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Synthetic Routes to B-Lactams. Some Unexpected Hydrogen
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Abstract: Appropriately substituted xanthate derivatives of N-ethenyl acetamides undergo radical cyclisation to give B-lactams
with transfer of the xanthate group. In onc case, a cascade of unexpected and unusual hydrogen transfer reactions occurred.
© 1908 Elgevier Science Ltd. All rights reserved.
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INTRODUCTION

A vast amount of work has been devoted over almost half a century to the synthesis of B-lactams.! This
nucleus is the key feature in penicillins and cephalosporins, which constitute by far the most important family
of antibiotics. The propensity of B-lactams to react with various nucleophiles appears to be at the heart of their
biological activity; it has also been used to advantage in various synthetic applications.? So far, the
construction of the central B-lactam unit has relied on ionic chemistry in the broadest sense. Radical reactions
have only recently been found to allow, under certain circumstances, the formation of such a strained ring.3
With the exception of studies from the group of Pattenden?a-¢ who has used organocobalt derivatives and a
recent application by ourselves of the nickel / acetic acid reducing system,* essentially all the published
work3d-h has involved tin hydride mediated radical cyclisations, with all the limitations imposed by such a

system. In particular it is usually necessary to operate under high dilution conditions (in general through

slow addition stannane ) and to stabilise the radical created in the (relauvely SlOW) CyCllS&[lOﬂ S[Cp with
phenyl gr i.ipS or sulf"r substituents. As part of our work on the radical chemistry of xanthates, we have now
found that it can be applied to the construction of $-lactams, thus usefully complementing existing methods.

RESULTS AND DISCUSSION

Over the past few years we have shown that xanthates 1 were synthetically convenient sources of a wide

al ranntinm manmifald digmlavad

y of Th.ulucub, which can be gcnerated and Captured aubu;diﬂg to the geénera: réacCiidon mainiio:a Gispiayca
in Sch e 1.5 Several advantages are associated with such a system: (i) the radicals are created through
initiat bv organic peroxides or by light, without the intervention of heavy metals such as tin or mercury; (i)
although radical 2 can (and does) react with its precursor 1 to give adduct 3 (path a), this process is
degenerate since breaking the O-Me (or O-Et) bond is quite difficult and fragmentation only leads back to
radical 2 and starting xanthate 1; because of this key property, radical 2 acquires a relatively long effective
lifetime (by being continuously regenerated) allowmg it to undergo dlfflcult cycllsatlons or addmom to
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One further consequence of the degeneracy of path a, in addition to allowing the use of relatively unreactive
radical traps, is that the reactions can be run at a much higher concentration. These favourable features may be
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readily contrasted with those goveming the radical chemisiry of tributyitin hydride. This was accomplished in
the first instance by comparing the construction of the adjacent ring to the B-lactam nucleus in a carbacepham.

Thus, as summarised in Scheme 2, the radical cyclisation of chloride 6, examined in a pioneering work by
Bachi and co-workers® a decade ago, provides the 6-endo bicyclic B-lactam 8 in 20% yield, if the
concentration of the medium is 0.02M in tributylstannane. The major side-product is, as would be expected,
the reduced derivative 7, isolated in 50% yield. If the concentration of the stannane is lowered to 0.003M, the
yield of the desired bicylic B-lactam increases to 50% and that of the reduced compound 7 decreases to 5%.
However, at such high dilution another side-product 9 (14%), arising from reaction of the intermediate radical

with the solvent, benzene, becomes significant. This is clearly a slow cyclisation and high dilution is
necessary if stannane is the radical generating reagent
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If, on the other hand, a 0.25M solution of the corresponding xanthate 10 in refluxing cyclohexane is treated
with a small amount of lauroyl peroxide (20%), then a smooth reaction occurs to give B-lactam 11 in 74%
yield as an 87:13 mixture of epimers. Xanthate 10 is made from the same chloride 6 by displacement with

comineicially available potassium ethyl xanthate. A better yield in cyclisation is therefore obtained at a
concentration that is nearly a hnndre’d--old greater, with the added bonus that the product contains a xanthate
group with all the attending synthetic opportunities.
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(c) Cyclohexane (reflux), cat. lauroyl peroxide
Scheme 3

For the construction of the B-lactam nucleus itself, our approach relies on the radical cyclisation starting from
enamides such as 13, prepared by the acylation of an imine with chioroacetyl chioride, followed by
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When xanthate 13 was subjected to the usual radical generating conditions (refluxing cyclohexane, catalytic
lauroyl peroxide) no cyclised product 17 was isolated. Only starting material was recovered from the
reaction, Even though we anticipated that intermediate radical had a sufficient lifetime in the medium to
cyclise and capture a xanthate group to give ultimately 17, our hopes seemed to be frustrated by the
reversibility of both the cyclisation and the xanthate transfer steps. Radical 16 is apparently not sufficiently
stabilised to shift the equilibrium towards the B-lactam structure, in contrast to the examples described in the
literature3d-h, and alluded to in the introduction above, where phenyl or phenylthiyl groups were used as
stabilising substituents, but which constituted at the same time a limitation to the generality of such an
approach.

In order to favour the formation of m

irreversible process. One simpie exped

ihl +
irreversibly react with radical 16, giving ¢

one more carbon-carbon bond. This indeed tumed out to be the case, as 111ustrated by th followmg example
delineated in Scheme 4 and involving the use of excess allyl acetate as the external olefin. Under these
conditions, the cyclisation-addition product 18 (23%) along with lesser amounts of double addition derivative
19 (8%) were obtained, with 27% of the starting xanthate being recovered.
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(b) Bu;SnH (1.9 equiv.), AIBN (0.6 equiv.), benzene, reflux

Scheme 5

Allyl acetate is a poor radicophile. We therefore repeated the above experiment using phenyl vinyl sulfone
which is a better trap and which could be used in smaller excess, thus eliminating perhaps the formation of
f

double addition products With 1.5 equiv. of pneny1 vinyl suifone, we were surprised by the sluggishness o

PR, a matiira f tha fhnr nradnete (Qohama §) that were aventually igenlated in noor vield and

the reaction and [)y the nature of the four proaucts \\Jbuuuu/ .:; that were Eveiltlduy 180G1alll il POOT YiciG aiil

identified as 20 (7%), 21 (7%), 22 (6%), and 23 (9%), along with a large amount of unreacted starting
material (65%). The first, 20, is the expected product of the reaction, but the remaining three appear to arise
by a remarkable sequence of transformations, permitted no doubt by the relatively long life of the intermediate
radicals inherent to the xanthate system, as explained above, and maybe also by a favourable geometry
imposed by the bulky ferz-butyl group. For structural confirmation purposes, 21 was reduced by
tributylstannane (Scheme 5) into the simpler derivative 24 (this compound is in fact also produced in small

amounts in the main reaction and could be identified once an authentic sample was in hand).
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The reaction manifold displayed in Scheme 6 provides a mechanistic rationale for the formation of 21 and 22.
The former arises through a 1,5-hydrogen shift, followed by a reversible transfer of the xanthate group. As
for the latter, it appears necessary to invoke a 1,4-hydrogen shift, followed by B ellmmauon of a

nhenvlcnlfanvl radical TInlike 1 S_hvdrooen chifte? which are fairlv commo
yll\/ll-’ lJULLULIJl 1GAUIWLL,. WAkiinDw Ly cJ lIJ \.IIU WAL D111 00D YYilivil Qv lll] ALY

hydrogen shifts are extremely rare8. The generation of phenylsulfonyl radicals in the medium explains the
slugglshness of the reaction since these radicals are too stabilised to propagate the chain and act rather as
inhibitors. Strong evidence for the proposed pathway in the present case was adduced by adding lauroyl
peroxide (1.6 equiv.) portion-wise to a refluxing cyclohexane solution of pure 21 until its complete
consumption. Under these conditions a good yield ot 22 (70%) was obtained, demonstrating the remarkable

