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A series of B-lactams incorporating a carbenechromium(0)
moiety in their structures have been prepared. These stable
compounds are suitable precursors for the preparation of a-
amino esters, dipeptides and tripeptides tethered to a 2-azet-
idinone ring. The methodology has also been extended to the
synthesis of carbenechromium(0) complexes of penicillin G,
cephalosporin and 6-aminopenicillanic acid. All these new
metalla-B-lactam derivatives are stable compounds and can

be transformed into antibiotic structures with tripeptide side-
chains. The methodology relies on the compatibility of the B-
lactam ring with the carbenechromium(0) moiety and on the
stability of the four-membered ring during the photocarbon-
ylation of the resulting chromium complex.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

The efforts devoted to the synthesis of new 2-azetidin-
ones with unprecedented structures!'! are only paralleled
by the use of 2-azetidinone derivatives as intermediates in
the synthesis of non-B-lactam products.”) The pivotal role
of B-lactams in the treatment of bacterial diseases, together
with the appearance of antibiotic-resistant bacteria,?! jus-
tify the unabated reporting of the preparation of new 2-
azetidinone-derived compounds and the study of their anti-
biotic properties.[*! Moreover, it is now known that 2-azetid-
inone-derived drugs show other interesting biological prop-
erties. In fact, they are potent inhibitors of mammalian ser-
ine proteasest® and cholesterol absorption inhibitors.[!
Other monocyclic 2-azetidinones are inhibitors of the hu-
man cytomegalovirus (HCMYV, a B-herpes virus).”l Re-
cently, the role of B-lactam antibiotics as neuroprotectors
has also been reported as they increase the expression of
glutamate carriers.®!

Following the developments in the synthesis of new 2-
azetidinones, their use as intermediates in organic synthesis
led to the term “B-lactam synthon method” being coined
by Ojima and co-workers more than 20 years ago.””) In fact,
the key role of these compounds in the preparation of f-
amino alcohols and acids is well recognized.['”) B-Lactams
are also building blocks for the preparation of non-pro-
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teinogenic amino acids and have been used to introduce the
C-13 side-chain into Taxol and its analogues.''! The incor-
poration of the 2-azetidinone nucleus as part of an organo-
transition-metal complex, susceptible to further manipula-
tion, may be an alternative route to the preparation of -
lactam derivatives and other structures retaining the origi-
nal B-lactam ring. In this context, the presence of group 6
metal—carbene complexes!!? bearing the 2-azetidinone ring
(as a monolactam, penam or cepham derivative) in their
structures will allow the generation of ketenes!'! using the
well-known photochemistry of these compounds.'*! The
mild reaction conditions in which this process occurs may
provide the necessary conditions to manipulate these sensi-
tive compounds.

Structures in which a B-lactam nucleus is embedded in
an organometallic complex are scarce,!>! and of those that
exist, metallocene-derived 2-azetidinones are possibly the
most abundant group.!'® Cephalosporin and penicillin de-
rivatives 1 and 2, bearing a ferrocene nucleus at the 7- and
6-positions, respectively, are representative examples.!!¢%-16¢l
The role of the ferrocene nucleus as a redox marker is the
main reason for the interest in this type of compound. It is
remarkable that ferrocene derivatives 1 and 2 are strong f3-
lactamase inhibitors.

In this paper we report the sequential synthesis of mono-
nuclear 2-azetidinones 3 bearing a Fischer-type carbene-
chromium(0) moiety in the chain attached to the B-lactam
nitrogen, the synthesis of penicillin G and cephalosporin
derivatives 4 and 5 bearing a carbenechromium(0) attached
to the carboxylic acid at the 3- and 4-positions of the bicy-
clic systems, respectively, as well as the preparation of a
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penicillin derivative 6 directly tethered to the carbene car-
bon through the 6-amino group. Irradiation of these com-
pounds in the presence of alcohols, amino esters and dipep-
tides renders several new types of peptide derivatives. The
use of carbenechromium(0) complexes in the thermall!”]
and photochemicall'¥ preparation of amino acids and small
peptides is of long-standing interest.
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Results and Discussion

The racemic mononuclear B-lactams 7 were synthesized
by reaction of monoprotected imines 8 with phenoxyacetyl
chloride in the presence of TEA at —78 °C by using the stan-
dard procedure for the Staudinger reaction. Compounds 7
were obtained as the cis isomers (determined by a J3 4 value
of 4.4 and 4.3 Hz) in good yields. The trityl group of 7a
was removed by treatment with MeOH/HCI to give the hy-
drochloride 9, whereas the Boc group of 7b was quantita-
tively removed to form the trifluoroacetate 10 by treatment
with TFA/DCM at 0 °C. Compounds 9 and 10 were at-
tached to the pentacarbonylcarbenechromium(0) fragment
by standard aminolysis with complex 11 to give the NH
complexes 12 and 13. Finally, the carbene nitrogen was
methylated with Mel/Cs,COj to yield the desired metalla-
2-azetidinones 3 as mixtures of syn/anti isomers at the ami-
nocarbene centre (Scheme 1).

