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Abstract - The synthesis of p-nitrobenzyl {13,3R,55,65)-1-fluoro-1-methyl-2-
0x0-6-[(1R)-1-[(rert-butyldimethylsilyl)oxylethyl]carbapenam-3-carboxylate and
allyl  (1R,55,65)-6-[(1R)-1-[(allyloxycarbonyloxy)ethyl]-1-fluorc-1-methyl-2-
phenylcarbapen-2-em-3-carboxylate is detailed. The difficulties encountered in
further chemical elaboration of these analogs are reported.

13-Methylcarbapenems possess enhanced chemical stability, reduced susceptibility to renal dehydropeptidase
enzyme (DHP-I), and generally undiminished antibacterial activity in comparison to parent 1-H-carbapenems.!
These features have shifted the focus of carbapenem chemistry and elucidation of biclogical activity towards 1-
methylcarbapenem 2-thio? and 2-aryl® derivatives. However, there are only limited reports of 1,1-dimethyl
substituted carbapenems®3 and a single reference to a 1-heteroatom{(OMe)-1-methyl-2-thio substituted
carbapenem.” A recent disclosure® on the preparation of a monocyclic intermediate for 1-fluoro-1-methyl-
carbapenems has prompted us to communicate our efforts in this area.

Our interest in 1-fluoro-1-methylcarbapenems coriginates from questions regarding the steric and electronic
effects of fluorine substitution on chemical reactivity and bioactivity. We were also interested in evaluating the
effects of fluorine substitution on binding to the target PBP enzymes as well as to DHP-1. The C-F bond (1.39
A} is the second shortest carbon bond after the C-H bond (1.09 A) and is similar to that of a C-O bond (1.43 A).
The van der Waals radius of fluorine (1.35 A) is only slightly larger than that of hydrogen (1.20 A),7 yet Taft
Es parameters place the steric bulk of a CF3 group on a level with the isopropyl group.® Fluorine is, of course,
the most electroncgative element (4.0 on the Pauling scale, 3.5 for oxygen). It is also recognized that fluorine
substitution increases the lipophilicity of a molecule.

Retrosynthetically, it was envisioned (Scheme 1) that a preparation of 1-fluoro-1-methylcarbapenems (1) could
follow from the fluoro substituted azetidinone (2) using established carbapenem chemistry.® The key
intermediate (2) should be accessible from the commercially available acetoxy azetidinone (3), also using
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established chemistry. Qur interest was in the lo-fluoro-1B-methyl isomer series, although a route preparing

both diastereomers of 2 would offer the possibility of preparing the epimeric carbapenem,

Scheme 1
TBDMSO
H
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C(N2JCO,R

We initially attempted the most straightforward preparation of an ester derivative of 2. The If~methyl-
carbapenem precursor (4)! was converted to its enolate (LDA (2.0 eq.), HMPA (2.1 eq.) in THF, -78°C) which
was allowed to react with N-fluoro-N-(exo-2-norbornyl)-p-toluenesulfonamide!® (1.0 eq., -78°C to room
temperature). The desired diastereomer (5)!! was isolated by chromatography and crystallized in a 35%
overall yield. The structure of 5, Figure 1, was established by single crystal X-ray analysis.!2 The ester was
hydrolyzed to afford the acid (6).13

TBDMSO Me TBDMSO Me
H H H H

a,b

5, A=Me
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Reagents: (a) LDA, HMPA, THF; (b) N-fluore-N-{exo-2-norbornyl)-p-toluenesulfonamide;
{c) 1N LiOH; (d} 2N HCL

Figure 1. X-ray structure of 5




HETEROCYCLES, Vol. 41, No. 9, 1995 1893

In order to improve the yield of ester (5) and facilitate its preparation from a readily available intermediate, the
established methodology!4 which utilizes a Lewis acid (o mediate carbon-carbon bond formation between C-4
of an acetoxy azetidinone and a ketene acetal was explored.!5 Treatment of ethyl 2-fluoropropionate with LDA
and chlorotrimethylsilane gave the silyl ketene acetal (7)1 which by !H nmr showed a 61:39 isomer ratio.
Attempts to assign the E and Z isomers by various nmr techniques were unsuccessful. The use of freshly fused
Znls (0.5 eq.} with acetoxyazetidinone (3) (1.0 eq.) and 7 (2.0 eq.) in methylene chloride (0°C to room
temperature) gave a mixture of two pairs (each pair a 1:1 ratio) of diastereomers in approximately a 2:1 ratio.
The major pair of isomers was identified as 8a and 9a and the minor pair as the N-silylated diastereomers (8b)
and (9b) (77% overall yield based on observed product distribution). The use of TMSOTS (1.0 eq.) with
acetoxyazetidinone (3) (1.0 eq.) and silylketene acetal (7) (2.0 eq.) in methylene chloride (-78°C to room
temperature) gave an 87% yield of a 1:1 mixture of diastereomers (8a)!7 and (9a).18 When less than 2
equivalents of ketene acetal (7) was used, the yield of 8a and 9a decreased and a concomitant increase in side
products developed.

