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A reaction mode of imines derived from naphthalene-1-carbaldehyde and acyclic o,8-unsaturated
aldehydes with organolitium reagents was dependent on the characteristic nature of a substituent
on the imine nitrogen atom. An imine having an electron-withdrawing aryl group on the nirtogen
atom behaves as a 1,2-directing imine toward organolithium reagents. In contrast, an imine bearing
an alkyl or a bulky aryl group favors 1,4-addition of organolithium reagents. Electronic and steric
tuning of a substituent on the imine nitrogen atom for a reaction mode was rationalized on the

basis of molecular orbital calculations.

Introduction

A conjugate addition reaction of organometallic re-
agents with a,$-unsaturated carbonyl compounds and
their equivalents is a powerful and fundamental method
in forming a carbon—carbon bond.* These substrates are,
however, ambident in their nature and undergo 1,4- and
1,2-additions. An oxazoline trick has been demonstrated
by Meyers as a milestone toward a modern carbanion and
heterocyclic chemistry applicable to a 1,4-selective asym-
metric conjugate addition reaction of organolithium
reagents.? It was further and considerable progress to
extend this trick to a 1,4-selective addition reaction of
organolithium reagents with a naphthalene nucleus.®#
Steric modification in a carbonyl moiety has been proven
as an alternative methodology effective for a 1,4-selective
conjugate addition of organolithium reagents.® Pioneering
works by Seebach® and Cooke” have demonstrated that
sterically hindered a,3-unsaturated trityl ketones and
BHA esters serve as the Michael acceptors, affording the
corresponding 1,4-selective addition products.® The BHA
method was also extended to a 1,4-selective addition

T We dedicate this work to Prof. A. I. Meyers for his accomplishment
of oxazoline- and imine-based methodology on the occasion of his
retirement.
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Scheme 1. 1,2- and 1,4-Selective Addition
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reaction of a naphthalenecarboxylate.®1° Steric masking
and nucleophilic activation of naphthalenyl ketone by an
external aluminum-based bulky Lewis acid has been
impressive advance of 1,4- and 1,6-selective addition
reactions.!! An enaldimine 4 derived from an enal and
an amine has been also developed as a good Michael
acceptor equivalent to the corresponding o,8-unsaturated
aldehyde (Scheme 1).22 The imine method was also
extended to a 1,4-selective reaction of imines 1 bearing
a naphthalene nucleus.'® The 1,2- and 1,4-selectivity has
been shown to be dependent on a type of organometallic
reagents!* and the ion-pair structure of organometallic
reagents.'® It was interesting for us to learn that the 1,2-
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and 1,4-regioselectivity was dependent on the nature of
an imine.'® An imine prepared by condensation of an aryl
aldehyde with an amine is a typical example to realize
amine dependency of the reaction pattern. Thus, the
imine 1 derived from naphthalene-1-carbaldehyde and
an alkylamine such as cyclohexylamine undergoes 1,4-
selective conjugate-type addition with organolithium
reagents giving 2-alkylated 1,2-dihydronaphthalenecar-
baldehydes, after hydrolysis of 3. In contrast, the imine
1 derived from an arylamine such as 4-methoxyaniline
undergoes 1,2-selective addition reaction with organo-
lithium giving the corresponding alkylated amine 2. It
was also more interesting to learn that 1-substituted
2-naphthaleneimine was a good 1,4-selective acceptor
giving a nucleophilic aromatic substitution product in a
high yield.'” Similar reaction pattern dependency has
been observed in the reaction of an imine 4 derived from
o,f-unsaturated aldehyde, affording 1,4- and 1,2-selective
products 6 and 5.

Selectivity control in a bond-forming reaction is the
focus in the recent synthetic chemistry. Electronic and
steric factors are the elements for regioselectivity control.
We have already described that the degree of a LUMO
coefficient is an essential factor in the reaction of orga-
nolithium reagents with naphthalenecarbaldehyde imi-
nes.'81% The current report summarizes our efforts to
address the relationship between 1,2- and 1,4-regiose-
lectivity and imine variables. One goal of the studies was
to define the essential electronic and structural features
of the a,-unsaturated imines required for high 1,2- and
1,4-regioselectivity.

