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The stereoselective synthesis of two precursors of tricyclic -
lactam antibiotics (trinems) has been attempted by a novel
approach that involves a highly stereoselective azetidinone

ring-forming reaction followed by the reduction of a
functionalized aromatic substituent at C-4 of the B-lactam
nucleus.

Introduction

Tricyclic B-lactam antibiotics, generally referred to as tri-
nems, [l are a new class of synthetic antibacterial agents fea-
turing both a broad spectrum of activity against Gram-
positive and -negative bacterial strains, and good resistance
to B-lactamases and dehydropeptidases. Sanfetrinem (1)
(Figure 1), developed by GlaxoWellcome, has emerged
among trinems because of its excellent biological profile
and is currently in Phase II clinical trials.
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Abbreviations: TBS = t-BuMe,Si; Py = 2-Pyridyl
Figure 1. Structures of Sanfetrinem and its precursors

Several syntheses of B-lactam 1 have been reported,!! —3!
all of which are centered on the preparation of ketones 2
or 3 (Figure 1). These are generally obtained by displace-
ment of the acetoxy group of the commercially available
azetidinone 4™ by different precursors of the methoxy-
cyclohexanone moiety. ™! Only two formal syntheses of San-
fetrinem that do not start from B-lactam 4 have been de-
scribed. One generates the racemic ketone 2, which is then
resolved after formation of its diastereoisomeric enol-
phosphate derivatives.® The other exploits the stereocenter
of (8)-2-methoxycyclohexanonel to establish the remain-
ing stereocenters of compound 3.[7

Over the last few years we have developed a one-pot syn-
thesis of B-lactams that is based on the condensation of the
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trichlorotitanium enolate of 2-pyridylthioesters with im-
ines.®) Among the large number of thioesters used in this
reaction, compound (R)-5 was found to condense, with high
stereoselectivity, with N-4-methoxyphenyl (PMP) imines de-
rived from aromatic aldehydes, to afford B-lactams having
the correct absolute and relative configuration at C-3 and
C-4 (see Figure 1 for numbering) required by the trinem
antibiotics such as 1.

We decided to attempt a new synthesis of adducts 2 and
3 starting from the thioester (R)-5, with the aim of ex-
ploiting its stereocenter to control the stereochemistry of
the remaining stereocenters. We report here the results of
this work.

Results and Discussion

The imine 6 (Scheme 1) was prepared in two simple steps
from 2-hydroxy-3-methoxybenzaldehyde by allylation!!?]
and subsequent reaction with 4-methoxyaniline. Conden-
sation with the trichlorotitanium enolate of thioester 5P
gave isolated B-lactams 7 in 96% yield.'?! These compounds
were obtained as a 93:7 mixture of diastereoisomers, the
ratio of which was determined by '"H NMR spectroscopic
analysis of the crude reaction products. The trans/cis rela-
tive stereochemistry at C-3 and C-4 of the azetidinone ring
was inferred from the coupling constant values (/s =
2.0—3.0 Hz; J.;; = 5.0—6.0 Hz). The assignment of the rela-
tive configuration at C-3 and C-3’' was based on compari-
son of NMR spectroscopic data for compound 7 with those
of similar substrates of known stereochemistry,¥1°1 and
confirmed by chemical correlation (see below). Thus, the C-
3,C-4-trans/C-3,C-3"-anti configuration (ta) was assigned to
the major isomer 7ta and the C-3,C-4-trans/C-3,C-3'-syn
(ts) one to the minor product 7ts. Pure 7ta was obtained by
flash chromatography.

Removal of the PMP and allyl protecting groups from
7ta was then accomplished in this sequence:['3] treatment
with [Ce(NH,4)>(NO3)¢(CAN)] in acetonitrile/water, 'l and
then reaction with triethylammonium formate in ethanol/
water in the presence of a catalytic amount of Pd(OAc),
and PPh;.[">) Compound 8 was thus obtained in 56% over-
all yield.
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Scheme 1. Synthesis of ketones 9 and 10

With this compound in hand the reduction of the aro-
matic ring was attempted,['® with the reasonable expec-
tation that hydrogen addition would occur from the side
of the hydrogen atom at C-4 and deliver the desired (R)-
configuration at C-4’ as in ketone 3.1'”1 However, when B-
lactam 8 was treated with H, (70 bar) over 5% Rh/C in
AcOEt and the crude cyclohexanol was oxidized by the
Swern procedure'®1%1 to the corresponding ketone, (4'S,
6'S)-9 was obtained as the sole reaction product in 40%
yield. P11 It should be noted that 9 differs from 3 only in
the configuration at C-4'.

