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0 RICH=NR? Phs M,
L EtOOC R 67-96% yield
N (®) stereospecific
PhS” “COOEt o ‘R?
cat. n-BusSnH, or Zn,
Rh,(OAc), AIBN, 100 °C y AcOH, 60 °C
HH
0 Et0OC:_LR" | 70-97% yield
COOEt () trans : cis
PhS N, ) up to >95:5
I 0 R
5 major

Ketene-imine cycloaddition reactions (the Staudinger reac-
tion) of ethoxycarbonyl(phenylthio)ketene with various imi-
nes and subsequent desulfurization reactions were employe
to synthesize 3-ethoxycarbongtlactam derivatives. The

results indicate that the current approach provides a conve-

nient, mild, and versatile method for synthesizing a variety
of 3-alkoxycarbonyltrans$-lactam derivatives with good
to excellent yields and diastereoselectivities.

p-Lactam derivatives with various functional groups are

Note

the rhodium(ll)3%4or ruthenium(ll)-promoteticarbene insertion
of N,N-disubstituted 3-alkoxy-2-diazo-3-oxo-propionamides, the
manganese(lll)-promoted radical cyclization of enamiftiasg
the acidic thermal rearrangement of spiro[cyclopropané-1,5
isoxazolidine] derivative$.However, the generalities of the
published methods are not satisfactory. For instance, the carbene
insertion protocol is most frequently used and can achieve the
asymmetric synthesis of the 3-alkoxycarbofislactam deriva-
tives by the use of chiral rhodium(f§ or ruthenium(Ily
complexes. However, it requires multistep conversions (involv-
ing acylation of amine, diazo transfer, and carbene insertion)
and is not suitable for substrates bearing other groups sensitive
to carbenes. Moreover, in most cases, the yield, regioselectivity,
or relative stereoselectivity is podiab.dgh

We hope to develop a general and convenient method to
prepare the desired 3-alkoxycarborfiflactam derivatives. It
is well-known that the ketene-imine cycloaddition reaction (the
Staudinger reaction) is one of the most versatile procedures for
the synthesis of-lactam derivatives,in which ketenes were
usually generated by the elimination of acyl chlorides. However,
alkoxycarbonylketene cannot be directly prepared from alkyl
malonyl chloride® The Wolff rearrangement af-diazocarbonyl
compounds is an alternative method to generate ketenes. It was
reported that methyl 3-alkylthio-2-diazo-3-oxo-propionate re-
acted with imines to produce 3-alkylthio-3-methoxycarbonyl
B-lactam derivativesand the 3-alkylthio or arylthio group of
the 8-lactams could be easily remové&tThus, we hope to use
ethoxycarbonyl(phenylthio)keten2)( which could be generated
from easily prepared ethyl 2-diazo-3-oxo-3-phenylthio-pro-

ionate (),'* as the synthetic equivalent of ethoxycarbon-

Iketene. Herein, a series of 3-ethoxycarbotmghs{3-lactam

(4) (a) Brown, D. S.; Elliott, M. C.; Moody, J. C.; Mowlem, T. J.; Marino,
J. P.; Padwa, Al. Org. Chem1994 59, 2447-2455. (b) Miah, S.; Slawin,
A. M. Z,; Moody, C. J.; Sheehan, S. M.; Marino, J. P.; Semones, M. A.;
Padwa, A.; Richards, |. OQletrahedrorl996 52, 2489-2514. (c) Chelucci,
G.; Saba, ATetrahedron: Asymmetr{997 8, 699-702. (d) Moody, C.
J.; Miah, S.; Slawin, A. M. Z.; Mansfield, D. J.; Richards, |. Tetrahedron
1998 54, 9689-9700. (e) Anada, M.; Watanabe, N.; Hashimoto, &Hem.
Commun.1998 1517-1518. (f) Basak, A.; Mandal, STetrahedron Lett.
2002 43, 4241-4243. (g) Wee, A. G. H.; Duncan, S. Tetrahedron Lett.

important compounds that attract research interests from both2002 43, 6173-6176. (h) Yoon, C. H.; Nagle, A.; Chen, C.; Gandhi, D.;

synthetic and pharmaceutical fielt$3-Alkoxycarbonyls-lac-

tam derivatives (2-azetidinone-3-carboxylates) are useful syn-
thetic intermediates and building blocks that can be converted
to a variety of 3-carbonyB-lactam derivativeswith potential
biological activities. A few methods have been developed to
synthesize the 3-alkoxycarbongtlactam derivatives, such as

