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analyzed. The overall reaction was stereoselective, leading to frans azetidinones. © 1998 Published by Elsevier Science
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Introduction

In recent times the 1 S I NemMboer

cent times the synthesis of four membered rings, most!y B-lactamic systems, by means of
radical cyclizations has attracted considerable attention;'" in particular the synthesis of
azetidinones by 4-exo-trig intramolecular addition to double bond of radicals (generated by
Bu3SnH) from a-bromoenamides was extensively studied.l**)

In the last years we have been studying Mn(III) or Ce(IV)-promoted oxidative reactions of
various classes of compounds. At this purpose we recently reported the reaction of “activated”
enamides 1 (bearing an enolizable EWG group adjacent to amidic carbonyl group) with
Mn(OAc);2H,0 in glacial acetic acid at 70°C,"%!) or with ceric ammonium nitrate in methanol

e [12 :. IR L IR
at room temperature,'?! affording azetidinones 5 in good yields (Scheme 1).
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Reasonably these transformations involved the transition-metal promoted generation of a-

Asntas T
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car uai“"y'alk}' radicals 2, and their suosequent 4-exo-1rig cyclization to intermediates 3.

Both these procedures required two equivalents of oxidant, due to the second oxidative step,
converting 3 to carbocation 4. Its trapping by solvent afforded product 5. The stereochemistry of
compounds 5 was in most cases trans with respect to substituents at C-3 and C-4. Nevertheless,

cis products were in some cases formed in not negligible or even prevalent amount.

Scheme 1
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The presence of phenyl groups on enamidic double bond was found to be crucial for the
success‘c.l outcome of the reactions, probably because of the good stabilization of both

I groups. This is in agreement with data reported in literature about the
oups on similar 4-exo-trig reductive methods.
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which were obtained by usual methods, but yields of 3-lactams were really low and formation o
by-products was prevalent. Thus, such a need of aryl groups on the enamidic double bond was

the main limitation of our oxidative method.

n} ahnratod

Ny
JUNiV) viavviailvu

With a

e
YYiui @ Vviwyvy

e
azetidinones, we were interested to study the utilization of enamides different from 1 (especially
as regards substituents on double bond) in these Mn(III)-promoted reactions.
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Results and Discussion

.
Indeed, in our purpose the secon

by a more efficient reaction of the first cyclic intermediate arising from the 4-exo-trig
intramolecular addition. A convenient process seemed to be the 3-fragmentation of a suitably

substituted interm
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ediate. By the way, the introduction of a sulfur substituent at the allylic position

of the enamide double bond, which was first reported by Zard and Quiclet-Sire in recent

papers, > constituted a rather original approach. This pattern of substitution allowed the 4-
exo-trig process to be driven to completion by the loss of a phenyl thiyl radical (this process is
extremely fast, and its rate was estimated to be about 1.6- 1073'1).

A B-fragmentative path was really interesting to be tested in our oxidative conditions, due to
the possibility of comparison of its effectiveness with that of the oxidation of radical 3 by
Mn(III). Furthermore, it would have been a widening of the applicability of our procedure.
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bearing an activating group R, in the a-position of acyl moiety. For this purpose the early

expenments were carried out employing o-methoxycarbonylenamides 6a-f, prepared in good
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the synthesis of a-chloro and a-cyano enamides were not as suitable as for compounds 6,

€

affording enamidic products in real]y low yields.

Thus, enamides 6a-f were reacted with one equivalent of manganese(lI1l) acetate dihydrate in
glacial acetic acid at 70°C. Results are reported in Table 1.

