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A new N-acetyl thiazolidinethione reagent, which undergoes highly diastereoselective aldol reactions upon enolization with dichlorophenylborane
and (-)-sparteine and subsequent treatment with a variety of aldehydes, is described. This reagent is pseudoenantiomeric to an L-tert-leucine-
derived reagent recently described by us and is useful because it avoids the prohibitively costly p-tert-leucine.

We recently described a new method for performing dia- chiral auxiliary for this reagent is derived frarrtert-leucine,
stereoselective acetate aldol reactignssing the chiral and the reaction benefits from the bulk of teet-butyl group
N-acetyl thiazolidinethione reagetit(Scheme 1¥.In this as other less bulky groups provide significantly lower

diastereoselectivities. However, this method suffers from the
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significant limitation that only the.-enantiomer oftert- of methyllithium to3 was then studied, and while the reaction
leucine is available at reasonable cost. We, therefore, wishedprovides good yields, it proceeds with partial racemization
to devise a new reagent that is the functional equivalent of to provide the product in a maximum of 62% enantiomeric
p-tert-leucine, and in this communication, we describe the excess under a variety of conditiohhis is presumably
synthesis of such a reagent and its application to diastereo-due to enolization under the reaction conditions, and we
selective acetate aldol addition reactions using our previously therefore studied the use of the corresponding organocerium
described procedure. reagent (prepared from MeLi and Ceg}l Addition of this

In considering the design of reagents which bear steric reagent t®B proceeds in high yields and provides the highly
bulk, we sought to replace theert-butyl group with a crystalline4 with an enantiomeric excess of 94%. A single
protected tertiary alcohol and wished to study the thiazolidine recrystallization of4 from toluene provided material with
thione reagen2 shown in Figure 1. Tertiary alcohols are an enantiomeric purity of 99.4% in an overall yield of 80%
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Figure 1. Reagen®, the pseudoenantiomer of theert-leucine-
derived reagent.

readily prepared by nucleophilic additions to esters, and our
synthesis begins with the ethyl ester of cysteine (Scheme
2). Conversion of commercially available cysteine ethyl ester
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aConditions: (1) NEf (1 equiv), thiocarbonyldiimidazole (1
equiv), THF, 90%,; (D NEt; (1 equiv), C$ (1.1 equiv), CHCI,,
75%. (2) MeLi (3.5 equiv), CeGl(4 equiv), THF,—78 °C, then
ester3 was added at-40 °C, recrystallization from toluene 80%.
(3) TESOTHT, (2 equiv), DMAP (2 equiv), Cil,, 0 °C to room
temperature, 95%. (4)-BuLi (1.2 equiv),—78°C, then CHCOCI
(1.2 equiv), THF, 90%.

HCI to the corresponding thiazolidine thior& was ac-
complished in 90% vyield by treatment with triethylamine
and thiocarbonyldiimidazol&Alternatively, this reaction can

(after crystallization). This material was protected as the
triethylsilyl ether to provides and then acylated to provide
2. The overall yield of this four-step process is 61% (or 51%
if the thiazolidinethione is prepared using £L&nd we have
prepared 6 g of 2n a single batch.

With compound in hand, we carried out a survey of the
scope of this reagent in reactions with representative alde-
hydes (Table 1§.As expected, the results are similar to the

Table 1. Aldol Reactions of Thiazolidinethiong with
Representative Aldehydes

)SJ\ e} )SL O OH S O OH
NP B O N .
~—OTES —OTES
2 N 6 /N 7 /NOTES
entry aldehyde dr (6:7)P yield (%)°
1 PhCH,CH,CHO 49:1 86
2 (CH3),CHCHO 57:1 88
3 CHj3(CH3)sCHO 59:1 91
4 (CH3),CHCH,CHO 89:1 92
5 BnNnOCH,CHO 59:1 86
6 TBSOCH2CH,CHO 31:1 80
7 PhCHO 16.5:1 80
8 trans-PhCH=CHCHO 9.5:1 63

a Conditions: compound (1.3 equiv), PhBGI(1.3 equiv), {-)-sparteine
(2.6 equiv), CHCI,, 0 °C to room temperature, then RCHO678 °C to 0
°C. b Ratios were determined by 500 MHHA NMR spectroscopic analysis
of the crude reaction mixtureSYield of the major diastereomer after
purification.