*To whom correspondence should be addressed. F&6-10-62751497.
Fax: +86-10-62751708.
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SCHEME 1. Rhy(OAc),-Catalyzed Transformation of Diazo
Thioester 1 to Ketene 2

(o} 0]
cat. Rhy(OAc)4
Etoocm)LSPh oat. Rhy(OAc), _ EtOOCW)J\SPh
N, RhL,
1 carbenoid
o] [o}
— e — A
EtOOC “Ph EtOOC” ~SPh
sulfur ylide 2
SCHEME 22
0 Ph | 1% mol PRS H
EtOOCjI)J\ . Rhy(OAc),  EtOOC A )
SPh '\l toluene N,
Nz ~pMP (¢} PMP
1 3b 4b
(1.2 equiv.) (1 equiv.)

Method A: 20% yield after 12 h
Method B: 96% vyield after 4 h

aPMP = p-methoxyphenyl. Method\: a solution of diazo thioester
in toluene was added to a mixture of RBACc)s and imine3b in toluene
at 50 °C, and the resulting mixture was stirred for 12 h. MetHd a
solution of diazo thioestel in toluene was added to a suspension of
Rhp(OAC), in toluene at 50°C. After being stirred for 2 h, a solution of
imine 3bin toluene was added to the solution, and then the resulting mixture
was stirred for another 2 h.

derivatives were prepared via the Staudinger reaction and a

subsequent desulfurization reaction (removal of the phenylthio
group) with good to excellent yields and diasteroselectivities.
The stereochemistry of the method was investigated as well.
Synthesis of 3-Ethoxycarbonyl-3-phenylthio-Lactam
Derivatives. We expected to develop a convenient and mild
procedure to synthesize 3-ethoxycarbonyl-3-pheny/fHactam
derivatives instead of the reported thermal or photoirradiation-
induced procedurgDanheiser’s group reported that an unsub-
stituted diazo thioeste§phenyl diazothioacetate, could undergo
a thia-Wolff rearrangement to generate phenylthioketene in the
presence of RI{OAc), catalyst!? Nevertheless, for the more
complex diazo thioestdrwith an ethoxycarbonyl group attached
to its a-position, can it also smoothly rearrange to the desired
ketene2 under the catalysis of R{OAc),? It was found that,
when the diazo thioestérwas added to a mixture of RIOAC),
andN-benzylideneaniline3a) in toluene, thgs-lactam product
4awas obtained in a good yield. This indicated thap@®Ac),

served as an efficient catalyst to promote the generation of the

ketene in a similar way as described by Danheiser et al. (Schem

1),22 and the ketene was trapped by the imine to generate the

pB-lactam product. This also suggests that they(RIAC),-
promoted thia-Wolff rearrangement is a general route for the
generation of phenylthioketene and substituted phenyl-
thioketenes.

However, imine3b derived from cinnamaldehyde arms
methoxyaniline produceftlactam4b in a very low yield (20%)
under the same conditions (Scheme 2, metApdand most of
diazo thioesterl was not converted even after 12 h. This
suggested that iming& might lower the activity of the catalyst
as a result of its coordination to KAc), and that method\
is not suitable for various imines. To avoid the influence of
imines, another procedure (Scheme 2, metBpdas designed

(12) (a) Lawlor, M. D.; Lee, T. W.; Danheiser, R. 1. Org. Chem.
200Q 65, 4375-4384. (b) Danheiser, R. L.; Okamoto, I.; Lawlor, M. D;
Lee, T. W.Org. Synth. 80160-171.
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TABLE 1. Scope and Limitation of the Reactions between Diazo
Thioester 1 and Imines 3

Yield”

Entry Imine (%)

3a 4a 89

3b 4b 96

3c 4c 85

70

3e

4e 67

O,

PhS H
EtOOC-]

=)

3f af 71
—N._ COOEt

(0]
PhS Ph

EtOOC\_y/jS) ®)
—N

O

3g 4g

PhS Ph

EtOOC\_’/S

O

3h 4h #) 88

PhS Ph
EtOOC-]

