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Chromioenamines can be generated by treatment of O-
acetyloximes with chromium(II) via two steps of one-electron
reduction and successive isomerization, and the species react
with aldehydes to give g-amino alcohols after reduction with
LiAlH4.

Treatment of O-acetyloximes 1 with low valent metals such as
Cr(II) and Ti(III) under aqueous conditions is a mild deoximation
procedure.1 The process includes the reductive cleavage of N–O
bonds leading to N-metal imines 32 via iminyl radicals 2,3 and
the hydrolysis of the formed imines to obtain ketones [eqn. (1)].

(1)

In order to examine the utilization of the formed reactive species
2 or 3 for carbon–carbon formation, we conducted the
chromium(II)-mediated deoximation in aprotic solvents.4

The O-acetyloxime 4 was treated with 2 equiv. of chrom-
ium(II) chloride in the presence of 10 equiv. of methyl acrylate
to give the corresponding deoximated ketone 5 in 88% yield
after hydrolysis [eqn. (2)]. Nitrogen-containing five-membered

(2)

ring compounds derived via intramolecular radical cyclization
were not observed,3 and no coupling product between 4 and the
acrylate was obtained. When the amount of chromium(II)
chloride was reduced to 1 equiv. of the oxime 4, the ketone 5
was obtained in 44% yield and 4 was recovered in 44% yield.
These results suggest that the second one-electron reduction of
the iminyl radical 2 to the N-chromium imine 3 proceeds faster
than the first reduction of 1 to 2.

Trapping of the formed N-chromium imine 3 was examined.
Although the reduction of the cyclohexanone O-acetyloxime 6
with CrCl2 in the presence of Me3SiCl resulted only in
deoximation leading to cyclohexanone, the reduction in the
presence of the benzoyl chloride gave 7 in 70% yield along with
benzamide in 8% yield [eqn. (3)].1b The expected N-acyl imine

(3)

derived from N-chromium imine 3 was not obtained, and
instead a chromioenamine was trapped as 7.

Thus, carbon–carbon bond formation with this chromioena-
mine5 was investigated in the presence of an aldehyde in the
aprotic solvent. Treatment of a mixture of acetone O-
acetyloxime (8, 2 equiv.) and benzaldehyde with CrCl2 (8
equiv.) in THF at 25 °C for 24 h followed by hydrolysis with
water gave 4-phenyl-4-hydroxybutan-2-one (9) in 23% yield.
The quenching procedure affected the yields considerably,
probably due to the strong chelation of the adducts to
chromium(III). The yield was improved to 88% by quenching
with aqueous NaF solution (Table 1 run 2).6–8 Although the
reaction proceeded more slowly in the case of aliphatic
aldehydes, addition of a catalytic amount of NiCl2 accelerated
the reaction rate and improved the yields.9

A possible mechanism is shown in Scheme 1. One electron
reduction of an O-acetyloxime with chromium(II) gives the

† Electronic supplementary information (ESI) available: experimental
section. See http://www.rsc.org/suppdata/cc/b1/b105357b/

Table 1 Aldol reactions between O-acetyloximes and aldehydes with
chromium(II)a

Run R1 R2 R3 Yield (%)b syn–antic

1 Me H (8) Ph 84d (9) —
2 8 Ph 88e —
3 8 n-C8H17 67 —
4 8 c-C6H11 74 —
5 -(CH2)4- (6) Ph 81ef 36+64
6 6 Ph(CH2)2 54e 6+94
a Reaction conditions as in typical procedure (ESI) unless otherwise stated.
b Isolated yields. c Isomer ratios were determined by isolation and/or NMR.
d The reaction was completed in 8 h. e The reaction was conducted without
addition of NiCl2. f 8 mol of CrCl2 was used per mol of benzaldehyde.

Scheme 1 A possible mechanism for the coupling reaction.
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imine radical 2,3 which is then subjected to the second one
electron reduction to give 3. The imine 3 is isomerized to
chromioenamine 10,1d,10 and the chromioenamine reacts with
an aldehyde to give 11.11 Hydrolysis of 11 gives the aldol
adduct 12. Metalloenamines are usually prepared by deprotona-
tion of imine derivatives with strong bases,5 however, the
procedure does not require such bases. Attempts to reduce the
amount of chromium(II) with manganese and Me3SiCl resulted
in deoximation probably due to the fast trapping of the
chromium imine 3 or the chromioenamine 10 with
Me3SiCl.12

When anti- and syn-4 were employed in the reaction, almost
the same product distributions were observed [eqn. (4)]. The

(4)

major product was an aldol adduct 14 at the less hindered
carbon. This result supports the proposed Scheme 1, in which
the two reactions involve the same iminyl radical as the
intermediate.

In order to utilize the nitrogen-containing adduct 11,
reduction of 11 leading to a g-amino alcohol 13 was
examined.13 A mixture obtained from 8 and benzaldehyde was
treated with LiAlH4 (10 equiv.) at278 °C, and the temperature
of the mixture was gradually raised to 0 °C. Quenching of the
mixture with alkaline NaF solution followed by acetylation
gave the acetylated g-amino alcohol 16 in 79% yield [eqn.
(5)].14,15 The yield was increased by addition of a catalytic

(5)

amount of NiCl2. The results of the preparation of g-amino
alcohols from O-acetyloximes and aldehydes with CrCl2 and
NiCl2 are summarized in Table 2.

In conclusion, chromioenamines are generated by treatment
of O-acetyloximes with chromium(II) via sequential reduction
and isomerization. These react with aldehydes to obtain g-
amino alcohols after reduction with LiAlH4. The reaction
proceeds under mild conditions and does not require strong
bases such as LDA.
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Run R1 R2 Yield (%)b syn–antic
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a Reaction conditions as in typical procedure (ESI) unless otherwise stated.
b Isolated yields. c Isomer ratios were determined by isolation and/or NMR.
d The reaction was conducted without addition of NiCl2.
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