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ABSTRACT
1)-Proline OH j\ji)\
—» _—,
Acetone
73% ee (S)psenol

With this communication we extend the methodology of proline-catalyzed direct asymmetric aldol reactions to include a-unsubstituted aldehydes
as acceptors. This important aldehyde class gives the corresponding aldols in 22—77% yield and up to 95% ee when the reactions are performed
in pure acetone or in ketone/chloroform mixtures. On the basis of these results we have developed a concise new synthesis of (S)-ipsenol.

We recently described effective proline-catalyzed direct of the desired cross aldols. Herein we disclose the develop-

asymmetric intermolecular aldol reactions between ketonesment of reaction conditions that allow the useosfinsub-

and aldehyde’? In these studies, aromatic aldehydes gave stituted aldehydes in proline-catalyzed enantioselective aldol

aldol products with ee’s around 70%, whilemono- and reactions. These studies culminate in a short asymmetric total

a-disubstitute@aliphatic aldehydes provided aldols in excess synthesis of the bark beetle pheromone (S)-ipsenol.

of 95% ee (Table 1). However, until now our method was  Althougha-unsubstituted aldehydes have been used suc-
cessfully in catalytic enantioselective Mukayama aldol reac-

_ tions? the direct catalytic asymmetric aldol reaction involving

this important substrate-class has proven to be an extremely

Table 1 . .
challenging task. The fundamental problem is for the catalyst
0 (Ly-Proline ; ; _

0 )J\ 20 Mo O OH to differentiate between ther-protons of the agceptor
)J\ + 4N T )J\/LR aldehyde and the donor ketone, as deprotonation of the
20 vol% Pyt aldehyde may lead to undesirable self-aldolization products.

i : Enzymatic methods have been employed to address this
product R yield ee problem and have produced aldols in excellent enantio-

1 PONPh 68% 76% selectivity> However, these methods are limited both with

2 iPr 97% 9% respect to substrate scope and reaction scale. The com-

3 tBu 81% >99% (1) List, B.; Lerner, R. A,; Barbas, C. F., Ill. Am. Chem. So@000,

. 122, 2395—2396. Proline-catalyzadramolecularenantiogroup-differen-
4 CHR <2% - tiating aldol reactions have been pioneered by: Eder, U.; Sauer, G.;

Wiechert, R.Angew. Chem., Int. Ed. Engl971,10, 496—497. Hajos, Z.
G.; Parrish, D. RJ. Org. Chem1974,39, 1615—1621.
(2) Notz, W.; List, B.J. Am. Chem. So2000,122, 7386-7387.
. . . . . (3) Unpublished result.
not widely applicable to aldol reactions withunsubstituted (4) For an excellent review, see: Nelson, ST@trahedron: Asymmetry

aldehydes. Previous reactions performed with these com-1998,9, 357—389.

(5) For reviews, see: (a) Gijsen, H. J. M.; Qiao, L.; Fitz, W.; Wong,
pounds under our standard conditions furnished mainly aldol ~ {3’ cpem. Rev1096,96, 443473, (b) Machajewski, T. D.. Wong, C.-

condensation and aldehyde self-aldolization products insteadH. Angew. Chem. Int. E®000,39, 1352—1374.
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mercially available aldolase antibody 38C2 is useful for large (31% vs 29%) and enantioselectivities (67% vs 70%) of aldol
scale kinetic resolutions of aromatic alddisit has been used  4a were similar in both solvents (Table 2). Unfortunately,
on a semipreparative scale with only tweunsubstituted  the formation of significant amounts of the aldmndensa-
aldehyde<.In addition to these biochemical methods, elegant tion product (5a) could not be circumvented.

chemical methods have been developed by Shibasaki's group

and recently by Trost's group which provide aldols from _
a-unsybstituted aldehydes in modest yields and enar]tio-TabIe 2. Aldol Reactions ofa-Unsubstituted Aldehydes
selectivities (Scheme £).