Ph

S

7
O

aThe relative configurations determined ¥y NOE experiments or XRD
analysis (see Supporting InformatioR)solated yields after column chro-
matography®¢ Imine 3g was quantitatively recovered Reaction is highly
diastereoselective producindi as a single racemic diastereomer as
reported-3

3i 4i (#)

O

and attempted. It was found that, in the presence gf@Ac),,

diazo thioestell was completely converted to keteRBewhich

was stable enough to stand in the toluene solution without
dimerization or other side reactions. After the addition of imine
3b, S-lactam4b was obtained in 96% vyield, indicating that
methodB is more general than methasl Thus, a variety of
imines were used as substrates to synthesize the 3-ethoxycar-
bonyl-3-phenylthigs-lactam derivatives by the use of method

B (Table 1).

As described in Table 1, most of the imines react well with
ketene2 to produce 3-ethoxycarbonyl-3-phenylthiblactam
derivatives4 in good to excellent yields. However, the reaction
of ketene2 with 2-phenyl-2-thiazoline 3g) failed to produce
B-lactam derivativedg (Table 1, entry 7), and thtH NMR
analysis of the reaction mixture revealed no reaction between
ketene2 and imine3g.

Considering the stereochemistry, all of the reactions are highly
stereoselective, producing products as only a pair of enantiomers.
The observed stereochemical results can be rationalized as
Scheme 3: (1) For cyclic imines, bicyclfglactam products,



SCHEME 3. Stereochemical Progress of the Reactions
between Ketene 2 and Imines 8

PhS R
PhS

[ R
2 _@ conrotate  E00C j;b
(o] N o N

A E =COOEt 4h-i
PhS_ _COOEt R /"donor" (SPh) outward

sole flactam
+ \fD favored products
GN
° ST 1006 R
2 3h-i EtOOC D . 5;_(:_n_r93§t_e_
N
- B S =SPh
“donor” (SPh) inward
disfavored
PhS__COOEt R!

isomeri- R!
EtOOC
\H/ N WI PhS W/cooa zation Z;—_Z/COOEt t’
\ ‘R2

o) R? R

3a-f 4a—f

"donor" outward
favored

a0nly one enantiomer is drawn.

of which the imine substituent R @sto the phenylthio group,
were exclusively generated. This indicates that imBtesattack
ketene2 opposite to the phenylthio group to form zwitterionic
intermediatesA. The intermediates subsequently undergo a
conrotatory ring closure, with the electronic-donating phenylthio
group exclusively occupying the outward position in the ring-
closure transition state, to generate the bicyg@idactam
products4h,i. This “donor out” selectivity was subject to the
torquoelectronic effecdt* (2) For acyclic imines,s-lactam
products, of which the imine substituent ®& trans to the
phenylthio group, were exclusively generated. Given that the
phenylthio group exclusively occupies the outward position in
the ring-closure transition state (controlled by the torquoelec-
tronic effect), on the basis of the stereochemistry ofdti@ctam
products4a—f, it can be concluded that the corresponding
intermediatesC undergo the &N double bond isomerization
to form intermediatesD,?21> which generate the3-lactam
productsda—f after a conrotatory ring closure.

Preparation of 3-Ethoxycarbonyl f-Lactam Derivatives:
Removal of the Phenylthio Group.Although the removal of
the 3-phenylthio group from #-lactam skeleton has been
published (normally employing Raney Ni arBusSnH/AIBN
as reagents¥ no example has been reported for 3-ethoxycar-
bonyl-3-phenylthigs-lactam derivatives as starting materials.

Since some of our substrates contain other sulfur atoms in

JOCNote

TABLE 2. Scope and Limitation of the Desulfurization Reactions
of f-Lactam Derivatives 4
PhS R H R
Etoocj;k-~~. _moBusSoH, AIBN, 100°G__ Etoocj;k'*-..
y N y N/

or Zn, AcOH, 60 °C

Product ratio 5 : 6’

