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Abstract: Boron enolates derived from o-heterosubstituted thioacetates and bearing menthone-derived
chiral ligands react with aldehydes to give anti aldols with excellent diastero- and enantiocontrol.
Boron enolates derived from fert-butyl o-halothioacetate and bearing menthone-derived chiral ligands
react with imines with excellent diastero- and enantiocontrol to give syn o-halo-B-aminothioesters,
which can be converted to the corresponding aziridines by simple ring closure during LAH reduction.
A key precursor of antibiotics (+)-thiamphenicol and (-)-florfenicol was synthesized.

© 1997 Elsevier Science Ltd.

The boron aldol reaction is a powerful method for the control of both relative and absolute
stereochemistry in organic synthesis.] We wish to report here an efficient diastereo- and enantioselective
addition of chiral boron enolates derived from a-heterosubstituted thioacetates to aldehydes and imines. The
chiral boron reagent (1, Scheme 1), derived from (-)-menthone?a-f and developed by transition state computer
modelling,22.3 has previously been shown to allow a highly enantioselective aldol reaction for thioacetates and
thiopropionates.2b

The new methodology described here involves the enantioselective coupling of chiral boron enolates
derived from t-butyl (R! = But) and phenyl (R! = Ph) o-alkoxy thioacetates (Y = OBn, OTBDMS) and o--halo
thioacetates (Y = Cl, Br) with aldehydes [R = Ph, CHy=C(Me), i-Pr, n-Pr] and aryl N-(trimethylsilyl) imines
(Ar = Ph, p-MeS-CgHgy-). Scheme 1 summarizes the observed stereochemical outcome.

The stereoselective synthesis of B-hydroxy- or B-amino-a-heterosubstitued thioacetates, the aldol
products derived from the condensation with aldehydes or imines, is highly desiderable since these aldol motifs
appear in the framework of many biologically active natural products.42 §-Amino acids, for example, although
less abundant than their a-counterparts, are components of natural peptides,‘“’ as well as building blocks for the
preparation of modified peptides* and p-lactam antibiotics.4d Numerous methods for the synthesis of B-amino
acids exist, and have been recently reviewed:42.4¢-h one of the most useful involves the reaction of imines with
enolates.8 In order to make this process stereoselective, chiral auxiliaries have been attached either to the
enolate’ or to the imine,® or both.” In alternative, the use of achiral imines and boron enolates bearing chiral
boron ligands was recently described.8 The aldol condensation between a-alkoxyacetates and aldehydes has
been used to synthesize o,P-dihydroxy derivatives with both diastereo-® and enantiocontrol.10-12
Stereoselective synthesis of optically active 1,2-diol motifs is an important process in the preparation of a series
of natural products, including macrolides, polyethers and carbohydrates. We have prepared these 1,2-diol units
with an excellent diastereo- (anti-syn > 97 : 3) and enantiocontrol (e.e. = 94 - 97 %), as shown in Table 1.
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Scheme 1. Transition state models for the boron aldol addition to aldehydes and imines. L* ligand derived from (-)-menthone.
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Entry Y R} R re:si anti:syn % Yield
1 OBn +-Bu Ph 97:3 97:3 65
2 OBn +-Bu CH2=C(Me) 97.8:2.2 >98:2 78
3 OBn Ph Ph 98:2 >99:1 45
4 OTBDMS Ph Ph 98.5:1.5 >99:1 79
5 OBn t-Bu i-Pr 97.7:2.3 97:3 55
6 OBn +-Bu n-Pr 97.6:2.4 97.2:2.8 57

The high anti-syn ratios observed in the aldol products are the result of a preferential formation of £ (OB)-
enolates, independent of the type of Y and R! substituents. Anti-syn ratios were determined on the crude
products by TH-NMR analysis in comparison with authentic samples. The enantiomeric ratios of the major ant!
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diastereoisomers were determined by 'H-NMR spectroscopy in presence of Eu(hfc)3, splitting the +-Bu singlet
(Table 1; entries 1, 2, 5, 6), in comparison with racemic samples. In all cases the enantiomeric excesses were
confirmed by !9F- and 1H-NMR analysis of the Mosher derivatives. Enantiomeric ratios are independent of the
type of Y and R! substituents: although the best results were obtained with Y= OTBDMS and R! = Ph, the
differences with Y = OBn and R! = Bu! are fairly small. The absolute configuration was confirmed in selected
cases (Table 1; entries 1, 3) by chemical correlation (Scheme 2, see the Experimental Section).10b

Scheme 2. Assessment of the absolute configuration of a-alkoxy-B-hydroxy thioesters via chemical correlation.
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The absolute configuration of the aldol products is consistent with chair transition structures (Scheme 1)
featuring preferential attack on the aldehyde re face, as in the case of the aldol reaction of thiopropionates and
unsubstitued thioacetates with aldehydes.?b The E (OB)-enolates derived from a-alkoxy thioacetates and chiral
boron reagent (1) have been recently used by our group for the condensation reaction with N-(trimethylsilyl)
benzaldimine!3.14 (Ar = Ph, Scheme 1) in a synthetic approach to the Paclitaxel (Taxol®) C-13 side chain.!5
It is interesting to note that in the addition to imines a strong diastereo- and enantiocontrol is operating as a
function of the R! substituent (S-Ph vs S-But), while in the addition to aldehydes the role of R} has no
stereochemical consequences (Scheme 1). In the case of imines, a preponderance of the syn diastereoisomer is
obtained with the #-butyl thioester, while a preponderance of the anti isomer is obtained with the phenyl
thioester. In the addition to both aldehydes and imines the stereochemical role of the oxygen protecting group
(e.g. Y = O-Bn vs O-TBDMS) is relatively minor. In the case of t-butyl thioesters, the stereochemical
divergence between aldehydes and imines was reasonably rationalized using chair-like cyclic transition states
(cf. the two chair transition states in Scheme 1). One can note that in the aldehyde case the R group can adopt
an equatorial position (aldehyde re face attack, Scheme 1) which leads to the anti relationship between the
hydroxy and the alkoxy groups in the final anti B-hydroxy-a-alkoxythioester. The stereochemistry of the imine
(trans) forces the Ar group in an axial orientation (imine si face attack) which determines the syn stereochemical
relationship in the final syn B-amino-o-alkoxythioester. In contrast with the model suggested by Corey,82 and in
agreement with the models proposed by Cozzi and Cinquini8 and Yamamoto,3¢ we believe that the transition
state involves an (E) configurated imine, that does not isomerize to (Z) during the aldol reaction. The
stercodivergence caused by the different thioester type (S-Ph vs S-Bul) in the addition to imines is quite
surprising. The stereochemical outcome can be rationalized using a boat vs chair transition state structures. Ab
initio MO calculations (3-21G basis set) featuring the addition of the BH, enol borinate derived from
acetaldehyde to formaldehyde-imine have recently shown that two competing cyclic transition structures are
important: the chair and the boat.16.17

The aldol condensation between a-haloacetates and aldehydes has been used to synthesize o-halo-B-

hydroxy derivatives (and glycidic derivatives) with both diastereo- and enantiocontrol.!8 Our chiral haloacetate
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enolates are able to impart excellent diastereo- (anti 91 - >99 %) and enantiocontrol (e.e. = 94 - >98 %), as
shown in Table 2.

Anti-syn ratios were determined by 'H-NMR analysis in comparison with authentic samples. The
enantiomeric ratios of the major anti products were determined by Eu(hfc)3 'H-NMR analysis in comparison
with the racemic samples. The absolute configuration was determined by correlation with the corresponding f3-
hydroxy thioacetates of known configuration2b (Scheme 3), which were obtained by reductive elimination of
the halogen atom of the o-halo-B-hydroxy thicesters (Zn/NH4Cl/MeOH).

Table 2: Asymmetric synthesis of a-halo-B-hydroxy thioesters via chiral boron enolate - aldehyde condensation

Y
YCHACOSR! L*2BBr (1) RCHO R\|/E\n’SR1
EtsN
OH ©
Entry Y R! R re:si anti.syn % Yield
1 Cl 1-Bu Ph >99:1 91:9 65
2 Br 1-Bu Ph >99:1 97.5:2.5 45
3 Cl t-Bu i-Pr 97:3 96:4 70
4 Br t-Bu i-Pr >99:1 97.8:2.2 55
5 Cl t-Bu n-Pr 97.3:2.7 96:4 73
6 Br t-Bu n-Pr >99:1 >99:1 45
7 Cl Ph CH2=C(Me)- | 96.3:3.7 52:48 55
8 Br Ph CHy=C(Me)- 96:4 80:20 55

Scheme 3. Assessment of the absolute configuration of a-halo-B-hydroxy thioesters via chemical correlation. Synthesis of B-
hydroxy thioesters.
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The anti relative configuration of the aldols was unequivocally established by measuring the 'H-NMR
coupling constants (typical Jyygns = 1.5-2.0 Hz, J¢j5 = 4.0-5.0 Hz) of the trans glycidic thioesters obtained by

treatment with -BuOK/t-BuOH (Scheme 4).19

Scheme 4. Transformation of a-halo-B-hydroxy thioesters into glycidic thioesters.

H

SBu! t-BuOK, t-BuOH R
4 —_— %\\COSBUt
(0]

OH O H

R = Ph, Pr, n-Pr R

Y =Cl, Br



Boron aldol reactions of a-heterosubstituted thioacetates 5913

The anti-syn ratios observed in the aldol products depend on the type of Y and R! substituents, and are
particularly high for bulky substituents at sulfur (R1 = But vs Ph) and Y = Br vs Cl. The enantiomeric ratios are
independent of the type of Y and R! substituents. Although the best results were obtained with Y = Brand R! =
But, the differences for example with Y = Cl are fairly small (see Table 2). The absolute configuration of the
aldol products is consistent with chair transition structures featuring preferential attack on the aldehyde re face,
as suggested by the computer model (see Scheme 1 and the discussion above).22 The use of thioesters is
necessary: in spite of the presence of an electron-withdrawing substituent (Y = Cl, Br) esters are not enolized
and do not react.

We also investigated the addition of boron enolates derived from tert-butyl a-halothioacetates (Y = ClI,
Br) and the chiral boron reagent ent-1 [derived from (+)-menthone],22-¢.3 to achiral N-trimethylsilylimines
213,14 (Table 3). o-Halo-B-amino thioesters were isolated in 77-89% yield as hydrochloride salts (3-HCI).
The diastereoselectivity of the reaction was checked on the N-benzoyl derivatives (6, Scheme 6, vide infra) and
on the Mosher derivatives, and shown to be high (syn: anti 92:8 - 299:1). The enantiomeric ratios of the major
syn products were determined by !H-NMR analysis of the Mosher derivatives,20 and shown to be 97:3 - >99:1
(Table 3).

