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The product distribution of the three-component reaction of aldehydes, arylamines, and THF was dependent on a radical initiator, preferentially
giving the corresponding THF adducts of imines with dimethylzinc and adducts of aldehyde with triethylborane.

Chemoselectivity has been one of the goals of organic We have recently reported radical addition reaction of
chemistry. Especially differentiation of C=0 and C=N ethers with aldimines, in which methyl radicals, generated
double bonds as nucleophilic targets has been the topic offrom dimethylzinc as an initiator and molecular oxygen,
recent allylatiod and Mannich-type reactiorfidiowever, to abstract arx-hydrogen of ethers to generate ether radicals,
the best of our knowledge, there has been no report on such
differentiation for radical reactioridWe describe herein that (4) For the reaction of an ether radical, see: (a) Yoshimitsu, T.; Arano,
a THF radical undergoes chemoselective addition to alde- Y- Nagaoka, H.J. Org. Chem.2003, 68, 625-627. (b) Hirano, K.;
. . . . Sakaguchi, S.; Ishii, YTetrahedron Lett2002 43, 36173620. (c) Mosca,
hydes and aldimines depending on the choice of radical- r; Fagnoni, M.: Mella, M.; Albini, A.Tetrahedron2001 57, 10319-
generating agents, dimethylzinc and triethylborane. The 10328. (d) Kim, S.; Kim, N.; Chung, W.-J.; Cho, C. Bynlett2001, 937~

s . 940. (e) Hirano, K.; lwahama, T.; Sakaguchi, S.; IshiiChem. Commun.
chemoselectivity was well demonstrated in the three- 2000 2457-2458. (f) lwahama, T.. Sakaguchi. S.. Ishii, @hem. Commun.

component reaction of aldehydes, amines, and THF.
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consequently giving the ether adducts of aldimines in high

yields>~7 For example, the reaction of benzaldehyde}-
methoxyphenylimine (N-PMP-imind) with THF was con-

ducted in the presence of 6 equiv of dimethylzinc under

constant air bubbling (10 mL/h), producing THF add@at
in 83% vyield afte 5 h atroom temperature (Table 1, entry

Table 1. Initiator-Dependent Chemoselective Addition of THF
Radical to Benzaldehyde PMP-imideand Benzaldehydga

O
P initiator, air
PR QJ " PR XH
1 : X =N-PMP 3a: X =N-PMP
2a:X=0 4:X=0
entry 1/2a initiator (equiv) t(h) product yield (%)

1 1 Me,Zn (6) 5 3a 83
2 1 Et3:B (12) 18 3a2 63
3 2a MeyZn (12) 120 4 <8
4 2a Et3B (12) 6 4 81

a An ethyl adduct ofl was obtained in 26% yield.

1)8 As a logical extension of our approach, we then
examined the reaction of benzaldehyda as a radical
acceptor, instead of aldiminé. However, the addition
reaction of a THF radical witl2a was sluggish under the
dimethylzinc-air conditions, producing THF addutin less
than 8% vyield even after 5 days (entry 3). This poor
efficiency is in dramatic contrast to the reaction2afwith
the use of triethylboranreair as a radical initiator (a modified
Nagaoka proceduré¥ggiving 4 in 81% yield after 6 h (entry
4) 9191t is also important to note that the reactionlafinder
the triethylborane (12 equivjair conditions gav8&ain 63%
yield after prolonged reaction time of 18 h (entry'2).

A.; Ngoviwatchai, P.J. Org. Chem.1989,54, 1836—1842. (v) Citterio,
A.; Filippini, L. Synthesid986,6, 473. (w) Fraser-Reid, B.; Anderson, R.
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Jacobs, R. L.; Ecke, G. @. Org. Chem1963,28, 3036—3038.

(5) Yamada, K.; Fujihara, H.; Yamamoto, Y.; Miwa, Y.; Taga, T,
Tomioka, K.Org. Lett.2002,4, 3509—3511.