Irradiation (400 W, medium-pressure Hg lamp, Pyrex fil-
ter and Pyrex tube) of complex 3a in the presence of MeOH
and under a low CO pressure gave the a-amino ester 14 in
47% yield and as a 1:1 mixture of diastereomers at the
newly formed sterecogenic centre. Although the instability
of B-lactams towards light is generally accepted,!'®! the 2-
azetidinone nucleus remains unaltered during the photo-
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chemical process. Subsequently, complex 3a was irradiated
in the presence of methyl glycinate or methyl glycinylglycin-
ate (TEA was used to obtain the free amine prior to the
photochemical reaction).l'? The corresponding dipeptide
15 and tripeptide 16 were obtained in acceptable-to-moder-
ate yields as a 1:1 mixture of diastereomers at the newly
formed stereogenic centres. Analogously, irradiation of
complex 3b in the presence of methyl glycinylglycinate
formed the B-lactamic tripeptide 17 as a 1:1 diastereomeric
mixture (Scheme 2).
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There are two major points to note in the approach to
metalla-B-lactams and B-lactam-containing peptides re-
ported herein. First, it is possible to incorporate the metal
fragment into the side-chain of the B-lactams 3. Secondly,
the resulting complexes can photocarbonylate to produce
ketene derivatives that react with nucleophiles maintaining
the integrity of the 2-azetidinone ring. To explore the scope
of this methodology, the incorporation of the metal-car-
2999
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bene fragment into the more sensitive penicillin and cepha-
losporin antibiotics was studied next. Thus, penicillin G
(19) was alkylated at the carboxy group with carbenechro-
mium(0) complex 18. Complex 18 was prepared in 67 % yield
by standard aminolysis of the carbenechromium(0) complex
11 with 3-bromopropan-1-amine hydrobromide in the pres-
ence of TEA. The reaction between penicillin G and com-
plex 18 was carried out in DMF at room temp. and resulted
in an acceptable 50% yield of pure metalla-penicillin 4.
Analogously, the reaction of cephalosporin 20 (cephalotin)
with complex 18 yielded metalla-cephalosporin 5 (92%) as
a 1:1 mixture of syn/anti isomers. Note that no decomposi-
tion of the starting materials was observed in these pro-
cesses. The final products 4 and 5 are fairly stable com-
pounds and represent a new class of metalla-antibiotics
(Scheme 3).
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Compounds 4 and 5 were irradiated in the presence of
methyl glycinylglycinate under the conditions described
above. Penicillin G and cephalosporin tripeptide derivatives
21 and 22 were obtained in 44 and 50% isolated yields,
respectively. Compound 21 was produced as a 5:2 mixture
of diastereomers at the newly formed stereocentre. The
stereochemical integrity of the penam nucleus remained un-
affected. Furthermore, compound 22 was obtained as a 1:1
mixture of diastereomers also with the integrity of the ce-
phem nucleus unaltered (Scheme 4).
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Finally, the incorporation of a carbenechromium(0) frag-
ment into the 6-amino group of 6-aminopenicillanic acid
(6-APA) was explored. 6-APA was transformed into the 6-
3000
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APA allyl ester 23 following a literature procedurel” and
then the ester was treated with complex 11 in DCM for
16 h. A quantitative transformation (TLC) to the new prod-
uct 6 was observed. However, complex 6 is slightly unstable
and upon chromatography only 48% of the product could
be recovered. Irradiation of 6 using THF/MeOH as the sol-
vent provided a 75% isolated yield of the penicillin deriva-
tive 24 as a 1:1 diastereomeric mixture. Again, the integrity
of the labile penam moiety was maintained through the ir-
radiation and isolation processes (Scheme 5).
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Conclusions

We have demonstrate that B-lactams containing car-
benechromium(0) moieties are stable compounds and suit-
able precursors for the preparation of peptides incorporat-
ing the 2-azetidinone ring. Thus, B-lactam-derived a-amino
esters, dipeptides and tripeptides are available by this pro-
cedure. Analogously, the carbenechromium(0)-containing
tether may be incorporated into penicillin G (19) or cephal-
otin (20) by using the (bromopropylamino)carbenechrom-
ium(0) complex 18. The synthesized metalla-penicillin and
-cephalosporin derivatives are also stable compounds and
can be transformed into antibiotic derivatives bearing tri-
peptide side-chains. Finally, a carbenechromium(0) can be
incorporated into the 6-APA allyl ester moiety in very good
yield by solvolysis. This compound is also stable and gener-
ates penicillin derivatives bearing an a-amino ester chain.
The photochemical reactions give acceptable-to-good
yields, but with poor or no stereoselectivity. The com-
pounds reported in this work form a new class of metalla-
B-lactams.

Experimental Section

General: Methods and procedures have been reported else-
where.'4dl All commercially available compounds were used with-
out further purification. The following chemicals were prepared ac-
cording to literature procedures: N-tritylethane-1,2-diamine,!l 6-
APA allyl ester tosylate 23, pentacarbonyl[(ethoxy)(methyl)car-
bene]chromium(0).2%!
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Imine 8a: A solution of N-tritylethane-1,2-diamine (4.00 g,
13.0 mmol) and a catalytic amount of 1-phenylethanamine-ZnCl,
in toluene (90 mL) was treated with p-anisaldehyde (1.80 g,
13.0 mol). The mixture was heated at reflux for 48 h, filtered and
the solvent eliminated under vacuum. The thus obtained crude was
purified by vacuum distillation to give pure 8a (3.45 g, 62%) as a
yellow oil. '"H NMR (300 MHz, CDCl;): § = 8.15 (s, 1 H), 7.57 (d,
J=28.7Hz, 2 H), 7.39-7.36 (m, 5 H), 7.17-7.03 (m, 10 H), 6.81 (d,
J=87Hz, 2 H), 3.71 (s, 3 H), 3.61 (t, J = 5.6 Hz, 2 H), 2.37 (t, J
= 5.9 Hz, 2 H), 1.94 (br. s, 1 H) ppm. '*C NMR (75 MHz, CDCls):
o0 = 161.5, 161.2, 146.1, 129.6, 129.1, 128.6, 127.7, 126.1, 113.9,
70.7, 61.8, 55.3, 44.4 ppm. IR (CCly): v = 3061, 3018, 2963, 2937,
1645, 1578, 1252 cm .

Imine 8b: A solution of fert-butyl 4-(aminomethyl)benzylcarbamate
(0.70 g, 2.96 mmol) in anhydrous Et,O (5 mL) was treated with p-
anisaldehyde (0.40 g, 2.96 mmol) in the presence of anhydrous
MgSO, (4.99 g) under Ar. The reaction mixture was stirred at room
temp. for 16 h, filtered and the solvent eliminated under vacuum
to give 8b (1.04 g, 99%), which was used without further purifica-
tion. "H NMR (300 MHz, CDCl5): 6 = 8.30 (s, 1 H), 7.70 (d, J =
8.8 Hz, 2 H), 7.29-7.22 (m, 4 H), 6.91 (d, J = 8.8 Hz, 2 H), 4.80
(br. s, 1 H), 4.75 (s, 2 H), 4.28 (d, J/ = 5.6 Hz, 2 H), 3.82 (s, 3 H),
1.44 (s, 9 H) ppm. '3C NMR (75 MHz, CDCls): § = 161.7, 161.3,
155.8, 138.7, 137.5, 129.8, 129.1, 128.2, 127.6, 114.0, 79.4, 64.6,
55.3,44.5, 28.4 ppm. IR (CHCl,): ¥ = 3349, 3018, 2976, 1703, 1644,
1577, 1250, 1166 cm ™.