Table 3: Addition of the chiral boron enolates derived from c-halothioacetates to silylimines. Asymmetric synthesis of ot-halo-B-
amino thioacetates (3).

L**,BBr ArCH=NSiMe; Y
(ent-1) @ HCI Ar
YCH,COSBu' > — COSBu'
EtsN
+ NH,Cl ~
X
I (3-HCl)
~—B
\t"‘
(ent-1, X =Br
Entry Y Ar re:si syn:anti % Yield
1 Br Ph- 985:15 299: 1 80
2 Br |p-MeS-C 6H 4 >99: 1 299:1 77
3 Cl Ph- 97:3 92: 8 89
4 Cl |[p-MeS-CH,- | 979:2] 94: 6 85

Non protected chiral aziridine alcohols (4) were easily obtained (86-91%) by simple reduction with
LiAlH, of the a-halo-B-amino thioesters 3. The syn relationship of the aldol adducts 3 was thus proved by the
formation of cis aziridine alcohols 4 (Scheme 5). The cis aziridine stereochemistry was demonstrated by the
TH-NMR coupling constants (J cis = 6.4-6.6 Hz; average literature values for J trans = 2.5-3.0 Hz)2!ab and by
correlation with the known compound 4b.22 (1H)-(25,35)-(+)-3-((4-methylthio)phenyl] aziridine-2-methanol
(4b) is a key intermediate for the synthesis of the broad spectrum, antibacterial, synthetic antibiotics (+)-
thiamphenicol and (-)-florfenicol.22b.d
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The synthesis of chiral non-racemic aziridines continues to be a major area of interest in organic
chemistry: aziridines are useful building blocks for the preparation of amino alcohols and amino acids, and
many ring-opening reactions have been described using a range of nucleophiles.2! Aziridine 4a was
transformed into the corresponding cis N-tosyl-3-phenyl-2-aziridinemethanol 5a (89%).21¢.d Chiral N-
tosylaziridinemethanols are key intermediates for the synthesis of various classes of compounds, as they easily
undergo nucleophilic Sn2-type ring-opening and aza-Payne rearrangement due to the presence of the activating
p-toluensulfonyl group.2!c.d

Scheme 5. Synthesis of chiral cis aziridine alcohols. 1) LiAlHy, THF, 0°C (86-91%); ii) from 4a: TsCl, CHCl3, Et3N, -40°C
to 0°C (89%).
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The imine n-face selectivity was further proved by determining the absolute configuration at the C-N
stereocenter by chemical correlation with the known compound 8 (Scheme 6). a-Halo-f-amino thicesters
ent-3 [obtained using 1 derived from (-)-menthone]2.3 were benzoylated using benzoic acid and DCC to give 6
(85%). The syn:anti ratios were checked on N-benzoyl derivatives 6 via IH-NMR spectroscopy. Reductive
elimination of the halogen atom of 6a using Zn/NH4Cl in methanol gave 7 (60-75%), which was transformed
into methyl ester 8 by reaction with Hg(NO3); in methanol (82%). The [o]p value of 8 was in good agreement
with that reported in the literature.52 The optical purity of methylester 8 [O.P. = 97.8% for 8 derived from ent-
3a (Y = Br); 90% for 8 derived from ent-3a (Y = CI)] reflects the higher stereoselectivity of the reaction using
the a-bromoacetate compared to the a-chloroacetate. It is also worthnoting that, in the case of 8 derived from
ent-3a (Y = Cl), this value was obtained starting from a syn:anti mixture (syn:anti 92:8) without removing the
minor anti diasteroisomer. The NMR analysis of the Mosher derivatives of ent-3a (Y = Cl) shows that while
the major syn isomer is 94% enantiomerically pure, the minor anti isomer is more or less racemic.

Scheme 6. Chemical correlation of a-halo-B-amino thioesters ent-3 [obtained using L*BBr (1) derived from (-)-menthone]:
i) PhCO,H, DCC, CH,Cl, (85%); ii) Zn, NH,4Cl, MeOH (60% X=Cl; 75% X=Br); iii) Hg(NO3),, MeOH (82%).

NH, . HNBz
t t
N /l\rCOSBu‘ _— Ar/l\rCOSB“ HNBz
Y Y i CO-R
a Ar=Ph { aAr=Ph ——» Ph t
ent-3 [ b Ar=p-MeS-CeH, b Ar=pMeS-CeHy 5 7R= SBu
8 R= OMe

In summary, we have shown that the chiral boron enolates derived from z-butyl and phenyl a-alkoxy
thioacetates and a-halothioacetates react with aldehydes and aryl N-(trimethylsilyl) imines with excellent



Boron aldol reactions of o-heterosubstituted thioacetates 5915

stereoselectivities. The stereochemical outcome is well rationalized by the use of cyclic chair- and boat-like
transition structures, as shown in Scheme 1.

EXPERIMENTAL SECTION

General. Chromatographic purification of products was carried out by "flash chromatography"23 using Merck
silica gel 60 (230-400 mesh). Thin layer chromatography was carried out on Merck silica gel 60F plates.
Organic solutions were dried over sodium sulfate (Na2SQ4). 'H NMR spectra were obtained at 200 MHz and
13C NMR at 50.28 MHz at 25 °C (unless otherwise stated). Chemical shifts are reported in parts per million
(ppm), &, from TMS = 0.00 ppm (unless otherwise stated). J vaules are given in Hz.

Di{[(1S,25,5R)-2-isopropyl-5-methylcyciohex-1-yl]-methyl} boron bromide (1) (see ref. 2a,b):
A solution of (-)-(25,5R)-2-isopropyl-5-methyl- 1 -methylenecyclohexane (98%, 7.2 g, 47.37 mmol) in freshly
distilled dichloromethane (21.95 ml) was treated with BrBH2-SMe3 (95%, Aldrich)(2.55 mi, 23.93 mmol) at 0
°C, under argon, with stirring. The reaction mixture was stirred at room temperature overnight. The solvent
dichloromethane and dimethylsulfide liberated during hydroboration were removed under vacuum (0.1 mmHg)
and the residue (a thick liquid or a low melting solid) was dissolved in dry diethyl ether (11.4 ml) under argon at
room temperature. The solution was cannulated off of a small amount of insoluble residue (white powder) into
another flask. The solution was cooled to -50 °C and left to crystallise for 1.0 h. The solvent was removed via
double-tipped needle (cannula) under argon at -50 °C. The remaining white crystals were then dissolved in dry
diethyl ether (7.3 ml) at room temperature and the resulting solution was cooled (SLOWLY) to -40 °C and after
1.0 h the mother liquor was removed via cannula from the crystals formed. The crystals were redissolved in dry
ether (7.6 ml) at room temperature. The solution was cooled (SLOWLY) to -30 °C and after 1.0 h the mother
liquor was removed via cannula from the crystals formed. The crystals (containing 1 eq. of diethyl ether per eq.
of boron atom) were weighed under argon (3.23 g, 30%). The ratio between the distereoisomers was
determined by decomposition with hydrogen peroxide and VPC analysis (OV-1 column, 70-150°C) of alcohols
(18,28,5R)-1-(hydroxymethyl)-2-isopropyl-5-methylcyclohexane and (1R,2S,5R)-1-(hydroxymethyl)-2-
isopropyl-5-methylcyclohexane (2 100:1). Boron reagent 1: !B NMR [CDCl3, 25 °C, ppm relative to BF3-
Et0 (0.0)): & = 78.83. Methanolysis gave X = OMe: !B NMR [CDCl3, 25 °C, ppm relative to BF3-Et;0
(0.0)]: & =55.05; 13C NMR (CDCl3): 6§ = 53.30 (OCH3), 48.39, 42.26, 35.85, 31.38, 29.57, 26.17, 24.54,
22.74, 21.41, 20.69, 16.3 (broad, C-B). Treatment of X = OMe with HOCH,CH2NH> in Et;0 gave X =
OCH2CH;NH3, (see ref 2a): 13C NMR (CDCl3): § = 65.52 (OCH3), 48.86, 42.62 (CH,NH3), 41.93, 35.98,
31.82, 29.41, 26.24, 24 51, 22.76, 21.45, 20.71, 16 (broad, C-B); C24HagBNO (377.5): calcd C 76.37, H
12.82, N 3.71; found C 76.32, H 12.91, N 3.67.

A 0.4 M stock solution was prepared dissolving reagent 1 (3.23 g) in dichloromethane (13.82 ml). This
solution may be kept for weeks in the refrigerator at 0 °C without any appreciable decomposition. Boron reagent
ent-1 was prepared analogously, starting from (+)-(2R,5S)-2-isopropyl-5-methyl-1-methylenecyclohexane
derived from (+)-menthone (see ref. 2a,b).

Preparation of thioesters (YCHZCOSRI; Table 1, 2, 3). General procedure: To a cooled (0 °C)
0.5 M solution of thiol (1.0 mol. eq.) and Et3N (1.1 mol. eq.) in dry dichloromethane, the acid chloride in
dichloromethane (1.0 mol. eq., 0.5 M) was added dropwise. After 30-60 min stirring at 0 °C the reaction was
poured into cold water. The organic phase was separated and washed with a cold 5% aqueous solution of
sodium hydroxide, water, dried and concentrated under reduced pressure. Pyridine was used instead of
triethylamine for the synthesis of phenyl a-halothioesters.

t-Butyl a-benzyloxythioacetate (R! =¢-Bu; Y = OBn): The crude product was purified by fractional
distillation: 150-160 °C (ca. 0.1 mmHg). 'H NMR (CDCl3): 6 = 1.52 (s, 9H, t-Bu); 4.07 (s, 2H, CH2CO);
4.65 ( s, CH0, 2H); 7.3-7.4 (5H, ArH). C13H 8028 (238.35): caled C 65.51, H 7.61; found C 65.49, H
7.70.