We obtained the expected B-lactamic products 7a-f vinylated in C-4 in modest to good yields.
Their formation was in all cases stereoselective. Indeed the only lactamic products were lactams
bearing the substituents at C-3 and C-4 in a trans relationship, as deduced by the analysis of 'H
NMR coupling constants between H-3 and H-4 (about 2.5 Hz)

Then, the reaction path seemed to be that shown in Scheme 2 for enamides 6a-d, i.e. the
Mn(IIT)-promoted generation of a-carbamoylalkyl radical radicals 8a-d, followed by their 4-exo-

trig cyclization to 9a-d. These cyclic intermediates underwent a B-fragmentation to give products
7a-d and phenylthyil radicals. The involvement of such radicals was demonstrated by the

formation, together with the lactamic products, of PhSSPh, their self-recombination product.
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In agreement with the reaction path, a merely fragmentative fate for the cyclic radical 9 was
confirmed by reacting the enamides with more that one equivalent of Mn(III). In these conditions
no significant yields enhancement was observed, and only vinylated B-lactams were obtained.
This fact, together w1th the lacking of products eventually derived from the capture of any
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Enamide R1 R2 R3 Product Yield (%)
6a CO.CH; PhCH, CH; Ta 43
6b CO,CH; Cyclohexyl CH, b 45
6¢c CO,CH, t -bl](‘yl CH; - -
LA fa/aWais) OLI LT DL ey L z,qb
Lil1] (W, 10y i) wriinsjri I3 ia 4
6e CO,CH; PhCH, H - -
6f CO.CH, PhCH, Ph i} 58
Gg COQ(CH',{)_}C}'E PhCH,z CH; 7g 47
6h CO,CH,CH(CH3)» PhCH, CH,4 7Th 41
6i CO,Cyclohexyl PhCH, CH, T 36
a)Yields refer to chromatographically isolated products; b) 1:1 mixture of diastereomers
WDOCIHCIIC &
CH; CH;
MeOC,  ASPH MeOC_ A SPh
Mn{UAcj;
l, R [ -
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y reacting enamides 6a-d with
roducts with modest to fairly
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The effect of substituents R, on nitrogen atom was examined
Mn(I1T). Alkyl and benzyl groups on nitrogen led to the expected f

oood \mslrk Qnmﬂcmalv the pre ce of a t-butvl oroun
£0 urpri € presence of a -butyl group
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resulted even 1
of the cyclization. This result was in contrast with the positive effect on the reaction yield of such
a group on the nitrogen atom, reported in our previously developed Mn(III)-promoted oxidative
method.'"™? Then, we used N-benzyl substituted enamides to study the effect of different
substituents R, on the double bond. When R; was an hydrogen atom, no cyclization took place,
while the best yieids were obtained when R; was a phenyl group. This behaviour was in
agreement with the mechanism proposed in Scheme 2, in which the cyclization step is slow and
reversible, and strongly affected by the stability of the intermediate radical 9. Indeed its stabxhty
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ester moiety was quite negligible, as enamides 6g-i afforded B-lactams 7g-i in yields comparable

to 7a. We also tried
(
\
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to change the nature of the leaving radical, using a phenyl sulfoxide instead
Sc

of a enlfide oronn eme 3). In this case. since sulphinvl radicals have been renorted to be
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more stabie"™! and more rapid y ' 1n p-tragmentatlon reactions, we expectea a consistent

yield increase. However, this was not observed and comparable amounts of lactam 7a were
obtained from both reactions of 6a and 6l in the usual conditions, indirectly confirming that the
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or little affected by the stability of the leaving radical.
Scheme 3
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To verify the overall stereochemistry of the transformation we used also the more easily
oxidizable N-1-propenyl-3-phenylthio acetoacetamides 10, ecasily prepared by a procedure
developed in our laboratory.'® In fact, since the enolizability of B-dicarbonyl compounds has
been recognized as a crucial step in their oxidation by Mn(III), we chose acetyl group as the
“activating” EWG substituent. Due to the great enolizability of CH3CO, the corresponding B-



lactamic products 11 in our conditions could undergo further oxidation

stereoselectivity. However, the obtained products were all trans.Yields of the azetidin-2-ones 11

obtained from compounds 10 were generally higher than from enamides 6 (see Table 2). Further
ut

experiments were carried out to evaluate the diastereoselectivity of the radical process. To this

a
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purpose we prepare ad & namides 10c¢-e derived lly avatlable chiral amines, such

PHAp VOV VYV VG v v&&m:u 2 ISR A

as esters of a-aminoacids. Reaction of these enamides with Mn(Il) gave good yields of O-
lactams, but diastereomeric ratios were not as high as we expected. Just in the case of
phenylglycine derived enamide 10f diastereoselectivity in the product mixture was reasonably
high (80:20 ratio).

