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Abstract—New conditions have been developed for the olefination of diazo compounds catalysed by methyl trioxorhenium. The
new system is suitable for unreactive diazo compounds and its utility is demonstrated by the olefination of 3-diazopiperidin-2-one

with a range of aromatic, heterocyclic and alkylaldehydes.
© 2003 Elsevier Ltd. All rights reserved.

Diazo compounds are useful synthetic intermediates
which have found a wide range of use in organic
synthesis.! We recently reported the synthesis of the
new diazo-amide 3-diazopiperidin-2-one 1 and
described some of its chemistry.? It undergoes most of
the usual diazo-group chemistry such as insertion, 1,3-
cycloaddition and cyclopropanation reactions in excel-
lent yields, giving rapid access to a wide range of
3-substituted piperidones. However, when we investi-
gated olefination of 1 with benzaldehydes catalysed by
methyl trioxorhenium, under the conditions described
by Herrmann,® the reaction proceeded in moderate
yields (<40%) and poor stereoselectivity (E:Z~3:1)
(Scheme 1). Furthermore, the reaction failed in our
hands, with alkyl aldehydes.

We wanted to expand the utility of this reaction to
provide a novel and very direct approach to 3-alkyl-
ated-piperidinones, and from these 3-piperidines, by
subsequent reduction of the carbonyl group. We now
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Scheme 1. Reagents and conditions: (a) X-Ph-CHO, MeReOs;,
PPh,, THF, rt, 7-12 h.
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wish to report our work on improving the olefination
reaction of 3-diazopiperidin-2-one 1 with a wide variety
of aldehydes, including phenyl, heterocyclic and alkyl-
aldehydes. To achieve this we have modified the pub-
lished reaction conditions of the MeReO,/phosphine
catalytic system.

The poor results we reported with the MeReO,;/PPh,
system? led us to evaluate the more recently described
systems that catalyse the olefination of ethyl diazoac-
etate with aldehydes. However, we found that both the
trichloro oxorhenium* and the ruthenium dichloride’
systems failed to effect olefination of 1 with benzalde-
hydes. We therefore concentrated on optimising the
MeReO;/phosphine catalytic system for the olefination
of 1.

Monitoring the reaction between 1 and 4-nitro-benz-
aldehyde in the presence of triphenylphosphine
catalysed by MeReO; in THF indicated a complex
reaction mixture.> The main components of this mix-
ture were identified by LC/MS (Scheme 2). Although
the required product 3 (MH*=233) was identified as
the major component, another product detected in
large amounts, was the phosphazine 4 (MH"=388).
Also seen, as minor side products were the azine 5
(MH*=261) and the diazo decomposition product 6
(MH*=195). We performed a number of control reac-
tions to determine how these products arose. When the
reaction was carried out in the absence of catalyst, 4
was the major component of the reaction mixture
together with small amounts of 5. Performing the reac-
tion in the absence of triphenylphosphine led to detec-
tion of 6 only. Presumably the latter product is derived
by initial loss of the diazo group to form a carbene
intermediate.
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We also noted that the reaction time for olefination of
1 was typically 18 h, whereas the reported reaction
times for olefination of ethyl diazoacetate are 2—-6 h.> It
appears that 1 is less reactive under these conditions
than ethyl diazoacetate, and this lower reactivity allows
several side reactions to occur. Since the major side
product 4 arises by direct reaction of the phosphine
with the diazo group, we investigated the above olefina-
tion reaction (Scheme 2) using MeReO; with a variety
of phosphines (Table 1).

The results show that the only phosphines which gave
product 3 and no detectable amounts of side-products 4
or 5 were tris(4-chlorophenyl)phosphine (entry 2) and
diphenyl-2-pyridyl-phosphine (entry 3). Analysis of the
reaction mixture for these two phosphines by LC/MS,
indicated a less complex mixture, with the desired
product being the major component together with small
amounts of 6. The effect of the phosphines on the
outcome of reaction can be rationalised in terms of the
steric and electronic properties at the phosphorus
atom.®® Thus phosphines which take part in the cata-
lytic cycle leading to olefination have a cone angle
<170° (entries 1-5). If this condition is satisfied, side
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Scheme 2. Reagents and conditions: (a) 4-NO,-Ph-CHO,
MeReO;, PR}, THF, rt, 24 h.