Phenyl o-benzyloxythioacetate (Rl = Ph; Y = OBn): 'H NMR (CDCl3): 6 = 4.29 (s, 2H, CH,CO);

4.76 ( s, CHp0, 2H); 7.3-7.4 (10H, ArH). C;5H ;40,8 (258.34): calcd C 69.74, H 5.46; found C 69.70, H
5.51.

t-Butyl o-chlorothioacetate (Rl =¢-Bu; Y = CI): The crude product was purified by fractional

distillation: 110-115 °C (ca. 15 mmHg). 'H NMR (CDCl3): 6 = 1.52 (s, 9H, t-Bu); 4.12 (s, 2H, CH2CO).
CgH110SCI (166.67): calcd C 43.24, H 6.65; found C 43.19, H 6.70.
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t-Butyl a-bromothioacetate (R! =¢-Bu; Y = Br): The crude product was purified by fractional

distillation: 78-80 °C (ca. 15 mmHg). 'H NMR (CDCl3): 6 = 1.50 (s, 9H, t-Bu); 3.95 (s, 2H, CH,CO).
CeH}10SBr (211.13): caled C 34.13, H 5.25; found C 34.08, H 5.31.

Phenyl o-chlorothioacetate (R1 = Ph; Y = Cl): "H NMR (CDClI3): 6 = 4.3 (s, 2H, CHy); 7.4 (5H, Ar).
CgH70S8Cl (186.66): caled C 51.48, H 3.78; found C 51.25, H 3.74.

Phenyl o-bromothioacetate (R! = Ph; Y = Br): 'H NMR (CDCl3): 6 = 4.14 (s, 2H, CHy); 7.4 (5H,
Ar). CgH70SBr (231.12): caled C 41.58, H 3.05; found C 41.81, H 3.35.

Phenyl o-t-butyldimethylsilyloxythioacetate (R1 = Ph; Y = OTBDMS): Methyl glycolate (1.90 ml,
2.20 g, 24.5 mmol) was added to a suspension of TBDMS-CI (4.43 g, 29.4 mmol) and imidazole (4.17 g,
61.25 mmol) in dry dimethylformamide (DMF) (4.9 ml) at 0 °C, under stirring. After 90 min stirring at room
temperature, water (60 ml) was added, and the resulting mixture was extracted with ethyl ether (3 x 35 ml). The
organic extracts were combined, washed with water (3 x 35 ml), dried and evaporated to give TBDMS-

OCH,CO2Me (5.0 g, 100%): 'H NMR (CDCl3): 8 = 0.12 (6H, s, Me), 0.93 (9H, s, 'Bu), 3.75 (3H, s, OMe),
4.26 (2H, s, CHp). CgH20O3Si (204.34): calcd C 52.90, H 9.87; found C 52.81, H 9.93.

A solution of AlMe3 (2.0 M in hexanes, 12.25 ml, 24.5 mmol) in dichloromethane (49 ml) was treated at 0 °C
with PhSH (2.5 ml, 24.5 mmol). After 20 min at 0 °C, a solution of TBDMS-OCH,COsMe (2.5 g, 12.25
mmol) in dichloromethane (6.125 ml) was added at 0 °C. The mixture was stirred at room temperature for 0.5
h, then quenched with a NH4Cl saturated aqueous solution (12 ml), filtered through celite, washing the celite
cake with dichloromethane. The organic phase was washed with 5% aqueous NaOH, saturated brine, dried and
evaporated to give a crude mixture which was purified by flash chromatography (hexanes-ethyl ether 95:5) to

afford pure phenyl o-£-butyldimethylsilyloxythioacetate (2.74 g, 79%): ]H NMR (CDCl3): 6 =0.20 (6H, s,
Me), 1.01 (9H, s, 'Bu), 4.38 (2H, s, CH»), 7.43 (5H, m, Ar-H). C14H2,0,SSi (282.48): caled C 59.53, H
7.85: found C 59.65, H 7.83.

Aldol condensation of a-heterosubstitued thioacetates with aldehydes (Table 1, 2). General
procedure: To a stirred solution of the thioester (0.40 mmol) in ethyl ether (1.80 ml) at 0 °C (ice cooling),
under argon atmosphere, a solution of 1 in dichloromethane (0.4 M; 1.80 ml, 0.72 mmol) , and then EtsN
(0.156 ml, 1.12 mmol) were added dropwise. Enolborinate was generated with concurrent formation and
precipitation of Et3N-HBr. After 5 min at 0 °C and 5.0 h at +15 °C, the mixture was cooled to -78 °C and the
aldehyde (1.2 mmol) was added dropwise. The resulting mixture was stirred at -78 °C for 15 h, and then
quenched with Et;0 (2 ml) and pH 7 phosphate buffer (2 ml). The aqueous phase was extracted with Et;0 (3 x
5 ml), and the combined organic extracts were dried and evaporated. The residue was dissolved in MeOH (3.5
ml) and phosphate buffer (1 ml) at 0 °C, and treated with 30% H,03 (1 ml). After 20 min stirring at RT, the
mixture was diluted with water and extracted with CH,Cly (3 x 5 mi). The organic phase was dried and
evaporated. The crude product was flash chromatographed to give the desired aldol compound.

The anti-syn ratio of the aldol products was determined by 'H NMR analysis, by integration of the relevant

peaks of the anti and syn diastereoisomers. Characterization of the aldol derivatives (Table 1, 2) is reported
below:

Table 1, Entry 1. 2,3-Anti '"H NMR (CDCl3): 6 = 1.46 (s, 9H, tBu); 3.14 (d, 1H, OH, Jcuoy = 3.8 Hz);
3.96 (d, 1H, CHOBn, JcHCH = 7.1 Hz); 4.22 (d, 1H, OCH,Ph, J = 11.1 Hz); 4.65 (d, 1H, OCH,Ph, J =
11.1 Hz); 4.92 (dd, 1H, CHOH, JcucH = 7.1, JcHOH = 3.8 Hz); 7.3 (ArH). [a]p = - 89.92 (¢ = 1.24,
CHCI3). Co0H2403S (344.48): calcd C 69.74, H 7.02; found C 69.71, H 7.11.

2,3-Syn "H NMR (CDCl3): 6 = 1.47 (s, 9H, tBu); 2.97 (d, 1H, OH, JcHon = 5.2 Hz); 3.95 (d, 1H,
CHOBn, JcHcH = 5.0 Hz); 4.37 (d, 1H, OCH,Ph, J = 11.2 Hz); 4.74 (d, 1H, OCHPh, J = 11.2 Hz); 4.98
(dd, 1H, CHOH, JcHcH = 5.0, JcHOH = 5.2 Hz); 7.3 (ArH).

Table 1, Entry 2. 2,3-Anti 'H NMR (CDCl3): § = 1.49 (s, 9H, 1-Bu); 1.72 (s, 3H, CH3); 2.61 (d, 1H,
OH, JcHoH = 4.92 Hz); 3.92 (d, 1H, CHOBn, JcucH = 5.85 Hz); 4.33 (m, 1H, CHOH); 4.48 (d, 1H,
OCH;Ph, J = 11.3 Hz); 4.82 (d, 1H, OCH3Ph, J = 11.3 Hz); 4.97 (1H, =CH); 5.04 (1H, =CH); 7.3-7.4 (5H,
ArH). [o]p = - 84.4 (¢ = 1.93, CHCI3). C17H2403S (308.44): calcd C 66.20, H 7.84; found C 66.11, H 7.87.

Table 1, Entry 3. 2,3-Anti 'H NMR (CDCl3): 6§ = 3.09 (d, 1H, OH, JcHoH = 3.68 Hz); 4.22 (d, 1H,
CHOBn, JcHcH = 6.8 Hz); 4.42 (d, 1H, OCH;,Ph, J = 11.0 Hz); 4.73 (d, lH, OCH,Ph, J = 11.0 Hz); 4.99
(dd, tH, CHOH, JcHcH = 6.8, JcHoH = 3.68 Hz); 7.48 (15H, ArH). [alp = - 125.53 (¢ = 0.76, CHCI3).
C22H2003S (364.47): caled C 72.50, H 5.53; found C 72.41, H 5.59.
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2,3-Syn lH NMR (CDCl3): 6 =4.23 (d, 1H, CHOBn, JcycH = 3.2 Hz); 5.11 (dd, 1H, CHOH, JcHCH =
3.2, JcHOH = 6.0 Hz).

Table 1, Entry 4. 2,3-Anti 'H NMR (CDCl3): 6 = - 0.24 (s, 3H, CH3); 0.12 (s, 3H, CH3); 0.95 (s, 9H, -
Bu); 2.89 (d, 1H, OH, JcyoH = 3.18 Hz); 4.36 (d, 1H, CHOSI, JcucH = 6.24 Hz); 4.88 (dd, 1H, CHOH,
JcHCH = 6.24, Jchyou = 3.18 Hz); 7.4 (10H, ArH). [a]p = -163.0 (c = 1.48, CHCIl3). C21H28038Si
(388.61): calcd C 64.91, H 7.26; found C 64.86, H 7.31.

2,3-Syn 'H NMR (CDCl3): 6 =3.06 (d, 1H, CHOH, JchoH = 8.5 Hz); 4.42 (d, 1H, CHOSI, JcycH = 2.7
Hz).

Table 1, Entry 5. 2,3-Anti 'H NMR (CDCl3): § = 0.83 (d, 3H, CH3, J = 6.7 Hz); 0.98 (d, 3H, CH3,J =
6.7 Hz); 1.52 (s, 9H, ¢-Bu); 1.97 (m, 1H, Me,CH); 2.25 (d, 1H, OH, JcHoH = 4.9 Hz); 3.63 (m, 1H,
CHOH); 3.83 (d, 1H, CHOBn, J = 6.6 Hz); 4.47 (d, 1H, OCH,Ph, J = 11.3 Hz); 4.84 (d, 1H, OCH,Ph, J =
11.3 Hz); 7.4 (5H, ArH). [a]p = - 89.6 (¢ = 1.07, CHCI3). C;7H2603S (310.46): calcd C 65.77, H 8.44;
found C 65.70, H 8.50.

2,3-Syn '"H NMR (CDCl3): 6 =3.90 (d, 1H, CHOBn, JcHcH = 4.2 Hz).

Table 1, Entry 6. 2,3-Anti '"H NMR (CDCls): & = 0.91 (t, 3H, CHz, J = 6.9 Hz); 1.51 (s, 9H, +-Bu); 1.3-
1.6 (m, 4H, CH,CHy); 2.14 (d, 1H, OH, Jcpon = 4.58 Hz); 3.86 (m, 2H, CHOH + CHOBn); 4.48 (d, 1H,
OCH,Ph, J = 11.3 Hz); 4.86 (d, 1H, OCH,Ph, J = 11.3 Hz); 7.4 (5H, ArH). [a]p = - 79.7 (c = 0.96,
CHCI3). C17H26038 (310.46): caled C 65.77, H 8.44; found C 65.67, H 8.52.