£l e S,

CIIlClCIlLy of the i 4-nyurogt:n transiocation in ihe prebt:m case.
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A probable path for the formation of compound 23 is outlined in Scheme 7. It implies an initial double
addition to phenyl vinyl sulfone, followed by a 1,6- then a 1,5-hydrogen shifts, and finally a selective -
elimination of the secondary phenylsulfonyl group to give the more substituted olefin. Although 1,6- are rarer
than 1,5-hydrogen shifts, they are much more common than 1,4-hydrogen shifts.” An alternative route would
be a 1,7- (i. e.abstraction of H-7 instead of H-6 in 26) followed by a 1,6-hydrogen shift, but this is perhaps
less likely.
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Unfortunately, none of the xanthates 27 and 29 corresponding to the postulated intermediate radicals 26 and
28 could be isolated in this case to allow us to perform the same type of experiment as for 22. This fact may
be taken as an indication that the intervening steps are relatively fast, driven inexorably towards 23 by the

final elimination of the phenylsulfony! radical
From a synthetic standpoint, we have exploited these mechanistic observations in order to improve the yield

1 <pl T
of compound 22 at the expense of the other products. As the formation of each molecule of 22 or 23
liberates a phenylsulfonyl radical which is too stabilised to propagate the chain, it is necessary to use lauroyl
peroxide in stoichiometric amounts. This not only allows an essentially complete transformation of the
starting material 14, but has the added advantage of also inducing the conversion of intermediates 20 and 21
into elimination product 22, since the presence of the xanthate group in these molecules provides a means to
regenerate the radical precursors and thus re-enter the reaction manifold. Moreover, we hoped that a three-fold
dilution of the reaction medium and batch-wise addition of phenyl vinyl sulfone (3 batches of 0.5 equiv. each)
would limit the formation of compound 23 by diminishing the concentration of the external trap. Finally, we
opted for 1,2-dichloroethane mstead of cyclohexane because of its greater solubilising power. Under these
modified conditions (Scheme 8), the yield of 22 rose to 40% but that of 23 did not change much (9%),
whereas the reduced adduct 24 became more important (16%). Derivatives 20 and 21 were practically absent
from the Imxture Although the yield of 22 might seem modest, its formation involves no less than five

as far as we are aware, this ime that ohenvl vinyl sulfone allows the
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Scheme 8

Another route to B-lactams was examined where the creation of the strained four-membered ring is coupled
with the cleavage of an even more strained cyclopropane or the departure of a leaving group in the radical
sense. The construction of strained rings by pulling an unfavourable equilibrium with the help of a fast but
largely irreversible subsequcnt step has some precedent in the field of radical chemistry.!? In our case, this
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One such precursor is xanthate 30, prepared by the same route as above from dicyclopropylacetaldehyde.
Indeed, upon exposure to catalytic amounts of lauroyl peroxide in cyclohexane, it was converted into -
lactam 31, the logical product of the sequence depicted in Scheme 9, in an unoptimised 30% yield (60%

hagad An rn/\f\nnrn/‘ ctarting matariall The nnenina of ane af the cuclanranane rinac ic tha
Uadtlu ULl ICLUVLILU Stai iy 1lailrialy. UL Upiiiiiig Ul UL Ul Uie LyLIvpiupalic 1iiigs 15 uid

instance.

The second possibility is illustrated by the cyclisation of compound 33 with the concomitant expulsion of a
phenylthiyl radical. The yield of the corresponding B-lactam 34 is 48% and a stoichiometric amount of
lauroyl peroxide is needed since phenylthiyl radicals are incapable of propagating the chain. The fact that the
olefinic bond in 34 is unsubstituted on one terminus makes the product vulnerable to further attack by radicals
in the medium with opening of the four-membered ring and open chain amides arising from such a pathway
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Conditions : (a) EtOC(S)S” K*; ethanol; (b) Cyclohexane (reflux), lauroyl peroxide (1.3 equiv.)

Scheme 10
In summary, we have shown the utility of this new radical chemistry of xanthates in providing access to a
variety of B-lactam structures, either by rrodificat‘im of an existing P-lactam ring or by forcing the formation
af tha azatidinana with th af fact eccentially irrevercihle ctencg one of the vielde hac heen antimiced
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and room for improvement certainly exists.
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EXPERIMENTAL

Solvents and reagents were purified according to standard laboratory techniques. LR. spectra are for neat films unless otherwise
stated. 'H and 13C NMR spectra were recorded on Bruker 200, 250, or 300 MHz in deuterated chloroform solutions with

. Tana ac intarnal standard anm ) counling congtante are given in Hz Mace enactra ware recardad on AET MS_&SD
u:uaulcux_ylsuauc as ifeinar Stanaara \u yyun;, puupuus LUTIDLAIIW AtV ELIVVIL L F14. VIASD Spviua Wiiv IVAULULVG Uldl £3l IVED=JV

(ED), AEI MS-9 (EC) or Kratos MS-80 (HRMS) spectrometer.

N _stomst Paéed N athyl
IN=teri=puLyi=iv-= \ met 1

y
isobutyraldehyde ( ml, 25 mmol) was slowly added at room temperature. The water formed during the reaction was removed.
Potassium hydroxide pellets were added and the remaining water was taken off after 4 hours. The complete formation of imine 12
was confirmed by L.R. spectroscopy. A solution of the imine in dry cyclohexane (10 mi) was added dropwise over 4 hours under

-chlgroacetamide, To ters-butylamine (2.6 m] 25 rnmnn in a separatorv funni-]
=gmgroaceiamicge. 10 lferi-outy 200 n a separatory tunnel

an inert atmosphere to chloroac Fiv] chloride (2.15 ml, 27 mmal) in gvc]ghgxane (75 ml\ To this mixture, a solution of
an inert atmosphere to

triethylamine (10.4 ml, 75 mmol) in cyclohexane (20 ml) was added dropwisc over 3 hours. The resulting precipitate was filtered
off over celite, rinsed with ether and the l'illrale concentrated under vacuum. After purification by silica gel column
chromatography (eluent: heptane / ethyl acetate - 9 : 1), the title compound (3.55g, 70%) was obtained as a colorless oil,