Table 2.
Reaction of Enamides 10 with Mn(OAc);2H,0

N, AcOH, 70°C, 30 min Y an N,
Rz O RZ
10 11
Enamide R, R, Product Yields (%6)°
10a PhCH, CH, 11a 52
10b cyclohexyl CH;, 11b 27
10¢ CH(CH;)Ph CH, 11c 66°
10d CH(CQO,CH,CH3)CH,Ph CH; 11d 68°
10e CH(CO-CH3)Ph CH, 11le 61°

a) Yields are referred to pure, chromatographically isolated products; b) 55:45 diatereomeric mixture;
¢) 65:35 diastereomeric mixture; d) 80:20 diastereomeric mixture

Conclusions

The method we report in this paper affords vinylated azetidin-2-ones in good yields starting
from easily prepared precursors. The fragmentation of [B-phenylthio radical intermediates
involved in these reactions strongly controlled both the regiochemical (i.e. 4-exo vs 5-endo-trig)
and the stereochemical outcome (formation of the only trans-azetidinones) of the cyclization.
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The reaction can be carried out with just one equivalent of oxidant, and ster
t

oselectivity could be

ied
achieved by employing chiral substituents on the enamide nitrogen.



The formation of an unsaturated functionality at C-4 suggests the possibility of a subsequent
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lactamic products renders these compounds quite valuable intermediates, as the acetyl group
could provide an entry to the hydroxyethyl side chain present in many carbapenems.

Experimental

All reagents were purchased from Fluka and Aldrich and used without further purification. 'H
and C NMR were recorded on a Varian XL-200 Gemini spectrometer, usind CDCl; as the
solvent. Chemical shift are reported in ppm and are given in 8 units. Atropaldehyde was prepared
according the Crossland’s procedure.!**]

General procedure of preparation of 3-phenylthio aldehydes: 5 mmol of o,B-unsaturated
aldehyde (acrolein, methacrolein, or hydratropaldehyde) were dissolved in 20 ml of CH,Cl, and
the solution was cooled to 0°C and stirred under argon athmosphere; PhSH (5 mmol) and Et;N
(0.1 mmol) were then added and stirring was continued for one hour. Removal of the solvent

under reduced pressure afforded 3-phenylthio aldehydes as yellow oils in nearly quantitative
yields ac chauwn hv IH NMR ~f the crude
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Generai procedure of preparation of imines (modified Texier-Bouliet’s procedure): 21 the
freshly prepared B-phenylthio aldehyde (5 mmol) and a suitable amine (5 mmol) were adsorbed

on basic Al,O, (% 9) the resulti ng p.,Wd was shaked and kept at room temperature for two
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hours; then it was

eluted
the crude imine in good yields as an oil (the imine was used without further purification).

Preparation of enamides: o-Methoxycarbonyl-enamides 6a-f, were obtained by acylation of

o

B . ]4‘ .A
imines with methyl malonyl chlorid namid

. N AD_catalimad
ained 1‘_y' vaw-um&l_ybcu

transesterification of enamide 6a with corresponding alcohols; acetoacetyl enamides 10a-e were
prepared refluxing imines with 2,2 6-trimethyl-1,3-dioxin-4-one.!”

General procedure for the radical cvclization of enamides: 1 mmol of enamide was

al it 2R2% 2GR4T Ry RAL8SIRR v- ~ERESAZRARSNAS. 2

dissolved in glacial acetic acid (10 ml) under an argon athmosphere, then Mn(OAc);2H,0 (1
mmol, 268 mg) was added. The resulting mixture was heated at 70°C until its brown colour
disappeared. The reaction mixture was allowed to cool at room temperature, poured into water

was chod unth o

fa9
C Wasitca wiul a

(100 m r‘ then Pvfr‘acted W1 1ith CH.(C1, {’1 x 201 mh The Ccrnbh\ed extract
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saturated NaHCO; solution until AcOH was removed, then with water, and finally dried over
MgSO,. The solvent was removed under reduced pressure, and the residue was separated on a
silica gel column eluted with light petroleum ether/Et,0 to afford B-lactamic products as oils.

