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Abstract

Methodology is described for the enantioselective conversion of achiral aldehydet-bglective aldol reaction
to chiral -hydroxy- -phenylthio esters and aldehydes. © 2000 Elsevier Science Ltd. All rights reserved.

The chiral diazaboroliding is an exceedingly useful reagent for a number of boron enolate-mediated
enantioselective reactions, includiagti- andsynselective aldol reactions of esters with aldehydesd
enantioselective Ireland—Claisen rearrangeméRsported herein is the extension of this methodology
to the enantioselective synthesis ehydroxy- -phenylthio esters and aldehydes, versatile intermediates
which have received limited attention thus ¥df.

The reaction of the boron reagebt(R,R-form) with phenylthioacetate ester)(and diisopropyl-
ethylamine in CHCI, at 78°C produced theZj-boron enolate (OBR¥ and SPhtrans). The aldol
reactions between th&)-enolate and four different aldehydes af8°C affordedanti- -hydroxy- -
phenylthio ester8, with efficient recovery of the chiral ligand. As listed in Table 1, isolated yields,
diastereoselectivities and enantioselectivities were generally good and comparable to thos&atythe
bromoacetaté®

OH O OH
: LAH, ether : 2,2-dimethoxypropane
R OR 0°C,1h R OH TsOH
SPh ) SPh cat. p-TsOH, acetone
3 4
R'=Ph, t-Bu
R=Me,CH, t-Bu

The stereochemistry of the aldol produ8t&as established byH NMR NOE analysis (Fig. 1) of the
corresponding 1,3-dioxane derivativeswhich were prepared by lithium aluminum hydride reduction
(ether, 0°C, 1 h) and subsequent ketalization of the di¢%2-dimethoxypropane, cgi-toluenesulfonic
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Table 1
Reactions ofl, phenylthioacetate esters and aldehydes

Fs Ph  Ph F

)—( 3 \)oj\ 1.1 QH (0}
S0,—N___N—SO Phs R'/H/U\OR
2 N2 2 OR 2 DIPEA, CH,Cl, L
Fsc Br CF3 3. R1CHO, -78 °C
1 2 3
Entry R of Ester R! of RICHO Yield (%) anti:syn? ee (%)Y of anti

1 t-Bu CgHs 97 98:2 90

2 t-Bu (E)-CeHsCH=CH 79 97:3 94

3 t-Bu t-Bu 83 98:2 63¢

4 t-Bu MeoCH 75 91:9 99

5 MeoCH CgHs 44 95:5 90

6 Me CeHs 45 9:1 87

@ Analysis by measurement of 'H NMR Spectrum (S00MHz). ¥ % ee were determined by HPLC analysis using a Daicel Chiralcel
OD column, except as noted. ¢ A Daicel Chiralpak AD column was used for HPLC analysis. ¢ Authentic samples of racemic
compounds were prepared from LDA enolate of the corresponding ester and aldehyde in ether.

acid, acetone, 23°C). In the case5affrom 3a (R=t-Bu, R'=CgHs), the coupling constant between H-4
and H-5 of the major diastereomer was 10.8 Hz (a typical value for vicinal diaxial hydrogens of a 1,3-
dioxane) and that of the minor diastereomer was 2.3 Hz (typical ofitstereorelationship of H-4 and
H-5).40.5

anti diastereomer of 5a syn diastereomer of 5a

Fig. 1. Selected NOE enhancements of 1,3-dioxzme

The major diastereomer of the aldol prod8etas confirmed to be thenti aldol diastereomer through
NOE measurements (Fig. 1) as well as from coupling constant data. The absolute configuration of the
hydroxy group in -hydroxy- -phenylthio esteBawas established by conversion to the corresponding
diol 8 and comparison of the specific rotation with literature values. To arrive at-mgdroxy ester
64, the aldol producBa (R=t-Bu, R'=Ph: 90.3% ee) was treated with tributyltin hydride and a catalytic
amount of azobis-isobutyronitrile (AIBN) in benzene at reflux for 30 min (96% yield). The resulting
(3R)-3-hydroxy-3-phenyl-propionat&$), which had previously been prepared from tributyltin hydride
reduction of (&,39-t-butyl 2-bromo-3-hydroxy-3-phenylpropionat® was identical with the known
compound; (foba: 2,33 +39.0 € 1.24, CHC})). Methyl 3-hydroxy-3-phenyl-2-thiophenoxypropionate
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3m (Table 1, entry 6) was transformed into dibto verify its absolute configuration7{ (n-Bu);SnH,
AIBN, toluene, 90% yield, 23 +45.9 £ 0.41, CHC}); 8: LAH, ether, 0°C, 87% yield, 33+54.9 ¢
0.59, CHC#)}.