General Procedure for the Synthesis of p-Lactams 7: A solution of
phenoxyacetyl chloride (1.20 mmol) in anh. DCM (3 mL) cooled
to =78 °C under Ar was treated with TEA (2.00 mmol). The mix-
ture was stirred for 30 min and a solution of imine 8 (1.00 mmol)
in DCM (1 mL) was added dropwise. The cooling bath was re-
placed with an ice/H,O bath and the reaction was kept at 0° for
30 min and allowed to warm to room temp. overnight. The mixture
was washed with saturated NaHCO; (2X20 mL), dried with
MgSO,, the solvent evaporated and the residue purified by
chromatography (SiO,, Hex/AcOEt mixtures).

cis-p-Lactam 7a: Following the general procedure, from imine 8a
(2.52 g, 6.00 mmol) and after purification by chromatography
(SiO,, Hex/AcOEt, 3:1), pure cis-7a (2.64 g, 80%) was obtained as
a yellow solid; m.p. 92-94 °C. 'H NMR (200 MHz, CDCls): 6 =
7.44-7.38 (m, 5 H), 7.33-7.10 (m, 14 H), 6.93-6.84 (m, 1 H), 6.80—
6.71 (m, 4 H), 5.36 (d, J =4.4Hz, 1 H), 470 (d, J = 44 Hz, | H),
3.74 (s, 3 H), 3.56 (ddd, J = 14.0, 7.4, 49 Hz, 1 H), 3.09 (dt, J =
14.0, 4.9 Hz, 1 H), 2.42-2.17 (m, 2 H) ppm. 3C NMR (50 MHz,
CDCl3): 6 = 166.3, 159.9, 157.0, 145.6, 129.9, 129.2, 128.5, 127.9,
126.4, 124.8, 121.9, 115.5, 113.7, 81.9, 70.8, 62.3, 55.1, 41.5,
41.3 ppm. IR (KBr): ¥ = 3058, 2913, 2837, 1759, 1597, 1514, 1248,
1176, 833, 748 cm . C37H34N,05 (554.68): caled. C 80.12, H 6.18;
found C 80.34, H 6.38.

cis-p-Lactam 7b: Following the general procedure, from imine 8b
(1.29 g, 3.63 mmol) and after purification by chromatography
(SiO,, Hex/AcOEt, 3:1), pure cis-7b (1.33 g, 75%) was obtained as
a yellow oil. '"H NMR (300 MHz, CDCls): 6 = 7.27-7.17 (m, 4 H),
7.11-7.06 (m, 4 H), 6.86-6.77 (m, 3 H), 6.70 (d, J = 8.6 Hz, 2 H),
5.33(d, J=4.3Hz, 1 H), 5.11 (br. s, 1 H), 4.82 (d, J = 14.7Hz, 1
H),4.70 (d, J=4.3Hz, 1 H),4.28 (d, /= 5.6 Hz, 2 H), 3.80 (d, J =
14.7 Hz, 1 H), 3.73 (s, 3 H), 1.46 (s, 9 H) ppm. '3C NMR (75 MHz,
CDCl;): 0 = 165.4, 159.6, 156.7, 155.8, 138.8, 133.5, 129.7, 129.0,
128.6, 127.6, 124.2, 121.7, 115.3, 113.5, 81.8, 79.3, 60.7, 55.0, 44.0,
434, 28.2 ppm. IR (CHCly): ¥ = 3355, 2977, 1757, 1704, 1596,
1513, 1248, 1173, 831, 753 cm™!. C,9H3,N,05 (488.58): caled. C
71.29, H 6.60; found C 71.53, H 6.84.
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cis-p-Lactam Hydrochloride 9: A solution of B-lactam 7a (0.50 g,
0.90 mmol) in MeOH (5 mL) was treated with conc. HCI (0.88 mL,
10.0 mmol). The reaction was heated at reflux for 1 h and the white
precipitate formed was filtered, washed with MeOH (2 X 5 mL) and
characterized as pure 9. Yield: 0.27 g (87 %); m.p. 200-202 °C. 'H
NMR (300 MHz, D,0): 6 = 7.33 (d, J = 8.7 Hz, 2 H), 7.20-7.15
(m, 2 H), 7.02-6.93 (m, 1 H), 6.89 (d, J = 8.7Hz, 2 H), 6.75 (d, J
= 8.0Hz, 2 H), 5.70 (d, J = 4.0Hz, 1 H), 527 (d, J/ = 4.0 Hz, 1
H), 3.73 (s, 3 H), 3.57 (t, J = 6.1 Hz, 1 H), 3.39 (t, J = 5.5 Hz, 1 H),
3.18 (t, J = 6.3 Hz, 2 H) ppm. '3C NMR (50 MHz, [Dg]DMSO): 6
=165.7, 159.2, 156.5, 129.7, 129.3, 125.0, 121.6, 114.9, 113.5, 81.4,
60.6, 54.9, 37.6, 36.4 ppm. IR (CHCl,): v = 3437, 2932, 1919, 1743,
1518, 1257, 1256, 752 cm™!. C;3H,,CIN,O3 (348.92): caled. C
61.98, H 6.07; found C 62.13, H 6.26.

cis-p-Lactam Trifluoroacetate 10: A solution of B-lactam 7b (0.47 g,
0.97 mmol) in CH,Cl, (12 mL) was cooled to 0 °C under Ar and
treated with TFA (0.24 mL, 3.14 mmol). After the addition, the
cooling bath was removed and stirring was continued until total
disappearance of the starting material (TLC). Evaporation of the
solvent yielded pure 9 as a red oil. Yield: 0.45 g (99%). '"H NMR
(300 MHz, CD;0D): 6 = 7.41 (d, J = 8.2Hz, 2 H), 7.28 (d, J =
8.2 Hz, 2 H), 7.18-7.07 (m, 4 H), 6.86-6.69 (m, 5 H), 5.55(d, J =
42Hz, 1 H),493(d, J=42Hz 1 H),4.73 (d, J = 154 Hz, 1 H),
4.11-4.08 (m, 2 H), 4.08 (d, J = 15.4 Hz, 1 H), 3.71 (s, 3 H) ppm.
13C NMR (75 MHz, CD;0D): 6 = 168.2, 161.4, 158.1, 137.5, 134.1,
131.1, 130.4, 130.3, 130.2, 125.6, 122.9, 116.2, 114.6, 82.8, 63.2,
55.6, 44.9, 43.9 ppm. IR (KBr): v = 2927, 1749, 1676, 1515, 1202,
1177, 1139, 1033, 755cm™!. CyHpsF3N,O5 (502.48): caled. C
62.15, H 5.01; found C 62.38, H 5.33.