Results and Discussion

Alkylimines 1a,b of naphthalene-1-carbaldehyde were
1,4-selective acceptors predominantly affording the cor-
responding alcohols 7 (Table 1, run 1—4). Treatment of
cyclohexylimine 1la (R = c-Hex) with butyllithium in THF
at —78 °C for 3 h and acidic hydrolysis followed by sodium
borohydride reduction of the aldehyde provided 2-buty-
lated alcohols 7 as a mixture of dihydro and aromatized
naphthalenes 7x,y in 83% yield (Table 1, run 1). A trace
amount of the 1,2-addition product (<1%) was observed
by *H NMR in basic extracts from the reaction mixture.
The reaction with phenyllithium at —45 °C was more
selective, giving 2-phenylated naphthalenes 7 in 57%
yield without production of the 1,2-addition product
(Table 1, run 2). In this reaction, no 1,2-addition product
could be observed in basic extracts. Butylimine 1b (R =
Bu) was a less bulky 1,4-selective acceptor predominantly
giving 7 (Table 1, runs 3 and 4). It is reasonably
understandable that phenyllithium is a softer nucleo-
phile?® and reacts with 1a,b in a 1,4-conjugate addition
pattern and that butyllithium is a harder nucleophile and
gave a small amount of 1,2-addition amines 2 as the side
product.
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Table 1. 1,2- and 1,4-Selective Addition Reactions with
Imine 1

R
_N

THF  NaBH,
+ NuLi
“ihen Hz0,  MeOH

] rt, 12h 0°C, 10 min

R
Nu._~NH CH,OH CH,0H
~Nu Nu
0 - QU
2 7x 7y
run 1 R Nu T/°C time/h 2/% 7/% xvy
1 a c-Hex Bu -—78 3 <1 83 749
2 a c-Hex Ph 45 3 0 57 2433
3 b n-Bu Bu -78 3 5 64 640
4 b n-Bu Ph —45 3 0 76 39:37
5 ¢ 4-MeOC¢Hs Bu -—78 1 79 6 6:0
6 c 4-MeOC¢Hs Ph —78 1 90 4 4:0
7 d Ph Bu -78 1 83 6 4:2
8 d Ph Ph 78 1 99 1 0:1
9 e 4-CFC¢Hs Bu -78 1 89 0 0:0
10 e 4-CFC¢Hs Ph -—78 1 99 0 0:0

In contrast, arylimines 1c,d,e (R = 4-MeOCsH,, Ph,
4-CF3CsHy4) were 1,2-selective acceptors giving the cor-
responding amines 2 as major products (Table 1, runs
5-10). 4-Methoxyphenyl and phenylimines 1c,d (R =
4-MeOCsH,, Ph) were not perfect 1,2-selective acceptors,
giving a small amount of 1,4-products 7, while 4-trifluo-
romethylphenylimine 1le (R = 4-CF;CgH,4) was a perfect
acceptor giving 1,2-addition amine 2 without production
of 1,4-adduct 7 (Table 1, runs 9 and 10). Electronic control
is apparently a factor determining 1,2- and 1,4-selectivity.
The most electron-withdrawing group, CF3, favors a 1,2-
addition. An electron-donating MeO group is still in favor
of 1,2-addition, though the relative ratio of 1,4-addition
is increased.

Understanding the factors governing regioselectivity
is a long-standing challenge?'?2 and essential for further
development of more effective asymmetric reactions of
the enimines. We carried out molecular orbital calcula-
tions of 1.2

Structures 1 were fully optimized with MOPAC (PM3,
precise mode). MOPAC calculations were shown to be
comparable with the ab initio (HF/STO-3G) method
under the Cs constraint.?* Calculation of methylimine
lab (R = Me) as a model of cyclohexyl and butylimines
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GAUSSIAN 92 program: Frisch, M. J.; Trucks, G. W.; Head-Gordon,
M.; Gill, P. M. W.; Wong, M. W.; Foresman, J. B.; Johnson, B. G;
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Table 2. LUMO Coefficients and Regioselectivity of 1

R

N

4

=

1

IC2 LUMO| — 1,2/11,4
R 1 c2 c4 |C4 LUMO|  (PhLi)?
Me ab +0.212 -0.325 —-0.113 0:100
4-MeOCgHs ¢ +0.320 —0.322 —0.002 23:1
Ph d +0.330 -0.324 +0.006 99:1
4-CF3CsHs e  +0.382 —0.298 +0.084 100:0

a These ratios correspond to the ratios of 2 to 7 in Table 1.