2,3-Syn 'H NMR (CDCl3): 6 =4.46 (d, 1H, OCH,Ph, J = 11.06 Hz).

Table 2, Entry 1. 2,3-Anti "H NMR (CDCl3): & = 1.49 (s, 9H, +-Bu); 4.39 (d, 1H, CHCI, Jcucu = 7.3
Hz); 5.10 (d, 1H, CHOH, Jcycy = 7.3 Hz); 7.3-7.4 (5H, ArH). [a]p = + 70.93 (¢ = 1.07, CHCl3).
Ci3H7028Cl (272.80): caled C 57.24, H 6.28; found C 57.21, H 6.33.

2,3-Syn 'H NMR (CDCl3): § = 1.40 (s, 9H, tBu); 4.41 (d, 1H, CHCI, JcucH = 6.0 Hz); 5.18 (d, 1H,
CHOH, JcHcH = 6.0 Hz); 7.3-7.4 (5H, ArH).

Table 2, Entry 2. 2,3-Anti 'H NMR (CDCl3): 5 = 1.49 (s, 9H, ¢-Bu); 3.17 (d, 1H, OH, JcgoH = 5.5 Hz);
4.42 (d, 1H, CHBr, JcHcH = 7.6 Hz); 5.11 (dd, 1H, CHOH, JcucH = 7.6, JcHOH = 5.5 Hz); 7.3-7.4 (5H,
ArH). [alp = + 54.55 (c = 1.45, CHCl3). C13H[702SBr (317.25): caled C 49.22, H 5.40; found C 49.13, H
5.47.

2,.3-Syn '"H NMR (CDCl3): 6 = 1.40 (s, 9H, tBu); 3.05 (d, 1H, OH, JcHowu = 2.9 Hz): 4.44 (d, 1H, CHBr,
JcHeH = 6.65 Hz); 5.106 (dd, 1H, CHOH, Jeycy = 6.65, JcHoH = 2.9 Hz); 7.3-7.4 (5H, ArH).

Table 2, Entry 3. 2,3-Anti '"H NMR (CDCl3): 6§ = 0.95 (d, 3H, CH3, J = 6.7 Hz); 1.04 (d, 3H, CH3,J =
6.7 Hz); 1.52 (s, 9H, ¢-Bu); 2.10 (dq, 1H, Me2CH, J = 4.3 and 6.7 Hz); 2.43 (d, 1H, OH, Jcyoy = 6.0 Hz);
3.82 (ddd, 1H, CHOH, J = 6.0, 7.7, 4.3 Hz); 4.22 (d, lH, CHCI, J = 7.7 Hz). [a]p = - 5.50 (¢ = 1.09,
CHClz). C1oH19072SCl (238.78): calcd C 50.30, H 8.02; found C 50.21, H 8.10.

2,3-Syn 'H NMR (CDCl3): & =0.95 (d, 3H, CH3, J = 6.7 Hz); 1.05 (d, 3H, CH3, J = 6.7 Hz); 1.50 (s, 9H,
t-Bu); 1.86 (m, 1H, Me3CH); 2.31 (m, 1H, OH); 3.77 (m, IH, CHOH); 4.45 (d, 1H, CHCI, J = 3.66 Hz).

Table 2, Entry 4. 2,3-Anti 'H NMR (CDCl3): 6 = 0.94 (d, 3H, CH3, J = 6.7 Hz); 1.03 (d, 3H, CH3,J =
6.7 Hz); 1.52 (s, 9H, +-Bu); 2.13 (m, 1H, Me3CH); 2.50 (d, 1H, OH, JcHoH = 6.6 Hz); 3.85 (m, 1H,
CHOH); 4.27 (d, 1H, CHBr, Jcy.cH = 7.5 Hz). [a]p = - 31.9 (¢ = 0.97, CHCl3). C|oH902SBr (283.23):
calcd C 42.41, H 6.76; found C 42.30, H 6.84.

2,3-Syn "H NMR (CDCl3): § = 4.47 (d, 1H, CHBr, Jcy.ch = 4.1 Hz).

Table 2, Entry 5. 2,3-Anti 'H NMR (CDCl3): 6§ =0.96 (t, 3H, CH3, J = 6.8 Hz); 1.51 (s, 9H, ¢-Bu); 1.3-
1.7 (m, 4H, CH,CH»); 2.34 (d, 1H, OH, JcHoH = 6.74 Hz); 4.07 (m, 1H, CHOH); 4.27 (d, 1H, CHC1, JcH-
cH = 6.1 Hz). 13C NMR (CDCl3): § = 13.72, 18.39, 29.41, 34.83, 49.23, 66.86, 72.63, 196.42.

[a]p = -16.06 (c = 0.94, CHCl3). CjoH;902SCI (238.78): calcd C 50.30, H 8.02; found C 50.26, H 8.09.

2,3-Syn '"H NMR (CDCl3): § = 4.27 (d, 1H, CHCL, JcH-cH = 4.0 Hz). 13C NMR (CDCl3): & (selected
peaks) = 18.60, 35.64, 68.59, 71.97.
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Table 2, Entry 6. 2,3-Anti 'H NMR (CDCl3): § = 0.96 (t, 3H, CH3, J = 6.9 Hz); 1.51 (s, 9H, ¢-Bu); 1.2-
1.8 (m, 4H, CH2CH3); 2.47 (d, 1H, OH, JcHoy = 6.7 Hz); 4.03 (m, 1H, CHOH); 4.26 (d, 1H, CHBr, JcH-
CH = 6.66 Hz). [a]p = - 28.65 (c = 1.86, CHCI3). C;gH902SBr (283.23): calcd C 42.41, H 6.76; found C
42.35, H 6.80.

2,3-Syn "H NMR (CDCl3): 6 = 1.48 (s, 9H, ¢-Bu); 2.66 (d, 1H, OH, Jcyon = 4.3 Hz); 4.29 (d, 1H, CHBr,
JcH-cH = 4.6 Hz).

Table 2, Entry 7. 2,3-Anti "H NMR (CDCl3): 6 = 1.8 (s, 3H, CH3); 2.74 (d, 1H, OH, JcHoH = 4.2 Hz);
4.48 (d, 1H, CHCI, JcHcH = 7.8 Hz); 4.56 (dd, 1H, CHOH, Jcucu = 7.8 Hz, JcHoH = 4.2 Hz); 5.11 (1H,
=CH), 5.15 (1H, =CH); 7.4-7.5 (ArH). Cj2H;30,SCl (256.75): calcd C 56.14, H 5.10; found C 56.08, H
5.21.

2,3-Syn 'H NMR (CDCl3): 6 = 1.8 (s, 3H, CH3); 2.51 (d, 1H, OH, JcHoHn = 5.5 Hz); 4.68 (m, 2H, CHCI +
CHOH); 5.11 (1H, =CH), 5.19 (1H, =CH); 7.4-7.5 (ArH).

Table 2, Entry 8. 2,3-Anti 'H NMR (CDCl3): 8 = 1.82 (s, 3H, CH3); 2.77 (d, 1H, OH, JcHOH = 5.16
Hz); 4.48 (d, 1H, CHBr, JcH.cH = 7.94 Hz); 4.58 (m, 1H, CHOH): 5.10 (1H, =CH), 5.11 (1H, =CH); 7.4-
7.5 (ArH). C12H130,28Br (301.21): caled C 47.85, H 4.35; found C 47.76, H 4.38.

2,3-Syn 'H NMR (CDCl3): 5 = 1.83 (s, 3H, CH3); 2.69 (d, 1H, OH, JcHoH = 4.75 Hz); 4.62 (m, 1H,
CHOH); 4.68 (d, 1H, CHBr, Jcy-cH = 5.36 Hz); 5.10 (1H, =CH), 5.18 (1H, =CH); 7.4-7.5 (ArH).

Determination of the enantiomeric excess of the alde! products (Table 1, 2) via Mosher ester
derivatives. General procedure: The % enantiomeric excess of the aldols products was determined by 'H
NMR analysis of the Mosher ester derivatives. The aldol products (1.0 mol. eq.) were treated with excess (R)-
(-)-a-methoxy-o-(trifluoromethyl)phenylacetyl chloride (2.0 mol. eq.) in pyridine (0.2 M) in the presence of
catalytic (0.1 mol. eq.) 4-dimethylaminopyridine (DMAP). The reaction was followed by t.1.c. while stirring at
0 °C (typically 4-6 h), then quenched by dilution with ethyl ether and treatment with cold 1N aqueous HCl. The
organic phase was washed with 1IN aqueous HCI, saturated NaHCO3 aqueous solution, saturated brine, dried
and evaporated. The crude reaction products were flash chromatographed to give the pure Mosher ester
derivatives. Selected examples:

Table 1, Entry 1. Mosher ester derivative of the aldol product derived from re face attack: "H NMR (CDCl3):
6 = 1.42 (s, 9H, t-Bu); 3.52 (m, 3H, OCH3); 4.20 (d, 1H, CHOBn, J = 5.6 Hz); 4.44 (d, 1H, OCH2Ph, J =
11.42 Hz); 4.70 (d, 1H, OCH2Ph, J = 11.42 Hz); 6.23 (d, 1H, CHOCO, J = 5.6 Hz); 7.4 (15H, Ar).

"F NMR (188.15 MHz, CDCl3, 25 °C, CFCl3): § = - 71.39.

Mosher ester derivative of the aldol product derived from si face attack: 'H NMR (CDCl3): 6 = 1.38 (s, 9H, ¢-
Bu); 3.48 (m, 3H, OCHj3); 4.18 (d, 1H, CHOBn, J = 5.0 Hz); 4.35 (d, 1H, OCH;Ph, J = 11.24 Hz); 4.61 (d,
1H, OCH;,Ph, J = 11.24 Hz); 6.34 (d, 1H, CHOCO, J = 5.0 Hz); 7.4 (15H, Ar).

'9F NMR (188.15 MHz, CDCl3, 25 °C, CFCly): § = - 71.19.

Table 1, Entry 4. Mosher ester derivative of the aldol product derived from re face attack: 'H NMR (CDCl3):
8§ =-0.10 (s, 3H, CH3); 0.12 (s, 3H, CH3); 0.90 (s, 9H, ¢-Bu); 3.58 (m, 3H, OCHj3); 4.60 (d, 1H, CHOSi);
6.12 (d, 1H, CHOCO); 7.4 (15H, Ar).