Vaaxlem-) 2978, 1677, 1656 (C=0), 1394, 1367, 13_3(3 and 1200; 8y (250 MHz; CDCl3) 1.39 (9H, s, Buf), 1.67 (3H,d, J 1.4,
CMeCH3), 1.77 (3H, 4, J 1.4, CMeCH3), 3.88 (1H, d, JoB 13.5, CICHH), 4.04 (1H, d, JAB 13.5, CICHH) and 5.82 (1H, m,
HC=C); 8¢ (62 MHz; CDCl3) 17.0 (CH3), 21.0 (CH3), 27.5 (C(CH3)3), 44.2 (CH2Cl), 58.0 (CMe3), 121.8 (CH=C), 137.5

T 108 A 1

[NICQL‘LH} and 165.3 LL—U)
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N-tert-Batyl-N-(2.2-dicyclopropylethenyl)-2.chloroacetamide. To rers-butylamine (0.95 ml, 9 mmol) in a
separatory funnel, 2,2-dicyclopropy! acetaldehyde!! (1.12 g, 9 mmol) was slowly added at room temperature. The water formed
during the reaction was removed. Potassium hydroxide pellets were added and the remaining water was taken off after 4 hours. The
complete formation of the iminc was confirmed by LR. spectroscopy. A solution of the imine in dry cyclohexane (4 ml) was
added dropwise over 4 hours under an inert atmosphere to chloroacetyl chloride (0.8 ml, 10 mmol) in cyclohexane (30 ml). To
this mixture a solution of triethylamine (3.8 ml, 27 mmol) in cyclohexane (8 ml) was added dropwise over 3 hours, The resulting
precipitatc was filtered off over celite, rinsed with ether and the filtrate concentrated under vacuum. After puriﬁ(,alion by silica gel

nnnnnnnnnnn

LUlulllll LlllUllldlUEldplly \UIUGIH lleldllC I Clllyl dhCLdLC -7 l}, lllC llllG uuulpuuuu wad UUI_dlllCu as a LUIOHCSS Ull OH kLW
MHz) 0.42-0.98 (9H, m, cyclopropyl: 1CH, 4CH>), 1.40 (9H, s, Buf), 1.77-1.89 (1H, m, cyclopropyl CH), 4.02 (1H, d, Jap
14, CICHH), 4.10 (1H, d, Jop 14, CICHH) and 5.77 (1H, s, CH=C).

N-Benzyl-N-(2-methyl-3-phenylthiopropenyl)-2-chloroacetamide 32. 2-methyl-3-phenylsulfenyl-propionaldehyde
was prepared by addition of thiophenol (5.13 ml, 50 mmol) to methacroleine (4.60 ml, 55 mmol) and with triethylamine (5.5
mmol; 10mol %) at room temperature, followed by evaporation of remaining methacroleine and triethylamine. This aldehyde was

directlv condensed with benzvlamine (6.00 ml. 35S mmol ina separatory funnel at room temnerature. The water formed durine the
Qirecliy conaensca wiln oenzy:amine (0.U0 My, 02 MNei} 1n a sepa at room temperature. 1ne waler 1ormed aunng e

reaction was removed after 10 hours. The remaining water was azeotrpplcally removed by co-evaporation threc times with toluene
under vacuum. A solution of this imine in dry cyclohexanc (20 ml) was added dropwise over 4 hours under an inert atmosphere to
chioroacetyl chioride (4.38 mi, 55 mmol) in cyciohexane (150 mi). To this mixture a solution of triethylamine (20.9 mi, 150
mmol) in cyclohexane (40 ml) was added dropwise over 3 hours. The resulting precipitatc was filtered off over celite, rinsed with
ether, and the filtrate concentrated under vacuum. Purification by silica gel column chromatography (eluent: heptane / ethyl
acetate - 9 : 1) gave compound 32 (8.6 g, 50% from methacroleine) as a yellow oil, Vinax/cm1 3060, 1770, 1675 (C=0), 1657,
1438, 1407 and 1231; dy (250 MHz) 1.55 (3H, s, CH3), 3.47 (2H, s, NCH3), 3.54 (2H, s, CH38), 4.49 (2H, s, CH,Cl), 5.80
(1H, br s, HC=C) and 7.11-7.38 (10H, m, 2Ph); §c (75 MHz; CDCl3) 13.7 (CH3), 38.9 (CH3S), 41.3 (CH,Cl), 50.4 (NCH>),
124.2 (CH=C), 126.3 (CH, Ph), 126.6 (CH, Ph), 127.6 (2CH, Ph), 127.9 (2CH, Ph), 128.3 (2CH, Ph), 130.2 (2CH, Ph),

133.7 (Cq), 135.6 (Cq), 136.7 (Cq) and 164.8 (C=0).

tert-Butyl (2-allyl-4-oxo-azetidin-1-yl)-ethoxythiocarbonylsulfenylacetate 10. To a solution of chloride 6!2
(1.9 mmol) in acetone (4 ml) was added portionwise potassium O-ethyl xanthate (455 mg, 2.85 mmol) at 10°C. The mixure was
stirred for 3 hours at room temperature then concentrated under vacuum. The residue was dilluted in dichloromethane, then poured
into water. The organic layer was washed with brine, dried (Na3S04), and concentrated. Compound 10 (425 mg, 65%) was
obtained as a pale yellow oil following silica gel column chromatography (eluent: heptane / ethyl acetate - 8 : 2); it was a
mixture of two diastercomers (3 : 2). (Found: C, 52.15; H, 6.7. Calc. for C15H23NO4S7: C, 52.15; H, 6.7%); Vmax/cm !
2980, 1768 (C=0), 1740 (C=0), 1370, 1237 (O-CS), 1151, 1047 (C=S); &y (300 MHz) 1.44 (6/5H, t, J 7.0, OCH,CH3), 1.46
(9/5H, t, J 7.1, OCHCH3), 1.48 (18/5H, s, Buf), 1.49 (27/5H, s, Buf), 2.26-2.42 (1H, m, CHHCH=CH3), 2.56-2.80 (1H, m,
CHHCH=CH3), 2.66 (3/5H, dd, JoB 15.1, Jox 2.5, CHHCO), 2.70 (2/5H, dd, JAB 15.0, Jox 2.9, CHHCO), 2.98 (2/5H, dd,
JaB 15.0, Jgx 5.4, CHHCO), 3.04 (3/5H, dd, Jag 14.9, Jgx 5.2, CHHCO), 3.77-3.86 (2/5H, m, NCH), 3.99-4.08 (3/5H, m,

NCOIN ART (AJSTT ~ "71 NCHACH-Y A AQ (R/SH I'71 NCHACMHAY SNE.8S21 M m CH-CHAY §SA7. 5Q2 /7117
NI ), .07 (won, 4, L1, UNAIYNARF ), .07 \Uion, ), L1, VUaigoni3y, J.W0-J4r (4, M, Liaswi1g), 3.04-5.65 (i, i,

HC=CH>), 6.16 (2/5H, s, SCH) and 6.23 (3/5H, s, NCHS); 8¢ (62 MHz; CDCl3) 13.5 (OCH2CH3), 27.6 (C(CH3)3), 37.1,
37.6 (CHp), 41.3, 41.9 (CHp), 51.1, 52.3 (NCHCH3), 60.5, 60.6 (SCH), 70.6, 70.7 (OCH3), 83.9 (CMe3), 118.2, 118.4
(CH=CHy), 132.2, 132.5 (CH=CHy), 164.0, 164.5 (OC=0), 165.5, 166.3 (NC=0), 208.8, 209.5 (C=S).

