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Development of organocatalytic reactions is one of the most R!
exciting topics in practical organic synthesis because of its OO (S)1a : R'=H
operational simplicity, mild reaction conditions, and environ- NH (S)-1b : R'=CMe,OH
mental consciousnesdn this area, various asymmetric-func- (g)‘:z E:fgpgzl:OHOH
tionalization reactions of aldehydes and ketones were found to be OO " (S1d: RT=C(CeFs),

successfully catalyzed by chiral pyrrolidines (e.g., proline) and their
equivalents through their enamine intermedidt&uch highly Table 1. Organocatalytic Direct Asymmetric lodination of
nucleophilic and basic pyrrolidine-type catalysts, however, might 3-Methylbutanal with NIS?
not be appropriate for some specific asymmaedritinctionalizaion
reactions such as iodination of aldehydes due to the undesired side H' + NIS —»5 mol’% catalyst KH'
reactions including self-aldol reaction and racemization of the ; solvent, 0 °C, 4 h i

: . Pr Pr
product® On the other hand, while a less nucleophilic and less

basic binaphthyl-based amine is supposed to suppress such side entry catalyst solvent % conversion® % eec
reactions, its enamine is occasionally not reactive enough to undergo 1 pyrrolidine THF 39
the a-functionalizaion reactions (Scheme 1). We have therefore 2 L-proline THF 32 -14

been interested in the activation of certain electrophiles by (S-diphenylprolinol THF 2 47
(S-1a THF 14 -10

3
introducing hydroxyl groups on such an amine catalyst to promote g (9-1b THE 23 21
the desiredo-functionalization with suppressing side reactions. 6 (9-1c THF 67 —26
An asymmetric iodination of aldehydes was chosen to exemplify 7 (9-1d THF 28 80
this concept. Although some organocatalytic asymmetritalo- 8 (9-1d MeCN 46 12

; ; 9 (9-1d DMF 23 45
genation reactions of aldehydes have been repérfeexamples

of asymmetric synthesis ofi-iodoaldehydes as a member of 1(1) gig t%il-lljzgrlé 75’5 3726
synthetically valuable-haloaldehydes are especially scarce despite 12 S-1d Et,O 48 94
their characteristic features including the high leaving group ability =~ 13 (9-1d EtO 94 99

and the steric bulk of the iodo grodg.Herein we wish to report

a direct asymmetria-iodination of aldehydes using a novel axially ? The reaction of 3-methylbutanal and NIS (1.1 equiv) was carried out

in the presence of an amine catalyst (5 mol %) &Edor 4 h.? Determined

chiral bifunctional amino alcohol catalyst. by GC analysis using decane as an internal stand@dtermined by GC
analysis using chiral capillary column. Details are given in Supporting
Scheme 1 Information.d Benzoic acid (5 mol %) was added.
o} RLNH NR', E (6]
H 2 % EW) + R,NH results (entries 2 and 3). The reaction using less nucleophilic
-H0 H,O binaphthyl-based amineSy-1a gave only a small amount of the

R
product as expected (entry 4). We then examined bifunctional

catalysts §-1b-d, which would activate NIS through hydrogen
bonding with hydroxylmethyl groups at 3;Bositions. When$)-
1bis used the a-iodination was accelerated to give thhéodoal-
O dehyde in low yield with almost no enantioselectivity (entry 5).
With (9-1c? the a-iodoaldehyde was obtained in moderate yield

albeit with low enantioselectivity (entry 6). To our surprise, use of

\> E %’ E \’ E (9-1d, which has sterically more congested and more adtie
react,ye less nudgophmc less nucleophlllc enamine alcohol moieties at 3;3ositions, afforded the iodination product
enamine enamine + with the opposite enantiomer predominating (entry 7). We then

tivated electrophil ) ) .
activated eleciropnile examined the solvent effects usirg-{Ld (entries 712), and ether

was found to be the choice of solvent in terms of enantioselectivity

N-iodosuccinimide (NIS) in THF in the presence of 5 mol % of an  (entry 12). When 5 mol % of benzoic acid was employed as an
amine catalyst of typé at 0°C, and the results are shown in Table additive® a further increase in both yield and enantioselectivity was
1. The use of pyrrolidine as a cataRafforded then-iodoaldehyde ~ Observed (entry 13).