Entry Substrate Product’ n-Bu,SnH/AIBN Zn/AcOH
HH HH
EtOOC.> | Ph . EtOOC. Ph 88:12 84:16
1 4a N, N,
o ph o “ph 97% yield 97% yield
(+)-5a (¥)-6a
HH HH
Et : Ph Ett Ph
O0C I~ Ph EIOOC ~ 88:12 91:9
2 4b N N,
g PMmP d  pmp 74% yield 81% yield
(#)-5b (2)-6b
HH Y HH
Et00C; o +EtOOC o >095:5 >95:5
3 4c N N
o “PMP o “PMP 89% yield 85% yield
(#)-5¢c (F)-6¢
HH HH
EtOOC.Z |.Ph OO! Ph
1000 , Fooc 91:9 67:33
4 4d N._Ph N._Ph
g a 95% yield 91% yield
(#)-5d (+)—6d
HH HH
EtOOC.: | Ph EtOOC Ph
7 " >095:5
5 4de N N trace ‘
[S -1 [T 70% yield
(£)-5e (£)—6e
eooc? Y en eooc Y Yen
+
6 af N._CO.Et N._CO.Et trace’ trace !
()-5f ()61
H Ph H Ph
EtOOC.: IS +Etooc s 75:25
7 4h N N no product ‘
d d 76% yield
(2)-5h (2)-6h
Ph Ph
Exoocj:%‘ eoocf P~
s * j;hs 67:33 67:33
8 4i g g
99% yield 84% yield
@)-Si (@)-6i

aThe relative configurations determined by the coupling constants (for
5a—f and 6a—f) or NOE experiments (fobh,i and 6h,i, see Supporting
Information).? Isolated yields after column chromatography. The product
ratios measured biH NMR of the crude products.Trace only observed
by 'H NMR, and most of the starting material was not convertetrace
only observed byH NMR, and most of the starting material became messy.
€ The -lactam4h was thermally unstable and became messy under such
conditions (at 100C).

addition to the phenylthio group, we did not use the harsh and which were used in the desulfurization reactions.gghenylthio

unselective Raney Ni protocol but used a relatively miBus-
SnH/AIBN method (Table 2). Meanwhile, considering that the
phenylthio group is in thex-position of the ethoxycarbonyl

esters or ketoné'$,to remove the phenylthio group (Table 2).

The results shown in Table 2 reveal some interesting features
about the desulfurization reactions: (1) generally, the two

group in our cases, we also attempted Zn/AcOH as reagentsmethods can remove the phenylthio group from fhiactam

(13) (a) Xu, J. X.; Zuo, G.; Chan, W. Heteroat. Chen2001, 12, 636—
640. (b) Xu, J. X.; Zuo, G.; Zhang, Q. H.; Chan, W. Heteroat. Chem
2002 13, 276-279. (c) Huang, X.; Xu. J. XHeteroat. Chem2003 14,
564-569. (d) Xu, J. X.; Wang, C.; Zhang, Q. I€hin. J. Chem2004 22,
1012-1018.

(14) (a) Dolbier, W. R.; Koroniak, H.; Houk, K. N.; Sheu, &cc. Chem.
Res 1996 29, 471-477. (b) Lopez, R.; Sordo, T. L.; Sordo, J. A.; Goleza
J.J. Org. Chem1993 58, 7036-7037. (c) Dumas, S.; Hegedus, L. B.
Org. Chem.1994 59, 4967-4971. (d) Hegedus, L. S.; Moser, W. B.
Org. Chem.1994 59, 7779-7784. (e) Maas, A.; Alonso, E.; del Pozo,
C.; Venturini, A.; Gonzkz, J.J. Org. Chem2004 69, 7004-7012.

(15) (a) Hegedus, L. S.; Montgomery, J.; Narukawa, Y.; Snustad, D. C.
J. Am. Chem. S0d991 113 5784-5791. (b) Liang, Y.; Jiao, L.; Zhang,
S. W,; Xu, J. X.J. Org. Chem2005 70, 334-337.

skeleton in good to excellent yields, but their scopes are slightly
different (Table 2, entries 5 and 7); (B}lactam, such agf,

with more than one carboxylate groups cannot undergo the
desulfurization reaction (Table 2, entry 6) and became messy
after treatment with the reagents; (3) both desulfurization