N-t-Butyl-N-(2-methylpropenyl)-methoxythiocarbonylsulfenylacetamide 13. The same procedure was used with

a solution of N-tert-Butyl-2-chloro-N-(2-methyl-propenyl)-acetamide (2.03 g, 10 mmol) in methanol (20 ml) and potassium O-
mPthvl xanthate (2.2 g, 15 mmol). Xanthate 13 (2.52 g, 92%) was obtained as a nﬂlf‘ vellnw o1l fnl]nwmu silica gel column

chromamgraphy (elucnt heptane / ethyl acetate - 9 : 1) (Found: C, 5245; H, 7.7, N 5() Calc. for C12H21N0252 C, 52.35;
H,7.7; N, 5.1%), vmax/cm! 2976, 1651 (C=0), 1229 (O-CS) and 1069 (C=S); 8y (250 MHz) 1.38 (9H, s, Bu’), 1.71 (3H, d,
J 1.1, CMeCH3), 1.80 (3H, d, J 1.2, CMeCH3), 3.79 (1H, d, JaoB 15.8, SCHH), 4.04 (1H, d, Jaop 15.8, SCHH), 4.15 (3H, s,
OCH3) and 5.90 (1H, m, CH=C); 8¢ (62 MHz; CDCl3) 17.7 (CH3), 21.6 (CH3), 28.1 (C(CH3)3), 42.6 (CH3S), 58.6 (CMe3),

11, (38 ¥/ \LIl)u} S\ N

60.1 (OCH3), 122.9 (CH=C), 137.6 (MezC—CH), 166.3 (C=0), 215.2 (C=8), m/z (EI) 275 (M**), 260, 218, 168 and 149.

N-t-Butyl-N-(2-methylpropenyl)-ethoxythiocarbonylsuifenylacetamide 14. To a solution of N-ters-butyl-N-(2-
methylpropenyl)-2-chloro-acetamide (2.03 g, 10 mmol) in ethanol (20 ml) was slowly added potassium O-ethyl xanthate (2.4 g,
15 mmol). A white potassiurn chloride precipitate soon replaced the yellow potassium xanthate salt, The mixure was stirred for 2

ad 3 than avirantad oo with o 7 - antana / atha Tha
uuunb dl. TOOI u:ulpcnatulc auu p\luluu luLU WﬂL\'I, l.u\«u CAUaLivu twite wxul ai. .J puluauu Jeler uuAlulG 11iC UlEcullb Ja)r\,x was

washed with brine, dried (NaSO4) and concentrated. Xanthate 14 (2.65 g, 92%) was obtained as a pale yellow oil following
silica gel column chromatography (eluent: heptane / ethyl acetate - 9 : 1). (Found: C, 53.8; H, 8.05; N, 5.0. Calc. for
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=5 max \~— ) L8 Do (=2, \ou NAIRd)

38 (9H, s, Buf), 1.41 (3H, t, J 7.1, OCH2CH3), 1.71 (3H, d, J 1.3, CMeCH3), 1.80 (3H, d, J 1.3, CMeCII';) 3.78 (1H, 4,
JAB 15.8, SCHHCO), 4.03 (IH d, Jaop 15.8, SCHHCO), 4.64 (2H, q, J 7.1, OCHCH3) and 5.90 (1H, m, CH=C); 8¢ (62
MHz; CDCIl3) 13.5 (OCH2CH3), 17.9 (CH3), 21.8 (CH3), 28.4 (C(CH3)3), 42.5 (CH3S), 58.9 (CMe3), 78.2 (OCHMe),
123.2 (CH=C), 137.8 (Me>C=CH), 166.6 (C=0) and 214.6 (C=S).

1L =

C13H23N01S): C, 53.95; H, 8.0; N, 4.85%); Vnax/cm™! 2977, 1654 (C=0), 1227 (O-CS) and 1052 (C=S); 5y (300 MHz)
L.

,,,,,,,,,,,,,,,,, S T L WY S i, U DI ¥ D g Avn A BEAs

N-i-Butyi-N-(2,2-dicyclopropylethenyl)-methoxythiocarbonyisulfenylacetamide 30. The same procedure was
used with a solution of N-tert-butyl-N-(2,2-dicyclopropylethenyl)-2-chloroacetamide (half of the material obtained above) in
methanol (10 ml) and potassium O-methyl xanthate (1.0 g, 7 mmol). Xanthate 30 (955 mg, 65% from 2,2-dicyclopropyl
acetaldehyde) was obtained as a yellow oil following silica gel column Lhromatography (eluent: heptane / ethyl acctate - 9 : 1).

(Meiad. BT MII+® 27Q 1ANE (Cala for (o NN LCae 292 1408 v -1 9075 1886 (=0 12461 1996 (D.OQY and
(round: oL, vire: , 5326.14uU0. vaiC. 10T Ujarigainwgagg. 520,197, Vm‘lxl\zlll L7113, 1030 (L=U), 1301, 1220 (\U-LO)j aiid

1071 (C=S); 8y (300 MHz) 0.2-1.0 (9H, m, cyclopropyl: 1CH, 2CH>), 1.49 (9H, s, Bu’), 1.6-1.9 (1H, m, cyclopropyl CH),
3.99 (1H, d, Jop 15.8, CHHS), 4.04 (1H, d, Jop 15.8, CHHS), 4.15 (3H, s, OCH3) and 5.86 (1H, s, CH=C); 8¢ (75 MHz;
CDCl3) 4.5, 5.0, 5.1 (4CHp, cyclopropyl), 9.5 (cyclopropyl CH), 12.5 (cyclopropyl CH), 28.3 (C(CH3)3), 43.3 (CH»S), 59.0
(CMe3), 60.2 (OCH3), 122.2 (CH=C), 1449 (C=CH), 166.8 (C=0) and 215.5 (C=8); m/z (E) 327 (M**), 212, 252 and 219

LLvily), CIi3), 14440070 ), 156,05 (L), 1008 (L=0 a0G L3100 (\(L=9), IV \Za) 347 Ui Jihy 224 QN0 L17,

