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Diastereoselective reaction of 1-(arylsulfinyl)-2-naphthaldehydes
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Abstract

Reactions of various 1-sulfinyl-2-naphthaldehydes with Grignard reagents were examined. The naphthaldehyde
having the 2,4,6-triisopropylphenylsulfinyl group gave the product with high stereoselectivity, possibly derived
from the predominant rotamer around the C-S axis. The reaction of the chiral sulfinylnaphthaldehyde with PhMgBr
and subsequent elimination of the sulfinyl group gave the enantiomerically pure 2-naphthyl carbinol. © 2000
Elsevier Science Ltd. All rights reserved.
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Recently, asymmetric reactions of nonbiaryl axially chiral compounds with a high rotational barrier
around the C—N and C—C axes have been studied. High stereoselectivity has been achieved in the reac-
tions of (o-tert-butylphenyl)maleimidé,N-acyl-o-tert-butylanilideg andN,N-diisopropylnaphthamid@,
but prior resolution of the axially chiral substrate, that is not always feasible, is essential to achieve
the asymmetric inductiof£:¢94 The barriers to rotation about the C-S bond of 2-substituted 1-
sulfinylnaphthalenes have been repofi@dthough they are generally lower than those around the C—N
axis. We thought that the rotamers around the C-S axis would stay in different equilibrium depending
on the steric or electronic demands of the chiral sulfinyl group, thus influencing the diastereoselectivity
in the nucleophilic reaction. We herein report a new diastereoselective reaction of 1-(arylsulfinyl)-2-
naphthaldehydes without prior resolution of the axially chiral or diastereomeric isomer, which is possibly
derived from the predominantly formed rotamer around the C-S axis.

The reaction was carried out by adding 1.5 equiv. of Grignard reagents or PhLi to a THF solution of
1-sulfinyl-2-naphthaldehydelsa—d at  78°C, and the mixture was stirred for 30 min. General work-up
gave the naphthyl carbinols. As expected, stereoselectivity depended upon the groups attached to the
sulfinyl group. The results are shown in Table 1.

The reaction of theert-butyl sulfoxidela gave the produc? in a ratio of 68:32 (entry 1). ThéH
NMR spectrum oflameasured at room temperature in DM8g@showed two sets of signals due to the
tert-butyl protons (1.17 and 1.21 ppm), tperi-H8 proton (8.45 and 9.63 ppm) and the formyl proton
(10.8 and 11.4 ppm), which were obviously derived from the restricted rotation abougdfes@®ond.
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Table 1
Addition of various nucleophiles to 1-sulfinyl-2-naphthaldehgded

1 1 1
.0
Rie9 9 As© on R OH
R2
(O " OO OO
(Rs",S") (Rs"A)

1a:R=Bu i f

1b: R =Tol Pr. Pr ch CH3

1c: R = Mes Tip = Mes =

1d: R=Tip ipr CHa
entry R' R’M product yield (%) ratio”

(RS*sS‘) : (Rs*,R*)

1 ‘Bu PhMgBr 2 75 68:32
2 Tol PhMgBr 3 80 61:39
3 Mes PhMgBr 4 82 87:13
4 Tip PhMgBr 5 96 98:2
5 Tip PhLi 5 78 95:5
6 Tip MeMgl 6 94 80:20
7 Tip "BuMgBr 7 60" >98 : 2
8 Tip AllylMgBr 8 80 74:26
9 Tip PhMgBr* 5 80 30:70

“Determined by '"H NMR. " The reduced product was obtained in 35% yield. “ The reaction was carried out in the presence
of 2.0 equiv of Yb(OTT),.

Thus, 1a exists as two conformers, either having the sulfinyl oxygen close to the formyl group (A) or
close to theperi-H® of the naphthalene (B) as shown in Fig. 1. The minor conformer was assigned to
be the rotamer B, on the basis of the downfield shift offiee-H8 proton due to the anisotropy of the
sulfinyl group® By the'H NMR analysis, the A:B ratio was found to be 64:36 which is in good accord
with the product ratio. The rotational barrier fbawas estimated to be 74.7 kJ/mol with a half-life time

of 2450 h at 78°C/ showing that the ratio of the rotamers A and B reflects the diastereomer ratio of the
product2.
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AG* = 74.7 kJ / mol (DMSO-dg)
Fig. 1. The barrier to rotation of the,&—S bond forla

Moderate and good stereoselectivities were obtained in the reactiopgaylsulfinyl)- and (mesi-
tylsulfinyl)naphthaldehydesb,c with PhMgBr, respectively (entries 2 and 3). Notably, the reaction of
1-[(2,4,6-triisopropylphenyl)sulfinyl]-2-naphthaldehyti@ with PhMgBr gave the produétin a ratio of
98:2 (entry 4). The reaction dfd with PhLi gave the same diastereomer as the major product (erftry 5).
The diastereoselectivity was higher, as the size of the nucleophile was bulkier (entries 6-8). Thus, the
addition produc was obtained with complete selectivity in the reaction visixBuMgBr, although a
significant amount of the 1-sulfinyl-2-naphthylmethanol was formed by the abnormal Grignard r&action.
The rotamers of the sulfoxiddsl originated from the rotational barrier for the C—S bond could not be
detected in théH NMR spectra even at 95°C (CD:Cly). The reaction with PhMgBr would proceed



4159

through a non-chelated transition state. The X-ray crystallographidashowed that the sulfoxide
oxygen is placed away from thgeri-H8, the carbonyl group almost on the plane of the naphthalene
ring, and the carbonyl oxygen away from the sulfoxide (Figt®2n this structure, one of the faces of

the formyl group is highly hindered by the 2,4,6-triisopropylphenyl group. A nucleophile approaches
from the less hindered side to givRq,S)-5, the structure of which was determined by the X-ray
crystallography (Fig. 2). Interestingly, the reactionlaf with PhMgBr in the presence of Yb(Of)
gave the alcohol favorindR6",R")-5 (entry 9). Predominant formation dR§",R")-5 can be rationalized

in terms of a chelated transition state between the sulfinyl and formyl oxygens with Ya(&Tf)

£Crip-S-C1-Cp=134.3°
£C4-Cp-C-0=20.8°

Fig. 2. The Chem 3D structure derived from the X-ray crystallograptydaind Rs",S )-5

We also examined the reaction &)¢1d'2 with PhMgBr which gave the product as &Rs(S):(Rs,R)
mixture of5 in a ratio of 98:2. Purification by recrystallization gave the diastereomerically pure adduct
(Rs,9-5. Cleavage of the sulfinyl group usimgBuLil® gave the enantiomerically pure carbi®ot* The
absolute configuration & was assigned to &by comparison of the specific rotation with the reported
value as shown in Scheme'q.

TP~g# o TP~s”"oH OH
a b
“ OGN O O
(R)-1d 5 96% 9 61%
(R) >98%ce (Rs.S) : (Rs,R) [o]p'® -7.3 (c = 0.83, C¢He)
98:2 lit. (R)-form: [0]p2° +7.4 (CeHe)

Scheme 1. (a) PhMgBr, THF,78°C; (b) (i) recrystallization from hexane/ethyl acetate;r{iBuLi, THF, 78°C
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