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One of the popular synthetic methods for the g-lactam for-
mation is based on the intramolecular cyclization of 8-amino
acids using coupling reagents!. Among various coupling
reagents currently available, benzenesulfonyl chloride?, tri-
phenylphosphine/2,2-dipyridyl disulfide?, 2-chloro-1-methyl-
pyridinium iodide!, and benzotriazol-1-yloxytris(dimethyl-
amino)phosphonium hexafluorophosphate® are the most ef-
fective and reliable.

In connection with our research program directed toward
the development of new synthetic methodologies for the for-
mation of 8-lactam derivatives from g-amino acids, we have
examined the g-lactam formation from g-amino acids using
1-methanesulfonyloxy-6-trifluoromethylbenzotriazole(FMS
reagent, 3). It has been reported that FMS reagent is the ef-
fective coupling reagent for the acylation of cephalosporins®
and the esterification of dihydropyridine-3-carboxylic acid”.
On the other hand, there are no reports on the application of
FMS reagent for 8-lactam formation from f-amino acids. In
this paper, we wish to report a new method for the prepara-
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Table 1. Synthesis of g-Lactams from B-Amino Acids

Description Isolated

yield(%)
R1=CH,Ph, RZ=H, R3=R4¢=CH; 94
R1=CH,Ph, RZ=R4=H, R3=CH; 71
R!=CH,Ph, R2=CHj, R3=R4=H 50
R!=CH,Ph, R2=R4=H, R3=CO,Ph 58
R!=CH,Ph, R2=R*=H, R3=Et 65
R!=CH,Ph, RZ=R%=H, R3=Pr 60
Rl=c-CgHyy, RZ=CHg R3=R4=H 76
Rl=c-CgHy;, RZ=R¢=H, R3=CH;,4 65
R1=R2=H, R3=R4=CH;,4 22

tion of g-lactam derivatives (4) from S-amino acids (5) by us-
ing FMS reagent.

FMS reagent was conveniently prepared by the reaction
of 1-hydroxy-6-(trifluoromethyl)benzotriazole with methane-
sulfonyl chloride in aqueous sodium hydroxide solution at
room temperature (eq. 1). The reagent 3 is a white crystalline
solid melting at 98-100°C and can be stored in a refri-
gerator for several weeks without any decomposition, and is
generally used without further purification.

The representative experimental procedure is a follows
(eq. 2); To a mixture of 3-benzylamino-3-methylbutanoic acid
(310mg, 1.5mmol) and FMS reagent (510mg, 1.8mmol) in
acetonitrile (150m/) was added triethylamine (360mg,
3.6mmol) at room temperature. After being stirred for 24 hr
at 80 °C, the reaction mixture was concentrated under reduc-
ed pressure and the residue was passed through silica gel col-
umn using ether—chloroform (2:1) as an eluent to yield 1-ben-

" zyl-4,4-dimethyl-2-azetidinone (267mg, 94% vyield) as an
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oil.

We have briefly studied solvent effects using 3-ben-
zylamino-2-methylpropanoic acid, 1.2 equivalent of FMS
reagent and triethylamine at 80 °C for 24 hr. Among various
solvents employed in this study, acetonitrile gave the best
results, yielding 64% of 1-benzyl-3-methyl-2-azetidinone.
N,N’-Dimethylformamide, dichloromethane, and tetrahy-
drofuran were much less effective, yielding the correspond-
ing g-lactam in 25%, 22%, and 17% yield, respectively.

Some experimental results are summarized in Table 1. As
can be realized, N-substituted g-amino acids were cyclized
to the corresponding §-lactams in excellent yields but
N-unsubstituted g-amino acids gave very poor results. Ex-
tention of the present study to include other coupling
reagents for g-lactam formation is in progress.
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Recently, transition metals with a low oxidation state
have been extensively used as reagents or catalysts for the
reductive homocoupling reaction of benzal halides. For ex-
ample, nickel’, iron?, cobalt?, palladium?, molybdenum?,
tungsten®, copper’, and vanadium® complexes have been em-
ployed for this purpose. Moreover, the reductive homocoup-
ling reaction could occur under phase transfer catalysis in
low selectivity®.

In the course of investigation for the carbonylation of ben-
zal bromides'®, ArCHBr,, it was found that iron pentacar-
bonyl catalyzes the reductive homocoupling to give stilbenes
with high selectivity under phase transfer catalysis'’, To our
knowledge, there are no such reactions reported. The reac-
tion is described in Scheme 1 and the results are summarized
in Table 1.

Table 1 shows that various transition metal complexes in
the presence of 18-crown-6-ether as a phase transfer cata-

ML,, 18C6,CO

XCgH,CHBr, = (XCeH,CH=),

KOH (aq.)PhH

X =H, 0-Cl, p-Cl, 0-CHg, and p-CH3
ML, = Mo(CO)s, Fe(CO)s, Fex(CO)g, Cox(CO)g,
and Pd(PPhy),

Scheme 1

lyst seem to be active catalysts for the reductive homocoup-
ling of p—chlorobenzal bromide. In the cases of iron pentacar-
bonyl and diiron nonacarbonyl, the corresponding stilbenes
were obtained in 78% and 74% yields in high selectivity,
respectively. However, p- chlorophenylacetic acid was
always produced less than 10% yield (runs 1 and 3). How-
ever, no product was obtained when molybdenum hexacar-
bonyl and dirhenium decacarbonyl were used (runs 4 and 6).
Nevertheless, frans—4,4’-dichlorostilbene was obtained in
48% yield when 10M KOH!’-molybdenum hexacarbonyl
was used (run 5). In the case of dicobalt octacarbonyl,
trans-4,4'-dichlorostilbene was obtained in 39% and car-
bonylated product, p—chlorophenylacetic acid, was obtained
in 32% yields (run 7). When tetrakis (triphenylphosphine)-
palladium(Q) was used, trans-4,4’-dichlorostilbene was af-
forded in 60% yield (run 8). Other phase transfer agents such
as tetrabutylammonium hydrogensulfate, benzyltriethylam-
monium chloride, and cetyltrimethylammonium chloride
showed low selectivity toward stilbene formation. By these
results, it was concluded that the combination of iron pen-
tacarbonyl with 18-crown-6-ether was the most efficient
catalytic system to the reductive homocoupling.

To confirm this observation, we attempted to investigate
substituent effect of benzal bromides using iron pentacarbon-
yl in the presence of 18-crown-6-ether as a phase transfer
catalyst. All of benzal bromides showed similar yields from
81% to 84%. This results indicated a small contribution of