{
g

N-Benzyl-N-(2-methyl-3-phenylthiyipropenyl)-methoxythiocarbonylsuifenyilacetamide 33. The same
procedure was used with a solution of chloroacetamide 32 (3.46 g, 10 mmol) in ethanol (20 ml) and potassium O-ethy! xanthate
(2.4 g, 15 mmol). Xanthate 33 (4.0 g, 93%) was obtained as a yellow oil following silica gel column chromatography (eluent:
heptane / ethyl acetate - 9 : 1), (Found: C, 61.35; H, 5.9. Calc. for CpoH25NO283: C, 61.2; H, 5.85%); Vmax/cm” 1 2959,
1672, 1654 (C=0), 1438 1233 (O-C8) and 1052 (C=8); dy (300 MHz) 1.38 (3H, , J 7.1, OCHpCH}3), 1.62 (3H, d, J 1.3,
CH3), 3.51 (2H, s, NCH)), 3.52 (2H, s, CH,SPh), 4.50 (2H, s, CH,CO), 4.60 (2H, q, J 7.1, OCHyCH3), 5.90 (1H, br s,
HC=C) and 7.06-7.38 (10H, m, 2Ph); 8¢ (75 MHz; CDCl3) 13.3 (OCH;CH3), 14.5 (CH3), 38.5 (CH3S), 39.7 (CH»S), 50.9
(NCH3), 69.9 (OCHyMe), 125.2 (CH=C), 126.7 (CH, Ph), 127.0 (CH, Ph), 127.9 (2CH, Ph), 128.3 (2CH, Ph), 128.6 (2CH,

A rmE TN YT AL - L 7ol oY 1 A1 N 2

Ph), 130.6 (2CH, Ph), 134.1 (Cq), 136.1 (Cq), 136.7 (Cq), 165.7 (C=0) and 213.0 {C=3).

t-Butyl 4-(ethoxythiocarbonylsulfanyl)-8-oxo-1-aza-bicyclo[4.2.0]Joctane-2-carboxylate 11. This is a typical
pracedure which was used for the radical reactions of the various xanthaies: a solution of xanthaie 19 (323 g, 0.9 mmol) in dry
cyclohexane (4 ml) was heated under reflux for 30 minutes in an inert atmosphere (o deoxygenate the solution. Lauroyl peroxide
(8 mg, 2%) was introduced every 2 hours through the reflux condenser to initiate the radical reaction which was monitored by
TLC for completion. Thus, 0.2 equiv. of dilauryl peroxide (80 mg) were added over 20 hours. The solvent was removed under
reduced pressure and the residue purified by silica gel column chromatogaphy (eluent: heptane / ethyl acetate - 95 : Sto 4 : 6).
Two diastereomers of 11 were in this way separated :

The first diastereomer (200mg, 65%) was obtained as white crystals mp 97-98°C (from CH»Cly/pentane). (Found: C, 52.4; H,
6.9. Calc. for C15H23NO452 C, 52.15; H, 6.7%); Vmax/cm™1 2979, 1760 (C=0), 1733 (C=0), 1393, 1369, 1221 (O-CS),

1187 and 1N82 /C—CY. IO NMI-A 198181 (1TH m CYSYHIN 141 (AT ¢+ T79 OCHACH-Y 182 (OH ¢ N 176 11
110/ allkd 1UJo (=9}, UH \JUY IVAIRZ) 1 4= 1,01 ULLL, iy NAJJAMIJ, 172 \DALy Ly 7 kg NI/ AL ), 1.4 (711, Dy, 13 L.iU 111,

Buf),
ddd, Jog 13.0, Joy 13.0, Jax 7.0, C(3)HHB), 2.41-2.51 (1H, m, C(5)HH), 2.51 (1H, ddd, Jaop 13.3, Jpy 3.2, Jpx 1.4,
C(3)HH®), 2.66 (1H, dd, Jop' 148, Jax 1.6, CHHHB), 3.24 (IH, dd, o' 147, Jpx 4.5, C(DHH®), 3.75-3.94 (2H, m,
C(4)HY, C(6)H%), 4.65 (1H, d, Jax 7.0, C(2)HP) and 4.65 (2H, q, J 7.1, OCH2CHj3); 8¢ (75 MHz; CDCI3) 13.7 (OCH,CH3),
28.0 (C(CH3)3), 33.1 (C(3)H»), 35.9 (C(5)Hn), 42.2 (C(4)H), 45.1 (C(7)H3), 46.5 (C(6)H), 50.9 0

20U (N L1133 ), J3I5.1 \NA\S )11 ), FO.7 \NN\G 1)y TLL ATy SO0 (LA ON

(CMey), 165.2 (C=0), 168.9 (C=0) and 212.2 (C=8).

The second diastereomer (28 mg, 9%) was obtained as a yellow oil, vma,(/cm‘1 2979, 2931, 1756 (C=0), 1394, 1369, 1253,
1223 (O-CS), 1155 and 1050 (C=8); 8y (300 MHz) 141 (3H, t, J 7.1, OCH;CH3), 1.48 (9H, s, Buf), 1.77 (1H, ddd, Jap 13.7,
Jay 11.0, Jpo7 4.0, C(5)HH), 2.16 (1H, ddd, JAB 14.7, JoAY 7.9, /a7 4.0, C3)HH), 2.38 (1H, ddd, JoB 13.7, Joy 3.7, JaZ 3.7,
C(5)HH), 2.65 (1H, dd, Jaop 14.7, Joy 1.7, C(3)HH), 2.65 (1H, dd, Jop 14.7, Joy 1.7, C(T)HH), 3.26 (1H, dd, Jaop 14.7, JoY
3.7, C(THH), 3.75-3.94 (2H, m, C(4)H, C(6)H), 4.24 (1H, dddd, Jaw =JaX =AY =/a7 =3.6, C(4)H), 4.46 (1H, d, 7.4, C(2)H)
and 4.63 (2H, q, J 7.1, OCH,CH3); ?m (75 MHz; CDCl3) 13.9 (OCH,>CH3), 27.9 (C(CH3)3), 30.2 (C(3)H)), 34.8 (C(5)H>).
43.5 (C(6)H), 43.7 (C(4)H), 45.1 (C(T)Ha), 48.8 (C(2)H), 70.1 (OCHy), 82.6 (CMe3), 165.8 (C=0), 169.4 (C=0) and 212.7
(C=8).

Reaction in the presence of allyl acetate. The same procedure was applied to a solution of 14 (0.29 g, 1 mmol) and
allylacetate (1.00 g, 10 mmol) in dry benzene (5 ml),.and 0.25 equiv. of lauroyl peroxide was added overall (12 mg, 2.5% every 2
IlUU[b, 1e. 120 mg over 20 llUl.ub} After billUlllalUslal_}ll] \GluDlll yuuu}uuln ether ll\.ul_yl acetate - 3 : }) 27% of the star qu

material was recovered, as well as the following products of simple and double addition :

2095
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1.#-Ry

compound was obtained as a pale yello
3.5. Calc. fm‘ C18H31NO4S7: C, 55.5;

