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Abstract — A synthesis of a novel 1,1-difluorocarbapenem (1), utilizing a new N-

protecting group for the [-position of 2-azetidinones is described.

The discovery that substitution of a [3-methyl group at the I-position of carbapenems often results in high
stability to the renal dehydropeptidase enzyme DHP-1, without loss of antibiotic activity1 led us to
investigate the effects of other groups at the l-position. Substitution of the I-position by hydroxy and

methoxy groups has been described by us? and others?

. Herein we wish to report on the synthesis of a 1,1-
difluorocarbapenem and the use of a novel N-protecting group which we discovered during the coursc of
this synthesis. We were interested in fluorine substitution because the strong electron withdrawing effect of

fluorine could result in a highly reactive B-lactam, while its relatively small steric size, in between H and

CH3 could still contribute towards stability to the DHP-1 enzyme, without loss of activity.

The report of a synthesis of the enol-silyl ether 24 attracted us to the possibility of alkylating (3R,4R)-3-
(IR-t-butyldimethylsilyloxyethyl)-d-acetoxyazetidin-2-one (3)5 with 2t give (3R,4R)-3-(1R-t-
butyldimethylsilyloxyethyl)-4-(2-phenyl-2-oxo-1,1-dif luoro)-azetidin-2-one (4), which in turn could then be
converted in a number of well established steps to the 1,l1-difluoro-2-phenylcarbapenem 1. Since the
antibiotic activity of the corresponding l-unsubstituted 2-phenylcarbapenem is well known6, a comparision

with it would enable us to learn about the effects of I, 1-difluoro substitution.
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Chlorodifluoroacetic acid 1 was treated with excess phenylmagnesium bromide to  yield
chlorodiflugroacctophenone in 68% yield. Conversion to its enolsilyl ether 2 (Zn, TMSCI, CH3CN, 60°C)
followed by alkylation of 3 with 2 in the presence of TiCly (CH,Cl,, reflux, 24 h) gave 47 in 20% vield,
The same transformation could also be carried out by alkylation of 3 with the aluminum enolate [rom
chlorodifiuoroacetophenone (5) (Zn, EtZAICI, THF) giving 4 in 27% vyield The difluorocketonec 4 now

became a key intermediate in the synthesis of the title compound.

1) [CgHr13P. 2.6—lutidine, THF
1) CHO-COq—ally, EtzN, 3A MOL SEIVE 40 °C, 18 h

N .
toluene, RT, 18 h T
02—\

2) SOCLy, 2,6-lutidine, THF, —1C °C, 6.5 h

CgHy

The difluoroketone 4 was converted to the carbapcnem 9 using a modification of the well established
glyoxalate routes, demonstrating the overall feasibility of constructing a 1,1-difluorocarbapenem. Thus
treatment of 4 with allyl glyoxalate (Et3N, 3A9 Mol. Sieve, toluene, RT, 18 h, 62%) gave the carbinols 6
(mixture of isomers at the hydroxy bearing carbon) which were converted to the chloro compounds 7
(SOC]z, 2,6-lutidine, THF, -16°C, 0.5 h, 63%). On trcatment of the chlore derivatives with

triphenylphosphine (2,6-lutidine, THF, 40°C, 18 h) onre¢ obtained the bicyclic carbapenem 99(42%) with only

— 222 —




HETEROCYCLES, Vol 25, 1987

transient formation of the ylide intermediate 8. The difluoro substitution in ketone 8 leads to its high

reactivity, resulting-in cyclization of the ylide under the conditions of its formation,

Because it was expected that the bicyclic compound 9 would not survive the conditions required for
deblocking of the -butyldimethylsilyl (:-BDMS) group, it became necessary to exchange it for an
allyloxycarbonyl group, which could be removed simultaneously with the allyl ester under mild
conditions?C, Attempts at selective allyloxycarbonylation of the unprotected algohol 10 abtained from 4
(CH30H, 1% H,80,, RT, lhr) failed, reaction occurring at both the OH and NH functions. Selective (-
butyldimethylsilylation (:-BDMSCI, ET3N, DMF) of 10 also failed, again reaction occurring at both OH and
NH. At this pecint it became necessary to protect the NH Ffunction of 4 by a group stable to the acid
conditions required to remove the O-f-butyldimethylsilyl function and vyet easily removable after
allyloxycarbenylation of the alcohol.
oslsi/-f— ¢
g