Since attack from the less hindered face of the aromatic
ring (ie. from the side of the H at C-4) appeared most
likely,['”! the stereochemical outcome of the reduction sug-
gested that compound 8 mainly existed, and possibly re-
acted, in a conformation in which the phenolic OH is
transoid to the B-lactam nitrogen to form a hydrogen bond
with the oxygen at C-3’ oriented as in A (Figure 2). Molecu-
lar mechanics calculations? carried out on a model com-
pound confirmed this hypothesis showing that the H-
bonded conformation B is more stable than C by about
4 kJ/mol (Figure 2).

Figure 2. Conformations of 4-(2-hydroxyphenyl) substituted azeti-
dinones

Since the reduction of the aromatic ring of 8 led to the
formation of the wrong epimer at C-4’, we were faced with
two possibilities to obtain the desired stereoisomers: i) to
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invert the configuration at C-4’ of 9; ii) to run the reduction
on a rotamer of 8 conformationally restricted to exist
mainly as in C.

Epimerization at C-4’ of ketone 9 was attempted by sev-
eral enolization/reprotonation procedures. These involved
the use of strong bases such as LTMP, LDA, LHMDS, KH
or NaH, and of combinations of weak bases [Et;N, Et-
N(iPr),] and Lewis acids (TiCly, SnCly, TBSOTY). The first
set of reagents led to some decomposition and mostly gave
back the unchanged starting materials. The second set of
reagents did not induce any epimerization when used in
stoichiometric amounts below or at room temperature and
led to extensive decomposition when used in excess and/or
under more drastic conditions.

Prompted by these disappointing results, we turned our
attention to the possibility of forcing phenol 8 to adopt,
and undergo reduction in, a conformation such as C. To
this end, hydrogenation of 8 was carried out in the presence
of a threefold molar excess of Cs,COs. This salt is known
to generate phenoxide ions effectively.!?®! In the present case
this should result in the replacement of the H-bond between
the OH and the OTBS groups by a new bond between the
B-lactam NH and the negatively charged phenoxide oxygen.
This strategy was only partially successful, since Swern oxi-
dation of the crude reduction products gave a 75:25 mixture
of ketone (4'S, 6'S)-9 and its (4'R, 6’ R)-isomer 10 in 34%
overall yield (50% based on recovered 8).

To more firmly lock 8 in a C-type conformation, this
compound was transformed into the acetonide 11, but this
product proved to be extremely resistant to hydrogenation
under both heterogeneous and homogeneous conditions.?!]
However, the acetonide 14, prepared in 43% overall yield
following the reaction sequence reported in Scheme 2 from
the thioester 5 and the bisallyl-protected imine 12 via ad-
duct 13ta (97% yield, 13ta/13ts ratio 92:8 ), could be re-
duced with H, (60 bar) in the presence of RuCl; and trioc-
tylamine in ethyl acetate/water. From this reaction, adduct
15 was isolated as a 50:50 mixture of (4'R,5'S,6'R)- and
(4'S,5'R,6'S)-isomers in 31% yield (43% based on reco-
vered 14).
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Reagents: a, TiCly/E;N, CH,Cly; b, CAN, MeCN, H,0; ¢,
HCO,H, Et3N, EtOH, H,0, PPh,, Pd(OAc),; d, BF;OE,,
(MeO),CMes,; e, RuCly/trioctylamine, AcOEt, H;O.

