ORGANIC
LETTERS

Highly Diastereo- and Enantioselective Vol N

Reagents for Aldehyde Crotylation 43754377

Blaine M. Hackman, Pamela J. Lombardi, and James L. Leighton*

Department of Chemistry, Columbia University, New York, New York 10027

leighton@chem.columbia.edu

Received September 21, 2004

ABSTRACT

p-BrC4H,

N\S_ /\/\Me o) CH,Cly OH
AU G G
N Bno H 0°C20n BMO AN

5-BrCoH, 83%; 99% ee Me
Two new, crystalline solid, storable, and highly enantioselective reagents for aldehyde crotylation have been developed. Both ( cis and trans)
crotylsilane reagents are easily prepared in bulk, require trivial reaction conditions, and provide the homoallylic alcohol products with near

diastereo- and enantiospecificity in many cases.

For over 20 years, asymmetric aldehyde crotylation reactionspresents an alternative method for creating reactive type |
have played a prominent role in polyketide natural product allylsilane reagents(Scheme 1) has prompted us to inves-
synthesis and continue to be widely employed to this'day.

The most extensively used crotylboranes developed by_

Brown'd and boronate esters developed by Rétiate type

| reagents in that they proceed through closed transition Scheme 1

states and do not require the use of an external Lewis acid.™" 0, /\/ o} Toluene OH

In contrast, the versatile and highly selective chiral crotyl- /[N,S'\C] - )I\H Tocen R )\/\ B = alphatic
silanes developed by Parfék are type Il reagents that Me Ve ’ ’
require the use of an external Lewis acid and react through //,}E;r.cBH4

= : . o} OH
reagents as exemplified by the chiral Lewis base-catalyzed )1\ CH.Cl )\/\ 61-93 % yield
addition of crotyltrichlorosilanes to aldehydes deveoped by g H -10°C,20h R X 95-98%ee
Denmark? but these reactions are not generally compatible P-Br-CeHy

with aliphatic aldehydes. Our recent discovery that ring strain

open transition states. Crotylsilanes may be rendered type | N~
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diazabicyclo[5.4.0]Jundec-7-ene (DBU) to give reag&snd crotylated by reagen®, establishing that the reagent has
3 (Scheme 2). We have been able to develop this procedurdimited tolerance for steric hindrance. Notwithstanding these
caveats, reagemtis a highly effective and enantioselective
_ reagent that may be prepared in bulk and employed using
Scheme 2 trivial experimental conditions. .
A survey of the performance of reagehivas then carried
p-BrCsH, p-BrCgH, i . . .
= out with the same set of aliphatic, aromatic, aag-

—
NR ol Si///\""e DBU N\Si///\Me unsaturated aldehydes (Table 2). In every case,affte
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//p-BrC5H4 p-BrCeH, Table 2. Anti-Selective Aldehyde Crotylation witlR(R)-3

NH N Me BrCeH
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NH CH,Cl, 0°C N \S/\/\ CH,Cly
69% o PN * )J\ oc oo /l\/\
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1 p-BrCgH, (R,R)-3 p-BrCgH,
Me

(R,R)-3 p-BrCeH,
(1.1 equiv)

such that it may be easily carried out on large (ex@0 g)
scale, with isolation of the reagents accomplished by simple  entry R yield (%) ee® (%)
crystallization. We note that this is a slightly modified, and

( \ _ 1 PhCH;CH, 81 98
improved, version of our previously reported metHoidr 2 (CHs) ,CHCH, 71 97
the synthesis of the allyl reagent. For all three reagents, the 3 Cy 68 97
procedure reported here should be considered the method 4 BnOCH; 83 99
of choice. 5 PMBOCH,;CHs 82 99
A survey of the performance of reagéhtvas carried out 6 Ph 54 93
with a variety of aliphatic, aromatic, and,3-unsaturated ! p-CF:CeH 60 %
y phatic, , and, 8 (E)-PhCH=CH 52 94

aldehydes (Table 1). In every case, fiyadiastereomer was

Table 1. Syn-Selective Aldehyde Crotylation witR[R)-2 diastereomer was produced with at least goadX:1), and
N in most cases excellent 25:1), diastereoselectivity. As was
N ‘///\Me 0 CH,Cl, OH observed with reager, the yields were generally good,
O’/"N/S]\Cl R)J\H 0°C,20n R)\I/\ although the yields with aromatic and,s-unsaturated
Me aldehydes tend to be somewhat lower than with aliphatic
aldehdyes. Also as was observed with reageneagenB

a Enantiomeric excess determined by chiral GLC or HPLC.

