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Abstract: Highly enantioselective reduction of 1,2-diaryl-2-benzyloxyiminocthanones and 1,2-
dla'yledlmedom was conducted using oxazaborolidine derived from L-threonine and borane complexes
to give f-imino alcobols and 1,2-diaryl-12-cthanediols in high enantiomeric purity. Subsequent
reduction of the imino functionality of the former products afforded either syn- or amti-2-amino-12-

diarylethanols in high enantiomeric purity by choosmg appropriate reduction methods. © 1998 Elsevier
Science Ltd, All rights reserved.
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Introduction
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Widespread use Gf homochiral 2-amino-1,2-diarylethanols and 1,2-diaryl-1,2-ethanediols coupled with
difficulties associated with their preparations prompted us to investigate new met..cdo!cgies for their syntheses.!

For the preparation of this highly useful class of compounds, the resolution of racemic amino alcohols with
mandelic acid? or preferential crystallization3 has been most often used for ChlI'al 2-amino-1,2-diarylethanols.
Transformation of chiral 1,2-diol,4 enzyme-catalyzed cyanohydrin formation / arylation,5 and asymmetric
ammonydroxylamnb are also used for their asymmetric synthesis. On the other hand, asymmetric
dihydroxylation of trans-stylbene derivatives constitutes a rapid access to 1,2-diaryi-1,2-ethanediols.”? A recent
ex e fap

ample using reduction of benzil with oxazaborolidine also offers another approach.8.15
Our previous mvcsug on has revealed that the oxazaborolidine- medlated reduction of 1,2-diimine
provides a short efficient route to homochiral (R,R)-1,2-diphenylethylenediamine in good overail y1em.='
Oxazaborolidine derived from L-threonine and borane has provided a convenient tool for the reduction of
ketones and imines, and therefore, application to the multi-functionalized molecules has intrigy gued us, which

leads to a rapid access to a useful class of compounds. This paper describes an efficient appmach to both sya-
and anti-2-amino-1,2-diarylethanols 3 and 1,2-diarylethyleneglycols in high enantiomeric excess. 10

Results and Digcusgsion
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I. Reduction of 1,2-diaryl-2-benzyloxyiminoethanones
1,

The starting a-imino ketones were prepared by simple imination of the corresponding diketones in good w0
excellent vields. The bis-reduction was conducted ac-eu.i,.g to the published procedure9 for the reduction of
1,2- dnmmes and the results are shown in Table 1
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3 2 syn(15,25)-3ab  ant-(15,2F)-3a,b 4
a: R = p-MeOCgHg4, Ar = Ph
b:R= ,.m.-Ts, Ar = Ph d: R = BnO, Ar = p-MeOCgH4 f: R =BnO, Ar = p-BrCeH,
= -

c: R=BnO, Ar=Ph e: R = BnO, Ar = p-MeCgH,  9: R = BnO, Ar = 2-Furyl
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R NHR' NHR'
N 1, BHyeTHF _~_ _Ph A __Ph
Ph P YY"+ PhTY
Ph OH OH
- ~ ~rsen T3 __ar
2 O Syn-3 ani-3
Table 1. Bis-reduction of imino Keione 2.4
Entry K R’ Ligand (moi%) BH3+THF (eq) Soivent  %yield? syn: anti¢ % ee (syn/ anﬂ)‘{
1 An An 20 3 THF 88 38:62 4/14
2 Ts Ts 20 3 THF 56 22:78 38/8¢
3 MeO H 20 6 THF 66 72:28 8/32
4 BnO H 20 3 THF 66 55:45 56/52
5 An An 100 6 THF 34 48:52 0/4
6 An An 100 5 DME 96 23:77 6/14
7 BnO H 100 5 THF 46 77:23 80/74
8 BnO H 160 5 DME 24 63:37 80/ 88