Table 1. Effect of phosphine on the metal-catalysed olefi-
nation of 1
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v/ Product detected in the reaction mixture by LC/MS.
“ Reactions carried out according to the procedure decribed by
Herrmann.?

reactions leading to products such as 4 and 5, can also
occur with the more nucleophilic phosphines (entries 1,
4 and 5). Phosphines with larger cone angles and high
nucleophilicity lead to no reaction (entries 6-11) or to
just the side products (entry 12).

We also investigated the effect of solvent and tempera-
ture on the outcome of the reaction. The reaction of
4-nitro-benzaldehyde with 1 was performed using tris(4-
chlorophenyl)phosphine and MeReO; in THF, DCM,
CHCI; and toluene at ambient temperature and at
50°C. Analysis of the reactions after 18 h indicated that
the reactions had progressed furthest in DCM and
CHCI, leading to the isolation of product 3 in ~40%
yield and with an E:Z ratio ~10:1. An increase in
temperature did not improve the yield in these two
solvents. Some of these new conditions® were applied to
the olefination of 1 with a variety of aldehydes (Scheme
3) and the results are shown in Table 2.

Table 2 shows that by using DCM as the solvent and a
less nucleophilic phosphine, we were able to perform
the olefination of 1 with alkyl, aryl and heteroaryl
aldehydes with overall yields of 20-50%. In addition the
stereoselectivity is improved to ~10:1 in favour of the
E isomer.!° Some general observations are worthy of
note. Yields are best for the more electrophilic alde-
hydes (compounds 3, 12, 13, 16). The lowest yields
obtained were with the alkyl aldehydes (compounds 17,
18, 19) presumably due to their lower reactivity, which
allows more of the side products to compete. One of
the lowest yielding reactions was with 2-methylbenz-
aldehyde (compound 9) suggesting that steric crowding
at the catalytic centre is detrimental to the reaction.
Although we found that DCM and CHCI; are better
solvents than THF and toluene for this reaction, yields
of reactions carried out in THF could be improved to
similar levels by heating to 50°C (compound 10).

These results demonstrate that olefinations catalysed by
MeReO; can be performed with phosphines other than
PPh;. The two phosphines we have identified are less
nucleophilic than the generally used triphenylphosphine
in these reactions, and appear to offer an advantage
with diazo compounds that can react directly with the
phosphine.

We have applied these new conditions to effect olefina-
tions with a wider range of aldehydes than previously
reported in the literature. In fact these are the first
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Scheme 3. Reagents and conditions: (a) R-CHO, MeReO;,
P(4-Cl-Ph);, DCM, rt, 18 h.
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Table 2. Metal-catalysed olefination of 1 with aldehydes

R®? Product T (°C) Yield? (%) E:Z ratio
4-Nitrophenyl 3 25 40 >10:1
3-Cyanophenyl 8 25 30 ~10:1
2-Methylphenyl® 9 50 20 ~10:1
4-Methoxyphenyl® 10 50 40 6:1
3-Thienyl 11 25 15 >10:1
5-Nitrothien-2-yl 12 25 44 >10:1
S-Nitrofuran-2-yl 13 25 52 7:1
3-Benzothienyl 14 25 22 >10:1
3-Quinolyl 15 25 25 >10:1
1-(4-Chlorobenzyl)-pyrazol-3-yl 16 25 46 8:1
1-Buten-4-yl 17 25 20 >10:1
1-Phenylethyl 18 25 15 >10:1
1-Phenylpropyl 19 25 22 ~10:1

# Reactions carried out according to procedure A.°
® Chloroform used as solvent.

¢ THF used as solvent.

d Isolated yields of analytically pure compounds.'®

reports of the olefination of any diazo compound with
heterocyclic aldehydes. The reaction allows a rapid
access to 3-substituted-piperidin-2-ones under very mild
conditions which tolerate a wide range of functional
groups. Although the yields are moderate this proce-
dure compares well with the overall yields of published
approaches to 3-alkylated-piperidin-2-ones. These
approaches are generally multistep and use harsher
reaction conditions.!'™'* These modified catalytic sys-
tems are being applied to the olefination of ethyl di-
azoacetate and results from this work will be reported
shortly.
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