General Procedure for the Synthesis of Metalla-f-Lactams 6, 12 and
13: A solution of the corresponding B-lactam amine hydrochloride
(1.00 mmol) in CH,Cl, (15 mL) was treated with TEA (2.50 mmol)
for 2 h. This mixture was added to a solution of pentacarbonyl-
[(ethoxy)(methyl)]carbenechromium(0)[''1 (1.00 mmol) in CH,CI,
(20 mL). The reaction was stirred at room temp. overnight, the sol-
vent evaporated and the crude purified by chromatography (SiO,,
Hex/AcOEt mixtures).

Metalla-p-Lactam 12: Following the general procedure, from 9
(0.55 g, 1.58 mmol) and complex 11 (0.41 g, 1.58 mmol), pure com-
pound 12 (0.39 g, 46%) was obtained as a yellow solid after purifi-
cation by chromatography (SiO,, Hex/AcOEt, 4:1). 'H NMR
(300 MHz, CDCl;): 6 = 9.76 (br. s, 1 H), 7.29 (d, J = 8.8 Hz, 2 H),
7.18-7.13 (m, 2 H), 6.93-6.86 (m, 3 H), 6.74 (d, J = 7.8 Hz, 2 H),
549 (d, J=43Hz 1 H),494 (d, J =43 Hz 1 H), 3.79 (s, 3 H),
3.66 (q, J = 5.5Hz, 2 H), 3.52-3.38 (m, 2 H), 2.63 (s, 3 H) ppm.
13C NMR (75 MHz, CDCl,): § = 284.3, 222.9, 217.7, 167.3, 160.3,
156.6,129.8,129.3, 123.9, 122.2, 115.4, 114.0, 81.8, 63.2, 55.2, 45.6,
40.7, 35.7 ppm. IR (KBr): v = 3437, 2054, 1911, 1751, 1541, 1520,
1251, 756 cm™!. C,5H5,CrN,Og (530.45): caled. C 56.61, H 4.18;
found C 56.93, H 4.59.

Metalla-p-lactam 13: Following the general procedure, from 10
(0.46 g, 0.91 mmol) and complex 11 (0.24 g, 0.91 mmol), pure com-
pound 13 (0.28 g, 51%) was obtained as a yellow oil after purifica-
tion by chromatography (SiO,, Hex/AcOEt, 4:1). 'H NMR
(300 MHz, CDCl;): 6 = 8.99 (br. s, 1 H), 7.25-7.20 (m, 6 H), 7.16—
7.10 (m, 2 H), 6.91-6.81 (m, 3 H), 6.74 (d, J = 7.8 Hz, 2 H), 5.42
(d,J=43Hz,1H),4.85(d,J=15.0Hz, 1 H),4.77 (d, J = 4.3 Hz,
1 H), 4.63 (d, J = 5.3 Hz, 2 H), 3.92 (d, J = 15.0 Hz, 1 H), 3.78 (s,
3 H), 2.76 (s, 3 H) ppm. '3C NMR (75 MHz, CDCls): § = 284.0,
222.7,217.7, 165.7, 159.9, 156.8, 135.6, 134.1, 129.9, 129.6, 129.2,
128.4, 127.9, 124.1, 115.5, 113.8, 82.1, 61.3, 55.2, 51.7, 43.6,
36.1 ppm. IR (CHCls): ¥ = 3282, 2932, 2053, 1909, 1754, 1515,

3001
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1249, 755 cm !, CyHo¢CrN,Og (606.55): caled. C 61.39, H 4.32;
found C 61.78, H 4.98.

6-Aminopenicillin Allyl Ester Chromium(0) Complex Derivative 6:
Following the general procedure, from ester 23 (1.05 g, 2.46 mmol)
and complex 11 (0.65 g, 2.46 mmol), pure compound 6 (0.56 g,
48%) was obtained as a yellow solid after purification by
chromatography (SiO,, Hex/AcOEt, 3:1). '"H NMR (300 MHz,
CDCl;): 0 = 943 (br. s, 1 H), 6.01-5.87 (m, 1 H), 5.77 (d, J =
3.0 Hz, 1 H), 5.44-5.31 (m, 3 H), 4.70 (d, J = 4.8 Hz, 2 H), 4.61
(s, 1 H), 2.89 (s, 3 H), 1.67 (s, 3 H), 1.59 (s, 3 H) ppm. *C NMR
(75 MHz, CDCly): ¢ = 293.2, 222.7, 217.1, 166.9, 166.6, 130.7,
120.2, 69.6, 67.2, 66.5, 65.6, 64.8, 38.3, 34.1, 25.8 ppm. IR (CHCl;):
vV = 3282, 2976, 2056, 1908, 1783, 1744, 1492, 1304, 1206,
1158 em™!. C;gH 5sCrN,Og4S (474.40): caled. C 45.57, H 3.82; found
C 45.92, H 3.98.

Complex 18: TEA (0.16 mL, 1.14 mmol) was added dropwise to
a solution of 11 (0.30 g, 1.14 mmol) and 3-bromopropan-1-amine
hydrobromide (0.25 g, 1.14 mmol). The reaction was stirred at
room temp. for 6 h, filtered through Celite and the solvents evapo-
rated. Pure 18 (0.27 g, 67%) was obtained as a yellow solid after
purification by chromatography (SiO,, Hex/EtOAc, 5:1). '"H NMR
(300 MHz, CDCl5): 6 = 8.85 (br. s, 1 H), 3.69 (q, J = 6.5 Hz, 2 H),
3.50 (t, J = 6.0Hz, 2 H), 2.73 (s, 3 H), 2.28 (q, J = 6.4 Hz, 2
H) ppm. 3C NMR (75 MHz, CDCl): 6 = 284.2,222.7, 217.7, 46.4,
35.6, 31.2, 29.1 ppm. IR (CHCI3): ¥ = 2055, 1889, 1530 cm™'.

General Procedure for the Preparation of Penam and Cepham Deri-
vatives 4 and 5: A solution of complex 18 (1.10 mmol) in anh. DMF
(7mL) was treated with the corresponding carboxylate
(1.00 mmol). The reaction mixture was stirred until total disappear-
ance of the starting material (TLC), diluted with cold H,O (14 mL)
and extracted with cold Et,O (3 X20 mL). The combined organic
extracts were washed with brine (3 X 20 mL), dried with MgSO,
and the solvents evaporated. Purification was achieved by
chromatography (SiO,) or precipitation with appropriate solvents.