Scheme 2. Synthesis of acetonide 5
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From the experiments described in Schemes 1 and 2 it
was concluded that the simultaneous establishment of both
stereocenters at C-4’ and at C-6" in the required configura-
tion was not possible by this approach.?*! Therefore we
turned our attention to the acetonide 18 obtained by the
reaction sequence reported in Scheme 3. Condensation of
(R)-5 with imine 16 gave adducts 17ta and 17ts in 91% yield
(ta:ts ratio = 91:9). Pure 17ta, obtained after flash chroma-
tography, was transformed into 18 as described above (51%
overall yield). This B-lactam was reduced under mild con-
ditions with H, (1 bar) in the presence of RuCls-Aliquat
336 as catalyst> to give adduct 19 as a single (4'S)-isomer
in 65—70% yield.!*®! Conversion of 19 to 2 can be carried

out following literature methods.?”!
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Reagents: a, TiClyEt;N, CH,Cly; b, CAN, MeCN, H,0; ¢,
HCO,H, Et;N, EtOH, H,0, PPh,, Pd(OACc),; d, BF3'OEt,,
(MeO),CMe;; e, Hy, RuCly/Aliquat 336, CH,Cly, H,0.

Scheme 3. Synthesis of acetonide 19

In conclusion, two Sanfetrinem precursors were synthe-
sized using the stereocenter of thioester (R)-5 as the sole
element of stereocontrol. Although this approach cannot
compete with the highly convergent and stereoselective syn-
thesis currently employed for the industrial preparation of
1, it compares favorably with other available methods, es-
pecially in terms of the low cost of starting materials and
of the reduced number of steps required to prepare the pre-
cursors 2 and 3. The extension of this new route to the
preparation of differently substituted derivatives of the tri-
nem class is currently under investigation in our labora-
tories.

Experimental Section

2-Allyloxy-1?81 and  2-allyloxy-3-methoxybenzaldehyde!*®! are
known compounds. 2,3-Diallyloxybenzaldehyde was obtained in
99% vyield according to the published procedure.?’! The oily prod-
uct was purified by flash chromatography with a 80:20 hexane/Et,O
mixture as eluent. IR: 1685 cm™!. — 'H NMR (80 MHz): § = 10.45
(s, 1 H), 7.00—7.50 (m, 3 H), 5.80—6.20 (m, 2 H), 5.10—5.50 (m,
4 H), 4.50—4.90 (m, 4 H). — C;3H405: caled. C 71.54, H 6.47;
found C 71.38, H, 6.40. Imines 6, 12, and 16 were prepared by
overnight stirring of an equimolar mixture of aldehyde and 4-meth-
oxyaniline in CH,Cl, at room temperature in the presence of excess
MgSO,. They were used as crude products.
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Synthesis of p-Lactams 7, 13, and 17. — General Procedure: To a
stirred 0.1M solution of thioester 5 (1—10 mmol) in CH,Cl, at
—78°C and kept under nitrogen were added dropwise in this order
a 1m solution of TiCly (1.05 mol equiv.) in CH,Cl,, and triethyl-
amine (1.1 mol equiv.). After 15 min stirring at —78°C, a 0.1M solu-
tion of imine (0.5 mol equiv.) in CH,Cl, was added dropwise in
S min, and the reaction mixture was stirred at —78°C for a further
5h. It was then allowed to warm to room temperature overnight.
A saturated aqueous solution of NaHCO; was added, and the re-
sulting mixture filtered through a celite cake, which was washed
several times with CH,Cl,. The organic phase was separated and
the aqueous phase extracted twice with CH,Cl,. The combined or-
ganic phases were dried over Na,SO,4 and concentrated in vacuum.
The crude residue was dissolved in THF and treated with a twofold
molar excess of 1M aqueous KOH for 2 h at room temperature.
This procedure hydrolyzed the unchanged 5 and greatly simplified
the '"H NMR analysis of the crude product to determine the dia-
stereoisomeric ratio without affecting it. Diethyl ether was then ad-
ded and the aqueous phase was separated. The organic phase was
dried over Na,SO, and concentrated under vacuum. The crude
product was purified by flash chromatography with a 70:30 hex-
anes/Et,O mixture as eluent. Yields and diastereoisomeric ratios
are reported in the text.