Mosher ester derivative of the aldol product derived from si face attack: 'H NMR (CDCl3): 6 =-0.20 (s, 3H,
CH3); 0.00 (s, 3H, CH3); 0.92 (s, 9H, #-Bu); 3.47 (m, 3H, OCHj3); 4.51 (d, 1H, CHOSi); 6.20 (d, 1H,
CHOCO); 7.4 (15H, Ar).

Assessment of the absolute configuration of a-benzyloxy-g-hydroxythioesters (Table 1, entry
1, 3) via chemical correlation. Procedure for entry 1 of Table 1. Synthesis of (15,2R) 2-
benzyloxy-1-phenyl-1,3-propanediol (Scheme 2): A solution of thioester (51.67 mg, 0.15 mmol) in
THF was treated with LiAlH4 (17.08 mg, 0.45 mmol) at 0 °C and stirred for 4 h at 0 °C. The reaction mixture
was then quenched with HoO (18 pl), 15% aq. NaOH (18 pl), H20 (37 pl), stirred at room temperature for 1 h
and then treated with NaySOg. After filtration, the solution was evaporated and the crude product was purified
by flash chromatography (hexanes-ethyl ether 20:80) to afford pure (1S,2R) 2-benzyloxy-1-phenyl-1,3-

propanediol (26.7 mg, 69%). 'H NMR (CDCl3): § = 2.2 (br, 1H, CH;0H); 2.78 (br, 1H, PhCHOH); 3.63
(m, 1H, CHOBn); 3.76 (br, 2H, CH,OH); 4.49 (d, 1H, OCH3Ph, J = 11.40 Hz); 4.57 (d, 1H, OCH,Ph, J =
11.40 Hz); 4.97 (d, 1H, PhCHOH, J = 5.3 Hz). C16H 303 (258.32): calcd C 74.40, H 7.02; found C 74.38,
H 7.07.
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Synthesis of (15,2R) 1,3-dibenzoyl-2-benzyloxy-1-phenylpropane (Scheme 2): (15.,2R) 2-
benzyloxy-1-phenyl-1,3-propanediol (26.7 mg, 0.10 mmol) was dissolved in pyridine (517 pl) and treated at 0
°C with catalytic 4-dimethylaminopyridine (DMAP) and benzoy! chloride (48.03 ul, 0.41 mmol). The mixture
was stirred at room temperature for 15 h, then diluted with ethyl ether. The organic phase was washed with IN
aq. HC], saturated NaHCO3 aq. solution, saturated brine, dried and evaporated. The crude reaction product was
flash chromatographed (pentanes-ethyl ether 86:14) to give pure (1S,2R) 1,3-dibenzoyl-2-benzyloxy-1-

phenylpropane (41.0 mg, 90.4%). "H NMR (CDCIl3): 6§ =4.22 (ddd, 1H, CHOBn, J = 4.0, 5.6, 6.3 Hz); 4.49
(dd, 1H, CHp, J = 6.3, 11.5 Hz); 4.59 (d, 1H, OCH,Ph, J = 11.7 Hz); 4.61 (dd, 1H, CH2,J =4.0 Hz, 11.5
Hz); 4.66 (d, 1H, OCH;Ph, J = 11.7 Hz); 6.29 (d, 1H, PhCHOBz, J = 5.6 Hz); 7.16-7.60 (m, 16H); 7.95-
8.00 (m, 2H); 8.08-8.12 (m, 2H). 13C NMR (CDCl3): & (selected peaks) = 63.6, 72.8, 74.9, 78.7.

[a][)25= - 31.6 (¢ 0.95, benzene) [literature (ref.10b and personal communication from S. Kobayashi):
[a]D25= - 33.6 (¢ 0.91, benzene)]. C30H2605 (466.54): caled C 77.24, H 5.62; found C 77.16, H 5.69.

Assessment of the absolute configuration of o«-halo-p-hydroxythioesters via chemical
correlation (Scheme 3). Synthesis of B-hydroxythioesters. General procedure: A solution of
thioester (1.0 mol. eq.) in MeOH (0.06 M) was treated with Zn (4.0 mol. eq.) and NH4Cl (4.0 mol. eq.) at
room temperature. The mixture was stirred at room temperature for 1-2 h and then filtered through celite. The
organic phase was evaporated to give a crude mixture which was purified by flash chromatography to afford

pure B-hydroxythioesters. R = Ph, [o]p>>= +30.9 (¢ 5.06, CHCl3); R = i-Pr, [alp>>= +34.1 (¢ 1.79, CHCl3);
R = n-Pr, [a]Dzsz + 24.6 (¢ 1.89, CHCIl3); for literature [a]DZS values, see ref. 2b and references therein.

Assessment of the relative configuration of o-halo-g-hydroxythioesters via chemical
correlation (Scheme 4). Transformation of co-halo-p-hydroxythioesters into glycidic
thioesters. General procedure: A solution of thioester (1.0 mol. eq.) in +-BuOH (0.06 M) was treated with
1-BuOK (1.0 mol. eq.) at room temperature. The mixture was stirred at room temperature for 2-3 h and then
diluted with ethyl acetate. The organic phase was washed with pH 7 phosphate buffer, saturated brine, dried and
evaporated. The crude reaction products were flash chromatographed to give pure glycidic thioesters.

R = Ph. 'H NMR (CDCl3): §=1.52 (s, 9H, ¢+-Bu); 3.54 (d, 1H, CH, J = 1.65 Hz); 4.07 (d, 1H, CH, J = 1.65
Hz): 7.3 (SH, ArH). C13H1602S (236.34): caled C 66.07, H 6.82; found C 65.99, H 6.90.

R = i-Pr. '"H NMR (CDCl3): §= 1.0 (dd, 3H, CH3); 1.45 (s, 9H, r-Bu); 1.6 (m, 1H, Me2CH); 2.94 (dd, 1H,
CH, J=6.7, 1.52 Hz); 3.29 (d, 1H, CH, J = 1.52 Hz). C1gH;802S (202.32): caled C 59.37, H 8.97; found C
59.31, H 9.02.

R = n-Pr. '"H NMR (CDCl3): 6= 1.0 (m, 3H, CH3); 1.51 (s, 9H, r-Bu); 1.2-1.8 (m, 4H, CH,CH3); 3.12 (dt,
1H, CH, J = 1.97 Hz); 3.23 (d, 1H, CH, J = 1.97 Hz). C|gH302S (202.32): caled C 59.37, H 8.97; found C
59.27, H 9.05.

Preparation of N-trimethylsilylimines (2) : N-trimethylsilylimines (2) were prepared according to the
procedure reported in ref. 13. Imine 2b (Ar = p-MeS-CgHy-) : to a cooled (0 °C) solution of
hexamethyldisilazane (6.95 ml, 32.9 mmol) in THF (30 ml), n-BuLi (1.6 M in n-hexane, 18.8 ml, 30 mmol)
was added in 5 min. The reaction was stirred at this temperature for 30 min before adding p-
thiomethylbenzaldehyde (4.38 ml, 32.9 mmol). The reaction was strirred for 4 h at 0 °C, then the solvent was
removed under reduced presure and the imine sublimated at 200 °C / 0.1 mmHg to give imine 2b (Ar = p-MeS-

CgHy-) in 90% yield. 'H NMR (CDCl3): 6= 0.26 (9H, Me3Si, s); 2.53 (3H, CH3S, s); 7.26-7.74 (4H, ArH,

AB system, v = 7.28, vg = 7.72, Jo5 = 8.3 Hz); 8.92 (1H, CH, s). C;;H7NSSi (223.41): caled C 59.14, H
7.67, N 6.27; found C 59.07, H 7.72, N 6.21.

Aldol condensation of tert-butyl o-halothioacetates with imines (Table 3). General procedure:
To a stirred solution of terz-butyl a-halothioacetate (0.88 mmol) in ethyl ether (3.3 ml) at 0 °C (ice cooling),
under argon atmosphere, a 0.4 M solution of ent-1 [derived from (+)-menthone] in dichloromethane (3.3 ml,
1.28 mmol), and then Et3N (0.196 ml, 1.4 mmol) were added dropwise. Enolborinate was generated with
concurrent formation and precipitation of Et3N-HBr. After 1.5 h at 0 °C, the mixture was cooled to -78 °C and a
solution of N-trimethylsilylimine (2) (1.75 mmol) in a minimum volume of CH2Cly, cooled to -78 °C, was
added dropwise via cannula. The resulting mixture was stirred at -78 °C for 2 h and then slowly warmed to 0 °C
during 16 h. The mixture was then quenched with pH 7 phosphate buffer (1 ml), and allowed to warm (o room
temperature. The solvent was removed in vacuo and the crude mixture was extracted twice with CH;Clp. The
combined organic extracts were concentrated and dissolved in Et;0. After removing the Et;N-HCI salt which
had precipated, the ether layer was acidified with IN HCI. After one hour the solvent was removed in vacuo
and the salt was purified by washing it with diethyl ether. The amine hydrochloride salt was obtained as a white
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solid in 77-89% yield. The syn:anti ratios of the reaction products were checked on N-benzoy! derivatives 6
(vide infra).

Spectroscopic data of syn o-halo-B-aminothioester hydrochloride salts (3-HCI, Table 3) are reported below:
Table 3, Entry 1. 'H NMR (CDCl3): 6= 1.34 (9H, ¢-Bu, s); 1.87 (2H, NH3, br. s); 4.40-4.51 (2H. CHN
and CHBr, AB system, vy = 4.43, vg = 4.48, Jog= 7.9 Hz); 7.32-7.36 (5H, ArH, m). C{3H9NOSBrCl
(352.73): caled C 44.27, H 5.43, N 3.97; found C 44.07, H 5.53, N 3.88.