Compound 7a - 'H NMR (CDCl;, 8): 1.62 (3H, s); 3.75 (3H, s), 3.78 (1H, d, J = 2.5 Hz),
93 (1H, d, J=15.0 Hz), 4.15 (1H, d, J = 2.5 Hz), 4.75 (1H, d, ] = 15.0 Hz), 5.01 (2H, s), 7.20-



0 (41), 9 (53) 90 (100), 66
(30), 64 (27). Anal, Caled, For C15H17N03. C 69.48, H 6.61, N 5.40. Found C 69.50, H 6.65, N
535
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Compound 7b - 'H NMR (CDCls, 8): 1.0-2.0 (13H, m), 3.30 (iH, m), 3.54 (1H,d,J=24
Hz), 3.70 3H, s), 4.32 (1H, d, J = 2.4 Hz), 5.00 (1H, s), 5.12 (1H, s); *C NMR (CDCl;, ppm):
16.35, 24.71, 24.86, 25.01, 30.04, 30.41, 52.42, 53.24, 57.61, 58.26, 116.47, 141.40, 161.66,

167.93. IR (CHCls): 3025, 2940, 1750, 1732, 1524, 1430, 1251, 1208. MS m/z (rel.int.): 250

(3), 217 (7), 191 (6), 126 (18), 125 (100), 124 (64), 110 (57), 94 (58), 66 (43), 42 (27). Anal.
Calcd. For C14H;1NO3: C 66.91, H 8.42, N 5.57; Found C 66.85, H 8.35, N 5.30.
Cnmnmlnd 7d - ‘I—TNl\/m (CDCl R\ 1:1 diastereomeric mixture: 1.51 {3H. 5). 1.56 (3”
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d ]
=7.2 Hz), 1.64 (3H, s), 1.76 (3H, d, J = 7.2 Hz), 3.70 (2H, m), 3.72 (3H, s), 3.75 (3H, s), 4.15
(1H, dd, J = 2.6 Hz), 4.16 (1H, d, J = 2.6 Hz), 4.45 (1H, q, J = 7.2 Hz), 4.83 (1H, q, ] = 7.2 Hz),
5.00 (4H, m), 7.20-7.40 (5H, m), °C NMR (CDCl;, ppm): 16.25, 16.46, 18.42, 19.57, 52.48,
53.26, 54.50, 57.46, 58.05, 58.44, 59.34, 116.56, 117.07, 126.79, 127.10, 127.65, 128.54,
139.57, 140.05, 140.44, 140.82, 161.60, 161.67, 167.38, 167.68. IR (CHCI;): 3030, 1753, 1737,
1445, 1156, 1129. MS m/z (rel.int.) : 273 (2), 169 (15), 132 (34), 126 (20), 105 (100), 95 (21),

79 (10), 67 (13). Anal. caled for Ci6H;oNO3: C 70.31, H 7.01, N 5.12; found C 70.35, H 6.95, N

525

o S .

Compound 71 NMR (CDCl3, 8) : 3.75 (3H, s), 3.78 (1H, d, J = 2.2 Hz), 4.00 (1H, d, J =

151Hz)461(1 d, J=22Hz),4.93 (1H,d, J = 15.1 Hz), 5.32 (14, 5), 7.2
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(CHCl3) : 3030, 1 , 1130. MS m/z (rel.int.): 188 (20), 1
(10). Anal. caled for CyoH;oNO;: C 74.75, H 5.96, N 4.36; found C
Compound 7g - '"H NMR (CDCl;, 8) : 0.95 (3H, t, ] = 7.5 Hz),
4( 1H, d, J=15.0 Hz), my), 4.
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Compound 7h - 'H NMR (CDClz 8): 0.9

entunlet 1=7.0 Hz)
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Hz), 4.15(1H,d,J

6
C13H23N03 C71.73,H7.69, N 4.64; found C 7
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NMR (CDCl;, ppm) : 17.12, 18.94, 27.61, 15.18, 58.83, 59.35, 71.61, 116.11, 127.69, 128.26,

128.73, 134.83, 139.94, 161.98, 167.02. IR (CHCl,): 3075, 3030, 1759, 1727, 1130. MS m/z

(relint.): 301 (M, 25%), 169 (11%), 113 (67%), 112 (27%), 95 (71%), 91 (100%), 67 (38%).
. found C 71.47, H 7.36, N 4.70.