(6) For radical reactions with dialkylzinc, see: (a) Bazin, S.; Feray, L.;
Siri, D.; Naubron, J.-V.; Bertrand, M. Chem. Commun2002, 2506—
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The initiator-dependent chemoselectivity was more high-
lighted by the reaction of imino-aldehyd® having both
carbonyl and imino groups (Scheme 1). Under the dimeth-

Scheme 1. Reaction of THF with Imino-aldehydg
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ylzinc—air conditions, the THF radical preferentially reacted
with the imino group to provide mono-THF addu&in 81%
yield, and no other products resulting from the reaction of
THF with the aldehyde moiety were observed. In contrast,
under the triethylborane conditions, the addition of THF
occurred mainly to the carbonyl group, gividgas a major
product in 26% yield and di-THF addu8tin less than 5%
yield. Mono-THF adduc® further underwent the addition
reaction with THF under the triethylboranair conditions,
giving 8 in 86% yield.

The chemoselectivity was more clearly demonstrated by
the reaction of a THF solution of a mixture @&a and
p-anisidineda, those establishing equilibrium with an imine
and water (Scheme 2). A solution of 1 mmol eact2atind

Scheme 2. Chemoselective THF Radical Addition Reaction of
an Equilibrium Mixture of2a and9a
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9ain 22 mL of THF was treated with 12 mmol of an initiator
(2.0 M solution in hexane) under a continuous air stream
(0.5 mL/h) at room temperature. By the dimethylzinc

(11) For radical addition to an imino group with triethylborane—air,
see: (a) Ueda, M.; Miyabe, H.; Teramachi, M.; Miyata, O.; NaitoChem.
Commun2003 426-—427. (b) Halland, N.; Jgrgensen, K. A.Chem. Soc.,
Perkin Trans. 12001, 1290-1295. (c) Friestad, G. K.; Qin, J. Am. Chem.
So0c.2001,123, 9922—-9923. (d) Miyabe, H.; Ueda, M.; Naito, J..Org.
Chem.2000,65, 5043—5047. (e) Miyabe, H.; Ueda, M.; Naito, Them.
Commun.200Q 2059-2060. (f) Miyabe, H.; Tanaka, H.; Naito, T.
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initiation, THF-imine adducBa was preferentially isolated
in 74% vyield after 21 h, whereas THF-aldehyde addtict
was obtained in 75% vyield along witBa (10%) and9a
(65%) after 16 h under the triethylborane initiation. It is also
interesting to note that the reaction of the equilibrium mixture

robenzaldehyde2b and 9a and 3e in 57% yield from
p-anisaldehyde€2c and 9a (entries 4 and 5). Acyclic and
cyclic aliphatic aldehyde&d and 2e were also applicable,
giving 3f and3gin 50 and 44% yields, respectively (entries
6 and 7). Thus, the three-component reaction can be

in the presence of both initiators was not clean and gave ageneralized.

mixture of3a(13%),4 (12%), ethyl adduct of aldimine (7%),
and aldiminel (56% recovery) after 12 days.

The utility of the imine-selective reaction with the use of
dimethylzinc initiator was further demonstrated by the
following three-component reaction of various aldehydes,
arylamines, and THF (Table 2) A mixture of benzaldehyde

Table 2. Chemoselective Three-Component Reaction with the
Use of Dimethylzinc as an Initiator

The initiator-dependent chemoselective addition reaction
can be generalized and is interesting. Initiation by dimeth-
ylzinc favors THF-imine addition, and triethylborane initia-
tion provides a THF-aldehyde addition product. Mechanistic
details for the origin of the chemoselectivity are the focus
of our ongoing study.
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2a with aniline 9b and 4-trifluoromethylanilin@c in THF
provided THF adducBb in 66% yield and THF adducc
in 47% yield (entries 2 and 3). The reaction also proceeded
smoothly whether aldehydes had an electron-withdrawing
or -donating group, givingd in 64% yield from 4-chlo-

Tetrahedron Lett1999,40, 8387—8390. (g) Miyabe, H.; Fujii, K.; Naito,
T. Org. Lett.1999,1,569—-572. (h) Miyabe, H.; Shibata, R.; Sangawa, M.;
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