Preparation of Penicillin G Chromium Complex Derivative 4: Fol-
lowing the general procedure, a solution of the penicillin G potas-
sium salt 19 (0.26 g, 0.69 mmol) and complex 18 (0.27 g,
0.76 mmol) in DMF (5 mL) was stirred at room temp. for 16 h.
Pure 4 (0.21 g, 50%) was obtained as a yellow solid after work-up
and chromatography (SiO,, Hex/AcOEt, 1:1). '"H NMR (300 MHz,
CDCl;): 6 = 9.04 (br. s, 1 H), 7.42-7.32 (m, 3 H), 7.31-7.26 (m, 2
H), 6.09 (d, J = 8.9 Hz, 1 H), 5.66 (dd, J = 8.9, 4.2 Hz, 1 H), 5.51
(d, J =42Hz, 1 H), 442 (s, 1 H), 4.42-4.28 (m, 2 H), 3.65 (s, 2
H), 3.54 (q, /= 6.5 Hz, 2 H), 2.69 (s, 3 H), 2.08 (quint., J = 6.4 Hz,
2 H), 1.46 (s, 3 H), 1.45 (s, 3 H) ppm. 3C NMR (75 MHz, CDCl,):
0 = 2744, 222.6, 217.7, 173.4, 170.3, 167.7, 133.7, 129.5, 129.2,
127.7, 70.2, 68.1, 64.3, 62.1, 59.0, 44.5, 43.4, 35.5, 32.0, 28.2,
26.7 ppm. IR (CHCl;): v = 3294, 2971, 2053, 1902, 1781, 1747,
1668, 1536, 1456, 1262, 732 cm!. C,6H,,CrN;00S (609.57): caled.
C 51.23, H 4.46; found C 51.57, H 4.80.

Preparation of Cephalotin Sodium Salt Chromium Complex Deriva-
tive 5: Following the general procedure, a solution of the cephalotin
sodium salt 20 (0.25g, 0.60 mmol) and complex 18 (0.23 g,
0.66 mmol) in DMF (5 mL) was stirred at room temp. for 48 h.
Pure 5 (0.37 g, 92%) was obtained as a 1:1 mixture of isomers as
a yellow solid after work-up and purification by chromatography
(Si0,, Hex/AcOEt, 1:1). Mixture of isomers: '"H NMR (300 MHz,
CDCl,): 6 = 9.46 (br. s, 2 H), 7.28-7.26 (m, 2 H), 7.02-6.99 (m, 4
H), 6.53 (br. d, J/ = 8.5Hz, 1 H), 6.43 (br. s, 1 H), 5.86 (dd, J =
9.1, 49Hz, 1 H), 5.67 (dd, J = 8.5, 3.8 Hz, 1 H), 524 (d, J =
3.8Hz, 1 H), 5.18 (d, /= 13.7Hz, 1 H), 5.00 (d, J = 4.9 Hz, | H),
497 (m, 4 H), 483 (d, J = 12.8 Hz, 1 H), 4.76 (d, J = 13.7Hz, 1
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H), 4.52 (d, J = 12.8 Hz, 1 H), 4.47-4.36 (m, 1 H), 4.36-4.27 (m,
3 H), 3.86 (s, 4 H), 3.68-3.54 (m, 3 H), 3.39 (d, J = 189 Hz, 1 H),
2.68 (s, 3 H), 2.65 (s, 3 H), 2.10-2.02 (m, 4 H), 2.09 (s, 3 H), 2.04
(s, 3 H)yppm. *C NMR (125 MHz, CDCl;): § = 283.0, 281.4,
2229, 222.8, 217.9, 217.8, 170.9, 170.7, 170.1, 169.9, 167.2, 165.1,
164.2, 161.2, 134.5, 127.9, 127.6, 127.6, 126.5, 126.1, 126.1, 125.0,
122.2, 118.9, 65.1, 63.0, 62.8, 62.6, 60.4, 59.1, 57.4, 53.3, 49.7, 44.3,
44.0, 37.1, 35.2, 35.2, 28.2, 27.8, 26.4, 20.8, 20.7 ppm. IR (KBr): v
= 3309, 2815, 2053, 1909, 1777, 1739, 1673, 1540, 1380, 1227, 1028,
802 cm !. Cy6H,5CrN50;S (639.55): caled. C 46.50, H 3.75; found
C 46.71, H 3.83.

General Procedure for the N-Methylation of Metalla-p-lactams 12
and 13: A solution of the corresponding chromium complex
(1.0 mmol) in deoxygenated acetone (0.025 M) was treated with
methyl iodide (2.0 mmol), Cs>CO; (3.0 mmol) and a few drops of
H,O. The mixture was stirred for 16 h at room temp., filtered
through Celite and the solvent evaporated. Pure products were ob-
tained by SiO, chromatography.

Complex 3a: Following the general procedure, from 12 (1.08 g,
2.03 mmol) and after purification by chromatography (SiO,, Hex/
AcOEt, 4:1), pure isomer I (0.52 g, 47%) and a mixture of syn and
anti isomers (0.35 g, 32%) were obtained as yellow solids. Isomer
I: 'TH NMR (300 MHz, CDCls): 6 = 7.26 (d, J = 8.7 Hz, 2 H),
7.18-7.13 (m, 2 H), 6.94-6.88 (m, 1 H), 6.86 (d, J = 8.7 Hz, 2 H),
6.73 (d, J =7.8Hz, 2 H), 544 (d, J = 44Hz, 1 H), 486 (d, J =
44 Hz, 1 H), 4.14-3.99 (m, 1 H), 3.83 (s, 3 H), 3.79 (s, 3 H), 3.70-
3.59 (m, 2 H), 3.36-3.25 (m, 1 H), 2.73 (s, 3 H) ppm. '3C NMR
(75 MHz, CDCl,): 0 = 277.9, 222.9, 217.4, 166.6, 160.1, 156.6,
129.9, 129.2, 124.2, 122.0, 115.4, 113.8, 82.0, 63.0, 55.1, 53.4, 41.2,
40.5, 38.6 ppm. IR (CHCl3): ¥ = 2935, 2053, 1899, 1762, 1612,
1515, 1494, 1401, 1354, 1250, 1033, 755 cm™!. Cy6HpCrN,Og
(544.48): calcd. C 57.35, H 4.44; found C 57.66, H 4.73. Mixture
of isomers: '"H NMR (300 MHz, CDCl5): 6 = 7.26 (d, J = 8.7 Hz,
2 H), 7.18-7.13 (m, 5 H), 6.94-6.83 (m, 6 H), 6.75-6.72 (m, 5 H),
547 (d, J=44Hz 1 H), 544 (d, J =44Hz, | H), 501 (d, J =
44Hz, 1 H), 4.86 (d, J = 44 Hz, 1 H), 4.44-4.23 (m, 2 H), 4.08-
3.99 (m, 1 H), 3.83 (s, 6 H), 3.80-3.74 (m, 1 H), 3.79 (s, 3 H), 3.78
(s, 3 H), 3.70-3.46 (m, 3 H), 3.36-3.25 (m, 1 H), 2.73 (s, 3 H), 2.69
(s, 3 H) ppm. 13C NMR (75 MHz, CDCls): 6§ = 279.3, 277.9, 223.1,
2229, 217.6, 217.4, 166.6, 166.3, 160.3, 160.1, 156.7, 156.6, 130.0,
129.9, 129.3, 129.2, 124.2, 123.6, 122.2, 122.0, 115.4, 115.3, 114.0,
113.8, 82.2, 82.0, 63.1, 63.0, 55.1, 53.4, 52.0, 50.9, 41.2, 40.5, 39.8,
38.6, 37.5 ppm. IR (KBr): ¥ = 2935, 2053, 1899, 1762, 1612, 1515,
1494, 1401, 1354, 1250, 1033, 755 cm™!.