7 rr [

2 The reaction was carmed oui according to the typical experimental procedure. & Isoiated yieid. ¢ Determined by 1H NMR
(270MHz) analysis. d Determined by HPLC analysis of the corresponding MTPA ester. € Determined by HPLC analysis using a
chiral stationary column (Daicel OJ).
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As shown in Table 1, in contrast to the previous result on the stereoselective reduction of 1,2-bis(p-
anisylimino)-1,2-diphenylethane,? initial examination into bis-reduction of p-anisylimino ketone 2a in the
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presence of 20 mol% of the catalyst 1 with a stoichiometric amount of BH3+*THF in THF met with low enantio-
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)-32‘1 was obtained in 88% yield with a
. the enantiom e s less than (en .
may be due to the hlgh coordination dbxhty nf the a yhmmo funcnonahty to boranc to be reduocd without
influence of the oxazaborolidine catalyst. The produced imino alcohol 4a or amino alcohols 3a would act as
precursors of oxazaborolidine to participate in the present reduction cycle as a ligand, which could also cause the
low enantioselectivity. Although a more reactive derivative, p-tosylimino analogue 2b was subjected to the
same reduction conditions, only a slight increase in the enantiofacial selectivity was observed, i.e., 38% ee for
the syn-isomer 3b (entry 2). Switching the substrate to oxime ether 2¢ improved the enantioselectivity up to
56% ee (enn'v 4). Use of a stoichiometric amount of the oxazabhorolidine increased the enantiomeric nnrm.r up o

b ec Use of a stoichiometric amount of the oxazabor eased the tiomeric purity
88% ee (cnuy 8). The effects of certain additives were also examined using a stoichiometric amount of the
ligand, and Table 2 summarizes the results.

ecs Thig
He ims

R. NHR’ NHR'
N 1 (100 mol%) *__Ph L _Ph
N k _Ph \ ] . Ph/\;/ n + Ph/\/
Phor BH,+THF (5.0 eq), THF OH OH
2 O syn-3 anti-3
Table 2. Reduction of Imino Ketone 2 in the Presence of Additives.2
Entry R R’ Additive (1 eq) %yield®  syn:anti€ % ee (syn / anti)d
1 BnO H BF3-Et;0 57 60 40 92776
2 BnO H Al(IOPr)3 50 61:39 g4 /86
3 BnO H MeAl(OPh), 54 47:53 90 /94
4 BnO H ZnClp 58 57 : 43 92/82
5 An An MeAl(OPh), 38 25:75 2/54
6 An An ZnClp 59 30:70 B/40

2 The reaction was carried out according to the typical experimental procedure. b Isolated yield. ¢ Determined by 'H NMR
(270MHz) analysis. d Determined by HPLC analysis of the corresponding MTPA cster.
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In the presence of a Lewis acid, the enantiofacial selectivity was improved up to 94% ee (entry 3).
However, the diastereoselectivity was not improved despite the addition of a variety of Lewis acids. These
results indicated that, although the initial mono-reduction proceeded in a highly enantioselective fashion, the

cecond etnn involved a non-sterenselective nathway without the influence of the oxazahomlidine 1-RH1THF
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system. Amonz the reducing agents in the present reaction medium, BH3+THF itself might effect the second

reduction in a non-stereoselective fashion. In fact, the reduction of B-imino alcohol (S)-4¢ prepared as described
below with BH3+THF in THF gave a mixture of syn-3 (Ar = Ph, R = H) and anti-3 (Ar = Ph, R = H) with a 69
:31 ratio in 54% yield. Therefore, sequential reduction was next investigated. Reduction using BH3*THF as
the stoichiometric mducmg agent pxev:ously reported? gave only bis-reduction product 3 n:gardlcss of the
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amount ﬂl ooranc andl the reaction time. HOWCVCI' the reduction of ketone was much 1aster rnan lna[ OI lmlm m
the nrecence nf a modifisr oucrh ac tort.amine and t!f\ no alonhnl 4 wae nhtainad ae tha enla neadonnst Tha
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results of mono-reduction are summarized in Table 3.

BnC. Bnl.
N 1, Reducing Agent N
v‘-‘-’)kn‘ Ar _ A',)‘\:, Ar
2 0O DME, room temp S-4 OH

Table 3. Reduction of Imino Ketone 2.4

Entry 2 1(mol%)  Reduction Agent (eq) Time (h) %yield of 4% % ee€
1 2¢ 100 BH3-THF (3.0)/DBU (1.0) 11 40 90
2 2c¢ 100 Catecholborane (5.0) 22 66 90
3 2¢ 100 BH3-SMe> (1.5) 24 78 98
4 2c 20 BH3*SMey (5.8) 40 25 56
5 2¢ 50 BH3+SMes (2.5) 75 43 90
6 24 100 BH3-SMe; (1.5) 3 80 8
7 2e 100 BH3-SMe; (1.5) 25 83 98
8 2f 100 BH3+SMes (1.5) 14 71 08d
9 2 g 100 BH3+SMe> (1.5) 15 78 96

@ The reaction was carried out according to the typical experimental procedure. b Isolated yicld. ¢ Determined by HPLC analysis
using a chiral stationary column (Daicel OJ). d Determined by 1H NMR (500MHz) analysis of the corresponding MTPA ester.