MeCHFCO,Et

TBOMSO F OEt
H H >=< @)
Me oTMS
_—m
Lewis Acid
CHaCh
-78°C - room
temperature

3, RA=H
10, R=TMS

a, R'=TBDMS, R2=H
b, R'=TBDMS, RE=TMS
e, R'<H, A%H

TBOMSO R TBOMSO R
H H H J.F

8a, R'=Me, R2=F 6, R'=Me, A2=F
9a, R'=F, R2=Me 11, R'=F, R2=Me

Reagents. (a) LDA, TMSCI, THF, -78°C to room temperature; (b) 1N LIGH; (¢) 2N HCI.

The improved product yield of 8a and 9a using TMSOTS as Lewis acid led us to explore the addition reaction
between ketene acetal (7) and acetoxyazetidinone (3) to determine the optimum equivalents of ketene acetal
required. It appeared that for the desired reaction to proceed, intermediate silylation of the lactam nitrogen was
required. When the N-TMS derivative (10) was employed using a reduced quantity of ketene acetal (7) (1.25
eq.), two pairs of diastereomers were produced in an 87:13 ratio with both pairs in 1:1 ratios. The major pair of
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diastereomers were 8a and 9a and the minor pair were the O-desilylated products (8c) and (9¢) (total yield
89%). To facilitate work-up, the entire crude reaction was subjected to O-silylation conditions (TBDMSCI,
imidazole, DMF, room temperature) and chromatographed into the individual diastereomers (8a) and (9a). The
ethyl ester diastereomers were individually hydrolyzed to give acids (6) and (11),19 respectively.20 The
absolute configurations of the individual acids isolated from this route were established by comparison to the

acid derived from methyl ester (§).

Complete elaboration of the a-fluorocarboxylic acid (6) to a 2-thio substituted carbapenem was modeled after
the chemistry developed at Merck.! The first step in the scheme, side-chain extension to a §-keto ester, proved
unexpectedly difficult. After examining various methods of B-keto ester formation,2! a modified method
described by Rathke?2 was employed. The carboxylic acid (6) was converted to acid chloride (12) which was
allowed to react with a magnesium malonate to give 13 (81%). The keto ester (13) was converted to the diazo
derivative (14a) (98%) which was desilylated to provide 14b.23

TBDMSO,
/ O\M C
TBDMSO M 9 DM
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—_—
MeCN
13
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{CICO),/CHLCI,
12, R=Cl
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—_——————
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a, ﬂ:TBDMS.:I b 15
b, A=H

Reagents: {a) p-(HO,C)CgHy SOuNg, 1-ProNEL, MeCN; (b) BF 3 Et,0, MeCN; (¢} Rho{Oct}4 (0.2%), benzene.

Cyclization of 14b was accomplished using rhodium octanoate (0.2 mol %) in toluene (80°C) to give the
bicyclic keto ester (15)24 and several decomposition products, one of which predominated. The bicyclic keto
ester (15) was unstable towards silica gel chromatography and decomposed slowly in solution. The major
decomposition product lacked large proton-fluorine couplings by 'H nmr and contained two signals attributed
to methyl groups at 5(CDCl3 400 MHz) 1.16 (d, J=6.3 Hz) and 1.94 (s). Additionally, two signals appeared at
& 3.83 (1, J~3 Hz) and 4.62 (dq, J=3.0, 6.3 Hz). An nmr COSY experiment showed cross-peaks between the
downfield signal pair, and the upfield methyl doublet and the downfield doubled quartet. These resonances are
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consistent with the pyrrole structure (16), shown as arising via Scheme 2, where B-lactam ring opening is
initiated by fluoride attack leading to an acyl fluoride. The acyl fluoride structure (16) is supported by a small
(~3 Hz) three bond H-F coupling to the a-carbonyl proton?3 and by a high frequency carbonyl stretching band
in the ir(CH,Cly, 1820 cm-1).

