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Abstract: Rhodium acetate-catalyzed hydroacylation be-
tween aldehydes and an activated form of N=N bond was
achieved under mild conditions to provide efficient access
to a variety of hydrazino imides. Good selectivity for the
aldehydic C—H activation relative to the ene-type reaction
was observed with aldehydes having unsaturation both at
terminal and internal positions.

Huckel MO theory indicates that the strong electron-
withdrawing azodicarboxylates possess a vacant bonding
orbital, which predicts these molecules to be good hydro-
gen and hydride acceptors.! With 1, the C—H activation
at the a-position of amines and ethers (path a)? and the
ene-type reaction (path b)® are amply documented. It was
also reported that the reaction between 1 and acetalde-
hyde gave diacetyl under photolytic conditions,* whereas
Huisgen reported that under thermal conditions®® the
corresponding addition product (path d) was formed. In
our effort to make adducts of unsaturated aldehydes with
1 via “path d”, competition between “paths ¢ and d” was
noticed. In search for a solution to this problem, we were
intrigued by the possibility of accelerating the aldehydic
C—H activation (path d) relative to the ene-type reaction
(path c) by transition-metal catalysts. Herein, we report
a rhodium-catalyzed hydroacylation® between a variety
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of aldehydes and an activated form of N=N bond under
mild conditions, thereby providing an efficient synthesis
of hydrazino imide functionality with good selectivity
between “paths c and d”.
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For calibration, we first examined the uncatalyzed
reaction between hexanal and la in THF at 25 °C.
Complete consumption of azodicarboxylate along with
the formation of a 1:1 ratio of two major compounds
was observed after 3 days. Isolation and characteriza-
tion of these compounds by *H NMR, 3C NMR, HRMS,
and IR clearly supports the structure of hexanal—1l1a
adduct (2) and the “path a”-derived THF adduct (3).
The reaction under neat conditions afforded only 2
but with much reduced reaction rate, requiring 14 days
for completion. In search for a catalyst providing higher
turnover, we screened various transition-metal catalysts
and Lewis acids. Remarkably, within 15 min, com-
plete consumption of 1a was observed with [Rh(OAc),].
(10 mol %, THF, 25 °C), generating roughly a 1:1 mix-
ture of 2 and the THF adduct 3. The relative conver-
sion rates of 1a and hexanal to 2 by other catalysts were
also shown in Figure 1. Other than [Rh(OACc),],, only
[RuCly(benzene)], showed significant catalytic activ-
ity.® Neither Pd complexes nor Lewis acids (EuFOD,
Sm(OTf),, Sc(OTf),, AgOTf) showed activity higher
than background level. Next, we tried different solvents
to suppress the formation of a solvent—adduct. When the
reaction was carried out in CH,CI, with [Rh(OAc),], no
reaction occurred. In hexane and toluene, the reaction
was much slower. The reactions in Et,O and 1,4-dioxane
gave the expected solvent—adducts 4 and 5, respectively,
but to a lesser extent compared to that in THF; however,
in EtOAc, only the desired adduct 2 formed.” The amount
of catalyst can be as low as 1.5—2.0 mol % without
affecting the yield significantly, although the reaction
time becomes longer.

(5) Although it is known that Lewis acids catalyze the ene-type
reaction in “path c”, catalyzed reactions have not been reported in “path

(6) [Rh(OCOCFs3),]. was capable of catalyzing the reaction but found
to be much less reactive than [Rh(OAC)z],.