CgHy 10% Ho504, MeOH, RT, 1 h

NH

4

Suffenamide derivatives have been used to protect amings

“, however, to our knowledge this functionality

has not been used for the protection of the azetidinone NHIZ. A model study on the readily available
azetidinone 11! showed the uselulness of the NSCH3 group. Treatment of 11 with LDA, HMPA(l eq, each)
in THF at -78° follewed by excess methyl methancthiolsulfonate gave the sulfenamide derivative 1213
(94%). The t-BDMS group was then removed as described for 10 to give the alcohol 1314 (91%). The N-SCH,
group survived the strongly acidic conditions, Allyloxycarbonylation of the free OH function (CICOOQ-allyl,
DMAP, CH2C12, RT, 2 h) gave the carbonate 1413 in 83% yield. At this stage the sulfenimide protecting
group was removed by nucleophyllic displacementlé. Among several conditions tried were CyH,8"
LiY/HMPA, CGHSSH/]-It:;N/CHZCI2 and 2-mercaptopyridine /Et3N/CH2C12, the last being favoured because
of the easc of purification of the product 15!7 which was obtained in 95% yield. The N-sulfenated
compound 12 was hyvdrolysed with 25N NaOH in THF/water to give the N-sulfenated acid 1618,

demonstrating that the N-SCH3 group is stable to aqueous basic conditions.
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Having demonstrated the usefulness of the sulfenamide group, we turned our attention to completion of the
synthesis of the title compound. The NH function of the azetidinone 4 was protected as a sulfenamide, the
0-(-BDMS group was hydrolysed to free the OH which was then protected as the allyloxycarbonate and the

SCH3 group was removed as described in the model series to give compounds 1719, 1820, 1921 and 2022 in

UCH3

ot
: OCH 5
LtDA 1 eq, HMPA teq, 10% H7504, MeOH, RT, 1 h
CH35505CH3, Nsch
-78°C to 0°C
12
co—~
¥ CH3
Cl-COp—allyl, DMAP 2—Mercaptopyridine
—- N »-
CH,Cly, RT, 2 h SCH3 Et3N, CH,Cly
14 15

68%, 73%, 83% and 97% yields, respectively.
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o - CegH
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The allyloxycarbonate-azetidinone 20 was condensed with allyl glyoxalate as described for 4 to 6, and the
carbinol isomer mixture 2123 (66%) was converted to the chloro-compounds 22324 (62%}) as described for §
to 7. Reaction of 22a with triphenylphosphine and 2,6-lutidine in THF at 40°C was slow, resulting in a
mixture of the desired cyclized carbapenem 23 and unreacted 22a which were difficult to separate.
However, when 21 was converted to the bromo-compounds 22b using SOBr2 in place of SOCI, the reaction
with triphenylphosphine proceeded smoothly (18 hrs, THF, 2,6-lutidine) to give the cyclized carbapenem
2325 (41%, purified by reverse-phase HPLC, unstable on silica gel). The final deblocking of the allyl ester
and carbonate groups was accomplished by treatment with catalytic amounts of ¢3P and [¢3P]4Pd in the
presence of 1 eq. each of potassium hexanoate and hexaneic acid in CHZCIZ/EtOAcm to give the desired
compound 126 which because of its instability could only be characterized by its UV spectrum as it did not
survive lyophylization. Because of its instability a meaningful assay of its in-vitre activity could not be

performed, however 1 did show inhibition zones against a number of organisms (Staphylococcus aureus,

Streptococcus sp. and Enterobacter sp.)} at an estimated concentration of 7 meg/disk.

cos—~e ¢ oco —U"F=
d CeHs : CgHs
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The substitution at the 1-position of a carbapencm with 2-fluorine atoms appears to give a highly reactive
carbapenem as indicated by the IR absorption of the 3 -lactam at 1795 em’! of compounds 9 and 2327, The
result is a chemically unstable compound rather than an antibiotic with high activity. During the course of
this work a new protecting group [or the azetidinone NH has been discovered which is stable to acids and
agqueous base and can be put on and removed in high yields. We belicve this will become a uscful procedure

in B-lactam synthesis.
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. 'H NMR (CDCly, 200 MHz) d 0.01 (s, SiCH3), 0.82 (s, Si=t-C4Hg), 112 (d, CH3CH-, J = 7 Hz), 2.38 (s,

SCH,), 2.57 (dd, CH,COO0, I = 15, 7), 2.8 (dd, CH,CO0, I = 15, 6.5), 299 (1, C-3 H, J = 3 Hz), 3.7 (s,
OCH,), 4.16 {m, C-4 H and CH;CH).

. 'H NMR (CDCl5, 200 MHz) d 128 (d, CH3CH-, ] = 6.5 Hz), 242 (s, SCH3), 2.54 (dd, CH,C00, J = 16, 9},

3.0 (dd, CH,COO, T = 16, 4.5), 2.99 (dd, C-3 H, T = 6,2.5 Hz), 3.7 (s, OCH),3.98 (ddd, ] = 6, 4.5, 2.5), 4.14
(m, CEHCH).