Complex 3b: Following the general procedure, from 13 (0.44 g,
0.73 mmol) and after purification by chromatography (SiO,, Hex/
AcOEt, 1:1), pure 3b (0.11 g, 24%) was obtained as a 1:1 mixture of
isomers as a yellow solid. Mixture of isomers: '"H NMR (200 MHz,
CDCly): 0 = 7.23-7.09 (m, 14 H), 7.03-6.88 (m, 3 H), 6.84-6.71
(m, 9 H), 5.45 (s, 2 H), 5.41 (dd, J = 4.4, 2.0 Hz, 2 H), 4.89 (s, 1
H), 4.79-4.71 (m, 2 H), 4.72 (d, J = 44 Hz, 2 H), 395, J =
15.1 Hz, 2 H), 3.85 (s, 1 H), 3.78 (s, 6 H), 3.11 (s, 6 H), 2.82 (s, 3
H), 2.81 (s, 3 H) ppm. *C NMR (50 MHz, CDCly): § = 276.6,
276.5, 223.2, 217.8, 217.4, 165.6, 159.8, 156.8, 135.2, 134.1, 132.7,
129.9, 129.5, 129.3, 129.1, 127.7, 126.4, 124.2, 121.9, 1154, 113.7,
82.1, 68.7, 61.3, 57.9, 55.1, 51.3, 43.7, 43.6, 40.4, 40.2 ppm. IR
(CHCly): v = 2923, 1912, 1761, 1646, 1613, 1515, 1495, 1401, 1353,
1248, 1032, 755 cm™.

General Procedure for the Photochemical Reactions: A solution of
the corresponding nucleophile (2.00 mmol) and the chromium
complex (1.00 mmol) in dry-degassed THF and in a sealed Pyrex
tube filled with CO (80 psi) was irradiated for 16 h using a 400 W
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medium-pressure Hg lamp, through a Pyrex filter. The temperature
was maintained at 25 °C by forced circulation air in the irradiation
box. After irradiation, the solution was filtered through a short pad
of Celite, the solvent was evaporated and the crude purified by SiO,
flash chromatography.

p-Lactam 14: Following the general procedure, a solution of 3a
(0.15 g, 0.28 mmol) and MeOH (5 mL) in THF (20 mL) was irradi-
ated for 16 h under CO. A 1:1 diastereomeric mixture of the ester
14 (0.05 g, 47%) was obtained as a colourless oil after purification
by chromatography (SiO,, Hex/AcOEt, 2:1). Mixture of isomers:
'H NMR (300 MHz, CDCl;): 6 = 7.27 (d, J = 8.8 Hz, 2 H), 7.26
(d, J=8.8Hz,2 H), 7.14 (d, / = 8.6 Hz, 2 H), 7.12 (d, J = 8.6 Hz,
2 H), 6.90-6.73 (m, 10 H), 5.41 (d, J = 4.4Hz, 1 H), 540 (d, J =
44Hz, 1 H), 5.05(d, J=44Hz 1 H), 502 (d, J=44Hz 1 H),
3.76 (s, 6 H), 3.69 (s, 3 H), 3.68 (s, 3 H), 3.71-3.60 (m, 2 H), 3.40
(g, J=7.1Hz, 1 H), 3.38 (q, / = 7.0 Hz, 1 H), 2.98 (t, J = 6.1 Hz,
1 H), 2.94 (t, J = 6.1 Hz, 1 H), 2.78-2.57 (m, 4 H), 2.25 (s, 3 H),
2.24 (s, 3 H), 1.28 (d, / = 7.1Hz, 3 H), 1.25(d, J = 7.0Hz, 3
H) ppm. 3C NMR (75 MHz, CDCl): 6 = 173.5, 173.4, 166.1,
166.1, 159.8, 157.0, 129.8, 129.1, 125.1, 125.0, 121.8, 115.5, 113.6,
82.0, 82.0, 62.4, 62.2, 61.3, 61.2, 55.1, 51.5, 51.4, 51.3, 51.3, 37.8,
37.7, 37.4, 37.3, 14.8, 14.7 ppm. IR (KBr): ¥ = 2951, 2839, 1759,
1612, 1598, 1514, 1495, 1247, 1175, 983, 755 cm™!. Cy3H,5N,05
(412.48): caled. C 66.97, H 6.84; found C 67.07, H 7.01.