(16) (a) Holton, R. A.; Crouse, D. J.; Williams, A. D.; Kennedy, R. M.
J. Org. Chem1987, 52, 2317-2318. (b) Fusao, K.; Yamaiji, K.; Sinha, S.
C.; Abiko, T.; Kato, M. Tetrahedron1995 51, 7697-7714. The desul-
furization reaction ofrans 1,4-diphenyl-3-phenylthioazetidin-2-one employ-
ing Zn/AcOH as reagents was also attempted. It was found that no reaction
occurred, and the starting material was quantitatively recovered. This
indicates that the 3-ethoxycarbonyl groupfAractams4 plays a critical
role in their desulfurization reaction with the use of Zn/AcOH.
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methods are regioselective, removing only the phenylthio group through the dropping funnel. The resulting mixture was stirred for
in the a-position of the carbonyl group and do not affect other 2 h and was then concentrated. The residue was purified by column
alky! or aryl sulfide structures in the substrates (Table 2, entries chromatography [20 g of silica gel, buffered by 2%NEin ethyl

7 and 8); and (4) the diastereoselectivities of the two methods acetate/petroleum ether (600°C) 1:10, gradient elution with ethyl
are similar, and monocycli@-lactam derivatives (Table 2, acetate/petroleum ether (690 °C), 1:10 to 1:5, v/v] to give the

. : . . R corresponding produet.
s ) generaly gie ot dastereoselctites an it (iane 2 Fuy)- 1 mthonneny) 2003

4 . . ’ 0 phenylthioazetidine-3-carboxylate (4c).Colorless crystals, mp
c.ls-3,4-D|subsj[|tutec16’-lact§1ms were generally obtained as  777-7118°C. 1H NMR (300 MHz): & 1.01 (t,J = 7.2 Hz, 3H),
major products in Raney Ni and-BusSnH/AIBN promoted 3.73 (s, 3H), 3.95 (qJ = 7.2 Hz, 2H), 5.03 (s, 1H), 6.35%6.43
desulfurizations as a result of hydrogen addition to the less (m, 2H), 6.74-6.77 (m, 2H), 7.1+7.15 (m, 2H), 7.36-7.33 (m,
hindered face of the radical intermediat@st is noteworthy 4H), 7.75 (m, 2H)33C NMR (75.5 MHz): 6 13.7, 55.3, 59.1, 62.3,
that the relative configurations of the predominating 3-ethoxy- 70.0, 110.9, 114.2, 118.7, 128.7, 129.0, 129.6, 130.0, 135.5, 143.6,
carbonyl -lactam products arérans isomeric in our cases, 146.7,156.5, 160.2, 165.1. MS (Efyz 423 (M*, 4.0), 274 (14),
which is quite different from those previously reporféd. 201 (100), 186 (63). IR/ (cm™): 1733, 1755. Calcd for £Hor-
Because of the presence of the 3-ethoxycarbonyl group in theNOsS: C, 65.23; H, 5.00; N, 3.31. Found: C, 65.27; H, 5.05; N,
substrates, the products possess enolizable centers. Thus, bo '

desulfurization methods lead to the thermodynamically more (n_%ﬁng:]ﬂ /%%Cﬁddgetgga;heARgg%\:_alfgrgi dﬁg%”i’ggg_ﬁggﬁg g
stable isomers, therans3,4-disubstitutedg-lactams, via a ° )

) A . . round-bottom flask equipped with a condenser and a rubber stopper
tautomeric equilibrium of the two diastereomers through their ;-5 charged with a solution of 3-ethoxycarbonyl-3-phenyithio

enolic intermediates under the reaction condititriEhe mono- pB-lactamé (0.35 mmol) in 5 mL of toluene. The flask was immersed
cyclic f-lactam derivatives (Table 2, entries-%) show di- in an oil bath (100°C), and a solution ofi-BusSnH (124 mg, 0.42
astereoselectivities higher than those of the bicyclic ones duemmol) and AIBN (6.0 mg, 0.037 mmol) in 3 mL of toluene was
to the more obvious difference in the steric hindrance of added through a syringe dugrl h under stirring. The solution
hydrogen and aryl or styryl groups than that of the phenyl group was stirred for anotire2 h and then cooled to room temperature.
and methylene or the sulfur atom. Arf]ter removal r?f t[g% solvfen'}_, the r:asidrl:eI was pur/ified llay colurﬂn
In summary, a two-step approach involving ketene-imine ¢nromatography [20 g of silica gel, ethyl acetate/petroleum ether
cycloaddition reactions (the Staudinger reaction) of ethoxycar- (80~90°C) 1:10, vA] to afford the corresponding 3-ethoxycarbonyl

