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Enantiopure N,N-dialkylhydrazones 3 smoothly react with N-benzyloxycarbonyl-N-benzyl glycine as an aminoketene precursor to afford trans-

3-amino-4-alkylazetidin-2-ones 4 as single diasteromers. As an exception, hydrazone 3f (R = OBn) affords cis-(3R,4R)-4f under modified conditions.
N-N Bond cleavage of cycloadducts 4 afforded free azetidinones 5 in high yields.

The discovery of monocyclig-lactam antibiotic$, named based on exploiting the higher stability of these compounds
and classified as monobactams, and the introduction of drugsrelative toN-alkyl(aryl) imines in the Staudinger reaction.
such as aztreonam and carumonam (Figure 1) have stimulatedt was discovered that formaldehyde derivatives behave as
considerable activity focused on the development of stereo-a stable class of monomeric methanimines in their reaction
selective routes for the key 3-aminoazetidin-2-one substruc-with functionalized (alkoxy and amino) ketefieend that

ture? One of the most powerful methods for the preparation the stability of aliphatid\,N-dialkylhydrazones is key for a
of these compounds is the {2 2] cycloaddition reaction of

ketenes to imines (the Staudinger reaction), but the metho_
is in general limited by the poor stability of some imines, in

particular, the easily tautomerizable imines derived from |,

aliphatic aldehydes. On the basis of our previous experience = ) S0sH H2N>\N o RN

with N,N-dialkylhydrazone$,we recently started a project S h N b
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straightforward synthesis of 3-alkoxy-4-alkyl(aryl)-azetidin-
2-ones and of the corresponding isosefi&heme 1).

Scheme 1. N,N-Dialkylhydrazones as Imine Component in the
Staudinger Reaction
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We wish to report herein our results in the Staudinger-
like [2 + 2] cycloaddition of chiral, aliphatidN,N-dialkyl-
hydrazones3 to a-aminoketene? for the synthesis of
3-amino-4-alkylazetidin-2-onebsand derivatives therefrom.

We chose as reagents hydrazoBesf,6 containingCy,-
symmetric (R 5R)-2,5-dimethylpyrrolidine as the auxiliary,

50%). On the other hand, the analysis of the reaction mixtures
indicated the formation of a single sterecisomer.

Fortunately, a screening of different reaction conditions
revealed the key importance of the base used for the
generation of the ketene. Thus, replacement gi Hiy the
more hinderedi{Pr),EtN resulted in a significant improve-
ment of the results, leading to the isolation of the corre-
sponding productda—f in moderate-to-good yields (Table
1).

Table 1. Synthesis of 3-Amino-4-alkylazetidin-2-onda—f

entry educt R T (h) product vyield (%)2 trans:cis®
1 3a Me 6 4da 74 >99:1
2 3b i-Pr 53 4b 66 >99:1
3 3c i-Bu 26 4c 72 >99:1
4 3d PhCH,CH, 20 4d 70 >99:1
5 3e n-CsHi1 10 4e 58 92:8
6 3f BnOCH; 38 4f 66 54:46°¢

2Yield of isolated product. Reactions were performed at 1 mmol scale
in toluene at 80C. ? Determined byH and!3C NMR analysis of the crude
reaction mixtures. The B4R)/(354S) diasteromeric ratio was 99:1 in
all cases® Separable by column chromatography.

Surprisingly, most reactions afforded produtss single

bearing in mind the excellent stereocontrol and high reactivity trans (3R,4R)-isomers, in sharp contrast with the reported

observed in their cycloadditions to benzyloxyketé@n the

cis-selective cycloaddition with benzyloxyketeh@&his dif-

basis of our previous experience with 4-unsubstituted deriva-ferent behavior was interpreted as result of the more

tives? we decided to uséN-benzyloxycarbonyN-benzyl-
glycine 1 as the source of aminokete@eand 2-chloroN-
methyl pyridinium iodide as activating agent (Scheme 2).

Scheme 2. Synthesis of 3-Amino-4-alkylazetidin-2-onds
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Experiments carried out under the conditiongKEtoluene,
A) previously optimized for formaldehyde derivatives,
however, afforded cycloadductsa—f in low yields (25

(3) (a) Fernadez, R.; Lassaletta, J. Mynlett2000 1228. (b) Ferhadez,
R.; Martn-Zamora, E.; Pareja, C.; Lassaletta, J. MOrg. Chem2001,
66, 5201. (c) Vaquez, J.; Prieto, A.; Fefndez, R.; Enders, D.; Lassaletta,
J. M. Chem. Commur2002, 498.
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demanding steric interactions at the conrotatory ring-closing
step. A possiblecis — trans base-catalyzed isomerization
was experimentally ruled ofitthereby confirming that
kinetically controlled products are obtained. According to
the commonly accepted mechanism for the Staudinger
reaction, the analysis of the results collected in Table 1 and
comparison with those observed for the cycloaddition to
benzyloxyketeneds (3R,49-products) suggests a uniform
path putwardapproach of the ketene) for the formation of
the zwitterionic intermediate, which in the absence of severe
steric interactions may directly suffer ring closing to afford
cis products. Alternatively, it may also undergo &8 bond
isomerization prior to ring closing, this last process presum-
ably being favored if the barrier for the conrotatory ring
closure tocis products is relatively high as a result of steric
interactions, as apparently happens between the bulky
N-benzyloxycarbonyN-benzylamino group and the hydra-
zone alkyl group R (Scheme 3).