Table 3, Entry 2. 'H NMR (CDCl3): 6= 1.35 (9H, #-Bu, s); 2.05 (2H, NHy, br. s); 2.48 (3H, CH3S, s);
4.35-4.47 (2H, CHBr, CHNH,, AB system, va= 4.38, vg= 4.44, Jop = 7.9 Hz); 7.19-7.32 (4H, ArH, ABq,
J = 8.4 Hz). C14H2)NOS2BrCl (398.82): caled C 42.16, H 5.31, N 3.51; found C 41.98, H 5.42, N 3.40.
Table 3, Entry 3. 'H NMR (CDCl3): 6= 1.37 (9H, t-Bu, s); 2.18 (2H, NHj, br. s); 4.39 (1H, CHCI, d, J
= 6.7 Hz); 4.53 (1H, CHNH3y, d, J = 6.7 Hz); 7.36 (SH, ArH, m); 13C NMR (CDCl3): § = 29.40, 49.05,
58.60, 70.58, 127.43, 128.19, 128.55, 195.46. C;3H9NOSCIy (308.27): caled C 50.65, H 6.21, N 4.54,
found C 50.54, H 6.26, N 4.50.

Table 3, Entry 4. "H NMR (CDCl3): 6= 1.39 (9H, t-Bu, s); 1.78 (2H, NHy, br. s); 2.49 (3H, CH3S, s);
4.36 (1H, CHCI, A part of an AB system, J = 6.5 Hz); 4.51 (1H, CHNH3, B part of an AB system, J = 6.5

Hz); 7.21-7.32 (4H, ArH, ABg, J = 8.5 Hz). C14H2NOS;Cl; (354.36): caled C 47.45, H 5.97, N 3.95;
found C 47.36, H 6.01, N 3.90.

Determination of the enmantiomeric excess of syn o-halo-p-aminothioesters (3, Table 3) via
derivatization with R-(+)-Mosher acid. General procedure. The % enantiomeric excess of syn o-

halo-B-aminothioesters (3) was determined by !H NMR analysis of the Mosher ester derivatives. Syn a-halo-B-
aminothioesters (3) (1.0 mol. eq.) in dichloromethane were treated with excess (R)-(+)-a-methoxy-a-
(trifluoromethyl)phenylacetic acid in the presence of 1,3-dicyclohexylcarbodiimide (DCC).

Table 3, Entry 1. 'H NMR (CDCl3): 8= 3.40 [OMe, br. g, syn (2R, 35), 98.5%], 3.64 [OMe, q, J = 1.5
Hz, syn (25, 3R), 1.5%].

Table 3, Entry 2. 'H NMR (CDCl3): 6= 3.39 [OMe, q, J = 1.1 Hz, syn (2R, 35), = 99.5%], 3.63 [OMe,
q. J = 1.6 Hz, syn (25, 3R), < 0.5%].

Table 3, Entry 3. 'H NMR (CDCl3): 6= 3.38 [OMe, br. q, syn (2R, 35), 97%]}, 3.60 [OMe, q, J = 1.5
Hz, syn (25, 3R), 3%].

Table 3, Entry 4. 'H NMR (CDCls): 6= 3.39 [OMe, q, J = 1.4 Hz, syn (2R, 35), 97.85%], 3.61 [OMe, q,
J = 1.4 Hz, syn (25, 3R), 2.15%].

Synthesis of cis aziridines (4a,b; Scheme 5). General procedure: To a cooled (0 °C) suspension of
LiAlH4 (0.77 mmol) in dry THF (1.3 ml), a solution of a-halo-g-aminothioester (0.13 mmol) in THF (1.0 ml)
was added dropwise. After two hours the reaction was quenched by the addition of water (0.5 mi). The crude
reaction mixture was filtered through a short Celite pad and purified by flash cromatography on silica gel to give
the pure aziridine in 86-91% yield.

(1H)-(2S,35)-(+)-3-(phenyl)aziridine-2-methanol (4a, Scheme 5) (from entry 1, 3 of Table 3):

(86% yield), 'H NMR (CDCl3): 6= 1.97 (2H, NH and OH, br.s); 2.69 (1H, CHN, ABq, J = ca. 6.5 Hz);
3.29 (1H, CHHOH, dd, J = 12.0, 7.3 Hz); 3.44 (1H, CHPh, d, J = 6.6 Hz); 3.47 (1H, CHHOH, dd, J =
12.0, 5.6 Hz); 7.13-7.48 (5H, ArH, m); !13C NMR (CDCl3): § = 36.93, 37.69, 61.34, 127,10, 127.44,

128.20. [alp>>(c 0.75, CHCl3) of 4a (derived from entry | of Table 3) = + 97.7° [«l436(Hg)" (¢ 0.75,

CHCl3) = + 215.8¢%; [0!]365(Hg)25 (c 0.75, CHCl3) = + 378.2°. CgH|NO (149.19): calcd C 72.46, H 7.43, N
9.39; found C 72.50, H 7.47, N 9.35.

(1H)-(28,38)-(+)-3-[(4-methylthio)phenyl]aziridine-2-methanol (4b, Scheme 5) (from entry 2,
4 of Table 3): (91% yield), '"H NMR (CDCl3): 6= 1.84 (2H, NH and OH, br.s); 2.48 (3H, s, SCH3); 2.64.
(IH, CHCH,OH, ABy, J = ca. 6.4 Hz); 3.25 (1H, CHHOH, dd, J = 11.8, 6.9 Hz); 3.39 (1H, CHAr, d, J =
6.4 Hz); 3.44 (1H, CHHOH, dd, J = 5.8, 11.8 Hz); 7.19-7.32 (4H, ArH, ABg, J = 8.4 Hz); 13C NMR
(CDCl3): & = 15.85, 36.42, 37.79, 61.28, 126.37, 127.94, 136.99. [a]p>>(c 0.71, CHCl3) of 4b (derived
from entry 2 of Table 3) = + 95.7° [aJass(ag) > (c 0.71, CHCl3) = + 114.8°; [al365(Hg) " (¢ 0.71, CHCl3) = +

217.9°. Lit. (ref. 22b) [oz]D25 (¢ 0.70, CHCl3) = + 96.8°. C;oH3NOS (195.29): caled C 61.51, H 6.71, N
7.17; found C 61.48, H 6.77, N 7.14.
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Preparation of (25,35)-(+)-1-(4-methylphenyl)sulfonyl-3-(phenyl)aziridine-2-methanol (Sa,
Scheme 5): A solution of (1H)-(2$,35)-(+)-3-(phenyl)aziridine-2-methanol (23 mg, 0.15 mmol) in
chloroform (0.24 ml) was treated with triethylamine (0.065 ml, 0.45 mmol) and tosyl chloride (30 mg, 0.15
mmol) at - 40 °C, under nitrogen, with stirring. The mixture was stirred overnight at - 40 °C and for 3 h at 0 °C,
then quenched with NaHCO3 saturated aqueous solution (0.25 ml) and extracted with ethyl acetate. The organic
extracts were washed with 5% aqueous HC, dried and evaporated. The crude product was purified by flash-
chromatography (n-hexane : EtOAc 4:1) to give (25,35)-(+)-1-(4-methylphenyl)sulfonyl-3-(phenyl)aziridine-2-
methanol (44.5 mg, 89%). [a]p>(c 0.90, CHCI3) of 5a (derived from entry 1 of Table 3) = + 123.1°;
[ela3sctig)” (¢ 0.9, CHCLy) = + 264.6°% [al36s(tg)> (¢ 0.9, CHCly) = + 446.6°. Lit. (ref. 21d) for ent-Sa:

[oz]l)25 (c 1.32, CHCI3) = - 126.9°. C;6H17NO3S (303.38): caled C 63.35, H 5.65, N 4.62; found C 63.31, H
5.71, N 4.58.

Determination of the syn : anti diastereoisomeric ratios (see Table 3) of «-halo-j-
aminothioesters (ent-3; Scheme 6) on the N-benzoyl derivatives (6a,b; Scheme 6). General
procedure: The syn : anti diastereomeric ratios of a-halo-B-aminothioesters [obtained using 1 derived from
(-)-menthone) were determined by |H-NMR analysis of the N-benzoyl derivatives. To a solution of DCC (45
mg, 0.22 mmol) in dry dichloromethane (1.0 mi) was added benzoic acid (27 mg, 0.22 mmol) and a solution of
a-halo-B-aminothioester (0.088 mmol) in dichloromethane (200 ul). The reaction was stirred for 5 hours,
quenched, and the crude mixture was purified by flash cromatography on silica gel to give the N-benzoyl
derivative 6 (mixture of diastereomers) in 85% yield as a white solid.
3-(R)-benzoylamino-2-(S)-bromo-3-phenylpropancic acid tert-butyl thioester, 6a (Y=Br).
Syn :anti ratio = 99:1. 'H NMR {CDCl3): 6= 1.44 (9H, -Bu, s); 4.81 (1H, CHBr, d, J = 4.4 Hz); 5.87 (1H,
CHNH, dd, J = 8.4, 4.4 Hz); 6.98 (1H, NH, d. J = 8.4 Hz); 7.35-7.88 (10H, ArH, m). [e]p25 = + 48.2° (c
1.70, CHCl3); [el436(Hg)?> = + 120.1° (¢ 1.70, CHCl3). C2oH2oNO3SBr (420.38): caled C 57.14, H5.28, N
3.33; found C 57.07, H 5.32, N 3.30.
3-(R)-benzoylamino-2-(§)-bromo-3-[(4-methylthio)phenyl]propanoic acid tert-butyl
thioester, 6b (Y=Br). Syn :anti ratio = 99:1. 'H NMR (CDCl3): 6= 1.43 (9H, ¢-Bu, s); 2.48 (3H, CH3S,
s); 4.78 (1H, CHBr, d, J = 4.6 Hz); 5.80 (1H, CHNH, dd, J = 8.2, 4.6 Hz); 7.05 (1H, NH, d, J = 8.2 Hz);
7.21-7.33 (4H, C¢H4, ABq, J = 8.6 Hz); 7.43-7.55 (3H, ArH, m); 7.84 (2H, ArH, m). [a]p25 = + 52.8° (¢
1.53, CHCl3); [a)436(Hg)?> = + 138.0° (¢ 1.53, CHCl3). C2;H24NO252Br (466.47): caled C 54.07, H5.19, N
3.00: found C 53.98. H 5.25, N 2.97.

3-(R)-benzoylamino-2-(S)-chloro-3-phenylpropanoic acid tert-butyl thioester, 6a (Y=Cl).