3-(1-{[(1,1-Dimethylethyl)dimethylsilylJoxy}ethyl)-1-(4-methoxy-
phenyl)-4-|3-methoxyphenyl-2-(propen-2-yloxy)|azetidin-2-one (7ta):
Isolated as an oil. — [a]p?® = + 13.0 (¢ = 0.15 in CHCl;). — IR:
1743, 1265 cm™!. — C55H39NOsSi: caled., C 67.57, H 7.90, N 2.81;
found C 67.61, H 7.97, N 2.87. — '"H NMR(7ta): 5 = 6.73—7.27
(m, 7 H, aromatic protons), 6.10—6.25 (m, 1 H, CH=CH,), 5.51
(d, 1 H, J = 2.0Hz, H-C4), 520-5.46 (m, 2 H, CH=CH,),
4.53—-4.70 (m, 2 H, CH,—-0), 4.37 (dq, 1 H, J = 2.0, 6.5 Hz,
H-C3’), 3.87 (s, 3 H, CH;0), 3.72 (s, 3 H, CH;30), 3.11 (t, 1 H,
J=20Hz, H-C3), 1.26 (d, 3 H, J/ = 6.5 Hz, CH;—C3"), 0.76 (s,
9 H, Bu), 0.07 (s, 3 H, CH;Si), 0.02 (s, 3 H, CH;Si). '"H NMR
(7ts): 6 = 6.73—7.27 (m, 7 H, aromatic protons), 6.15—6.30 (m, 1
H, CH=CH,), 523 (d, 1 H, J = 2.0 Hz, H-C4), 5.20—5.41 (m, 2
H, CH=CH,), 4.60—4.75 (m, 2 H, CH,—0), 437 (dq, 1 H, J =
2.0, 6.5 Hz, H-C3’), 3.86 (s, 3 H, CH30), 3.72 (s, 3 H, CH;0),
310 (t, 1 H, J = 2.0Hz, H-C3), 1.37 (d, 3 H, J = 6.5Hz,
CH;—-C3’), 0.75 (s, 9 H, tBu), 0.06 (s, 3 H, CH;Si), 0.02 (s, 3 H,
CH;Si). — '3C NMR (7ta) (when different, the data for 7ts are
reported in parentheses): & = 166.1 (165.8), 155.6, 152.6 (152.9),
145.4 (145.6), 134.0, 132.2, 124.5, 118.7, 118.3, 118.2, 118.1, 114.2,
111.8, 74.1 (74.2), 66.3 (66.8), 66.1 (64.7), 55.7, 55.4, 51.9 (50.4),
25.6, 21.5 (22.3), 17.9 (17.8).

4-[2,3-Bis(propen-2-yloxy)phenyl]-3-(1-{[(1,1-dimethylethyl)-
dimethylsilyljoxy}ethyl)-1-(4-methoxyphenyl)azetidin-2-one  (13ta):
Isolated as an oil. — [0]p>® = + 14.9 (¢ = 0.8 in CHCl3). — IR:
1741, 1224 cm ™!, — C3yH4NOsSi: caled. C 68.80, H 7.89; N 2.67;
found C 68.51, H 7.74, N 2.53. — '"H NMR (13ta): § = 6.73—7.24
(m, 7 H, aromatic protons), 6.02—6.25 (m, 2 H, CH=CH,), 5.53
(d, 1 H, J = 2.5Hz, H-C4), 5.25-547 (m, 4 H, CH=CH,),
4.56—4.72 (m, 4 H, CH,—-0), 4.37 (dq, 1 H, J = 2.5, 6.5 Hz,
H-C3’), 3.70 (s, 3 H, CH50), 3.10 (t, 1 H, J = 2.5Hz, H-C3),
1.26 (d, 3 H, J = 6.5 Hz, CH3—C3’), 0.77 (s, 9 H, tBu), 0.08 (s, 3
H, CH5Si), 0.03 (s, 3 H, CH;Si). '"H NMR (13ts): 3 = 6.73—7.24
(m, 7 H, aromatic protons), 6.02—6.25 (m, 2 H, CH=CH,), 5.24
(d, 1 H, J = 3.0Hz, H-C4), 5.26—5.48 (m, 4 H, CH=CH,),
4.56—4.72 (m, 4 H, CH,—-0), 4.37 (dq, 1 H, J = 3.0, 6.5 Hz,
H-C3), 3.72 (s, 3 H, CH30), 3.10 (t, 1 H, J = 3.0 Hz, H-C3),
1.37 (d, 3 H, J = 6.5 Hz, CH3—C3’), 0.76 (s, 9 H, Bu), 0.07 (s, 6
H, CH;Si). — 3C NMR (13ta) (when different, the data for 13ts
are reported in parentheses): 6 = 165.1 (165.9), 151.5 (151.8), 145.6
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(146.0), 134.0 (133.9), 133.0, 132.9 (131.4), 124.3, 118.5 (118.9),
118.0, 117.5, 113.3, 73.9 (74.0), 69.4, 66.3 (66.6), 66.1 (64.6), 55.2,
52.1 (50.4), 25.5, 21.6 (22.4), 17.8 (17.7).