(4) Ferdadez, R.; Ferrete, A.; Lassaletta, J. M.; Llera, J. M.; Monge,
A. Angew. Chem., Int. EQR00Q 39, 2893.
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Zamora, EAngew. Chem., Int. ER002 41, 831.

(6) Prepared from commercially availabl8,§-2,5-hexanediol (alter-
nativelly available from 2,5-hexanedione: Lieser, J.3¢nth. Commun.
1983 13a 765) by dimesylation followed by reaction with hydrazine
monohydrate and condensation with aldehydes.

(7) The relativetrans stereochemistry was assigned after comparison of
the2Jy3 na coupling constants (2:22.5 Hz) with the reported typical values
[Jeis = 4—6 Hz; Jyans = 0—3 Hz]: Kagan, H. B.; Basselier, J. J.; Luche, J.
L. Tetrahedron Lett1964 941.

(8) Purecis-4f was heated at 8TC under the reaction conditions (6 equiv
of 1, 12 equiv of {(-PriEtN, and 6.5 equiv of 2-chlord-methyl pyridinium
iodide). After 24 h no traces dfans-4f were observed.
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s The recently reported methodology for the oxidative

Scheme 3. Steric Effects in Conrotatory Ring Closing from  deamination of hydrazidéswas applied for the NN bond

Zwitterionic Intermediates cleavage of compound&a—f. Treatment of these cycload-
o 102 o ducts with methanolic magnesium monoperoxyphthalate
%@NvNR R X = NBnCBz o] (E,NFURZ (MMPP) afforded enantiomerically pure frgdactamsba—f
f N in high yields (72-90%) (Table 3).
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Table 3. Oxidative Cleavage of NN Bonds
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Nevertheless, the initially unexpectaensselectivity can
bg considered as an added value from the synthetic pgmt of  qucta R product 5 yield (%)?
view, as the above results complement the only existing

method available for the stereocontrolled ketene-aliphatic (SR:4R)-4a Me (3R,4R)-5a 9%
imine cycloaddition leading tais derivatives’ gsigj: :EL gsjg:gg ;é

As a remarkable exception, the reactionoebenzyloxy- (3R:4R)_4d PhCH,CH, (3R:4R)_5d 73
acetaldehyde hydrazo®&with 2 under the same conditions (3R,4R)-4e Nn-CsHq, (3R,4R)-5¢ 74
afforded productf as a 54:4@rans/cismixture. To improve (3R,4R)-4f BNOCH; (3R,4R)-5f 74

.thIS parthU|ar reSl',llt’ ,the _eﬁeCt of the reaction tempgrature aYield of isolated product® The cleavage reaction was performed using
in the product distribution was analyzed. Experiments the enantiomerically pureis-(3R 4R)-4f adduct.
conducted at 100 and 12C (Table 2) afforded much lower

Products are direct precursors for the synthesis of several

Table 2. Effect of Reaction Temperature in the Product bioactive Compounds, inpludin@L,ﬁ-diamino acids and
Distribution of 4f monobactams. As illustrative examples, compousaland
" Ve Ve 5f were transformed into free 3-aminoazetidinoBeand 8
©., (Scheme 4), enantiomers of the key components of the
’NQ [2] O, N (0] N
N - . N Me N Me
Me o em + |
H r2 CbzBnN CbzBnN I
OBn Toluene OBn OBn Scheme 4
3f (3R.4R)-4f (3R,49)-4f 0 0
NH Hy (6 atm), Pd(OH),/C NH
entry T (°C) t (h) yield (%)?2 trans:cisP , — i ,
CbzBnN CHy 20:1 dioxane:Hy0 HoN CHy
1 re 96 81 <1:99 75%
2 40 29 95 <1:99 5a 6
3 60 35 79 37:63 o
4 80 38 66 54:46 Boc,0, EtzN, MeOH NH
5 100 21 17 69:31 72% j
6 120 13 14 97:3 BocHN®  “CHs
aCombined yield of separatedis and trans adducts after column 7

chromatography? Determined by'3C and!H NMR spectroscopy in the

crude reaction mixture. o )
jtt HCOONHy,, Pd/C jt’t/
CbzBnN OBn MeOH, reflux, 1h HoN OH
8

yields of product (entries 5 and 6), but the obsertrats/

cisratios were markedly higher. However, the relatively high 5f

reactivity of hydrazon@&f allowed the reactions to be carried o)

out at lower temperatures, leading to much higher yields of CICOOBN, EtsN, MeOH j\_'t(
product and increasing dramatically this:trans ratio. An 51% (two steps) ChzHN OH
optimum reaction temperature of 4@ resulted in the 9

formation of purecis (3R,4R)-4f in an excellent 95% yield
while maintaining a reasonable reaction rate (entry 2).

(9) Palomo, C.: Aizpurua, J. M.: Legido, M.: Mielgo, A.; Galarza, R, @ntibiotics aztreonam and carumonam, respectively. The
Chem. Eur. J1997, 3, 1432. availability of both enantiomers of the used auxilidigllows
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the obtention of the products with the desired absolute N,N-dialkylhydrazone$ to a-aminoketen& are key for the
configuration. It is worth mentioning also that acetaldehyde development of a short route to bioactiveaminog-lactams.

and benzyloxyacetaldehyde derivativgéesand 3f, used for
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