbapenam (%113.87 The absolute configuration of (l77) was reverse
of natural product. The c.d. curve of (%Zz) showed a negative Cotton effect at

231 nm, which was consistent with the predicted curve by calculation using semiempi-

rical Extended Hilckel and CNDO wavefunctions.88
HQQ"H 1) PClg H H
b 2) CHzN2 !—b 1) socls
_—>
Ts 3) AgNO3,EtaN HOzC M 2) EtaN
aq.dioxane :

4) HBr,AcUH,pheno!

e a8 70
Scheme 29

Tufariello and coworkers89 stereoselectively synthesized the amino alcohol (]180)
having the same relative configuration as that of thienamycin via the isoxazolidine
(%Z%) prepared by 1l,3-dipolar cycloaddition of 1-pyrroline l-oxide (%Zé) and methyl
crotonate, After bleocking using hexamethyldisilazane, cyclization with Grignard

reagent provided the carbapenam (481) which, on exposure to methanol, gave the

starting amino alcohol (%%E).Bg
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"
2

CO2Me HH
[C] Ve V4 Me g? =
0N e Hz,Pd-C H
Clcadul s, P
Me0sC  HN
R (180)
ANy
1) (TMS)aNH {(~100%)
2} EtMgBr
—_———
MeOH
(181)
(81%)

Scheme 30

Interestingly, Rosenblum and coworkers demonstrated the oxidative cyclization of the
iron carbonyl complex (%&é).gﬂ Thus the exchange reaction involving l-pentenyl-
ammonium tetrafluecroborate (%é%) and Fp(isobutene) tetrafluoroborate produced the
complex (%%é). Successive deprotonation with base gave the pyrrolidine complex
(%éé), which was converted, on heating in the presence of triphenylphosphine, into
the chelate (%§§). Treatment of (&Qé) with silver(I) oxide resulted in the forma-

tion of the carbapenam (the racemate of %zz}.

® @

Ph3p
N L Y
25°C,5min

Fee N
Lo
(188) Q)
(18g)
{80%)
Fp=n®-CgHgFe(C0),

Scheme 31
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8. SxRthesis of 4-Alknlared 8-Lagtame
B-1. Sabstitution A% the £, ERsition

Introduction of a properly functionalized alkyl group at the C, position of the
readily available B-lactams would provide an efficient route to the synthesis of the
carbapenems.91 Shionogi group prepared allylazetidinonme (189 and 190) by coupling
of allylcoppers (l88avd) with chloroazetidinones (188 and 187) derived from
penicillins. The coupling of either isomer of ({QZ) (48 or 4o} with (1884} provided
a mixture of (190d) with same isomer ratio (entries 5 and 6 in Table 2).°?

The allylazetidinones (%§%k and 190h) were converted into carbapenems using intra-
molecular Wittig reaction. Thus, epoxidation of (&ﬁgk) followed by hydrolysis and
subsequent acetonidation of the resulting glycol yielded (]3l), which was converted
into the phosphorane (122). Deprotection of the acetonide group and glycol fission

gave the aldehyde, which on neutralization resulted in the formation of the carbapenem

(193).°°

Rl o Cud R 1 pd
R R3
;(fcmz :2 ;%3 (50) Ches
-

N
~36°3 0°C \f
02CHPh 02CHPh >
(188) R=H (189)
(187 RE2=NHTr (190)
ratio of
43- to 4a-
RZ R3 R4 entry! chloride allylcopper product yield(%) isomer
(g} | H H H | (186) (188 B (183 k)  55.0 -
(B) | H M R
(g) | H Me M 2 | (48-187) (Igga) (190 ) 12.4 33/67
(d) | Me H H

3| (a8-180) (g k) (R k) 66.1 45/55
4 | (48-187) gg ) g 64.0 55/45
5 | (48-187) (188 4} (N 4 63.6 33/67