p-Lactam 15: Following the general procedure, a solution of 3a
(0.30 g, 0.55 mmol) and methyl glycinate?'! (0.11 g, 1.10 mmol) in
THF (20 mL) was irradiated for 16 h under CO. A 1:1 dia-
stereomeric mixture of 15 (0.11 g, 39%) was obtained as a slightly
coloured oil after purification by chromatography (SiO,, Hex/Ac-
OEt, 2:3). Mixture of isomers: 'H NMR (200 MHz, CDCls): 6 =
7.77 (br. s, 2 H), 7.28-7.23 (m, 4 H), 7.14-7.06 (m, 4 H), 6.88-6.73
(m, 10 H), 5.54 (d, J = 4.4 Hz, 1 H), 549 (d, J = 4.4 Hz, | H), 5.03
(d,J=44Hz 1 H),5.00(d,J=44Hz 1 H),4.19 (q, J = 7.2 Hz,
2 H), 4.17 (q, J = 7.2 Hz, 2 H), 4.15-4.04 (m, 2 H), 3.99-3.82 (m,
2 H), 3.74 (s, 6 H), 3.27 (q, J = 7.1 Hz, 2 H), 3.05 (dt, J = 14.4,
5.6 Hz, 2 H), 2.98 (dt, J = 14.3, 5.4 Hz, 2 H), 2.60 (t, J = 4.8 Hz,
2 H), 2.57 (t, J = 4.8 Hz, 2 H), 2.24 (s, 3 H), 2.23 (s, 3 H), 1.26 (t,
J=72Hz, 3H), 1.25(,J=72Hz, 3 H),1.19(d, J = 7.1 Hz, 3
H), 1.17 (d, J = 7.2 Hz, 3 H) ppm. '*C NMR (50 MHz, CDCls): 6
=173.7,173.6, 170.2, 166.7, 166.6, 160.0, 159.9, 157.0, 129.9, 129.8,
129.1,124.9, 124.8, 121.8, 121.8, 115.5, 113.8, 81.9, 81.8, 63.3, 62.6,
62.4, 62.0, 61.3, 55.1, 52.5, 41.1, 41.0, 38.7, 38.6, 37.5, 37.1, 14.1,
9.1, 8.9 ppm. IR (KBr): ¥ = 3344, 2937, 1752, 1674, 1613, 1598,
1514, 1495, 1240, 1197, 1033, 754 cm™!. Cy6H33N30¢ (483.56):
caled. C 64.58, H 6.88; found C 64.83, H 6.99.

p-Lactam 16: Following the general procedure, a solution of 3a
(0.26 g, 0.48 mmol) and methyl N-glycylglycinate>!l (0.14 g,
0.96 mmol) in THF (20 mL) was irradiated for 16 h under CO. A
1:1 diastereomeric mixture of 16 (0.06 g, 26%) was obtained as a
yellow oil after purification by chromatography (SiO,, AcOEt/
MeOH, 5:1). Mixture of isomers: 'H NMR (300 MHz, CDCl;): §
=8.02-7.97 (m, 2 H), 7.28-7.25 (m, 4 H), 7.14-7.09 (m, 4 H), 7.01
(br. s, 2 H), 6.92-6.71 (m, 10 H), 5.57 (d, J = 42 Hz, 1 H), 5.55
(d, J=43Hz, 1 H), 5.06 (d, J=4.2Hz, 1 H), 5.02 (d, J = 4.3 Hz,
1 H), 4.17-3.89 (m, 8 H), 3.76 (s, 3 H), 3.75 (s, 3 H), 3.70-3.56 (m,
2 H), 3.68 (s, 3 H), 3.65 (s, 3 H), 3.45-3.31 (m, 2 H), 3.12-2.95 (m,
2 H), 2.63-2.57 (m, 4 H), 2.23 (s, 6 H), 1.21 (d, J = 6.9 Hz, 3 H),
1.19 (d, J = 7.1 Hz, 3 H) ppm. '3C NMR (125 MHz, CDCl5): 6 =
170.1, 169.5, 169.3, 167.1, 167.0, 159.9, 156.9, 156.8, 129.9, 129.9,
129.1, 124.8, 124.6, 121.8, 115.5, 1154, 113.8, 113.7, 81.8, 62.4,
62.3,55.2,52.3,52.2,43.0, 42.9, 41.1, 41.1, 37.8, 37.3, 8.5 ppm. IR
(CHCly): v = 3325, 2929, 2853, 1751, 1663, 1613, 1598, 1589, 1515,
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1495, 1239, 1033, 834, 754 cm ', CyyH1N,O; (526.58): caled. C
61.58, H 6.51; found C 61.75, H 6.80.

B-Lactam 17: Following the general procedure, a solution of 3b
(0.11g, 0.18 mmol) and methyl N-glycylglycinate (0.05 g,
0.35 mmol) in THF (10 mL) was irradiated for 16 h under CO. A
1:1 diastereomeric mixture of 17 (0.03 g, 26%) was obtained as a
yellow solid after purification by chromatography (SiO,, AcOEt/
MeOH, 5:1). Mixture of isomers: 'H NMR (500 MHz, CDCls): 6
=795 (br. s, 1 H), 7.30 (d, J = 7.7Hz, 2 H), 7.21 (dd, J = 8.8,
3.1Hz, 2 H), 7.16-7.10 (m, 4 H), 6.87 (t, J = 7.4 Hz, 1 H), 6.81
(dd, 7 = 8.8, 1.9Hz, 2 H), 6.73 (d, J = 8.0 Hz, 2 H), 6.68 (br. s, 1
H), 540 (d, /=43 Hz, 1 H), 484 (d, J = 14.8 Hz, 1 H), 4.76 (d,
J =43Hz, 1 H), 4.20-3.90 (m, 2 H), 4.05 (d, J = 5.3 Hz, 2 H),
3.84 (dd, J = 14.8, 3.3 Hz, 1 H), 3.77 (s, 3 H), 3.74 (s, 3 H), 3.75-
3.50 (m, 2 H), 3.39-3.31 (m, 1 H), 2.23 (s, 3 H), 1.29 (d, J = 7.0 Hz,
3 H) ppm. '*C NMR (125 MHz, CDCls): 6 = 170.0, 169.3, 169.3,
165.6, 165.6, 159.9, 156.9, 130.0, 129.9, 129.3, 129.1, 128.9, 128.8,
124.4,121.9,121.9, 115.5, 115.5, 113.7, 113.7, 82.1, 82.1, 61.7, 61.6,
61.1, 61.1, 58.8, 55.1, 52.4, 43.6, 43.0, 41.1, 37.9, 37.8, 9.05 ppm.
IR (CHCI,): v = 3359, 3014, 1754, 1662, 1613, 1598, 1514, 1495,
1238, 1216, 984, 832 cm™!. C33H3gN4O5 (602.68): caled. C 65.77, H
6.35; found C 65.96, H 6.64.