; . _ p-lactam derivative$ and6.
bonyl(phenylthio)ketene with imines and subsequent desul General Procedure for Removal of the Phenylthio Group (Zn/

furization reactions was u_sed 0 synthesme_va_nous 3-ethoxy- pcop Method). To a solution of 3-ethoxycarbonyl-3-phenylthio
carbonyl g-lactam derlyatlves. The rgsults |nd|cate that thg f-lactamé (0.44 mmol) in AcOH (6 mL) was added zinc powder
current approach provides a convenient, mild, and versatile (372 mg, 5.82 mmol). The reaction mixture was maintained at 60
method for synthesizing a variety of 3-ethoxycarbotrghs- °C, stirred for 3 h, and then poured into 30 mL of saturated NafHCO
p-lactam derivatives with good to excellent yields and diaste- solution. The mixture was extracted with diethyl ether (15 mL
reoselectivities. Otherwise, the uncomnioans selectivity of 3), and the combined organic layer was dried ovesSQ. After
the final products is due to the presence of an enolizable centerthe evaporation of the ether, the residue was purified by column
in the products. chromatography [20 g of silica gel, ethyl acetate/petroleum ether
The introduction of the ethoxycarbonyl group to the 3-position (80-90°C) 1:10, viv] to afford the corresponding 3-ethoxycarbonyl

P T R, -lactam derivative$ and 6.
of theg-lactam ring is an intriguing process: at the beginning, p
the phenylthio group plays an important “assistant” role to . d_EthyI (i)-granls-4-(2-FuryI)l- 1-|(4-Me_'?ronyphenyl)-2-Oxo§z§-
introduce the ethoxycarbonyl group into the ketene via the Rh tidine-3-Carboxylate (5c), Colorless oil “H NMR (300 MHz):
n 1.32 (t,J = 7.2 Hz, 3H), 3.74 (s, 3H), 4.28 (d,= 7.2 Hz, 2H),

(OAc)s-promoted thia-Wolff rearrangement; finally, the car- 4 31 (4.3 = 2.4 Hz, 1H), 5.34 (dJ = 2.4 Hz, 1H), 6.37-6.39 (m
boxylate group also plays an important “assistant” role in the 1) 6.53 (d,J = 3.3 Hz, 1H), 6.86-6.84 (m, 2H), 7.277.30 (m,
diastereoselectivity of the desulfurization reaction. This “double 2H), 7.42 (m, 1H)3C NMR (75.5 MHz): 6 14.1, 50.8, 55.3, 60.2,
assistant” design may be also useful in bringing other functional 62.0, 110.5, 110.6, 114.2, 118.4, 130.6, 143.5, 148.6, 156.4, 158.5,
groups into the3-lactam skeleton. 166.2. MS (El)mw/z. 315 (M*, 6.0), 186 (5.5), 166 (6.0), 149 (100).

IR » (cm™): 1731, 1762. Calcd for zH;7NOs: 315.1107.
Experimental Section Found: 315.1107.
General Procedure for Rhy(OAc)s-Catalyzed Reactions of Acknowledgment. This work was supported in part by the

Diazo Thioester 1 with Imines 3.A 50-mL three-necked round-  National Natural Science Foundation of China (Projects 20272002
bottom flask equipped with a condenser was charged with a gng 20472005).

suspension of RIIOAC), (4.4 mg, 0.01 mmol) in 5 mL of toluene.
The flask was immersed in an oil bath (80), and a solution of
diazo thioesterl (300 mg, 1.20 mmol) in 5 mL of toluene was
added through a dropping funnel during a period of 1 h. After the
addition, the reaction mixture was stirred at®Dfor another 1 h,
and a solution of imin@® (1 mmol) in 5 mL of toluene was added

Supporting Information Available: Experimental details, ad-
ditional discussion on th&ans selectivity in the desulfurization
reactions, spectroscopic data for compouhdsd5, the copies of
IH NMR spectra of all unknown compounds, and the crystal
structure of4i. This material is available free of charge via the
Internet at http://pubs.acs.org.

(17) See Supporting Information for the additional discussion and
experiments ofrans selectivity in the desulfurization reactions. JO052135Z
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