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ABSTRACT

Ethers undergo addition to imines in the presence of dimethylzinc and air through a radical process.

Very recently, we described an amidophosphine-copper-
catalyzed asymmetric addition of diethylzinc to imines.1,2 In
the presence of the copper catalyst, diethylzinc undergoes a
highly enantioselective addition reaction with a variety of
N-sulfonylimines to give the ethyl adducts in high yields.
During further investigation of the reaction using dimeth-
ylzinc as a carbonucleophile, we unexpectedly encountered
an addition reaction of ether to imine in high yield by the
action of dimethylzinc and air. The reaction provides the
first example ofR-alkoxy radical generation through hydro-
gen abstraction of an ether using dialkylzincs.3 Alkyl radicals
are often generated through homolytic cleavage of carbon-
heteroatom bonds, and their direct generation through C-H
hydrogen abstraction has scarcely been reported. It is also
noteworthy that radicals hardly undergo intermolecular

addition to imines, while intramolecular addition to imines
and intermolecular addition to oxime ethers are synthetically
useful reactions.4,5 Although nucleophilic addition ofR-alkoxy
radicals has been reported,6,7 there has been no general and
efficient entry for the addition to imines.

In the first stage of our studies, we attempted the
methylation of benzaldehydeN-tosylimine1a with dimeth-
ylzinc in the presence of the chiral amidophosphine-copper
catalyst.2 The reaction in toluene failed to proceed, and1a
was recovered unchanged. When THF was used as a solvent,
we were pleased to find by TLC monitoring that1a
disappeared after 18 h at room temperature and a new spot
appeared. The product, however, was not3abut THF adduct
2a in nearly quantitative yield. The addition of solvent THF
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occurred even in the absence of the phosphine and copper-
(II) to give 2aas a 3:2 mixture of two diastereomers in 94%
yield (Scheme 1).

The reaction of 1 mmol of 4-chlorobenzaldehydeN-
tosylimine1b with 3 molar equiv of dimethylzinc in 22 mL
of THF under argon atmosphere at room temperature
(Method A)8 for 4 h gave 2b in 98% yield with a
diastereomeric ratio (dr) of 11:9. The structure including the
relative configuration was confirmed by the X-ray crystal-
lographic analysis of the major isomer of2b.9 The CAChe
MM3 calculation of2agave the coupling constants between
the adjacent methine protons of 6.2 and 4.2 Hz for major
and minor isomers, respectively, showing good agreement
with those observed, 5.8 and 4.6 Hz, respectively. The major
diastereomers show a larger coupling constant of the methine
protons (5.2-6.8 Hz) than the minor diastereomers (4.0-
5.8 Hz).

Cyclic ethers other than THF are also applicable. 1,3-
Dioxolane reacted with1a stereo- and regioselectively to
afford 2c in 77% yield together with2d (dr 9:2) in 22%
yield (Table 1, entry 1). Six-membered THP reacted with
1a giving 2e (dr 13:7) in 76% along with2f in 7% yield
(entry 2). 1,4-Dioxane was also a good nucleophile and
provided2g (dr 10:3) in 84% yield (entry 3).

Linear ethers are also applicable as nucleophiles. Diethyl
ether reacted with1a to afford 2h (dr 11:9) in 77% yield
(entry 4). The reaction with dimethoxymethane gave two
regioisomers2i and 2j in 40 and 30% yield, respectively
(entry 5).

The reaction also proceeded whether an imine had an
electron-withdrawing or -donating group. In addition to1b,

which has an electron-withdrawing group, imines1c,1d, and
1e having an electron-donating 4- or 2-substituted phenyl
group were applicable as reaction partners, producing the
corresponding THF adducts2k (80%, dr 3:2),2l (92%, dr
13:7), and2m (91%, dr 7:3), respectively (entries 6-8).

Imines bearing an N-substituent other than a tosyl group
are sufficiently reactive to give ether adducts.N-Methoxy-
carbonyl (Moc) imine1f reacted with THF to give2n (dr
7:3) in 76% yield (entry 9). Electron-donatingN-4-methoxy-
phenyl (PMP) imine1g was converted to2o (dr 13:7) in
80% yield (entry 10). It is noteworthy that 3-phenylpropanal
N-PMPimine1h reacted with THF, giving2p (dr 3:2) in
75% yield (entry 11).