Scheme 2

Activation of the 2-position of the bicyclic keto ester for addition of an appropriate thiol to give a penultimate
2-thio derivative was next explored. Attempts to prepare the (diphenylphosphono)oxy derivative (17a) cleanly
and in good yields from the bicylic keto ester (CIPO(OPh)z, i-ProNEt, MeCN, -35 to -16°C) proved elusive.
Generally, decomposition occurred during reaction and a very low yield of presumed 17a formed. Attempts to
isolate 17a were unsuccessful. The enol phosphate which was produced was allowed to react in situ with N-p-
nitrobenzyloxycarbenyleysteamine without any indication (followed by uv) of addition. Attempts were made
to prepare the enol triflate (17b), enol tosylate (17¢), and enol mesylate (17d), without any indication of their
formation. The in sifu addition of thiol to reactions directed at preparing 17b-d failed to give any indication of
their addition to yield 18. Extensive decomposition occurred in all cases.

activate

15 —

17a-d 18
a, R =PO(OPh),

b,RA=Tf

¢, R=Ts

d,R=Ms

Frustrated in these attempts to prepare a 2-thio derivative, we turned our attention towards preparing a 2-aryl
derivative via the established oxalimide route.26 The 2-phenyl derivative was selected as a target for
preparation, being the simplest 2-aryl derivative, with known 1B-methyl- and 1-H-carbapenem counterparts.
Allyl protection of both the ester and alcohol functionality was chosen for facility of deblocking.

The o-fluorocarboxylic acid (6) was converted to the pyridylthiol ester (19a) using 2-pyridyl disulfide in the
presence of triphenylphosphine. The lactam nitrogen of the thiol ester was silylated to provide 19b which was
allowed to react with phenylmagnesium bromide to give the phenyl ketone (20a). To interconvert the hydroxyl
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protection, the TBDMS ether was deblocked to give alcohol (20b) and the alcohol was protected as its
allyloxycarbonyl derivative (20c). Desilylation of the lactam nitrogen provided 20d. Condensation of allyl
chlorooxalate with lactam (20d) gave the oxalimide (21). Cyclization of 21 was best achieved in a single step
by heating with triethy] phosphite (10 eq.) in refluxing p-xylene (2.5 h) to afford the carbapenem (22).27 The
crude product was found to be unstable on preparative thin layer chromatography; however, the desired product
could be purified by silica gel flash chromatography (53% isolated yield).

TBDMSO "Me TBDMSO Me
F B H

19a,b

a, R=H _:l b
b, R=TBDMS

20a-d
a, B =R2aTBDMS =~ ——— 0N

d 21
b, R'=H, R2=TBDMS -——J

a
¢, Rl= #9000 H2=TBDM;<——|

f

dR'= ZA~90C gy

{ i
I

29 23

Reagents: (a) PPhg, 2-pyridyl disulfide, CHCly; (b) TBDMSCI, EtN, CH-Cl; (c) PhMgBr, THF;
(d)BFyEt, 0, MeCN, (e) allyi chioroformate, DMAP, CHa Ch; (f) TBAF, HOAc, THF; (g) allylchloro oxalate,
pyridine, CHLl,; (h} P{OEt), xylene, 110°C - reflux.

Attempts to deblock the allyl ester and carbonate protecting groups of penultimate intermediate (22) to give
carbapenem (23) using catalytic tetrakis(triphenylphosphine)palladium(0) in the presence of
triphenylphosphine, sodium hexanoate, and hexanoic acid in ethyl acetate provided a fully deblocked product
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lacking fluorine and a B-lactam ring. On the basis of 'H nmr2# this compound has been identified as the

pyrrole derivative (24).

Me
HO

g CO,Na
Me ||*_11

COMNa

24

Deblocking attempts using tributyltin hydride (2.1 eq.) in the presence of triphenylphosphine (0.33 eq.) and
palladium(0) bis(dibenzylidencacetone) (0.04 eq.) in tetrahydrofuran followed by glacial acetic acid quench
similarly failed to give any indication of desired product. Extensive decomposition was observed. The failure
of these deblock attempts caused us to reassess our efforts at producing a fully deblocked 1o-fluoro-1B-methyl-

carbapenem.

The instability of a our 1¢-fluoro-13-methylcarbapenem target carbapenems is surprising in view of the
successful synthesis of a 1,1-difluorocarbapenem.?? It is clear from the results described herein that the 1o-
fluoro substituent imparts considerable chemical instability to the carbapenem amide bond, presumably by an
inductive effect.30 This is evidenced by the isolation of the f—lactam ring opened product (24). The electronic
effect of the fluorine substituent overwhelms any gains realized by addition of steric bulk at 1-position and
ultimately, prevents isolation of desired deblocked final product. The failure to activate and add a thiol to the
bicylic keto ester (15) may also be influenced by the increased steric bulk introduced at the 1-position. For

example, the 1,1-dimethyl keto ester analogous to 15 cannot be converted to a 2-thio derivative because of the

steric hindrance of the 1,1-dimethyl group.>
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In addition, the potential for concomitant expulsion of fluoride during collapse of a lactam tetrahedral

intermediate may further destabilize the bicyclic ring system.

Received, 31st March, 1995