3-(1-{[(1,1-Dimethylethyl)dimethylsilyljoxy}ethyl)-1-(4-methoxy-
phenyl)-4-|2-(propen-2-yloxy)phenyl]azetidin-2-one (17ta): Isolated
as an oil. — [a]p?® = —42.5 (¢ = 1 in CHCl;). — IR: 1745,
1265cm™!. — C,;H3,NO,Si: C 69.34, H 7.97, N 2.99; found C
69.11, H 8.07, N 2.87. — '"H NMR (17ta): 3 = 6.73—7.30 (m, 8 H,
aromatic protons), 6.02—6.15 (m, 1 H, CH=CH,), 5.57 (d, 1 H,
J =2.5Hz, H-C4), 5.25—-5.50 (m, 2 H, CH=CH,), 4.57—4.68 (m,
2 H, CH,—0), 438 (dq, 1 H, J = 2.5, 6.0 Hz, H-C3’), 3.71 (s, 3
H, CH;0), 3.09 (t, | H, J = 2.5Hz, H-C3), 1.25 (d, 3 H, J =
6.0 Hz, CH;—C3"), 0.77 (s, 9 H, tBu), 0.09 (s, 3 H, CH5Si), 0.04 (s,
3 H, CH;Si). '"H NMR (17ts): § = 6.73—7.30 (m, 8 H, aromatic
protons), 6.02—6.15 (m, 1 H, CH=CH,), 5.27 (d, 1 H, J = 2.5 Hz,
H-C4), 525-5.50 (m, 2 H, CH=CH,), 4.57-4.68 (m, 2 H,
CH,—-0), 4.38 (dq.1 H, J = 2.5, 6.0 Hz, H-C3’), 3.70 (s, 3 H,
CH;0), 3.06 (t, 1 H, J = 2.5 Hz, H-C3), 1.39 (d, 3 H, J = 6.0 Hz,
CH;—C3’), 0.77 (s, 9 H, tBu), 0.09 (s, 3 H, CH;Si), 0.04 (s, 3 H,
CH;Si). — '3C NMR (17ta) (when different, the data for 17ts are
reported in parentheses): 6 = 165.8 (165.0), 156.0, 132.9 (133.1),
129.0, 127.0, 126.4, 121.2, 117.4, 111.6, 68.8 (69.0), 66.7 (66.3), 64.9
(65.9), 55.2, 50.4 (52.2), 25.8, 22.3 (21.7), 17.8.

Deprotection of 7ta, 13ta, and 17ta. — General Procedure for the V-
Deprotection: To a stirred 0.015 m solution of B-lactam (1—3 mmol)
in MeCN at —30°C was added dropwise a solution of CAN (4 mol
equiv.) in water (final MeCN/H,O = 3/1). The mixture was stirred
at —30°C for 35 min and then Et,O and saturated aqueous solu-
tions of NaHCO; and Na,SO; were added in this order. The mix-
ture was allowed to warm to room temperature and then filtered
through a celite cake. The phases were separated and the aqueous
layer was extracted twice with Et,O. The combined organic phases
were dried over Na,SO, and concentrated in vacuum to give the
product, which was purified by flash chromatography with a 50:50
hexanes/Et,O mixture as eluent.

The compound obtained from 7ta (78% yield) had m.p.
136—139°C. — [a]p®® = —39 (¢ = 04 in CHCl). — IR:
1752 cm™".

The compound obtained from 13ta (70% yield) had m.p.
98—100°C. — [u]p>* = +0.2 (¢ = 0.2 in CHCl3). — IR: 1756 cm ™.

The compound obtained from 17ta (73% yield) had m.p.
143—144°C. — [a]p>® = —17.7 (¢ = 1.8 in CHCl;). — IR:
1755 cm™ 1.