Syn :anti ratio =92 : 8. 'H NMR (CDCl3): 6= 1.45 (9H, 1-Bu, s); 4.70 (1H, CHClgpyi, d. J = 4.5 Hz); 4.79
(1H, CHClsyn, d, J = 3.3 Hz); 5.78 (1H, CHNHgpy;, dd, J = 8.3, 4.5 Hz); 6.02 (1H, CHNHsyn, dd, J =
8.7, 3.3 Hz); 7.29-7.66 (10H, ArH, m); 8.12 (1H, NH, d, J = 4.5 Hz). C20H22NO,SCI (37549%): caled C
63.90, H 5.90, N 3.73; found C 63.81, H 5.95, N 3.70.
3-(R)-benzoylamino-2-(S)-chloro-3-[(4-methylthio)phenyl]propanoic acid tert-butyl
thioester, 6b (Y=CI). Syn :anti ratio = 94:6. 'H NMR (CDCl3): 6= 1.45 (9H, r-Bu, s); 2.48 (3H, CH3S,
s); 4.67 (1H, CHClgpy;, d, J = 4.5 Hz);, 4.75 (1H, CHClsyn. d, J = 3.5 Hz); 5.71 (IH, CHNHg;, dd, J =
8.2, 4.5 Hz); 5.94 (1H, CHNHgyp, dd, J = 8.7, 3.5 Hz); 7.08 (1H, NH, d, J = 8.7 Hz); 7.24-7.88 (9H, ArH,
m). C21H24NO,S,Cl (422.01): caled C 59.77, H 5.73, N 3.32; found C 59.69, H 5.80, N 3.29.

Preparation of 3(S)-benzoylamino-3-phenylpropanoic acid tert-butyl thioester (7, Scheme 6).
To a solution of 6a (Y=Cl) (13 mg, 0.034 mmol) in MeOH (0.2 m!) was added NH4ClI (7.5 mg, 0.14 mmol)
and a suspension of Zn (9 mg, 0.14 mmol) in MeOH (0.38 ml). Zn was previously activated with a 0.5 N
solution of HCI and washed with acetone and methanol. After one hour the solvent was removed in vacuo and
the crude product was dissolved in CHCl; and treated with a saturated solution of NaHCO3. After purification
by flash cromatography, compound 7 was obtained. This compound was prepared from compound 6a (Y = Cl)
(60% yield) or compound 6éa (Y = Br) (75% yield) as a white solid. 7: 'H NMR (CDCI3): §=1.41 (SH, t-Bu,
s); 2.96-3.18 (2H, CH2CO, AA'X System, va = 3.04, va' = 3.13, Jaa' = 15.0, Jax = 5.8 Hz); 5.54-5.65
(1H, CHN, dt, J = 8.0, 5.8 Hz); 7.22-7.88 (11H, ArH, NH, m); 13C NMR (CDCl3): § = 29.50, 49.00,
51.23, 126.29, 127.03, 127.53, 128.56, 131.53, 166.39, 199.14. 7 derived from 6a (Y = Cl): [a]p?S = +
13.6° (¢ 1.57, CHCl3); [‘1]436(Hg)25 =+ 37.5° (¢ 1.57, CHCl3); [01365(Hg)25 =+ 82.5° (¢ 1.57, CHCl3); 7
derived from 6a (Y = Br) : [a]p2® = + 15.2° (¢ 0.94, CHCl3); [a)436(Hg)2> = + 38.3° (¢ 0.94, CHCl3);
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[o]365(Hg)25 = + 85.1° (¢ 0.94, CHCl3). CaoH23NO2S (341.48): calcd C 70.35, H 6.79, N 4.10; found C
7030, H 6.83. N 4.06.

Preparation of 3-(S)-benzoylamino-3-phenylpropanocic acid methyl ester (8, Scheme 6).

To a solution of 7 (34 mg, 0.1 mmol) in MeOH (5 ml) was added Hg(NO3); (65 mg, 0.2 mmol). The reaction
was stirred under nitrogen for one hour and then filtered through Celite. After purification by flash
cromatography, compound 8 was obtained as a colorless oil (23 mg, 82%). lH NMR (CDCl3): 6= 2.91-3.13
(2H, CH2CO2Me, AA'X System, Vo = 2.98, va' = 3.06, Jaa' = 15.7, Jax = 5.6 Hz); 3.66 (3H, CH30, s);
5.61-5.70 (1H, CHN, dt, J = 8.4, 5.6 Hz); 7.24-7.88 (11H, ArH, NH, m); !13C NMR (CDCl3): 6= 39.50,
49.70, 51.82, 126.11, 126.97, 127.57, 128.53, 128.68, 131.56, 134.10, 140.41, 166.44, 172.00; 8 derived
from 6a (Y = Cl): [a]p25 = + 18.40° (¢ 1.5, CHCl3); [a]436(Hg)25 =+40.81° (c 1.5, CHCl3), [a]365(Hg)25 =+
77.00° (¢ 1.5, CHCI3); 8 derived from 6a (Y = Br) : [a]p?5 = + 20.0° (¢ 0.63, CHCl3); [a]436(Hg)25 =+45.2°
(c 0.63, CHCl3); [o]365(H )25 = + 86.6° (¢ 0.63, CHCl3); Lit. (ref. 6a) for ent-8: [a]p25 = - 20.45° (¢ 1.12,
CHCl3). C17H17NO;3 (28:533): caled C 72.07, H 6.05, N 4.94; found C 72.01, H 6.12, N 4.89.

Acknowledgements. We thank Ms. Daniela Moresca and Mr. Angel Gonzalez Solana (on leave from
the University of Barcelona, Catalonia) for running some of the reactions in this project. We thank the
Commission of the European Union (HCM Network Grant: ERB CHR XCT 930141) for financial support, for
aresearch fellowship (to G.P.) and for sponsoring a research stage (to Angel Gonzalez Solana).

REFERENCES AND NOTES

I.  For reviews on the aldol reaction, see: "Comprehensive Organic Synthesis", ed. Trost, B.M. and
Fleming, I., Pergamon Press, Oxford, 1991, Vol.2 (Heathcock, C.H. editor): (a) Heathcock, C.H.,
chapter 1.5, page 133-179; chapter 1.6, page 181-238; (b) Kim, M.; Williams, S.F.; Masamune, S.,
chapter 1.7, page 239-275; (c) Paterson, L., chapter 1.9, page 301-319. (d) Paterson, 1. Pure Appl.
Chem. 1992, 64, 1821.

"

(a) Gennari, C.; Hewkin, C.T.; Molinari, F.; Bernardi, A.; Comotti, A.; Goodman, J.M.; Paterson, 1.
J.Org.Chem. 1992, 57, 5173; (b) Gennari, C.; Moresca, D.; Vieth, S.; Vulpetti, A. Angew.Chem.,
Int.Ed.Engl. 1993, 32, 1618; (c) Gennari, C.; Moresca, D.; Vulpetti, A.; Pain, G. Tetrahedron Lett.
1994, 35, 4623; (d) Gennari, C.; Pain, G.; Moresca, D. J.Org.Chem. 1995, 60, 6248; For preliminary
communications describing portions of this work, see: (e) Gennari, C.; Moresca, D.; Vulpetti, A.
Tetrahedron Lett. 1994, 35, 4857, (f) Gennari, C.; Pain, G. Tetrahedron Lett. 1996, 37, 3747.

3. For a review, see: Bernardi, A.; Gennari, C.; Goodman, J. M.. Paterson, 1. Tetrahedron : Asymmetry
1995, 6, 2613.

4.  (a) Cardillo, G.; Tomasini, C. Chem. Soc. Rev. 1996, 25, 117; (b) Drey, C.N.C. in Chemistry and
Biochemistry of Amino Acids, Barrett, G.C. Ed., Chapman and Hall, London, 1985, pp. 25; (c)
Frankmolle, W.P.; Knubel, G.; Moore, R.E.; Patterson, G.M.L. J. Antibiot. 1992, 45, 1458; (d) The

Organic Chemistry of B-Lactams, Georg, G.1. Ed., VCH, New York, 1993; (e) Juaristi, E.; Quintana,
D.; Escalante, J. Aldrichimica Acta 1994, 27, 3; (f) Cole, D.C. Tetrahedron 1994, 50, 9517; (g) Hart,
D.J.; Ha, D.-C. Chem. Rev. 1989, 89, 1447, (h) Kieinman, E.F. in Comprehensive Organic Synthesis,
Trost B.M. and Fleming, 1. Eds., Pergamon Press, Oxford, 1991, Volume 2, pp. 893.

5.  For examples after 1993, see: (a) Braun, M.; Sacha, H.; Galle, D.; El-Alali, A. Tetrahedron Lern. 1995,
36, 4213; (b) Boger, D.L.; Honda, T.; Menezes, R.F.; Colletti, S.L.; Dang, Q.; Yang, W. J. Am. Chem.
Soc. 1994, 116, 82.

6. For recent examples, see: (a) Davis, F. A.; Reddy, R. T.; Reddy, R. E. J. Org. Chem. 1992, 57, 6387,
(b) Fujisawa, T.; Hayakawa, R.; Shimizu, M. Tetrahedron Lett. 1992, 33, 7903; (c) Shimizu, M.;
Ishida, T.; Fujisawa, T. Chem. Lett. 1994, 1403; (d) Annunziata, R.; Benaglia, M.; Cinquini, M.;
Cozzi, F.; Raimondi, L. Tetrahedron 1994, 50, 9471; (e) Shimizu, M.; Kume, K.; Fujisawa, T.
Tetrahedron Lett. 1995, 36, 5227; (f) Davis, F. A.; Reddy, R. E.; Szewczyk, J. M. J. Org. Chem.



10.

11.

12.

13.

14.

16.

Boron aldol reactions of o-heterosubstituted thioacetates 5923

1995, 60, 7037, (g) Davis, F. A.; Szewczyk, J.M.; Reddy, R. E. J. Org. Chem. 1996, 61, 2222; (h)
Fujisawa, T.; Kooriyama, Y.; Shimizu, M. Tetrahedron Lett. 1996, 37, 3881; (i) Davis, F. A.; Liu, H.;
Reddy, G.V. Tetrahedron Lett. 1996, 37, 5473.

Annunziata, R.; Benaglia, M.; Chiovato, A.; Cinquini, M.; Cozzi, F. Tetrahedron 1995, 51, 10025.

(a) Corey, E. J.; Decicco, C. P.; Newbold, R. C. Tetrahedron Lert. 1991, 32, 5287; (b) Annunziata, R.;
Benaglia, M.; Cinquini, M.; Cozzi, F.; Molteni, V.; Raimondi, L. Tetrahedron, 1995, 51, 8941; For the
use of chiral boron Lewis acids, see: (c) Hattori, K.; Miyata, M.; Yamamoto, H. J. Am. Chem. Soc.
1993, 115, 1151; (d) Hishihara, K.; Miyata, M.; Hattori, K.; Tada, T.; Yamamoto, H. J. Am. Chem.
Soc. 1994, 116, 10520.