*1 HO,,)<HJ\
Ph/\‘/lLo-t By (n-Bu);SnH, AIBN, PhH Ph 0-tBu

SPh reflux, 30 min, 96%
3a 6a
[a]p +39.0° (¢ 1.24, CHCI,)
[lit.*] +39.6° (¢ 0.38, CHCl3)
OH 0 OH O OH
: (n-Bu)3SnH, AIBN i LAH, ether, 0 °C :
Ph OMe Ph OMe —— = ph” " " OH
Toluene, reflux, 87%
SPh 90%
3m 7 8

[o]p +54.9° (¢ 0.59, CHCIy)

[c]p +45.9° (¢ 0.41, CHCl,) (9] +63° (¢ 1, CHCly)

The synthesis of -hydroxy- -phenylthio aldehyde8 from anti aldol adducts3 was demonstrated
as follows! Treatment of ester8 with t-butyl-dimethylsilyl trifluoromethanesulfonate in Gl led
quantitatively to the silyl etherg0. Reduction of the silyl etheXO (diisobutylaluminum hydride, 78°C,
toluene) followed by pyridinium dichromate oxidatfomolecular sieve 4 A, 23°C, G4€1,) furnished
the aldehyde8.®

OH TBSOTf, 2,6-lutidine  TBSQ 1. DIBAL, -78 °C, toluene  TBSQ
: CH;Cly, 0°C, 1 h, 99% ; 2. PDC, MS 4A, CH,Cl, ;
R O-tBu R O-tBu R H
SPh R'=Ph, i-Pr SPh 60% (Ph), 67% (i-Pr) SPh
3 10 9

In summary, the transformations described above provide a new route to a variety of chiral inter-
mediates which are useful in synthesis. The following procedure is illustrative of the enantio- and
diastereoslective aldol step.

(3529-( )-t-Butyl 3-hydroxy-3-phenyl-2-thiophenoxypropionatéa) (R'=Ph, R%-Bu); the diaza-
borolidine 1R (1.0 equiv.) prepared from th&R)-(+)-bis-3,5-di(trifluoromethyl)benzene-sulfonamide
(320 mg, 0.419 mmol) and 0.5 M BBin CH,Cl, (1.68 mL, 0.838 mmolj2was dissolved in CbCl; (8
mL) at 23°C and cooled to 78°C. The solution was treated witibutyl thiophenoxyacetate (94.0 mg,
0.419 mmol) and diisopropylethylamine (108.3 mg, 0.838 mmol) Z8°C. The reaction mixture was
stirred for 5 h at 78°C and then treated with benzaldehyde (40.0 mg, 0.377 mmol) in dichloromethane
(3 mL). Atfter stirring for an additional 30 min, the reaction was quenched with MeOH (3 mL) and water
(8 mL) at 78°C. The aqueous layer was extracted with dichloromethan&Q3nL). The collected
organic layers were dried over MggJiltered and concentrated under reduced pressure to afford the
crude product. Final purification of the crude product by silica gel chromatography gave the alcohol
3a(120.2 mg, 97% yieldanti:syn=98:2, anti 90% ee syn43% ee)anti Product:  3® 76.8 € 1.76,
CHCl); *H NMR (500 MHz, CDC})  7.39 7.24 (m, 10H), 5.01 (ddl=6.7, 6.5 Hz, 1H), 3.88 (d=6.7
Hz, 1H), 3.54 (dJ=6.5 Hz, 1H), 1.29 (s, 9H}:*C NMR (125 MHz, CDC4) 170.9, 140.7,133.6, 133.1,
128.9,128.4,128.1, 127.9, 126.7, 82.5, 74.4, 58.2, 27.8; FTIR (thin filml)x8475, 3458, 2977, 1724,
1368;R:=0.33 (17% ethyl acetate in hexangynProductlH NMR (500 MHz, CDC}) 7.46-7.25 (m,
10H), 4.98 (dJ=7.5 Hz, 1H), 3.76 (dJ=7.5 Hz, 1H), 3.47 (s, 1H), 1.23 (s, 9HRC NMR (100 MHz,



2772

CDCl3) 170.0, 139.6, 133.3, 129.0, 128.3, 128.1, 127.1, 82.1, 72.9, 60.5,R#6.35 (17% ethyl
acetate in hexanéy.
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