6 | (40-187) g ) URe 482 3367

Table 2
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1) MCPeA 1o
7 N\we  2) 20 HC104,acetone 2; Zg AcOH
N\fﬂ‘lez NTCME}z{ 3) S0C12,Phifte;
0oCHP

0oCHPh 2CHPR o 4) PPhy
{1839 k) {(191)
(62%)
Me
1) 2§-HC1,EtOH
2) HIOg
\rppg% 3) aq.NaHC03,ACOET g
0oCHPhy €0,CHPh,
(132) \ (133)
(70%) (512)

Scheme 32

Since it was knowng2 that 4-acetoxyazetidinones were readily displaced by sulfar,
nitrogen, and oxygen functions, we investigated the analogous displacement reaction.93
Reaction of 4-acetoxyl derivatives with several lithium salts produced the corresponding

93 Thus the carbene

carbon displaced compounds although yields were not so high.
precursors (e.g. %gé@) could be cobtained in one step from the 4-acetoxyazetidinones
which are readily available by the cycloaddition of the enol acetates and CSI, The
diazo esters (%Q%naggi), prepared in short steps,were transformed into the PS-5

and PS-06 derivatives (%Qé " %Qz),ga

(194) (192)

W =By (12%)
R= CH(COzMe (20%)

(€) R=CHoCO 15%)

(%) R= CHZCDE{NQ JCO2EL (11%)
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jl Rl Rl
CHo  AcOH, A_’N 0Ac
Me/K/ NaOAc Me =—~~~0Ac CSI Me
H
(19%) R]:=H {198) R:=H (38%) (200) RV=H (44%)
R1=M =
(190) Ri=Me (199) R1=¥e (01} Rl=e
Rl
i 0
CHacociNp)coR2 M7 T
> -

LiN(TMS), COgR2

(202) R1=H,RZ=Bu (12%)
(203) Rl=H,R2-B2
(204) Rl=Me,R2=tBy

Scheme 33

{205) R=H,R2=tBu,R3=C0,PNB
(206} R1=H,R2=Bz,R3=Ac
(207) R1=Me,R2=tBu,R3=C0,PNB

Independently, Sankyo group elucidated on carbon-extension reactions ;t the C4

position of azetidinones.

Treatment of 4-phenylsulfonylazetidinone (Z08) with either

lithium organocuprates or Grignard reagents produced 4-alkyl, allyl, vinyl or ethynyl-

azetidinones (%Q%%'”E) in good yields.

Reaction of 4-acetoxyazetidincne (%gi) with

lithium organocuprates gave the similar results but reaction using Grignard reagents

resulted in low yields. (Table 3).

stituent at the C

med a mixture of trans-and cis-isomers (%&%)-gs

reagents to the intermediate azetinone (£1l2) was

S0zPh R=
;&: RMgX or LiCuRp (a) MBu
(R) Et
( ) (&) CH=CHz
&R NH (d) CHaCH=CHp
(d) CHaCH=CH,
0Ac / (269) (e) CecoEt
()-_»l: LiCuky (f) CsCSPh
(194)

— 497 —

When the starting azetidinome (210) had a sub-

3 position the treatment with phenylethynylmagnesium bromide for-

1,4-Addition of the organometallic

proposed.
Yield from Yield from
Reagent (208) (194)
LiCu({"Bu}» 94.0 89.0
EtMgBr 74.2 12.4
CHg=CHMgBr 65.5 3.5
Li Cu{CHzCH=CH2)2 100.0 -
CHz=CHCHzMgC1 54.9 -
E+(C=CMgBr 95.4 —
PhSC=CMgBr 68.9 —
Table 3




TriH, 50,Me C=CPh
Ph{ = CMgBr Teh
_—
NH H

0
(210 (211)

{ trans: 52.2%, cis: 22.3%)

(1)

Scheme 34

Direct introduction of carbonyl substituents could not be achieved by the above
reactions using Grignard reagents and organocuprates, On treatment of (184) with
aluminium enolate, the desired 4-alkylazetidinones were synthesized in moderate
yields.96 Namely, condensation of (l24) with halo-ketone or esters in the presence
of zinc and diethylaluminum chloride97 produced the 4-alkylazetidinones (2]13a and ),
which were converted inte carbapenems, respectively, using intramolecular Wittig
reaction. On the other hand, reaction of (124) with y-bromo-g-methoxycrotonate
under the same reaction conditions produced the y-substituted butyric ester (%&%) as
a major product along with the w-substituted esters. After hydrolysis of (214}, the
resulting f-keto ester (215) was converted into the corresponding carbapenam by the

. R : 96
carbene insertion reaction.