(a) Takai, K.; Heathcock, C.H. J.Org.Chem. 1985, 50, 3247; (b) Annunziata, R. Cinquini, M.; Cozzi,
F.; Borgia, A. L. J.Org.Chem. 1992, 57, 6339, and ref. therein; (c) Kobayashi, S.; Horibe, M. Synlett
1993, 855.

(a) Kobayashi, S.; Kawasuji, T. Synlerr 1993, 911; (b) Mukaiyama, T.; Uchiro, H.; Shiina, [;
Kobayashi, S. Chem. Lett. 1990, 1019; (c) Mukaiyama, T.; Shiina, 1.; Kobayashi, S. Chem. Lett.
1990, 2201; (d) Kobayashi, S.; Onozawa, S.; Mukaiyama, T. Chem. Lett. 1992, 2419; (e) Mukaiyama,
T.; Shiina, I.; Kobayashi, S. Chem. Lett. 1991, 1901; (f) Kanda, Y.; Fukuyama, T. J.Am.Chem.Soc.
1993, 115, 8451; (g) Hattori, K.; Yamamoto, H. J.Org.Chem. 1993, 58, 5301; (h) Kobayashi, S.;
Hayashi, T.; Kawasuji T.Tetrahedron Lett. 1994, 35, 9573; (i) Kobayashi, S.; Horibe, M.; Saito,
Y.Tetrahedron 1994, 50, 9629; (j) Kobayashi, S.; Horibe, M. Synlert 1994, 147; (k) Mukaiyama, T.;
Shiina, L; Izumi, J.; Kobayashi, S. Heterocycles 1993, 35, 719; (1) Kobayashi, S.; Horibe, M. J. Am.
Chem. Soc. 1994, 116, 9805; (m) Kobayashi, S.; Hayashi, T.; Iwamoto, S.; Furuta, T.; Matsamura, M.
Synletr 1996, 672; (n) Kobayashi, S.; Kawasuji T.Tetrahedron Lett. 1994, 35, 3329.

(a) Evans, D.A_; Bender, S.L. Tetrahedron Lett. 1986, 27, 799; (b) Evans, D.A.; Bender, S.L.; Morris,
J. JJAm.Chem.Soc. 1988, 110, 2506; (c) Evans, D.A.; Kaldor, S.W.; Jones, T.K.; Clardy, J.; Stout,
T.J. JJAm.Chem.Soc. 1990, 112, 7001; (d) Evans, D.A.; Gage, J.R.; Leighton, J.L. J.Am.Chem.Soc.
1992, 114, 9434; (e) Evans, D.A.; Gage, J.R.; Leighton, J.L.; Kim, A.S. J.Org.Chem. 1992, 57,
1961; (f) Piscopio, A.D.; Minowa, N.; Chakraborty, T.K.; Koide, K.; Bertinato, D.; Nicolaou, K.C.
J.Chem.Soc., Chem.Commun. 1993, 617; (g) Batchelor, H.J.; Gillespie, R.J.; Golec, JIM.C.;
Hedgecock, C.J.R.; Jones, S.D.; Murdoch, R. Tetrahedron 1994, 50, 809; (h) Rudge, A.J.; Collins, I.;
Holmes, A.B.; Baker, R. Angew.Chem.Int.Ed.Engl. 1994, 33, 2320; (i) Evans, D.A.; Barrow, J.C.;
Leighton, J.L.; Robichaud, A.J.; Sefkow, M. J. Am.Chem.Soc. 1994, 116, 12111; (j) Keck, G.E;
Palani, A.; McHardy, S.F. J. Org. Chem. 1994, 59, 3113; (k) Martin, S.F.; Dodge, J.A.; Burgess,
L.E.; Limberakis, C.; Hartmann, M. Tetrahedron 1996, 52, 3229; (1) Loubinoux, B.; Sinnes, J.L.;
O'Sullivan, A.C.; Winkler, T. Helv.Chim.Acta 1995, 78, 122; (m) Sheppeck. J.E. II; Liu, W,
Chamberlin, A.R. .Org.Chem. 1997, 62, 387.

(a) Mukati, C.; Kim, LJ.; Hanaoka, M. Tetrahedron Lett. 1993, 34, 6081; (b) Mukai, C.; Kim, LJ.;
Furu, E.; Hanaoka, M. Tetrahedron 1993, 49, 8323; (c) Mukai, C.; Kim, 1J.; Hanaoka, M.
Tetrahedron Asymmetry 1992, 3, 1007; (d) Mukai, C.; Kataoka, O.; Hanaoka, M. Tetrahedron Lett.
1994, 35, 6899.

For the synthesis of N-(trimethylsilyl) benzaldimine, see: Hart, D. J.; Kanai, K. I.; Thomas, D. G.;
Yang, T. K. J. Org. Chem. 1983, 48, 289.

N-trimethylsilylimines are known to be more reactive than N-alkyl or N-aryl imines due to the presence
of a TMS group as substituent of the iminic nitrogen which increases the electrophilicity of the iminic
carbon, see: (a) Bernardi, F.; Bongini, A.; Cainelli, G.; Robb, M.A.; Suzzi Valli, G. J. Org. Chem.
1993, 58, 750; (b) Bongini, A.; Giacomini, D.; Panunzio, M.; Suzzi-Valli, G.; Zarantonello, P.
Spectrochimica Acta 1995, 51A, 563.

(a) Gennari, C.; Vulpetti, A.; Donghi, M.; Mongelli, N.; Vanotti, E. Angew.Chem.Int.Ed.Engl. 1996,
35, 1723; (b) Gennari, C.; Mongelli, N.; Vanotti, E.; Vulpetti, A. British Patent - Application 20 June
1995, N. 9512471.5.

Bernardi, A.; Gennari, C.; Raimondi, L.; Villa, M. (Milan University) unpublished results.



5924

17.

18.

19.

20.

21.

22.

23.

C. GENNARI ef al.

For a discussion using similar chair- and boat-like transition state models, see: (a) Ishihara, T.; Ichihara,
K.; Yamanaka, H. Tetrahedron 1996, 52, 255; (b) Cainelli, G.; Panunzio, M.; Bandini, E.; Martelli,
G.; Spunta, G. Tetrahedron 1996, 52, 1685; (c) Annunziata, R.; Benaglia, M.; Cinquini, M.; Cozzi, F.;
Martini, O.; Molteni, V. Tetrahedron 1996, 52, 2583.

(a) Abdel-Magid, A.; Lantos, L; Pridgen, L.N. Tetrahedron Lett. 1984, 25, 3273; (b) Abdel-Magid, A.;
Pridgen, L.N.; Eggleston, D.S.; Lantos, I. J.Am.Chem.Soc. 1986, 108, 4595; (c) Evans, D.A;
Sjogren, E.B.; Weber, A.E.; Conn, R.E. Tetrahedron Lezt. 1987, 28, 39; (d) Owa, T.; Otsuka, M.;
Ohno, M. Chem. Lett. 1988, 1873; (e) Pridgen, L.N.; Abdel-Magid, A.; Lantos, I. Tetrahedron Lett.
1989, 30, 5539; (f) Commergon, A.; Bézard, D.; Bernard, F.; Bourzat, J.D. Tetrahedron Lett. 1992,
33, 5185; (g) Boger, D.L.; Menezes, R.F. J.Org.Chem. 1992, 57, 4331; (h) Chen, C.; Crich, D.
Tetrahedron Lett. 1992, 33, 1945; (i) Corey, E.J.; Lee, D.-H.; Choi, S. Tetrahedron Lett. 1992, 33,
6735; (j) Pridgen, L.N.; Abdel-Magid, A.F.; Lantos, I.; Shilcrat, S.; Eggleston, D.S. J.Org.Chem.
1993, 58, 5107; (k) Chen, C.; Crich, D. Tetrahedron 1993, 49, 7943; (1) Carson, K.G. Tetrahedron
Lett. 1994, 35, 2659; (m) Evans, D.A.; Watson, P.S. Tetrahedron Lett. 1996, 37, 3251.

For the stereochemical assignment of syn and anti halohydrins based on NMR methods, see: Pridgen,
L.N.; De Brosse, C. J.Org.Chem. 1997, 62, 216.

Treatment of o-halo-B-amino thioesters 3 with excess (R)-(+)-o-methoxy-a-(trifluoromethyl)phenylacetic
acid, DCC, CH;,Cl,, gave the Mosher derivatives: §= 3.38-3.40 [OMe, q, J = 1.1-1.4 Hz, syn (2R,
38)], 3.60-3.64 {OMe, q, J = 1.4-1.6 Hz, syn (25, 3R)] (Ar = Ph-, p-MeS-CgH,-; X = Br, Cl); see the
experimental section.

(a) Tanner, D. Pure & Appl. Chem. 1993, 65, 1319; (b) Tanner, D. Angew. Chem. Int. Ed. Engl.

1994, 33, 599; (c) Ibuka, T.; Nakai, K.; Habashita, H.; Hotta, Y.; Otaka, A.; Tamamura, H.: Fujii, N;

Mimura, N.; Miwa, Y.; Taga, T.; Chounan, Y.; Yamamoto, Y. J. Org. Chem. 1995, 60, 2044; (d)

Fujii, N.; Nakai, K.; Habashita, H.; Hotta, Y.; Tamamura, H.; Otaka, A.; Ibuka, T. Chem.Pharm.Bull.

1994, 42, 2241; (e) Ibuka, T.; Akaji, M.; Mimura, N.; Habashita, H.; Nakai, K.; Tamamura, H.; Fujii,

11\1.; Yamamoto, Y. Tetrahedron Lett. 1996, 37, 2849; (f) Davis, F. A.; Reddy, G.V. Tetrahedron Lett.
996, 37, 4349.

(a) Davis, F. A.; Reddy, G. V.; Liu, H. J. Am. Chem. Soc. 1995, 117, 3651; (b) Davis, F. A.; Zhou,
P. Tetrahedron Lett. 1994, 35, 7525; (c) Davis, F. A.; Zhou, P.; Reddy, G.V. J. Org. Chem. 1994,
59, 3243; (d) Davis, F. A.; Zhou, P.; Reddy, G.V. WO 95 30,672.

Still, W.C.; Kahn, M.; Mitra, A. J.Org.Chem. 1978, 43, 2923.

(Received in UK 13 February 1997; accepted 6 March 1997)