(7) The reaction of substrates having slow conversion rate provides
varying amounts of the corresponding hydrazodicarboxylate.
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FIGURE 1. Catalyst screening for coupling of hexanal with
diisopropyl azodicarboxylate (1). Reactions were performed
with 10 mol % catalyst in a 1.0 M solution of 1:1 mixture of
hexanal and 1a in THF at 25 °C. The relative conversion was
estimated at the point when the [Rh(OACc);].-catalyzed reaction
reached to complete consumption of la.
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Under the adjusted conditions that balanced the yield
and the amount of required catalyst loading (1.5—2.0 mol
% of [Rh(OAC);]2, 1.0 M, EtOAc, 25 °C), 2 was obtained
in 84% vyield. A variety of aliphatic saturated and
unsaturated aldehydes (6a—o0) afforded the expected
hydroacylation products (7a—o0) both with 1a and 1b in
good to excellent yields (Table 1). In general, the reaction
became slower as the number of carbons in the substrate
aldehyde increased. The unsaturation either at the
terminal or internal position does not interfere with the
reaction, but in certain cases, the product undergoes ene-
type reaction to generate increased amount of bis-
azodicarboxylate adduct as the reaction progressed to-
ward completion (entries e, f, and h). An aldehyde (6c)
with terminal alkyne functionality was also a suitable
substrate for this reaction (entry c). Mono- or bis-
branched aldehydes (6e,g,h) at either the a- or -position
provided a similar reaction rate and comparable yields
(entries e, g, h, and j).
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Except for crotonaldehyde (entry i), the reactions of o,-
unsaturated and aromatic aldehydes were much slower,
giving incomplete conversion even after a long reaction
time. The reaction of aromatic aldehydes with electron-
donating substituents was slower (entries K, ), whereas
that with electron-withdrawing substituents was faster
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TABLE 1. Hydroacylation of Aldehydes®
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2 Reactions were performed with 1.5—2.0 mol % [Rh(OACc)2]2
with a 1:1 ratio of aldehyde and 1la or 1b in EtOAc (1.0 M) at 25
°C. P The reaction times were recorded in 12 h increments, and
the yields are based on the amount of isolated product. ¢ The
relatively low yield was caused by the formation of 2:1 adduct of
la and aldehyde. @ The low yield is due to the formation of 8
and 9.

(entries n, 0) than that of the parent benzaldehyde (entry
m). In case of 4-dimethylamino benzaldehyde (entry I),



two additional products were isolated and identified as
the C—H activation products 8 and 9. The formation of
these compounds was not unexpected on the basis of the
related transformation of compounds with a dimethy-
lamino group as well as the efficient formation of C—H
activation products 3—5 with ethereal solvents under the
same conditions. One intriguing feature of this catalyzed
process is that the presence of an aldehyde greatly
accelerated the rate of C—H activation at the a-position
of ethers and amines.

Mechanistically, the addition of aldehydes to azodicar-
boxylate was proposed to be a radical-mediated process.?*®
This radical mechanism is supported by a complete
inhibition of the reaction when it was run with as low as
1 mol % of radical scavenger (4,4'-dithiobis(2,6-di-tert-
butylphenol).® On the other hand, the catalyzed reaction
with 10 mol % of Rh,(OAc), proceeded in the presence of
1.0, 2.5, and 5.0 mol % of scavenger, and a complete
inhibition was reached at the amount of 10 mol % of the
scavenger.® On the basis of this observation, it is reason-
able to assume that the rhodium-catalyzed version of this
reaction may still proceed via radical mechanism al-
though the role of rhodium catalyst is not clear at this
point. In a radical mechanism manifold somehow the
rhodium catalyst may facilitate the generation or addi-

(8) The dependency of the extent of inhibition on the amount of the
radical scavenger used in the reaction was pointed out by a reviewer.

(9) Duplicates of both the uncatalyzed and catalyzed reactions were
run at 0, 1.0, 2.5, 5.0, and 10 mol % of the scavenger, 4,4'-dithiobis-
(2,6-di-tert-butylphenol), neat and in 0.2 M solution in EtOAc. The
progression of the reaction was monitored by 'H NMR spectroscopy.
The details of this experiment are described in the Supporting
Information.
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tion of the putative acyl radical'® intermediate to azodi-
carboxylate; however, other roles for the catalyst cannot
be excluded.**

In conclusion, we developed an efficient rhodium-
catalyzed hydroacylation reaction between aldehydes and
azodicarboxylates. Under these conditions, unsaturated
aldehydes give predominantly the hydroacylation product
over the ene-type adduct. Further study on the reaction
mechanism and the application of this new amide-like
bond-forming process is underway.
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(11) The intramolecular trapping experiments of 5-hexenoyl radical
derived from 5-hexenal and azodicarboxylate both with and without
catalyst were also carried out. In both cases, the formation of 2-methyl
cyclopentanone derivative was not observed; instead, only the normal
coupled product (7b/7b') was isolated in good yield.

J. Org. Chem, Vol. 69, No. 10, 2004 3571