Br‘CHgCOX cox
(Dl/ “In EtzAICT 7 H
-10~-5°C
T)

(212)

) X=Ph (33%)

Br/Y\COZMe fg X=0Bz (43%)
Me

Zn,Et,A1C]

OMe 0
dil HCl
NH I ? H
COpMe COpMe

(215)

(28%) (67%)

Scheme 35
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When the displacement reaction of (}3}4) was carried out using stabilized tertiary
carbanions, the carbon-substituted azetidinones were easily obtained.98 Oxidative
desulfurization of the azetidinones (Zl¢ and 217) produced the 4-alkylideneazetidi-
nones (218 and %&%)98. Furthermore 4-alkylideneazetidinones were alternatively

s g 9
prepared from 4-thioxcazetidinones, 9

Ph 0(0Et),
OAC PO(OEL),
- COzR
H PhS— CHCO2R,NaH R 1
0°C
) (29
PhS-CH(COpEL) o (R=Bz, 96%)
NaH,0°C (R=tBu, 80%)
3Ph 1} MCPBA
CO2EL 2) 45°¢C
H ot PO(OEL)
COzBz
{210 H
1} MCPBA
2} toluene,ref. (ﬁlﬁ)
COzEL
OzEt
(219)

Scheme 36

8-2. MRAmmRkLis RYRLheiAt of 4udmhatituted Azetidinons
Optically active 4-methoxycarbonylmethyl-2-azetidinone (Z22) could be obtained by

selective cyclization of the prochiral R-aminoglutaric acid derivative. On
hydrolysis of dimethyl B-aminoglutarate (%%Q) with pig liver esterase, (3R)-half
ester (£21) was formed in low optical yield, because non-enzymatic self hydrelysis

100

significantly occurred. On the other hand, the N-protected derivative (i3}

gave the (35)-half ester in high optical yield on incubation with the pig liver

— 439 —




esterase. After deprotection, the resultant B-amine acid (224) was cyclized by
novel method using triphenylphosphine and 2,2'-dipyridyl disulfide in aceto-

25 s .
nitrile!?12102 giving the (4R)-B-lactam (228), [aly° + 65.34° (CHCl;). Cyclization
of the above (3R)-half ester (2Z]1) under the same conditions gave the (4S8)-isomer

. 100
(222) in low optical purity, [013% - 26.03° (CHC1).

NHy pig liver Ph3P,PySSPy i
[,J\\] esterase MeCN “‘\\‘COZME
7 H
MeOsl  COpMe KO
(740 (221 (222)
BzOCOC (94%) {827}
Et3N [O:JD+2.36° [GL]D-ZG.03°
NHCO2BzZ
1) pig liver Ph3P,PySSpy
gsterase MelCN
—_——» —_—
Medsp OsMe  2) H2,Pd-—C
(23 (278)
{902)

[a]p+65,34°

Scheme 37

RRRMAXY

Synthetic methods for construction of the bicyclic ring system have explosively
progressed since the discovery of thienamycin in 1976. However total syntheses of
carbapenem antiblotics have been accomplished by only a few methods; ring closure
between C2 and 03 position by substitution reaction or intramolecular Wittig re-
action and the C3‘”4 bond formation by carbene insertion reaction. Further develop-
ment of effective synthesis and structural manipulation of the antibiotics for the
cl@mical as well as bicchemical stabilization are strongly desired.

.
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ADDENDUM
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