(L) -Proline
R L B U
H 3-7d = R
. . ) 20 vol% Sad
Scheme 1. Shibasaki’'s and Trost's Aldol Catalysts
R= yield N |
)]\ 20 mol% A )J\/'\/\ = of 4(5) eg solvent
_—
Ph Ph
THF, 20°C, 3d ~ 31% (38%) 67% Acetone
10
* 26% Yield (52% ee) 3 \/a\/ 29% 70% CHClg
5mol% B
10 mol% EtaZn W 35% (40%) 73% Acestone
)J\ J]\/\ 15 mol% PhsPS b
)J\/‘\/\
10 o Mol.Sieves 4A NS 34% (35%) 72% CHClg
THF,-15°C,2d  249% Yield (74% es) ¢
@ N \)\ 34% (42%) 73% Acetone
‘ ‘ 5 d 23% (46%) 61% CHCl,
Ro O OH
\o o HO, 3 22% (50%) 36% CHCl,
~Li

aThe ee's were determined by chiral-phase HPLC analysis using
Chiralpak AS, AD, and AD-RH columns (Daicel Chemical Industries, Ltd.)
with hexane/2-propanol and,B (0.1% TFA)/CHCN mixtures as eluents.
blo]p = +33° (c = 1.1, CCl). Lit.9 [a]p = +41° (c = 1.8, CCl) for
>99% ee.

We have studied aldol reactions of acetone with five

For the development of a proline-catalyzed direct asym- ; !
different o-unsubstituted aldehydes using our newly devel-

metric aldol reaction witha-unsubstituted aldehydes as - X
acceptors we initially studied the effect of solvent polarity ©P€d conditions (Table 2). Yields of aldol produeta—e
and reaction temperature. We hoped that varying these'@n9€ from 22% to 35%. The ee’s are typically around 70%.
parameters could improve selectivity toward cross aldol Y€lds and enantioselectivities (in CH{lerode with in-
formation thus reducing the formation of self-aldolization Créasing steric demand of the aldehyde substituéie].
products. As a model reaction we studied the proline- " @ll cases the only other products found were endnes

catalyzed aldol reaction of acetone witkvaleraldehyde. and small quantities of diacetone alcohol.

While cooling the reaction mixture in DMSO to @ did Cyclic ketones can be used as _Wel_l (Scheme 2). qu
not improve yields, screening diverse solvents of varying example, cyclopentanone reacts with isovaleraldehyde in

polarity revealed that aldata was obtained in acceptable chloroform to furnish two readily separable diastereomeric

yields when the reactions were performed in pure acetone

or in 20 vol % acetone in chloroforfi. As expected,
aldehyde self-aldolization was completely suppressed. Yields Scheme 2. Aldol Reactions of Cyclic Ketones

QH
(6) Turner, J. M.; Bui, T.; Lerner, R. A.; Barbas, C. F., lll; List, B.
Chem.—Eur. 32000, 2772-2774 /U\)\ S .
(7) List, B.; Shabat, D.; Barbas, C. F., lll.; Lerner, R. @hem. Eur. J. % 3
2000, 881—885. (b) Shabat, D.; List, B.; Lerner, R. A.; Barbas, C. F., IIl. anti6 (95% ee) 5:1  syn6 (20% ee)
Tetrahedron. Lett1999,40, 1437—1440. o

OH

(8) Yamada, Y. M. A.; Yoshikawa, N.; Sasai, H.; Shibasaki,Angew.
Chem., Int. Ed. Engl1997,36, 1871—1873. Yoshikawa, N.; Yamada, Y.
M. A.; Das, J.; Sasai, H.; Shibasaki, ¥.Am. Chem. S0&999,121, 4168—
4178. (b) Trost, B. M.; Hisanaka, J. Am. Chem. So000,122, 12003— H
12004.

(9) Silverman, I. R.; Edington, C.; Elliott, J. D.; Johnson, WJ.Srg.
Chem.1987,52, 180—183.

(10) DMSO, pyridine, NE§, EtOH, <5% yield. DMF, MeCN, THF, 16

anti7 (86%ee)  7:1  synT (89%ee)

20% yield. Acetone, CHGJ >25% yield. Acetone and chloroform are also
useful solvents in proline-catalyzed Mannich reactions: ListJBAm.
Chem. Soc2000,122, 9336—9337.
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a L-Proline (20 mol %), cyclopentanone (cyclohexanone)/GHCI
(1:4), 72 h.
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aldols,anti-6 andsyn-6in 55% and 22% yield and in 95%  deprotection gave (S)-ipsenol (10) in good overall yield
and 20% ee, respectively. Cyclohexanone gave aldat (Scheme 4}5

an inseparable 7:1 mixture ahti andsyndiastereomers in
41% yield. The major isomegnti-7, was formed in 86% _