Table 3. 1,2- and 1,4-Selective Addition Reactions with

Imine 4
R R
I I
+
N TR NN oo NaBHs cpyon
+ — -
S N K(Nu MeOH K(Nu
R? R? R? R?
4 5 8
run 4 R R2 Nu time/h 5/% 8/%
1 a c-Hex Me Bu 2 0 74
2 a c-Hex Me Ph 2 0 81
3 b c-Hex Ph Bu 1 25 69
4 b  c-Hex Ph Ph 2 0 99
5 c Ph Me Bu 1 92 0
6 C Ph Me Ph 1 32 51
7 d Ph Ph Bu 1 99 0
8 d Ph Ph Ph 1 92 0
9 e 26-(i-Pr);C¢Hs Ph  Me? 3 0 61
10 e 2,6-(i-Pr),CsHs  Ph Bu 1 0 92
11 e 2,6-(i-Pr),CsHs  Ph Ph 1 0 91

2 The reaction was carried out at —20 °C.

la,b was carried out (Table 2). The values of LUMO
coefficients at each reaction site (2- and 4-positions) and
the absolute value differences between these coefficients
for the optimized geometries are summarized for com-
parison. Comparison of LUMO coefficients of 1ab (R =
Me) and 1c,d (R = Ar) revealed that the experimentally
observed regioselectivity is rationalized by the relative
magnitude of the LUMO coefficients. The methylimine
lab has a larger coefficient at the 4-position, and the
major reaction course for la,b was 1,4-addition. The
arylimine 1e has a larger coefficient at the 2-position
than the 4-position, being consistent with the exclusive
1,2-addition for le. The coefficients are almost equal at
the 2- and 4-positions for the arylimines 1c,d, for which
the 1,2-adduct was the selective product along with
formation of a small amount of 1,4-adduct. This is easily
understandable by considering that the 1,4-addition leads
to the unfavorable transition state rather than the 1,2-
addition due to the breakdown of the naphthalene
aromaticity. The substituent R-dependency of the LUMO
coefficient magnitude of 1 is ascribable to the electron-
withdrawing nature of the aryl and the donating nature
of the alkyl groups of 1, respectively.

Acyclic enaldimines 4 derived from cinnamaldehyde
and crotonaldehyde were also examined their behavior
toward organolithium reagents (Table 3). Cyclohexy-
limine 4a (R! = c-Hex, R? = Me) was cleanly converted
to the corresponding 1,4-selective addition products 8 (R?
= Me, Nu = Bu, Ph) (Table 3, runs 1 and 2). Reaction of
cinnamaldehyde imine 4b (R! = c-Hex, R? = Ph) with
phenyllithium was selective, giving 8 (R> = Ph, Nu = Ph)
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Table 4. LUMO Coefficients and Regioselectivity of 4

R1

2N

S

4
|C2 LUMO| — 1,2/1,4
RL 4 &/deg C2 Cc4 |C4 LUMO| (PhLi)2
Me ab +0.472 —0.560 —0.088 0:100
Ph cd 0 +0.462 —0.377 +0.085 100:0

447 +0.454 —0.403
2,6-(i-Pr)- ee 91  +0.486 —0.556
C5H3

2 These ratios correspond to the ratios of 5 to 8 in Table 3.

+0.051
—0.070 0:100

in a quantitative yield (Table 3, run 4). Reaction with
harder butyllithium was, however, not so selective, giving
8 in 69% yield along with a 1,2-addition product 5 (R =
c-Hex, R?2 = Ph, Nu = Bu) in 25% yield (Table 3, run 3).
In contrast, phenylimines 4c,d (R! = Ph) reacted in a
1,2-selective mode except for the reaction of 4c with softer
phenyllithium (Table 3, run 6), affording the correspond-
ing amines 5c¢,d as a sole isomer (Table 3, runs 5, 7, and
8). It was impressive that arylimine 4e (R! = 2,6-
diisopropylphenyl), having two bulky isopropyl groups at
the 2,6-positions of a phenyl ring, directed a 1,4-selective
addition whether butyl- or phenyllithium was used (Table
3, runs 10 and 11). It was noteworthy that even meth-
yllithium selectively reacted in a 1,4-manner to provide
the corresponding adduct 8 (Table 3, run 9).