€

(300 MHz) 1.00 (3/2H, s, CMeCH3), 101 ( 7 s, CMeCH3), 1.02 (3/2H, s, CMeCH3), 1.04 (3/2H, s, CMeCH3), 1.32 (9H,
s, Bu®), 1.37 (3H, t, J 7.1, OCHpCH3), 1.52-1.61 (1H, m, CHHCMej), 1.63-1.70 (1H, m, CHHCMe>), 1.99 (3H, s,
CH3CO»), 2.36-2.43 (1H, m, CHHCO), 2.72-2.79 (1H, m, CHHCO), 3.50-3.55 (1H, m, NCH), 3.92-4.01 (1H, m, CHS),
4.03-4.18 (2H, m, CH0Ac) and 4.59 (2H, q, J 7.1, OCHsMe); 8¢ (75 MHz; CDCl3) 13.7 (CH3CH»0), 20.8 (CH3CO»),
23.5, 23.7 (CH3), 24.7, 25.1 (CH3), 29.1 (C
(CHS), 54.0 (CMe3), 61.0, 61,2 (CHN), 66.9

A adaiand ] N 2Ta¥ g/ M2y Mo e

(C=8); m/z (EI) 389 (M*"), 329, 300, 268, 26

)

»:I:o
OU
Mo

m . .
i N, 3.6%); Vmax/cm 2970, ]744 (C= O), 1226 (O (‘9) and 1049 (C—S) SH
H,

PR Pl s SR

(CH3)3), 35.9 (CHyCMey), 37.8 (CMeyp), 38.0, 38.2 (CH,CO), 44.8, 44.9
(CH70AC), 70.3 (OCH»Me), 167.9, 168.0 (NC=0), 170.5 (MeCO») and 212.7
3,

r L E121VIC U.J ivicL azLls

231 226, 170, 161, 126, 84, 70, 57 and 43.
i-i-Buiyi-4-{6-acetoxy-3-acetoxymethyi-1,i-dimethyi-5 (etnaxyiniocarbony‘lﬁiifﬁﬁyi)heiyi -azetidin-2-
one 19. This compound was obtained as a pale yellow oil (40 mg, 8%, mixture of diastereoisomers). (Found: CI, MH*,
490.2296. Calc. for Co3HoNOgS7: 490.2297); vmd,‘/cm‘l 2976, 1737 (C=0), 1232, 1048 (O-CS) and 737 (C=S); dy (300
MHz) 0.96-1.08 (6H, m, C(CH3)2), 1.18-1.37 (2H, m, CH2(CH)3), 1.39 (9H, s, Bu), 1.42 (1.5H, t, J 7.0, OCH,CH3), 1.44
(1.5H, t, J 7.0, OCHCH3), 1.56-1.85 (2H, m, CH»CMey), 1.92-2.11 (1H, m, CH(CH3)3), 2.07 (3H, s, CH3CO»), 2.08 (3H,
s, CH3CO»9), 2.41-2.54 (1H, m, CHHCO), 2.72-2.89 (1H, m, CHHCO), 3.47-3.57 (1H, m, NCH), 3.86-4.12 (3H, m, CHS,
(CH)2,CHCH,0), 4.17-4.35 (2H, m, SCHCH0), 4.64 (1H, q, J 7.0, OCH,Me) and 4.66 (1H, g, J 7.0, OCHaMe); 8¢ (75
MHz; CDCI3) 13.8 (CH3CH70), 20.9 (CH3CO3), 21.0 (CH3CO3y), 23.2, 23.6, 23.8 (CH3), 24.8, 25.2 (CH3), 29.2

FOLIoNGY 20Q 21 1 (IO HARY 2340 285 ) (CHACMea)Y 380 36 1 (M MesY R2 ICHACHSY 1 4 IR R (CHACON A7

\b\bllj}j), T, I AT NTLD 3, JT.7, JJ.a \NILNIVIV) )y DU 7y DVULR \WVIVD Jy JUA (Wl Vi )y JUWUy JOW0 \(VILNS ), T,

47.7 (CHS), 54.2 (CMe3), 61.7, 61.8, 62.0 (CHN), 65.7, 66.1 (CH20Ac), 67.6, 68.1 (CH20Ac), 70.4, 70.5 (OCH2Me),
168.2 (NC=0), 170.7 (MeCO49), 171.1 (MeCO9) and 212.8 (C=8); m/z (EI) 474, 429, 368, 363, 326, 303, 215, 126, 84, 70,
59 and 43.

hon

OG

Reaction in the presence of phenyl vinylsulfone. The same procedure was applied to a solution of 13 (825 mg, 3
mmol) and phenyl vinyl sulfone (756 mg, 4.5 mmol) in cyclohexane (12 ml), and 0.2 equiv. of lauroyl peroxide was added

overall 124 mo. 2% cvery 2 hours. i.e. 240 mo over 20 hours), After chromatogranhv (eluent: hentane / ethyl acetate -9 - 1 to 4 -

Uviilan (&7 Liig, £470 Cveiy £ nvUuls, g o v 10U ). ANCE CITOINGQIOEIapa Y (LG prane s eyl aceiale -4 L 10 s .

6), 65% of the starting material was recovered, as well as the following products :

i-t-Butyi-d-ji,i-dimeihyi-3-(methoxythiocarbonyisuifanyi)-3-phenyisuifonyipropyij-azetidin-Z-one Z0.
Obtained as a yellow foam (95mg, 7%), and as a 1:1 mixture of diastereoisomers. (Found: C, 54.2; H, 6.4; N, 2.85. Calc. for
CooH29NO4S3: C, 54.15; H, 6.6; N, 3.15%); Vmaxlcm'l 2974, 1739 (C=0), 1448, 1309, 1241 (O-CS), 1150 and 1062 (C=S);
dy (300 MHz; CDCl3; Me4Si) 0.99 (3/2H, s, CMeCH3), 1.01 (3/2H, s, CMeCH3), 1.02 (3/2H, s, CMeCH3) 1.05 (3/2H, s,

P Y W ald] ' Y- Y 1 AT 0y 71T

CMeCH3), 1.35 (9/2H, s, BuY), 1.37 (972, s, Bu/ 5, 1.81 (1/2H, dd, JaB 15.3, Jax 5.8, CHHCMe»), 1.83 (1/2H, dd, JoR 15.2,
Jax 9.5, CHHCMe,), 2.33-2.45 (2H, m, CHHCMej, CHHCO), 2.77 (1/2H, dd, Jo'm' 14.9, Jp'x' 5.7, CHHCO), 2.79 (1/2H,

TAA S indabanii b P74 Subhahd N TESIS s St S R BIEETs

dd, Jao'p' 14.9, Jp'x' 5.7, CHHCO), 3.54 (1/2H, dd, Jg'x' 5.8, Jao'x' 2.3, NCH), 3.58 (1/2H, dd, Jp-x' 5.8, Jao'x' 2.3, NCH),
4.03 (3/2H, s, OCH3), 4.04 (3/2H, s, OCH3), 5.23 (3/2H, dd, Jax 9.7, Jgx 1.5, SCHS), 5.26 (1/2H, dd, Jaox 9.5, Jgx 1.4,

orron Q NQ /LYY /AE KAV, £\ AN (Tl B N AT LT 107

SCHS) and 7.51-8.08 (5H, m, Ph); 8¢ (75 MHz; CDCl3) 22.8, 23.1 (CH3), 24.3, 24.7 (CH3), 29.1 (C(CH3)3), 35.0, 35.3
(CH2CMej), 36.2, 36.4 (CMej), 38.1, 38.4 (CH2CO), 54.2, 54.4 (CMea), 60.5, 60.9 (NCH), 61.3, 61.4 (SCHS), 68.7

,,,,,,

(OCH3), 129.0 (2CH, Ph),130.2 (2CH, Ph), 134.3 (CH, Ph), 136.0 (Cq, Ph), 167.8 (C=0) and 210.7 (C=S).

