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for sensory applications, and c¢) the incorporation of Mn into a
cyclophane framework, which provides a more economical
building block than Re for nonluminescent applications.

Experimental Section

Bimetallic [{(CO),M},BiBzIm] edges!"" (BzIm =benzimidazolate) were
formed by stirring [M(CO)sX] (M, X=Mn, Br or Re, Cl) with
K,[BiBzIm]!'> "I at ambient temperature in CH,Cl,. At the reaction
endpoint (monitored by FTIR), the solvent was partially removed and the
desired [{(CO),M},BiBzIm] product precipitated as a yellow (1a) or white
(1b) powder by addition of Et,O (45 % yield).['"s! Rectangular cycles were
obtained by reacting equimolar amounts of the bimetallic edge with 4,4'-
bpy in refluxing THF for two days. Hexanes were added to the flask after
cooling to room temperature. Further cooling provided orange-yellow
crystals (2a) or a bright yellow powder (2b) at ~70 % yield.!"- 2 Thin films
of 2a and 2b were cast evaporatively from filtered THF/CHCI; (1/1)
solutions.

Crystallographic data (excluding structure factors) for the structure
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC-139036.
Copies of the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB21EZ, UK (fax: (+44)1223-336-033;
e-mail: deposit@ccdc.cam.ac.uk).

The UV/Vis absorption spectra of 1b and 2b are found in the Supporting
Information.
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The presence of the azetidin-2-one ring in several widely
used families of antibiotics, which include the penicillins and
carbapenems, has stimulated considerable activity directed at
the stereocontrolled synthesis of S-lactams.! One of the most
popular methods is the [2+42] cycloaddition reaction of
ketenes to imines (the Staudinger reaction).?! The particular
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case of 4-unsubstituted 2-azetidinones merits special attention
for its presence in nocardicins and monobactams, as well as in
other bioactive compounds such as tabtoxin®! and the
pachystermines.! In this case, however, the cycloaddition
approach requires the use of formaldehyde-derived imines
(methanimines), which tend to tri- and oligomerize under the
reaction conditions.’] Hence, indirect, longer routes to these
compounds are required.[®!

During our recent work on the chemistry of formaldehyde
N,N-dialkylhydrazones we have regularly observed their high
stability as monomers, even at high temperatures and in the
presence of bases and some Lewis acids.l”! This fact and the
availability of several hydrazones containing tunable chiral
auxiliaries prompted us to explore the usefulness of these
compounds, viewed now as electron-rich, N-aminosubstituted
imines, for the asymmetric synthesis of $-lactams by cyclo-
addition to ketenes.l

First experiments were performed using achiral hydrazones
la and 1b, and in situ generated benzyloxyketene (2;
Scheme 1) as model compounds. Reactions carried out in
toluene led to the formation of the desired cycloadducts 3a

(0]

(0] EtsN I

and 3b in 84 and 67 % yield, respectively (Table 1, entries 1
and 2), with the first reaction (from 1a) being a much cleaner
reaction. This difference suggests that the higher nucleophi-
licity of 1bl®¢l results in competing side reactions at its
azomethine carbon. In addition, a strong influence of the
solvent was recognized: use of chloroform, CH,Cl,, THF, or
Et,0 resulted in the formation of complex mixtures, where
1-benzyloxy-3-(pyrrolidin-1-ylimino)-propan-2-one or its di-
methyl analogue (1,2 adducts to the ketene) were found as
major products.
Formaldehyde SAMP hydrazone 1¢™™ reacted with ketene
2 in a similar way (entry 3), but the low inductions observed
prompted us to investigate the behavior of easily available
hydrazones 1d¢! and 1e,7?] which have bigger (quaternary)
residues at position 2. The higher steric hindrance in these
reagents resulted not only in the expected increase of
selectivity in the cycloaddition (d.r. values of 81:19 and
84:16 for 3d and 3 e, respectively) but, also, in the inhibition of
the above-mentioned side reactions, as demonstrated by the
almost quantitative yields obtained (entries 4 and 5). The use
of hydrazone 1e had additional advantages: in this case, both
diastereoisomers (R,S)- and
(S.,5)-3 e could be easily separat-

NR!R? ed by flash chromatography,

/
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thus affording a satisfactory
80 % yield of the major diaster-
eomer (R,S)-3e in a single step.
Finally, the behavior of the C,-
symmetric reagent 1f was also
investigated. The interest for
this particular reagent arises
from several remarkable singu-
larities. First, a better stereose-
lectivity could be expected due
to the benefits frequently ob-
served for C,-symmetric auxil-
iaries.”? Second, the presence of
two neighboring groups at both
sides (C-2 and C-5) of the C—N
double bond and the rigidity
conferred by the condensed 1,3
dioxane rings should hinder the
planar conformation associated
with the competing nucleophilic
reactivity of the azomethine
carbon.l'”) Third, the parent hy-
drazine can be prepared in bulk
quantities from inexpensive D-
mannitol in a few steps.!'l A
single isomer 3 f was detected in
this case and isolated in 89 %
yield (entry6). As expected
f considering the relative stereo-

BnO
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2, 4, and (R)-5. Bn =Benzyl.
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Scheme 1. [242] Cycloaddition reaction of formaldehyde N,N-dialkylhydrazones 1 to alkoxy and aminoketenes

chemistry of 1e and 1f,3fhad S
configuration at C-3, the oppo-
site configuration to the major
isomer of 3e.