Comnounnd 7i - 1n NMR ((“h(“l.. F\\ 1.20-2 .00
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Anal. Caled for CigH3NO; : C 71.73, H7.69, N 4.64;

(13H, m), 3.74 (1H, d, = 1.8 Hz), 3.91 (1H,
d, Jyem = 15 Hz), 4.12 (1H, d, J = 2.2 Hz), 4.81 (1H, d, Jgen = 15.2 Hz), 4.85 (1H, m), 5.02 (2H,
s), 7.20-7.40 (5H, m); 1*C NMR (CDCl;, ppm) : 17.17, 23.49, 25.25, 31.36, 45,11, 58.87, 59.72,
74.15, 115.99, 127.75, 128.22, 128.71, 134.90, 140.03, 162.18, 166.49. IR (CHCL): 3025,
2945, 1759, 1720, 1459, 1269, 1130. MS m/z (rel.int.): 327 (M, 7%), 154 (9%), 113 (100%), 95
(47%), 91 (83%), 67 (38%). Anal calcd for CyHasNO; : C 73.36, H 7.69, N 4.27; found C
73.10, H 7.40, N 4.20.

Compound 11a - 'H NMR (CDCL, 8): 1.60 (3H, s), 2.28 (3H, s), 3.91 (1H, d, J = 15.4
Hz), 3.93 (1H, d, J = 2.5 Hz), 4.28 (1H, D, ] = 2.5 Hz), 4.68 (1H, d, J = 15.4 Hz), 4.7 (2H, m)

7.10-7.30 (5H, m); *C NMR (CDCl;, ppm): 17.15, 29.74, 45.18, 56.93, 67.52, 115.89, 128.01,
128.48, 128.95, 135.07, 140.30, 166.38, 196.43. IR (CHCls): 3025, 1749, 1713, 1641, 1369,
10

1130. MS nvz (rel.int.) : 243 (6), 202 (10), 152 (42), 111 (10), 95 (91), 91 (100), 67 (25), 43
(42). Anal. caled for CysH7NG, : C 74.05, H 7.04, N 5.76; found C 74.10, H 7.05, N 5.65.
3.30 (1h, m), 3.84

Compound 11b - 'H NMR (CDCls, 8): 1.0-2.0 (13H, m), 2.31 (3H, s),
(1H, d, J = 2.4 Hz), 4.48 (1H, d, J = 2.4 Hz), 500(1H m), 5.

ppm) 16, 84, 24. 92 25. 07 25. 19 29. 93 30. 27 30. 68 334 56. 37, 00. 41, 115. 7L, 141.

161.513, 200.07; IR (CHCl3): 3025, 2940, 1741, 1712, 1525, 1430, 1251, 1207; MS m/z

(relint.) : 152 (24), 109 (8), 94 (100), 66 (27), 42 (63). Anal. calcd for C14H,0,N : C 71.44, H
9()0 N 5.95; found : (‘7005 HR891, N5.78.

Compound 11c¢ - 'H NMR (55:45 diastereomeric mixture) (CDCl3, 8); for major isomer: 1.50
(3H, s), 2.72 (3H, d, J = 8.0 Hz), 2.28 (3H, s), 3.86 (1H, d, J = 2.6 Hz), 4.29 (1H, d, J = 2.6 Hz),
442 (1H, q, J = 8.0 Hz), 5.00 (2H, m), 7.20-7.40 (5H, m); for minor isomer 1.55 (3H, d, J = 8.0
Hz) 1.62 (3H, s), 2.23 (3H, s), 3.86 (1H, d, J = 2.6 Hz), 4.53 (1H,d, J = 2.6 Hz), 4.76 (1H, q, J
= 8.0 Hz), 5.00 (2H, m), 7.20-7.40 (5H, m); *C NMR (CDCls, ppm): 16.52, 16.71, 19.34,
19.86, 24.92, 53.49, 54.34, 56.62, 57.58, 65.94, 66.48,93.75, 116.051, 116.547, 126.00-129.00,
140.51, 141.07, 162.65, 199.66. IR (CHCl;): 3070, 1745, 1713, 1641, 1402, 1360, 1286, 1117.