1-t-Butyl-4-(1,1-dimethyl-3- phenylsulfonyl)propyl) -3-methoxythiocarbonylsulfanyl-azetidin-2one 21.
Obtained as a yellow syrup (90 mg, 7%), Vmax/em™! 2972, 1751 (C=0), 1447, 1305, 1236 (O-CS), 1150 and 1065 (C=S); 8y
(300 MHz) 0.98 (3H, s, CMeCH3), 1.02 (3H, s, CMeCH3), 1.31 (9H, s, Buf), 1.72-1.80 (2H, m, CH2CMey,), 3.09-3.18 (2H,
m, CH3S03), 3.45 (1H, d, J 2.7, NCH), 4.20 (3H, s, OCH3), 4.45 (1H, d, J 2.7, SCH) and 7.51-7.93 (5H, m, Ph); 8¢ (75
MUz ODCI2) 23 1 (CHA). 2209 (CHA). 200 (C(CH21Y. 31.0 (CHACMen). 35.5 (CMes). 52.0 (CHASOA). 52.7 (NCH). 55.2

MiniZ, CoUi3) 245,10 \Lai3 ), 23,7 (L3 ), 270\ C123)3), 220 (L2 M02), 222 \CHIET ), SA VLRIV 2), Ja. uNlid), 324

(CMe3), 60.8 (OCH3), 67.6 (SCHCO), 128.1 (2CH, Ph), 129.5 (2CH, Ph), 133.9 (CH, Ph), 138.7 (Cq, Ph), 165.1 (C=0) and
210.7 (C=S).

Butyl-4-(1 1-dimethyl-2-propeny yl)-azetidin-2-one 22, Obtained as a yellow oil (37 mg, 6%), (Found: CI,

MH*, 196.1704. Calc. for C12HzaNO: 196.1701); vinac/em™! 2067, 2927, 2855, 1743 (C=0), 1368, 1231 and 1150; 8¢ (300
MHz; CDCl3; MeSi) 1.03 (3H, s, CMeCH3), 1.08 (3H, s, CMeCH3), 1.35 (9H, s, Buf), 2.47 (1H, dd, Jop 14.7, Jax 2.3,
CHHCO), 2.78 (1H, dd, Jap 14.7, Jgx 5.6, CHHCO), 3.58 (1H, dd, Jgx 5.6, Jax 2.3, NCH), 5.06 (1H, dd, J1 17.7, J; 1.0,
CH=CHH), 5.07 (1H, dd, J3 10.5, J2 1.0, CH=CHH) and 5.89 (1H, dd, J1 17.7, J2 10.5, H(“—CH')\ Sr* (75 MHz; CDCIz) 20.9

(CH3), 25.9 (CH3), 29.1 (C(CH3)3), 38.4 (CH,CO), 39.1 (CMey), 55.3 (CMe3), 60.4 (NCH), 112.8 (CH=CH,), 145.9
(CH=CHy) and 168.1 (C=0); m/z (EI) 126, 84, 70, 57 and 41.

1-t-Butyl-4-(1,1-dimethyl-5-phenylsulfonyl-3-pentenyl)-azetidin-2-one 23 Obtained as a yellow oil (95 mg,
9%), (Found: CI, MH*, 364.1963. Calc. for CooH3oNO3S: 364.1946); Vmax/cm-! 2971, 1732 (C=0), 1448, 1307, 1148,
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1086, 733 and 690; 5y (300 MHz) 0.84 (3H, s, CMeCH3), 0.90 (3H, s, CMeCH3), 1.36 (9H, s, Bu), 2.00 (2

th) MiHz) U.a4 (551, 8§, Uiviel 57 IVICL T ik, 5, BU ), F a1

J
CMesCH»), 2.42 (1H, dd, Jap 1 7, Jax 2.3, CHHCO), 2 73 (1H, dd, Jaop 14.7, Jgx 5.7, CHHCO), 3.44 (1H, dd, Jox 2.
Jgx 5.7, NCH), 3.81 (2H, d, J 7.3, CH25803), 5.42 (1H, dt, Jq 15.2, J; 7.3, CHCHzCMeg), 5.62 (1H, dt, Jg 15.2, J; 7.45,
CHCH32S03) and 7.52-7.95 (5H, m, Ph); 6c (75 MHz; CDCl3) 22.9 (CH3), 24.7 (CH3), 29.1 (C(CH3)3), 35.9 (CMe>), 37.9
(CH»CO), 42.5 (CHaCMej), 54.0 (CMea), 60.0 (CH2S03), 60.5 (NCH), 119.1 (CHCH»>CMe»), 128.3 (2CH, Ph), 129.2

(2CH Ph), 133.7 (CH, Ph), 137.1 (CHCH7SQ3), 138.7 (Cq, Ph) and 168.0 (C=0); m/z (EI) 348, 222, 180, 166, 141, 126, 77,
57 and 41.

~a

The same procedure was applied to a solution of 13 (825 mg, 3 mmol) and phenyl vinyl suifone (252 mg, 1.5 mmol) in 1,2-
dichloroethane (36 ml). 1.3 Equiv. of lauroy!l peroxide were added overall (60 mg, 5% every 2 hours, i.e. 1560 mg over 52
hours) until the disappearance of compounds 13, 20 or 21. After the addition of 30% and 70% lauroyl peroxide extra batches of

[N A A 1) & rarenlY wara addad ta tha mivinra Aftar cheamatngranhy falitant: hantana / athal anatata Q- 1
pllcllyl\‘lll_ylbuuuuc \LJ(. mg, 1.5 i) Wert aaGla o e MiXwre. ANSr Inromaitgrapny (Suent: népwanc / Gul_yl aciaic -7 1 1

to 4 : 6), 22 (232, 40%) , 23 (98 mg, 9%) and 25 (190 mg, 19%) were obtained.