Cooperative 1,4-selectivity by cyclohexylimine and the
characteristic nature of softer phenyllithium favors 1,4-
addition, and competition with harder butyllithium al-
lows for a partial contamination of the 1,2-addition
pathway. It is also responsible for 1,2-addition that 1,4-
addition results in loss of resonance stabilizing energy
of cinnamaldehyde-derived imine 4b. The relative mag-
nitude of LUMO coefficients of these acyclic imines was
also useful in understanding reaction selectivity (Table
4). Calculations were carried out with imines of acrolein
4. Methylimine 4ab (R = Me), as a model of cyclohexy-
limines 4a,b, indicated that the C4 position has a
coefficient larger than C2, suggesting 1,4-selective reac-
tion as has been observed. Phenylimine 4cd, as a model
of 4c,d, is quite interesting in that rotation of an N—Ph
o bond affects the relative magnitude of coefficients at
C2 and C4. Thus, the coefficient at C2 is larger than that
at C4 when the dihedral angle of C2—N—C=C(Ph) is 0
degree (@ = 0). This conformation is the most stable
structure of 4cd. Imaginative rotation of the N—Ph bond
from O to 44.7° dihedral angle increases the C4 coefficient
and decreases the C2 coefficient. Rotation of the N—Ph
bond brings about the slippage from the conjugate plane
of C=N and Ph (R%), corresponding to replacement of the
aryl group of the imine part by an alkyl group. The
dihedral angle of the most stable structure of 2,6-
diisopropylphenylimine 4ee (R = 2,6-diisopropylphenyl)
is 91°, almost perpendicular due to the steric bulk of
isopropyl group, and conjugation of the imine C=N
double bond with the aryl group is completely lost (Figure
1). The absolute value of the calculated LUMO coefficient
at C4 is larger than that at C2, which indicates the 1,4-
selective reaction. Steric hindrance by the isopropyl group
and the frontier molecular orbital cooperate in directing
the 1,4-selective addition reaction.

The 1,4-directing effect of a 2,6-diisopropylphenyl
group was demonstrated in an asymmetric conjugate
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Figure 1. Model for 4ee.

addition reaction of phenyllithium with imine 1f (Scheme
2). The reaction was conducted in the presence of a chiral
diether 9% in toluene at —45 °C and then was treated
with methyl iodide, giving 10 in 97% yield. Hydrolysis
afforded a chiral aldehyde 113 in 82% yield. The ee was
determined to be 93% by a chiral stationary-phase HPLC
of reduction alcohol 12.

Conclusion

Thus, it became clear that the relative magnitude of
the LUMO coefficient is one of the essential factors
governing the substituent-dependent regioselectivity of
the ambident enimines. A bulky aryl group can increase
C4 LUMO coefficients through slippage from conjugation.
Cooperation of this electronic and steric control by the
aryl group directs a 1,4-selective addition reaction. An
electron-withdrawing aryl group can increase C2 LUMO
coefficients and directs a 1,2-selective addition reaction.

(25) Shindo, M.; Koga, K.; Tomioka, K. J. Org. Chem. 1998, 63,
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Scheme 2. Asymmetric 1,4-Addition of
Phenyllithium to Imine

Ph. Ph
i-PrQ\i-Pr —

N i MeO 9 OMe
toluene, —45°C

* PhLi
ii. Mel, HMPA

1f 97%

TFA THF

IMei Ph_ NaBH,
H2O N82804 MeOH

We believe that LUMO coefficient as well as steric control
would become an essential methodology for designing a
selective reaction.

12 93% ee
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