The cycloaddition of hydra-
zones le and 1f to a-amino-

1433-7851/00/3916-2894 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2000, 39, No. 16



COMMUNICATIONS

Table 1. [2+2] Cycloaddition of formaldehyde N,N-dialkylhydrazones with ketenes. Synthesis of 1-amino-3-alkoxyazetidin-2-ones and 1,3-diaminoazetidin-

2-ones.
Entry Ketene Hydrazone Cycloadduct Tl £t dr.l Configuration Yield [% ]t
at C-3M4
0. NMe,
N
1 2 1a RT 48 - - 84
BnO
3a
2 2 1b ]EN RT 26 - - 57
BnO
3b
50 25 - - 67
O /Q
3 2 1c ]\:N OMe RT 50 50:501 RIS 80
BnO
3c
80 25 50:50!1 RIS 89
o N
4 2 1d N OMe RT 6d 85:15l1 R 85
Ph Ph
BnO
3d
80 35 81:19! 96
o N
5 2 1e ] N OMe RT 24 85:15 R 89 (75)
Et Et
BnO
3e
80 15 84:16 96 (80)
Ph
0)\0
e}
6 2 1f o, N Y—Ph 80 7 >99:1 s 89
W\:N —O0
BnO\\«
3f .
0 N
E OMe
7 4 1 Et Et 80 23 82:18 R 93 (76
¢ Ph"™N (76)
BnO/&O
6e
o) N
Ph N OMe
8 (R)-5 le kij Et’ Et 80 9 >99:1 R 94
o)*o
7e
Ph
oo
"N—ph
9 4 1t O\\1 N «—,,,c?’ 60 8 >99:1 s 81
PN
Bno/&o

6f

[a] Units = °C. RT =Room temperature. [b] Units = hours unless otherwise stated. [c] Determined by '*C and '"H NMR spectroscopy. [d] Configuration of
the major isomer. [e] Yield after isolation by flash chromatography. Values in parentheses correspond to the pure (de =98 % ) major isomer. [f] Inseparable

mixture of diastereomers.
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ketenes 4 and (R)-5 was also investigated. In this case, the best
results were obtained by using suitable a-amino acid deriv-
atives and 2-chloro-N-methyl pyridinium iodide!'? for the
generation of the ketene. Under these conditions, adduct 6e
was obtained in 93% yield as a 82:18 mixture of diaster-
eomers (entry 7), which could also be separated by means of
simple flash chromatography to yield adducts (R,S)- and
(S,S)-6e in optically pure form. As expected, a “matched”
double induction experiment using (R)-5"*1 afforded the
corresponding adduct 7 e as a single diastereoisomer (entry 8).
In addition, compound 6 f, which has the opposite S config-
uration at C-3, was also obtained in good yield as a single
diastereoisomer from the reaction of 1f with 4 (entry 9).

The key N—N bond cleavage needed for the release of the
chiral auxiliaries of adducts 3 and 6 was unsuccessful by
catalytic hydrogenolysis (Raney Ni, Pd/C, and Pd(OH),/C) or
by Li/NH; under several conditions, while use of Sml,!'4
required the presence of HMPA as cosolvent and gave
moderate yields of product (8: 64-65% from 3ef; 9: 42%
from 6e). Inspired in the Meisenheimer rearrangement!’ of
tertiary amine oxides, we decided to investigate the oxidative
N—N bond cleavage promoted by magnesium monoperoxy-
phthalate (MMPP). This unprecedented deamination method
efficiently afforded the desired products (82-89% yield;
Scheme 2, Table 2), which are presumably formed by the
homolytic cleavage of the N—N bond of intermediate
hydrazide N(sp?) oxides 10.11]

1 2

o NR'R? ALR 0

7 0 N\

N MMPP NT o NH

:]tl MeOH 82-98% j\:l
X X X
(R.S)-3e 10 (R)-8: X = 0Bn
(S,5)-3f (S)-8: X =0Bn
(R,S)-6e (R)-9: X = N(CO,Bn)Bn
(S,5)-6f (5)-9: X = N(CO,Bn)Bn

Scheme 2. MMPP-promoted oxidative N—N bond cleavage of compounds
3 and 6 to form compounds 8 and 9.

Table 2. Oxidative N—N bond cleavage of adducts 3 and 6 promoted by
MMPP. Synthesis of compounds 8 and 9.

Adduct Xlal Product Time [h]  Yield [%]  [a]EM]
(R,S)-3e  OBn (R)-8 1 89 +549
3t OBn (5)-8 6 82 ~559
(RS)6e N(CO,Bn)Bn (R)-9 1 83 180
6f N(CO,Bn)Bn  (5)-9 6 83 ~88

[a] See Scheme 2. [b] (c=1, CH,CL,).