General Procedure for the Deallylation: To a stirred solution of N-
unprotected B-lactam (1—2 mmol) in absolute EtOH were added
in this order Pd(OAc), (0.1 mol equiv.) and PPh;s (0.4 mol equiv.)
. To this solution a mixture of formic acid (1.5 mol equiv.) and
triethylamine (1.5 mol equiv.) in 4:1 EtOH/H,O (half the volume
of the original EtOH) was added at once, and the stirring was con-
tinued for two days at room temperature. EtOH was then evapo-
rated in vacuum, H,O was added, and the resulting mixture was
extracted three times with CH,Cl,. The combined organic phases
were dried over Na,SO,4 and concentrated in vacuum to give the
product, which was purified by flash chromatography with a 20:80
hexanes/Et,O mixture as eluent.

3-(1-{[(1,1-Dimethylethyl)dimethylsilyljoxy} ethyl)-4-(2-hydroxy-
phenyl)azetidin-2-one: (79% yield), m.p. 165-6°C. — [a]p> =
—80.7 (¢ = 0.5 in CHCl3). — IR: 1755, 1215cm™ ! -
Cy7H,7NO;Si: C 63.51, H 8.46, N 4.36; found C 63.11, H 8.27, N
4.57. — 'TH NMR: & = 6.85-7.21 (m, 4 H, aromatic protons), 6.69
(br. s, 2 H, NH and OH), 4.76 (d, 1 H, J = 2.5 Hz, H—C4), 4.31
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(dq,1 H, J = 2.0, 6.0 Hz, H—C3"), 3.13 (dd, 1 H, J = 2.0, 2.5 Hz,
H-C3), 1.37 (d, 3 H, J = 6.0 Hz, CH;—C3'), 0.93 (s, 9 H, rBu),
0.17 (s, 3 H, CH,Si), 0.16 (s, 3 H, CH;Si).

3-(1-{|(1,1-Dimethylethyl)dimethylsilyl|oxy} ethyl)-4-(2-hydroxy-3-
methoxyphenyl)azetidin-2-one 8: (72% yield), m.p. 156—8°C. —
[0]p>® = —22.0 (¢ = 0.3 in CHCl3). — IR: 1762, 1265cm™!. —
C1sH29NO,Si: C 61.50, H 8.32, N 3.98; found C 61.36, H 8.19, N
3.87. — 'H NMR: § = 6.80-6.97 (m, 3 H, aromatic protons), 5.94
(br. s, 2 H, NH and OH), 5.07 (d, 1 H, J = 2.0 Hz, H—C4), 4.30
(dgq,1 H, J = 4.0, 6.0 Hz, H—C3’), 3.89 (s, 3 H, CH;0), 3.16 (dd,
1H,J=2.0,4.0Hz H-C3),1.28(d,3 H, J = 6.0 Hz, CH;—C3’),
0.90 (s, 9 H, rBu), 0.10 (s, 3 H, CH;Si), 0.09 (s, 3 H, CH;Si). —
BC NMR: 8§ = 169.3, 146.5, 143.0, 125.7, 119.7, 118.8, 110.0, 66.6,
65.3, 56.0, 48.0, 25.7, 22.3, 18.0.

4-(2,3-Dihydroxyphenyl)-3-(1-{|(1,1-dimethylethyl)dimethylsilyl]-
oxy}ethyl)azetidin-2-one: (61% yield), m.p. 148—150°C. — [a]p>* =
-74.1 (¢ = 0.8 in CHCly). — IR: 1755, 1214cm™!. —
C,7H,;NO,Si: C 60.50, H 8.06, N 4.15; found C 60.32, H 8.24, N
4.23. — '"H NMR: § = 6.68-6.88 (m, 3 H, aromatic protons), 5.94
(br. s, 3 H, NH and 2 OH), 4.76 (d, 1 H, J = 2.0 Hz, H-C4), 4.31
(dgq,1 H, J = 4.0, 6.0 Hz, H—C3’), 3.11 (dd, 1 H, J = 2.0, 4.0 Hz,
H-C3), 1.36 (d, 3 H, J = 6.0 Hz, CH;—C3’), 0.93 (s, 9 H, 7Bu),
0.18 (s, 3 H, CH;Si), 0.17 (s, 3 H, CH;Si).