ee and the minor isomesyn-7, in 89% ee. The assignment Scheme 4. Total Synthesis of$)-Ipsenol.
of the absolute configurations of aldd@sand7 is based on o OH 1. TBSCI, Imidazole ot o B8
the results obtained in the reaction of cyclohexanone with 2 KHMDS /l\/'\)\
= Tf
benzaldehydé. _ _ . C,_<\j>_N 8
As in the aldol reactions with acetone, we found that the N o
L . . . 7% = SnBuy Pd(PPh)
only significant side products with cyclic ketones were the 57% Lo THE | @ mol°/3)4
corresponding aldol condensation products, albeit in lower 95%
yields. Independent experiments allowed us to establish that ™ OH _TBS
L ) . TBAF, THF = o)
the elimination products do not arise from the proline- - )\M
catalyzed dehydration of aldok'? On the basis of these (8)-Ipsenol (10) 90% o

results, we propose that the aldol condensation products are

formed in a Mannich-reaction-elimination sequence as

outlined in Scheme 3. The procedure we describe extends the methodology of
proline-catalyzed direct asymmetric aldol reactions to include

_ reactions usinga-unsubstituted aldehydes as acceptors.

Scheme 3. Enones5 Are Formed via Mannich Condensation ~ Although the method is limited by modest yields and long

reaction times, we feel the accessibility of both enantiomeric
+ Acetone 0 + Proline Q‘co; forms of proline, as well as the operational simpliéitpf
J\ - = | this process, make it compare favorably to other methods
Proline R™ "H -H,0 - : : :
R” H for the direct catalytic asymmetric aldol reaction between
O  OH ketones andr-unsubstituted aldehydes.
)J\)\ + Acetone
R Acknowledgment. We are most grateful to Richard A.
4 & Lerner, The Scripps Research Institute, for his generous
| 0 . o N7 TCOH support and encouragement.
ES - Proline
— )J\/\R /”\)\R 0L006976Y
5

(12) Treating aldoée in acetone/CHGIwith L-proline for 3 days did
not yield any significant amounts of enobe.

(13) Oertle, K.; Beyeler, H.; Duthaler, R. O.; Lottenbach, W.; Riediker,
Despite the rather modest yields typically obtained under M.; Steiner, EHelv. Chim. Actal990,72, 353—-358.

the new conditions, the reactions can easily be scaled up t°63c()12£.1) Comins, D. L.; Dehghani, ATetrahedron Lett1992,33, 6299

generate useful quantities for natural product synthesis. To (15) Scott, W. J.; Stille, J. KI. Am. Chem. Sod986 108 3033-3040.

; ; ; ; (16) For selected asymmetric syntheses of ipsenol, see: (a) Mori, K.
illustrate this point, we have developed a new asymmetric o 2 o oo oy 67 2190, (b) Ikeda, N.: Aral, 1+ Yamamoto,
synthesis of the bark beetle pheromone (S)- ipsenol (10),H. 3. Am. Chem. S0d.986,108, 483—486. (c) Brown, H. C.; Randad, R.
which is used in insect traps and needed in kilogram S.Tetrahedron Lett1990,31, 455—458. (d) Trost, B. M.; Rodriguez, M.

- S. Tetrahedron Lett1992,33, 4675—4678. Also see ref 13.
13 199,
quantities'®* Aldol 4d was protected and converted to (17) Hexanal (2.40 mL, 20 mmol) andproline (230 mg, 2 mmol, 10

enoltriflate 814 A highly efficient Stille coupling® with mol %) were stirred in 200 mL of dry acetone for 168 h. Silica gel (ca. 5

i ; ; ; ; 13 ; g) was added, and the mixture was evaporated. The residue was pored on
tributyl(vinyltin furnished known diened,™* which after a preloaded silica gel column and chromatographed with hexanes/ethyl

acetate (4:1) to give enorid (1.12 g, 40%) and aldetb (1.11 g, 35%) in

(11) Unpublished results. The four stereoisomeric products of the proline- 73% ee (AS, 2% 2-propanol/hexanes, 1 mL/mi%t13.3 min, §= 15.7
catalyzed aldol reaction between cyclohexanone and benzaldehdye aremin). Almost identical results were obtained using an aqueous workup
known and have been characterized by: Denmark, S. E.; Stavenger, R. A.;(phosphate-buffered saline/ethyl acetate). All new compounds described
Wong, K.-T.; Su, X.J. Am. Chem. S0d.999,121, 4982—4991. herein gave satisfactory spectroscopic data.
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