fral in Y1E (AN 169 7ASY 129 /7Y 105 7100 O &4y 77 12 &7 712Y
MS m/z (reL. int.): 257 4), 216 (4), 152 (45), 132 (27), 105 (100), 95 (56), 77 (23), 67 (13), 43

(42). Anal. calcd for CiHgNO, : C 74.68, H 7.44, N 5 .44; found C 74.75, H 7.35, N 5.60.
Compound 11d - '"H NMR (65:35 diastereomeric mixture) (CDCls, 8); for the major isomer:

w
J
N
N
J\Al‘
h
O
29
ik

126 (3H, 5), 2.27 (3H, 5), 3.27 (1H, dd, J; = 13.9 Hz, J, = 5.2 Hz), 3.46 (1H, dd, J; = 13.9 Hz,
J,=10.9 Hz), 3.74 (3H, ), 3.77 (11, d, J = 2.5 Hz), 3.95 (1H, dd, J; = 10.9 Hz, J, = 5.2 Hz),



436 (1H, d, J=2.5 Hz), 4.66 (1H, s), 4.78 (1H, s) 7.20-7.30 (5H, m); for the minor isomer: 1.60
(3H, s), 2.24 (3H, s), 3.10-3.30 (2H, m), 3.71 (3H, s), 3.84 (1H, d, J = 2.5 Hz), 403 (1H,d, J =
2.5 Hz), 4.15 (1H, dd, J; = 9.4 Hz, J, = 6.6 Hz), 4.96 (1H, s), 5.02 (1H, s), 7.10-7.30 (5H, m);
C NMR (CDCl;, ppm): 16.46, 16.83, 29.46, 29.54, 35.43, 35.56, 52.56, 52.65, 57.65, 57.81,
59.15, 59.32, 66.43, 66.83, 115.69, 116.95, 127.077, 128.60, 128.71, 128.95, 129.03, 136.97

P .

139.87, 164.09. IR (CHCls): 3030, 2960, 1758, 1746, 1715, 1458, 1371, 1287, 1217, 1180,
1129, 1108. MS m/z (rel.int.):315 (2), 256 (9), 230 (10), 162 (61), 111 (40), 95 (89), 91 (100),
67 (31), 43 (80). Anal. calcd for C;sH;NO, : C 68.55, H 6.71, N 4.44; found C 68.60; H 6.65,
N 4.55.

Compound iie - 'H NMR (8:2 diastereomeric mixture) (CDCIs, 8); for major isomer:1.28
(3H, s), 2.32 (3H, s), 3.73 (3H, s), 3.81 (1H, d, J = 2.5 Hz), 4.67 (lH, s), 480 (1H,d, =25
Hz), 4.85 (1H, s), 5.37 (1H, s), 7.20-7.40 (5H, m); for minor isomer: 1.71 (3H s), 2.27 (3H, s),

3.71 (3H, 5), 3.91 (1H, d, ] = 2.5 Hz), 4.37 (1H

T -9 & LIz

A T &) 10 7111 .\
a,J =2.9

. 4( , 8), 5.18 (1H, s), 7.20-
7.40 (5H, m); C NMR (CDCl;, ppm): 16.15, 17.00, 29.46, 29.70, 52.76, 58.67, 59.11, 60.50,
61.69, 66.44, 66.81, 116.10, 116.19, 128.00-129.00, 130.41, 132.16, 140.16, 163.36, 169.24,
199,15=IR(CHC13) 3025. 1757. 1736 1715, 1368, 1207. 1132. MS m/z (rel mt\ 242 mm 200

o

N
3

£

W/ -Asa Vv dow
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{18), 43 (37). Anal. calcd for
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