Synthesis of Ketones 9 and 10:'->*! Dearomatization: To a 0.01 M
solution of compounds 8 (0.1—0.5 mmol) in AcOEt was added
freshly opened 5% Rh/C (half the weight amount of the starting
material). The suspension was then transferred to a steel pressure
vessel and hydrogenated under 70 bar of H, for two days at room
temperature with continuous shaking. The mixture was then fil-
tered through a celite cake, and the solvent evaporated under vac-
uum. The crude product was subjected to a Swern oxidation as
previously described* to afford the products. The obtained dia-
stereoisomeric mixture could be separated during product purifi-
cation by flash chromatography. The ketones are known com-
pounds and showed 'H NMR spectroscopic data identical to those
previously reported.[->?]

Synthesis of Acetonides 11, 14 and 18: These compounds were pre-
pared according to a published procedure.?”] Acetonide 11 was iso-
lated as an oil, which was purified by flash chromatography with a
60:40 hexanes/Et,O mixture as eluent. — [0]p>® = —58.3 (¢ = 2.5
in CHCl;). — IR: 1762 cm™ 1. — C5;H33NO,Si: C 64.41, H 8.49, N
3.58; found C 64.09, H 8.27, N 3.57. — 'H NMR: § = 6.67-6.93
(m, 3 H, aromatic protons), 4.62 (d, 1 H, J = 2.0 Hz, H-C4), 4.28
(dq, I H, J = 4.0, 6.5 Hz, H—C3'), 3.83 (s, 3 H, CH;0), 2.89 (dd,
1 H, J = 2.0, 4.0 Hz, H-C3), 2.00 (s, 3 H, CH;—C—N), 1.43 (s,
3 H, CH;—C-N), 1.33(d, 3 H, J = 6.5 Hz, CH;—C3"), 0.91 (s, 9
H, Bu), 0.10 (s, 6 H, CH3Si). — 3C NMR: § = 168.0, 149.3, 141.7,
122.1, 120.8, 118.2, 110.5, 84.7, 65.9, 64.8, 56.0, 46.0, 25.7, 25.1,
24.3,22.7, 18.0.

Acetonide 14 was isolated as an oil which was purified by flash
chromatography with a 50:50 hexanes/Et,O mixture as eluent. —
[a]p?* = —13.0 (¢ = 045 in CHCl;). — IR: 1752cm™ !, —
CyoH3NO,Si: C 63.62, H 8.28, N 3.71; found C 63.38, H 8.13, N
3.59. — 'H NMR: § = 6.61-6.86 (m, 3 H, aromatic protons), 4.64
(d, 1 H, J = 2.0Hz, H-C4), 433 (dq, 1 H, J = 4.0, 6.0 Hz,
H-C3'), 292 (dd, 1 H, J = 2.0, 4.0 Hz, H-C3), 1.99 (s, 3 H,
CH;—-C—-N), 1.43 (s, 3 H, CH;—C—N), 1.33 (d, 3 H, J = 6.0 Hz,
CH;—C3"), 0.92 (s, 9 H, tBu), 0.10 (s, 6 H, CH;Si). '*C NMR: § =
168.2, 145.6, 139.1, 121.7, 121.4, 117.2, 113.5, 96.0, 65.8, 64.7, 46.1,
25.7,25.0, 24.5,22.8, 17.9.

Acetonide 18 was purified by flash chromatography with a 60:40
hexanes/Et,O mixture as eluent. — m.p. 62—64°C. — [0]p> =
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—104.0 (¢ = 1.26 in CHCl;). — IR: 1760 cm~!. — C,oH3;NO;Si:
C 66.44, H 8.64, N 3.87; found C 66.19, H 8.57, N 3.64. — 'H
NMR: § = 6.73-7.25 (m, 4 H, aromatic protons), 4.65 (d, 1 H, J =
2.0 Hz, H—C4), 4.30 (dq, 1 H, J = 2.0, 6.0 Hz, H-C3"), 2.90 (t, 1
H, J = 2.0 Hz, H-C3), 1.95 (s, 3 H, CH;—C—N), 145 (s, 3 H,
CH;—C—-N), 1.31 (d, 3 H, J = 6.0 Hz, CH5—C3’), 0.90 (s, 9 H,
tBu), 0.08 (s, 6 H, CH;Si).