Penicillin Derivative 21: Following the general procedure, a solution
of 4 (0.21 g, 0.34 mmol) and methyl N-glycylglycinate (0.10 g,
0.69 mmol) in THF (20 mL) was irradiated for 16 h under CO. A
5:2 diastereomeric mixture of pure 21 (0.10 g, 44%) was obtained
as a brown oil after purification by chromatography (SiO,, fast
elution with hexane and then AcOEt). Mixture of isomers: 'H
NMR (500 MHz, CDCl;): 6 = 7.39-7.28 (m, 10 H), 6.22 (br. d, J
=8.7Hz, 1 H), 6.12 (br. d, J = 9.0 Hz, 1 H), 5.80 (br. s, 1 H), 5.77
(br. s, 1 H), 5.65 (dd, J =9.0,42Hz, 1 H), 551 (d, J =4.2Hz 1
H), 5.08 (d, / = 3.9Hz, 1 H), 4.64 (dd, J = 8.7, 3.9 Hz, 1 H), 4.37
(s, 2 H), 4.28-4.13 (m, 2 H), 4.13-4.06 (m, 2 H), 3.73 (s, 6 H), 3.66—
3.59 (m, 8 H), 3.64 (br. s, 4 H), 3.64 (s, 2 H), 3.38-3.24 (m, 6 H),
1.98 (d, J = 59Hz 3 H), 1.97 (d, J = 5.0 Hz, 3 H), 1.91-1.85 (m,
4 H), 145 (s, 6 H), 1.44 (s, 6 H)ppm. *C NMR (125 MHz,
CDCly): 60 = 173.5, 173.4, 170.9, 170.4, 170.3, 170.3, 169.5, 167.7,
167.5, 134.6, 133.8, 129.5, 129.5, 129.1, 129.0, 127.6, 127.4, 72.8,
70.3, 70.3, 68.1, 66.0, 64.4, 63.2, 62.8, 62.7, 62.7, 58.8, 58.6, 56.9,
52.6, 43.6, 43.4, 36.3, 36.2, 31.9, 31.9, 28.8, 28.7, 26.7, 26.5, 23.3,
23.2 ppm. IR (KBr): ¥ = 3300, 2930, 1785, 1743, 1657, 1540, 1371,
1260, 1207, 758 cm™!. Cy7H37NsOgS (591.67): caled. C 54.81, H
6.30; found C 54.98, H 6.63.

Cephalotin Derivative 22: Following the general procedure, a solu-
tion of 5 (0.17 g, 0.25 mmol) and methyl N-glycylglycinate (0.11 g,
0.75 mmol) in THF (20 mL) was irradiated for 16 h under CO. A
1:1 diastereomeric mixture of pure 22 (0.08 g, 50%) was obtained
as an orange solid after purification by chromatography (SiO,, Ac-
OEt/MeOH, 5:1). Mixture of isomers: 'H NMR (300 MHz,
CDCly): 6 = 7.88 (br. s, 1 H), 7.71 (br. s, 3 H), 7.26-7.21 (m, 2 H),
7.01-6.96 (m, 4 H), 6.61 (br. d, J = 8.7 Hz, 1 H), 6.61 (br. d, J =
8.6 Hz, 1 H), 5.69 (dd, J = 8.7, 44 Hz, 1 H), 5.67 (dd, J = 8.6,
42Hz, 1 H), 527 (d, J = 45Hz, 1 H), 5.25(d, J = 42 Hz, | H),
5.05-4.44 (m, 3 H), 4.56 (d, J = 12.8 Hz, | H), 4.32-4.23 (m, 4 H),
4.08-3.92 (m, 8 H), 3.86 (s, 4 H), 3.78-3.67 (m, 2 H), 3.73 (s, 6 H),
3.54 (d, J = 184Hz, 1 H), 3.36 (d, J = 18.4 Hz, 1 H), 3.28-3.17
(m, 2 H), 2.76-2.59 (m, 4 H), 2.10-1.80 (m, 4 H), 2.06 (s, 6 H),
1.32 (d, J = 6.6 Hz, 6 H) ppm. 13C NMR (75 MHz, CDCls): § =
175.5, 170.5, 170.1, 170.0, 170.0, 169.3, 167.0, 164.2, 164.1, 134.7,
127.8,127.4,125.9, 125.4, 125.4, 119.1, 119.1, 65.4, 64.2, 64.1, 62.9,
60.3, 60.3, 58.2, 58.1, 53.3, 52.3, 44.9, 44.8, 42.6, 41.1, 37.0, 36.9,
29.0, 26.3, 20.8, 19.5, 19.4 ppm. IR (KBr): v = 3314, 2929, 1777,
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1741, 1662, 1530, 1438, 1378, 1223, 1029 cm . CayH35N5O10S,
(653.72): caled. C 49.61, H 5.40; found C 49.78, H 5.86.

Penicillin Derivative 24: Following the general procedure, a solution
of 6 (0.14 g, 0.29 mmol) and MeOH (5 mL) in THF (20 mL) was
irradiated for 16 h under CO. A 1:1 diastereomeric mixture of 24
(0.08 g, 75%) was obtained as a yellow oil after purification by
precipitation (Hex/DCM, 10:2). Mixture of isomers: 'H NMR
(300 MHz, CDCl3): 0 = 5.91 (ddt, J = 18.0, 10.4, 6.0 Hz, 2 H), 5.51
(d, J=4.0Hz, 2 H), 5.39-5.26 (m, 4 H), 4.64 (d, J = 6.0 Hz, 2 H),
4.63 (d, J = 6.0 Hz, 2 H), 4.51-4.43 (m, 2 H), 4.41 (s, 1 H), 4.40
(s, 1 H), 3.72 (s, 3 H), 3.69 (s, 3 H), 3.63-3.43 (m, 2 H), 1.63 (s, 6
H), 1.49 (s, 6 H), 1.36 (d, / = 7.0 Hz, 3 H), 1.32 (d, J = 7.0 Hz, 3
H) ppm. 3C NMR (75 MHz, CDCly): § = 176.6, 175.9, 175.2,
174.6, 167.8, 167.7, 131.1, 131.1, 119.6, 70.8, 70.3, 70.0, 68.2, 66.3,
66.0, 63.9, 63.6, 54.7, 52.1, 31.8, 31.6, 27.2, 27.0, 18.7, 18.5 ppm.
IR (KBr): v = 3336, 2925, 2854, 1780, 1739, 1452, 1373, 1261, 1203,
1184, 1155, 985 cm™!. C;sH,,N,05S (342.40): caled. C 52.62, H
6.48; found C 52.84, H 6.62.

Supporting Information (see footnote on the first page of this arti-
cle): 'H and 3C NMR spectra of the newly synthesized com-
pounds.
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