(RR)}-2 ~p-BrCeH,

(1.1 equiv) - ;
was found to be incompetent to crotylate very sterically
: hindered aldehydes such as pivalaldehyde. These caveats

entry R yield (%) ee” (%) aside, reagen3 is a highly effective and enantioselective

1 PhCH:CH, 83 97 reagent that may be prepared in bulk and employed using

2 (CHs) 2CHCH, 70 96 trivial experimental conditions.

3 Cy 67 97 Reagent2 and 3 are moisture-sensitive, and care must

4 BnOCH, 82 96 be taken to exclude moisture if they are stored for any length

5 PMBOCH,CH, 73 96 . -

6 Ph 67 95 of time. We have found that they possess unlimited shelf

7 p-CFyCeH, 61 96 life if stored in an inert atmosphere glovebox. In dry

8 (E)-PhCH=CH 67 95 environments, they may be handeled in air, but repeated

exposure to air does cause some degradation over time.
The choice ofp-bromobenzyl groups for the diamine
substituents was guided not by enantioselectivity (other

produced with at least good>5:1), and in most cases groups provigle similar levels of selectivity) but by the fact
excellent (>25:1), diastereoselectivity. The yields were that they (uniquely, among the groups screened) confer the

generally good, although it was observed that the yields with mu_ch desire_d property of crystal!inity on reagea_tand&
aromatic andy,S-unsaturated aldehydes tend to be lower than This crystallinity comes at a price, however, in that the

with aliphatic aldehdyes. Pivalaldehyde was not successfully bromine (_atoms result in reagents of high molecular weight
. This raises reasonable concerns about atom economy,
569). Th bl bout at y
(5) (a) Tsuiji, J.; Hara, M.; Ohno, Kletrahedronl974,30, 2143-2146. and it was therefore desirable to establish that the diamine
f(b) Ftll\zuya_ N.; TSukSa\AI:a, T_J-HOTrgtanﬁmdet. CLhetrtrllggg §’§' 1(%)%_9031'1(8% controller could be readily recovered in high yield. The
ira, M.; Hino, T.; Sakurai, HTetrahedron Le ,30, — . . . . .
(d) Iseki, K.; Kuroki, Y.; Takahashi, M.; Kishimoto, S.; Kobayashi, Y. reaction of reageng with dlhydrocmnamaldehyde (15'6

Tetrahedron1997,53, 3513—3526. mmol) was carried out under the standard conditions (Scheme

a Enantiomeric excess determined by chiral GLC or HPLC.
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Scheme 3
O
Ph/\)J\H p-BrCgH,
OH
(15.6 mmol} CH,Cl, NH
+ —_— +
(R R) 2 OOC, 20 h Ph = "INH
S 79%, 97% ee Me 1
(1.1 equiv) 90% recov. - P-BrCeH,

3). Following chromatographic purification of the product,
the column was simply flushed with EtOAc/hexanegiEt
(1:1:0.1) to provide recovered diamidein 90% yield.

We have developed tres- andtrans-crotylsilane reagents
2 and3 and demonstrated their use in highly enantioselective
syn- andanti-selective aldehyde crotylation reactions, re-

spectively. The reagents are easily prepared in bulk and are

storable crystalline solids, the crotylation reactions are
experimentally trivial, and the chiral diamine controller may
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be easily recovered in high yield. Current efforts are focused
on improving the efficiency and scope of the reaction with
sterically hindered aldehydes and on the discovery of lower
molecular weight-but still crystalline solie-variants of these
reagents.
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