The absolute configuration of (R,S)-3e was determined by
X-ray diffraction analysis!!'”) (Figure 1) of the p-nitrobenzoyl
derivative 12, obtained from the former after hydrogenolysis
(—11) and esterification (Scheme 3). The opposite 3S config-
uration of 3f was determined by comparison of the optical
rotation of (R)-8 ([a]¥=+54.9 (¢c=1, CH,Cl,)) and (S)-8
([a]® = —55.9 (¢c=0.9, CH,Cl,)), obtained from (R,S)-3e and
3f, respectively. Finally, (5)-9 ([a]f =—8.8 (c=1, CH,Cl,))
was transformed into (S)-13 (Scheme 4) and its optical

2896 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

Figure 1. Crystal structure of (R,S)-12.

o N
_ PdC.H, N
T e OMe

Et
X0 Et

(R,S)-3e 11: X=H
P-ONCgH,COCLPy [ 453 _ p-O,NCgH,CO

95%
Scheme 3. Synthesis of (R,S)-12. Py = pyridine.

[0}

_ 1) Hp, PA(OH),/C E,H

A~
Ph N 2) Boc,O, Et3N
60% BocHN

BnO 6}
(5)-9
Scheme 4. Synthesis of (S)-13. Boc = tert-butoxycarbonyl.

(9)-13

rotation was compared to the literature data;!'¥! (R)-9 had the
opposite sign ([a]f =+8.0 (c=1, CH,Cl,)).

In summary, a new entry to enantiopure 4-unsubstituted
3-alkoxy and 3-amino S-lactams has been developed which
consists of two efficient steps: (1) the [2+2] cycloaddition
reaction of chiral formaldehyde N,N-dialkylhydrazones to
alkoxy or aminoketenes, and (2) the MMPP-promoted oxi-
dative N—N bond cleavage of the resulting hydrazides. Both
R- and S-configured products can be easily synthesized
starting from L-proline or D-mannitol derived hydrazones
1e and 1f, respectively. It is important to emphasize that the
chiral auxiliaries act as N-protecting groups at the same time,
thereby reducing the number of steps required to reach the
final targets.

Experimental Section

Adducts 3: Benzyloxyacetyl chloride (2 mmol) in toluene (5mL) was
added to a solution of hydrazone 1 (1 mmol) and Et;N (4 mmol) in dry
toluene (10 mL). The mixture was stirred at 80°C until completion.
Adducts 6 and 7: 2-Chloro-N-methyl pyridinium iodide (0.82-1.65 mmol)
and Et;N (1.5-4.5 mmol) were added to a solution of the glycine derivative
(0.75 or 1.5 mmol) in toluene (4.5 mL). 1 (0.3 mmol) was then added and
the mixture was stirred at 80 °C until completion.

Compounds 8 and 9: MMPP-6H,0 (0.9-1.8 mmol) was added to a
solution of 3 or 6 (0.3 mmol) in MeOH (0.5-0.75 mL) and the mixture was
stirred at RT until completion.
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Road, Cambridge CB21EZ, UK (fax: (+44)1223-336-033; e-mail:
deposit@ccdc.cam.ac.uk).

[18] (S)-13 had [a]¥ =—20.1 (¢=0.8, CH;OH). Lit.: [a]® =—19.8 (¢ =1,
CH;0H); D. M. Floyd, A. W. Fritz, J. Pluscec, E. R. Weaver, C. M.
Cimarusti, J. Org. Chem. 1982, 47, 5160.

A Highly Conductive Macrocycle-Linked
Metallophthalocyanine Polymer**

Richard P. Kingsborough and Timothy M. Swager*

Phthalocyanines are among the most extensively investi-
gated chemical species because of their uses in chemical
sensors,!l low-dimensional conductors,> nonlinear optics,’!
liquid crystals,®'? as well as their utility as catalysts and
dyes.[¥! Clearly, these properties are derived from the excep-
tional stability and delocalized electronic nature of the
macrocycle. The vast majority of metallophthalocyanine-
containing polymers are composed of axially connected
phthalocyanines that possess conductivities (o) of 1073-
10-! Scm! when oxidatively doped.> 7] These polymers,
however, cannot be exploited for catalytic applications
because of the lack of vacant coordination sites. Previous
work directed toward the preparation of one- and two-
dimensional and macrocycle-linked phthalocyanine polymers
resulted in moderately conductive (6=10"%-10"2Scm™),
intractable materials that have not been studied electro-
chemically.'®-2!] Electrochemical polymerization of designed
phthalocyanine macrocycles offers a number of advantages
over existing systems, including the deposition of thin electro-
active films wherein the electronic states of the macrocycle
system mix with those of the polymer backbone. After
considering all the desirable attributes that phthalocyanine
ligands offer we chose them as ideal moieties from which to
design electroactive metal-containing polymers.?>2 Herein
we report the synthesis of a novel highly electroactive
polythiophene —metallophthalocyanine hybrid material that
exhibits conductivities more than three orders of magnitude
higher than previously synthesized macrocycle-connected
polymers.
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