Caonversion of 21 into 22. The same procedure was
LONYErsion 01 41 W0 44, 140 SAMC PIOCCAUTT Was

equiv. of lauroyl peroxide was overall added (6 mg, 10% every hour i.e. 96 mg over 6 hours). The chromatography (eluent:
heptane / ethy] acetate - 8 : 2) gave the same elimination product 22 (22 mg, 70%).
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1-t-Butyl-4-[1-cyclopropyl-4-(methoxythiocarbonylsulfanyl)-1-butenyl]-azetidin-2-one 31. The same
procedure was applied to a solution of 30 (327 mg, 1 mmol) in cyclohexane (4 ml). 0.16 equiv. of lauroyl peroxide was overall
added (8 mg, 2% every 2 hours, i.e. 64 mg over 16 hours). After chromatography (eluent: heptane / ethyl acetate - 9 : 1), 50% of
the starting m aterial was recovered in addition to rnmnmmd 31 which was obtained as a yellow oil (100 mg, 30%) and as a 3:2
mixture of isomers. (Found: EI, MH*®, 328.1404. Calc for C1gHygNO2S7: 328.1405); vmax/cm i 2861, 1735 (C=0), 1368,
1232 (O-CS) and 1076 (C S), 3y (400 MHz) 0.30-0.37 (3/5H, m, cyclopropyl), 0.42-0.48 (2/SH, m, cyclopropyl) 0.56-0.64
(1H, m, cyclopropyl), 0.70-0.85 (2H, m, cyclopropyl), i.31 (18/5H, s, Buf), 1.33 (27/5H, s, Bu), 1.38-1.49 (iH, m,
cyclopropyl CH), 2.45 (2/5H, dd, J1' 14.2, J3 2.3, CHHCO), 2.53 (6/5H, td, Ja2x2 JB2x2 7.4, J5 7.5, CHCH3S), 2.58-2.68
(4/5H m, CHZCH2S) 2.84 (3/5H, dd Ja1B1 14.5,Ja1x1 2.7, CHHCO), 2.92 (3/5H, dd, J4 1B 14.5, JB1x1 5.2, CHHCQ),
2.93 (2/5H, dd, J} 14.2, J3» 5.4, CHHCO), 3.09 (3/5H, dt, Ja2B2 13.3, Ja2x2 7.4Hz, CHHS), 3.17 (3/5H, dt, Jo2B2 13.3,
Jpaxa 7.4, CHHS), 3.21 (4/5H, t, J4 7.3, CH3S), 3.80 (2/5H, dd, J3' 5.3, J2 2.2, NCH), 4.18 (3H, s, OCH3), 4.65 (3/5H, dd,
Jpix1 5.1, Ja1x1 2.6, NCH), 5.01 (3/5H, t, J5 7.6, C=CH) and 5.71 (2/5H, t, J5' 7.3, C=CH); 8¢ (75 MHz; CDCl3) 4.4, 5.0,
6.1, 10.4 (2CH3, cyclopropyl), 9.5 (CH, cyclopropyl), 26.2, 26.5 (CH2CH3S), 27.9, 28.0 (C(CH3)3), 36.0 (CHCO), 40.5,
44,7 (CH5S), 48.6, 51.7 (NCH), 54.4, 54.5 (CMe3), 60.2, 60.3 (OCH3), 120.1, 124.9 (C=CH), 140.8, 142.1 (C=CH), 168.0,
68.
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1- Benzyl -4- (1 methylethenyl)-azetidin-2-one 34. The same procedure was applied to a solution of 33 (862 mg, 2
ol in evelohexan e (24 ml). 1.2 equiv of laurov] peroxide was added overall (80 me. 10% every 2 hours. over 8 hours. then
llllllUl) lll LyLlch)\duC \.(_'-f i), 1.3 bl.iulv L laul\l_yl l.l\(lul\lu\-l Wad auuvtu UYLIAll \UV Llig, IV /U VYVlY & 1IUWLO, UYWL U 1LIVULD, Uivik
40 mg, 5% every 2 hours, over 36 hours, i.e. 1040 mg over 44 hours). Purification by column chromatography (eluent: heptane
to heptane / ethyl acetate - 1 : 1) gave the elimination product 34 as a colorless oil (315 mg, 48%), (Found: C, 77.6; H, 7.65.

Calc. for C13H|sNO: C, 77.6; H, 7.5%); Vimax/cm! 2917, 1752 (C=0), 1391 and 907; 8y (300 MHz) 1.64 (3H, s, CH3), 2.74
T AAd T, 146 Jaw 21 (‘I-U-l(‘ﬂ\ 305 (1H dd IAI’\ ld.(\ Inv §2 CHHCO). 388 (1H. d ’;\in I(] CHHPh), 390

Wi, GG, VAB 19.0, VAX 4.1, LTI, OWU0 LiEE, UG, AR DLy IR )y 288 i, O, JA'B iy, 2.79

(1H, dd, Jax 2.1, Jgx 5.1, NCH), 4.70 (lH, d,Jag 149, CHHPh) 4 94-4.99 (2H, m, C=CH>) and 7.19-7.38 (5H, m, Ph); 8¢
(75 MHz, CDCl3) 16.6 (CH3), 42.4 (CH2CO), 45.2 (CH3Ph), 55.4 (NCH), 115.0 (C=CHj3), 127.7 (CH, Ph), 128.6 (2CH,
Ph), 128.8 (2CH, Ph), 135.8 (Cq, Ph), 141.8 (C=CHy), 167.0 (C=0).

1-¢-Butyl-4-(1,1-dimethyl- 3-phenylsulfonylpropyl) -azetidin-2-one 24. A solution of 21 (36 mg, 0.08 mmol),
tributyitin hydride (0.04 mi, 0.15 mmol) and AIBN (8 mg, 0.05 mmoi) in benzene (6 mi) was stirred under reflux in an inert
atmosphere for 15 minutes. Chloroform (0.8 ml) was then added and the reaction mixture was refluxed for 10 minutes to destroy
excess hydridc. The solvent was then evaporated under reduced pressure and the residue taken up in acetonitile, washed twice with
pentane to remove tin compounds and purified by preparative TLC (elucnt petroleum ether / cthyl acetate - 2 : 3) to give 2d as a

ne anoz AMITH 272Q 17Q4 M. WA oNOLS 222 1700 v -1 9979 1721 (0=
coloriess oil (3> mg, 70%). Lruunu CI, MH™, 338.1784. Cale. for b]gnzgnu:;o 35306.113U), vmaxfuu LT iL, 17131 (L=Uy,

1298, 1230, 1149, 1087, 736 and 690; 8y (300 MHz) 0.90 (3H, s, CMeCH3), 0.94 (3H, s, CMeCH3), 1.30 (9H, s, Bu®), 1.66-
174 (2H, m, CH;CMey), 2.38 (1H, dd, Jap 14.9, Jax 2.3, CHHCO), 2.75 (1H, dd, Jap 14.9, Jpx 5.7, CHHCO), 3.04-3.14
(2H, m, CH,S0y), 3.48 (1H, dd, Jgx 5.7, Jax 2.3, NCH) and 7.55-7.96 (5H, m, Ph); 8¢ (75 MHz; CDCl3) 23.1 (CH3), 23.7
(CH3), 29.1 (C(CH3)3), 31.9 (CHyCMes), 35.1 (CMey), 38.1 (CH2CO0), 52.2 (CH,503), 54.2 (CMe3), 60.5 (NCH), 128.2
(2CH, Ph),129.5 (2CH, Ph), 134.0 (CH, Ph), 139.0 (Cq. Ph) and 167.9 (C=0); m/z (EI) 337 (M**), 322, 280, 268, 196, 143
and 126.
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