Reduction of 14 to 15: A suspension of B-lactam 14 (0.043 g,
0.114 mmol), RuCl; monohydrate (0.050 g, 0.240 mmol) and trioc-
tylamine (0.120 g, 0.342 mmol) in 6 mL of a 5:1 AcOEt/H,O mix-
ture was hydrogenated under 60 bar of H, for 60 h at room tem-
perature with continuous shaking. The crude mixture was then fil-
tered through a celite cake, and the filtrate was dried over Na,SO,
and concentrated under vacuum. The residue was purified by two
flash chromatographies with different eluents (50:50 hexanes/Et,0,
then pure Et,0, then 95:5 Et,0/MeOH) to afford compound 15 as
a mixture of two isomers. — IR: 1760 cm~!. — C,oH3;NO,Si: C
62.62, H 9.72, N 3.65; found C 62.49, H 9.58, N 3.53. — 'H NMR
(3'R,3S,4RA4'R,5'S,6'R)-15: 6 = 4.19 (dq, 1 H, J = 2.5, 6.0 Hz,
H-C3’), 4.05-4.07 (m, 1 H, HC—0O—CMe,), 3.82 (dd, 1 H, J =
2.0, 3.5 Hz, H—C4), 3.48—3.58 (m, 1 H, CH—OH), 3.04 (dd, 1 H,
J =2.0,2.5Hz H-C3), 1.50—1.80 (m, 7 H, other cyclohexyl pro-
tons), 1.77 (s, 3 H, CH3;—C—N), 1.43 (s, 3 H, CH;—C—N), 1.18
(d, 3 H, J = 6.0 Hz, CH3—C3"), 0.89 (s, 9 H, tBu), 0.09 (s, 3 H,
CH;Si), 0.08 (s, 3 H, CH;Si). 'H NMR (3'R,3S,4R,4'S,5'R,6'S)-
15: 6 = 4.17 (dq, 1 H, J = 2.0, 6.0 Hz, H—C3'), 383 (t, | H, J =
3.0Hz, HC-0O—CMe,), 3.31 (t, 1 H, J = 2.0Hz, H-C4),
3.45-3.58 (m, 1 H, CH—OH), 2.82 (dd, 1 H, J = 2.0, 2.5Hz,
H-C3), 1.50—1.80 (m, 7 H, other cyclohexyl protons), 1.72 (s, 3 H,
CH3;—C—N), 1.41 (s, 3 H, CH;—C—N), 1.21 (d, 3 H, J = 6.0 Hz,
CH;—C3") 0.89 (s, 9 H, 7Bu), 0.09 (s, 3 H, CHsSi), 0.08 (s, 3 H,
CH3Si). The configurations at C4’, C5’, and C6’ were established
by 2D NMR experiments.

Reduction of 18 to 19: This was accomplished as described in the
literature®* carrying out the reaction with 23 mg of compound 18.
The crude reaction mixture was filtered through a celite cake, and
the organic phase was separated. The aqueous phase was extracted
twice with CH,Cl,, and the combined organic phases were dried
and concentrated in vacuum. The crude residue was purified by
flash chromatography with a 50:50 Et,O/hexanes mixture as eluent
to give the product” in 65—70% yield as a low-melting material.
— [a]p?® = 218.0 (¢ = 0.1 in CH,Cl,). — IR: 1760 cm™'. — 'H
NMR: § = 4.16 (dq, | H, J = 4.5, 6.0 Hz, H—C3’), 3.76—3.83 (m,
1 H, HC—0—CMe,), 3.24 (t, 1 H, J = 2.0 Hz, H—C4), 2.78 (dd,
1 H, J=20,4.5Hz H-C3), 1.40—1.90 (m, 9 H, cyclohexyl pro-
tons), 1.69 (s, 3 H, CH;—C—N), 1.40 (s, 3 H, CH;—C—N), 1.21
(d, 3 H, J = 6.0 Hz, CH;—C3") 0.90 (s, 9 H, /Bu), 0.09 (s, 6 H,
CH,Si). The configurations at C4’, and C5’ were established by 2D
NMR experiments.
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