tert-leucine derivedN-acetyl thiazolidine thione reageht
Straight-chain and.- or 8-branched aliphatic aldehydes react
with high selectivities (diastereomeric ratios range from 49:1
to 89:1) and in excellent yields (8®2%, entries 4).
Aldehydes that are oxygenated at treor 5-position such

as benzyloxyacetaldehyde andt&r-butyldimethylsilyloxy)-
propanal are also excellent substrates for this reaction (entries

(6) Reaction was studied in THF and ether, at temperatures ranging from

be performed using the less costly reagent combination of —78°C to room temperature, and using methyl Grignard in THF, ether, or

carbondisulfide and triethylamine in 75% yiél@he addition

(4) Soai, K.; Ishizaki, M Heterocyclesl984,22, 2827.

(5) (a) Rufino, A. R.; Biaggio, F. CTetrahedron Lett2001,42, 8559.
(b) Nagao, Y.; Ikeda, T.; Inoue, T.; Yagi, M.; Shiro, M.; Fuijita, E.Org.
Chem1985,50, 4072. (c) Hsiao, C. N.; Liu, L.; Miller, MJ. Org. Chem.
1987,52, 2201.

3140

dichloromethane at the same temperature ranges with no improvement in
the results.

(7) For reviews on organocerium reagents, see: (a) Liu, H. J.; Shia, K.
S.; Shang, X.; Zhu, B. Y. Tetrahedrdi®99, 55, 3803. (b) Takeda, N.;
Imamoto, T.Org. Synth1999,76, 228. (c) Imamoto, T. ICRomprehensive
Organic Synthesis; Trost, B. M., Fleming, |., Heathcock, C. H., Eds.;
Pergamon Press: Oxford, UK, 1991; Vol. 1, p 231.

(8) For experimental details, see Supporting Information.
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5 and 6). Aldolization with benzaldehyde provided the diastereoselection in acetate aldol reactions with a variety
products in good yield, but with slightly diminished selectiv- of aldehydes in excellent yields. This, together withithert-
ity (16.5:1, entry 7), and the use tfans-cinnamaldehyde leucine-derived thiazolidinethione reagent, affords a powerful
provided diminished, but useful, yields and selectivities (63% method for the synthesis of either isomeric acetate aldol
yield, 9.5:1 selectivity, entry 8). adduct in high enantiomeric purity and excellent yield. This
The stereochemistry of the products was determined by work also further highlights the practical utility of phenyl-
reductive cleavage of the aldol adducts obtained in entries 1dichloroborane and (—)-sparteine for the enolization of
and 5 of Table 1 to produce the known compounds (S)-5- N-acyl thiazolidinethione reagents and their subsequent
phenylpentane-1,3-diol andR)-1-O-benzyl-1,2,4-butane-  highly selective acetate aldol reactions. Furthermore, the
triol.® All other entries were assigned by analogy. The sense strategy behind the synthesis of this auxiliary should prove
of asymmetric induction is as expected and consistent with to be useful for the synthesis of analogues of othéert-
our prior studies using the-tert-leucine-derived auxiliary  leucine-derived reagents and catalysts. The application of
1. Thus, the pseudoenantiomeric reagenend 2 provide this reagent to the synthesis of natural products is underway
the enantiomeric aldol adducts and diols upon reductive and will be reported in due course.
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(8) (9-5-Phenylpentane-1,3-diola]p = —12.8 € 1.96, EtOH), lit. p]p
= —7.2 (c1.52, EtOH). See: Nunez, M. T.; Martin, V. 3. Org. Chem.
. . . 1990,55, 1928. R)-1-O-Benzyl-1,2,4-butanetriol: [g]= +9.64 (c0.85,
In conclusion, we have developed a readily synthesized MeOH), Iit. [o]o = +7.9 (¢7.56, MeOH). See: Takano, S.: Hirama, M.:

thiazolidinethione auxiliary that provides high levels of Seya, K.; Ogasawara, Kletrahedron Lett1983,24, 4233.
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