. 'H NMR (CDCI5, 200 MHz) d 1.42 (d, CH;CH-, J = 6.5 Hz), 2.42 (5, SCHy), 2.56 (dd, CH,COO, J = 155,

8), 2.87 (dd, CH,COO, J = 135, 6.5), 32 (dd, C-3 H, J =7, 25 Hz), 3.72 (s, OCH4}, 4.08 (ddd, J = 7.5, 5,
2.5, C-4 H), 4.6 (d, CH,-0}, 5.08 (m, CH4CH-), 5.3 (m, CHy=CH-}, 5.9 (m, CH5=CH-).

W, Kessler and B. Iselin, Hely. Chim. Acta, 1966, 49, 1330.

'H NMR (CDCl3, 200 MHz) d 142 (d, CH3CH-, J = 6.5 Hz), 2.56 (dd, CH,COO, J = 165, 9), 2.78 (dd,
CH,COO, I = 16.5, 4.5), 3.05 (dd, C-3 H, J = 65, 2.5 Hz), 3.7 (s, OCHy), 3.95 (ddd, T = 8, 6.5, 2.5, C-4 H),
462 (d, CH,-0), 5.08 (m, CH4CH-), 5.3 (m, CHy=CH-), 5.95 {m, CH4=CH-), 6.16 (s, NH}

[]

TH NMR (CDCly4, 200 MHz) d 0.04 and 05 (2s, SiCH4), (.85 (s, 8i--C4Hg), 1.16 (d, CH4CH-, J = 7 Hz), 24

(s, 5-CH3), 2.64 (dd, CH,COO, J = 155, 6), 2.84 (dd, CH,COO0, J = 155, 6.5), 3.03 (t, C-3 H, J = 2.5 Hz),
4.16 (m, C-4 H and CH4CH). IR (film,cm'l), 2340-3700 broad OH, 1738 (B-lactam), 1712 (COOH).

. lH NMR (CDC§3, 200 MHz) d 0.04 (s, SiCH,), 0.84 (s, 8i--C4Hg), 1.12 (d, CH3CH-, I = 6.5 Hz), 2.38 (s,

CH;$), 3.36 (t, €-3 H, J = 2.5 Hz), 43 (m, CH;-CH-0), 4.6(ddd, C-4 H, Jyg = 14 and 9 Hz, Iy = 25
Hz), 7.4-82 {m, ArH). IR {film,cm’!), 1780 ¢ B-Iactam), 1700 (ketone).

g NMR (CDCl4, 200 MHz) d 1,32 (d, CH3CH-, J = 6 Hz), 2.52 (s, CH35) 3.4 (dd, C-3 H, J = 2.5 and 3

Hz), 43 (m, CH4CH-0), 4.52 (dt, J = 11, 2.5), 74-82 {m, ArH). IR (film,cm'l), 1780 (3 -lactam), [695
(ketone).

'H NMR (CDC13, 200 MHz) d 1.4 (d, Cﬂ3CH-, 1 = 6 Hz), 2.48 (s, CHBS) 352 (dd, C-3H,J =26 and 55
Hz), 458 (m, C-4 H and CH,-CH=CH,), 5.15-54 (m, CH3CH-O and CH,-CH=CH,} 558 (m, -CH;-
CH=CH,}, 7.4-8.2 (m, ArH). IR (film,cm'l), 1780 ( B-lactam), 1695 (ketonc).

'H NMR {CDCl5, 200 MHz) d 1.4 (d, CHyCH-, J = 6.5 Hz), 359 (dd, C-3 H, J = 2.5 and 6 Hz), 4.22(ddd,
C-4 H, Iyg = 17 and 6.5 Hz, Jyy = 2.5 Hz), 462 (d, CHy-CH=CH,), 5.1-5.5 (m, CH3CH-O and CH,-
CH:CEZ} 5.9 (m, -CHz-CIi=CH2), 6.27 (s, NH), 7.5-8.2 (m, ArH). IR (fi]m,cm'l), 3300 {NH), 1775 (B-
lactam), 1695 (ketone).

IR {film, cm'l), 3450 (OH), 1740 (ester and carbonate), 1695 (ketone).

IR (film,cm'l), 1790 ( B-lactam), 1745 {ester and carbonate), 1700 (ketone).

TH NMR (CDCly, 200 MHz) d 148 (d, CH3CH-, J = 6 Hz), 3.76 (dd, C-6 H, ] = 3.8 and 6 Hz), 4.42(ddd,
C-5 H, Iyg = 15 and 17 Hz, Jypy = 3.8 Hz), 4.52-4.86 (m, CH,-CH=CH,), 5.1-5.5 {m, CH3CH-O and CH,-
CH=Cﬂ2) 5.6-6.1 {m, -CHZ-Cﬂ=CH2), 7.24-7.6 (m, ArH). IR (film,cm'l), 1797 ( B -lactam), 1730 (ester and
carbonate). UV (CH5CN} .. 295 nm.

uy (HZO) 305 nm (NH,OH extinguishable difference)

max
IR frequency of the corresponding l-unsubstituted analog (ref. 6) is at 1780 em L.
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