The reaction seems to be initiated by a trace amount of
oxygen to generate methyl radical from dimethylzinc.3,10

Under an argon atmosphere, with silicon grease applied to
the connections of the apparatuses (Method B),8 the conver-
sion of 1a to 2a in THF was only 4% after 48 h, and most
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1019-1022. (c) Kitagawa, O.; Yamada Y.; Sugawara, A.; Taguchi, T.Org.
Lett. 2002,4, 1011-1013. (d) Williams, A. L.; Grillo, T. A.; Comins, D.
L. J. Org. Chem.2002, 67, 1972-1973. (e) Mima, K.; Ishihara, T.;
Kuwahata, S.; Konno, T.; Yamanaka, H.Chem. Lett.2002, 192-193. (f)
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Scheme 1. Addition of THF to 1a and1b

Table 1. Addition of Ethers to Imines Initiated by
Dimethylzinc Using Method A

imine

entry 1 R1 R2 ether
t

(h) producta 2
yield
(%)

1 1a Ph Ts 1,3-dioxolane 18 2c 77
2d 22

2 1a Ph Ts THP 24 2e 76
2f 7

3 1a Ph Ts 1,4-dioxane 24 2g 84
4b,c 1a Ph Ts Et2O 42 2h 77
5b,c 1a Ph Ts (MeO)2CH2 144 2i 40

2j 30
6 1c PMP Ts THF 16 2k 80
7 1d 4-tol Ts THF 7 2l 92
8 1e 2-tol Ts THF 16 2m 91
9 1f Ph Moc THF 5 2n 76

10b 1g Ph PMP THF 18 2o 80
11d 1h Ph(CH2)2 PMP THF 42 2p 75

a The dr was from 9:2 to 11:9 (see text).b Me2Zn (6 equiv).c Conducted
at 0 °C. d Me2Zn (10 equiv).
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of 1awas recovered. With an airstream of constant bubbling
(10 mL/h) (Method C), the reaction was markedly accelerated
to give 2a in 95% yield after 1 h.8 The photochemical
process6h is ruled out because the reaction proceeded
smoothly under the dark conditions, giving2a in 95% yield.

Interestingly, established and standard radical generation
conditions were not operative in this reaction. Triethyl-
borane-air conditions6e gave rise to the production of only
ethyl adduct3b in 29% yield after 48 h. Dibenzoyl peroxide
in refluxing THF6g,k resulted in the production of a trace
amount of2aand the nearly quantitative recovery of1aafter
24 h.

Three other organozinc reagents were evaluated for their
radical-generating behavior in the reaction of1a with THF
by the Method A (Table 2). Diethylzinc produced2a in 48%

yield along with ethyl adduct3b (33%) and reduction product
4 (2%) (Table 2, entry 2). Diisopropylzinc gave2a (6%),
isopropyl adduct3c (34%), and4 (27%) (entry 3). Diphenyl-
zinc produced phenyl adduct3d in 7% yield, and most of
1a was recovered (entry 4). Production of2a and the bond
dissociation energy (bde) of R-H bond seem related.

Due to its unstability, the methyl radical, once generated,
would abstract anR-hydrogen of an ether rapidly enough,11

and the resulting ether radical reacts with an imine. The
hydrogen abstraction with more stable ethyl and isopropyl
radicals would be slower and the direct reaction of an alkyl
radical with an imine competes to give the alkyl adducts.

We envision the mechanism of the reaction as follows
(Scheme 2). Dimethylzinc and oxygen would initiate the
reaction by releasing a methyl radical,3 which then abstracts
anR-hydrogen from THF to generate THF radical5. Aminyl
radical6 formed by the addition of5 to imine1a reacts with
dimethylzinc to produce zinc amide7, which gives adduct
2a after aqueous workup, and a methyl radical, which is
involved in the further reaction.3a-c The direct production
of 2a and5 through theR-hydrogen abstraction from THF
by 6 might be, if any, a minor pathway because the reaction
requires a superstoichiometric amount of dimethylzinc.

In conclusion, a new methodology for the generation and
the reaction of an ether radical with an imine was developed
by employing dimethylzinc as a radical source. The reaction
failed to proceed with other radical sources such as triethyl-
borane or dibenzoyl peroxide. Although organozinc reagents
are versatile and established sources of carbonucleophiles,12

the dimethylzinc-based radical generation from an ether
would become a quite unique and promising methodology.
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Table 2. Bond Dissociation Energy and Addition of THF to1a
Initiated by Zinc Reagents using Method Aa

entry R
bdeb

(kJ/mol)
2a yield

(%) 3
yield of 3 produced

(%)
4 yield

(%)

1c Me 440 94 3a 0 0
2 Et 411 48 3b 33 2
3 i-Pr 398 6 3c 34 27
4 Ph 464 0 3d 7 0

a No products other than2a,3, and4 were obtained.b Data from ref 11.
c Data from Scheme 1 for comparison.

Scheme 2. Plausible Mechanism for the THF Addition to1a
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