in moderate yield along with the self-aldol byproducts (entry 1), With the axially chiral bifunctional amino alcohol cataly§){
and chiral pyrrolidines,-proline and §)-diphenylprolinol gave poor 1din hand, the direct asymmetriciodination reaction of several

We first investigatedo-iodination of 3-methylbutanal with

3728 m J. AM. CHEM. SOC. 2008, 130, 3728—3729 10.1021/ja0740030 CCC: $40.75 © 2008 American Chemical Society
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Table 2. Direct Asymmetric lodination of Various Aldehydes with
NIS Catalyzed by (S)-1d2

o 5 mol% (S)-1d o

2 5 mol% PhCO,H I\)
+
R R

Et,0,0°C, 4 h
entry R %yield®  %ee® entry R 9% yield® % ee®
1 i-Pr  93(36) 99 5 benzyl 81(80) 9R)
2d Cy 86 (34) 98 6 CHCy 74 (64) 90
3 Et 76 (32) 98 7 ChHOBNn 97 (30) 93(R)
4de  allyl 98 (31) 95

aThe reaction of an aldehyde and NIS (1.1 equiv) was carried out in
Et,O in the presence of§-1d (5 mol %) and benzoic acid (5 mol %) at
0 °C for 4 h.b Determined by GC analysis using an internal standard

Figure 1. Transition state model for the direct asymmetric iodination
reaction catalyzed bySf-1d.

On the basis of the observed stereochemistry, a plausible
transition state is proposed (Figure 1). The activated and directed
NIS by hydroxyl group on $-1d approaches the Re face of the
enamine. Hence, the reaction of an aldehyde with NIS catalyzed
by (9-1d providesR isomer predominantly.

In summary, we have developed a direct asymmetric iodination

technique. The numbers in parentheses are isolated yields of the corre-reaction of aldehydes catalyzed by the novel axially chiral

sponding methyl ester§ Determined by GC analysis using chiral capillary
column. Details are given in Supporting Informatiéruse of 10 mol %
of (9-1d. & The reaction was carried out for 1 fEnantiomeric excess was

bifunctional amino alcohol catalysB)-1d. This method represents
a rare example of the catalytic and highly enantioselective synthesis

determined by conversion to the corresponding methyl ester and GC or of optically activea-iodoaldehydes. We are currently investigating

HPLC analysis.

further application ofr-iodoaldehydes by taking advantage of the
characteristic features of iodine containing compounds.

other aldehydes with NIS was examined, and selected results are

shown in Table 2. In general, these direct asymmeitsiadination
reactions proceeded smoothly to give the correspondir@foal-

dehydes in good yields with excellent levels of enantioselectivities.
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In order to assign the absolute configuration of the obtained Areas “Advanced Molecular Transformation of Carbon Resources”

a-iodoaldehyde and to extend the synthetic utility of this transfor-
mation, an optically enriched-iodoaldehyde2 was converted to
the correspondingx-amino acid derivative (Scheme 2). Thus,
treatment of theo-iodoaldehyde2 with KMnO,, followed by
addition of TMSCHN, resulted in clean formation of the corre-
sponding methyl esteB. By treatment with NaBl the resulting
methyl ester3 was transformed to the-azido ested, which can
be readily reduced to the correspondingamino estef® By
comparison of optical rotation of the-azido esterd with the
literature value the absolute configuration of tiéodoaldehyde?
was determined to bR.

Scheme 2. Transformation of a-lodoaldehyde
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Furthermore, since silylcyanation of aldehydes with TMSCN is
known to be catalyzed by,? we examined the one pot silylcya-
nation of theo-iodination product with TMSCN in the presence
of I, generated from slightly excess NIS. Téagodination product

2 was found to be smoothly converted to the corresponding

silylcyanation product with high diastereoselectivity, probably
due to the steric bulk of the iodo grod.
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