As shown in Table 3, the reduction in the presence of 1 eq of DBU gave the B-imino alcohol 4¢ with $0%
ee (entry 1), whereas the yield was improved using catecholborane as a stoichiometric reductant (entry 2). The
best result was obtained when the reduction was conducted with 1.5 eq of BH3+SMez (78% yield, 98% ee).
However, this reduction was sensitive to the amount of oxazaborolidine 1, and the reaction in the presence of a
catalytic amount of 1 gave p-imino alcohol 4¢ in moderate yields (entries 4 & 5). Under the best conditions
found for the reduction of 2¢, other benzil derivatives gave 71-83% yields of the mono-reduction products with
96-98% ee (entries 6~9) In all the cases examined in the present study, over-reduction producing amino alcohol

1 2 - L . 1.

B o mme ~b i S L U, DL L DU, U, BN R PRSI Wi, P
3 was not observed. The high ena 100s€IECIVily ODSETvVEQ in the Ppresent reqauction may o€ CxXpiained in terms of
tha civ_mamhanad cunlisc teancitinn ctata whisrh ic cimilar tn tha ana nrannced hy Maray of al (Fig 1) 11
uic » ~IHHOUIUCICU bybll\.« HAIIDIIULL Dlaly WIIILIL 1D Diliiial W L Uiy PIUPUB\A.I U_y \.aU.I\/y i ai \1 15. g
CH,3
HaCu g3 CH;
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Figure 1 (/:)
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We next investigated the diastereoselective reduction of B-benzyloxyimino alcohols 4 into either syn- or
anti-amino alcohol 3 under a variety of chelation or non-chelation conditions. In principle, the reduction which
is explained in terms of a non-chelation or Felkin-Anh model produces syn-product syn-3, whereas a certain

c!\blnhm hotwenn the hudrmnyv nyveoen and the imina nitrnoen offarte tha cnv-mohnn AF Auett mevndiunt vaeed ra *t¥;
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2). Under the hydrogenation conditions the reduction of B-imino alcohol was reported to give anti-amino
BnO -

1 Ar Ar

N H S

A BnO-y H OH

Ar ’—'( '.IA_ H Mett H
[

Ar-Licand 7777777
Pd

Figure 2

alcohol.2.12 Using 10% Pd-C / Ha, B-imino alcohol 4 was transformed into anti-amino alcohol 3 in good yield

with good diastereomeric excess, whereas reduction with LiAlH4 or Na[AIH2(OCH2CH2OCH3);] afforded the

syn-isomer as a major product. Representative examples are listed in Table 4.

BnO. NH2 NH2
N Reducing Agent T Ar /'\/ Ar

ArN A - Ay Ar Y

S-4 6H syn-3 OH antk3 OH
Table 4. Diastereoselective Reduction of B-Imino Alcohol 4.4
Entry 4 Reduction Agent Solv.  Temp. (‘C) %ylgldb syn:antiC % eed
1 4c Na[Ang(OCHzCHzOCH:s)z] THF —3()-mﬂ 59 98:2 98
2 4c 10% Pd-C /Hy EtOH Tt 96 5:95 94
3 4d Na[AIH(OCH,;CH,0CH3)3] THF -30~refl 58¢ >99 : <1 >99
4 4d 10% Pd-C /Hz EtOH It 57 <1:>99 98
5 de LiAlH4 DME O~refl 56€ 88:12 82
6 de 10% Pd-C /Hj EtOH It 52 6:94 98
7 4af LiAlH, DME O~refl 49¢ 90:10 88
8 4f 10% Pd-C/Hy E:OH it 56 <1:>99 96

2 The reaction was carmed Out wumg io the typical cxperimenial procedurc. ? Isolaied yield. ¢ Deiermined by 1H NMR 270
MHz) analysis. d The enantiomeric purity of the major isomer. Determined by HPLC analysis (Merk Hibar column) of the
corresponding mono- or bis-MTPA derivative. € The product was isolated as acetamide after treatment with AcyO.

In all the cases examined, the diastereoselectiviy was good to excellent, giving either the syn- or anfi-
isomer with high diastereomeric excess, and the stereochemical integrity of the starting material was remained
almost unaffected. The cases where LiAlH, was used as a reducing reagent were mamly due to the reaction rate;

the use of Nal AlHA+{OCH-CH>OCH)5) sometimes did not reach completion [P Lnes sha N

uil us€ O1 NG| ALNIZ2AALTIN IOV ) | SOTHTHNCY Qig not icacn ulplcuUll Ul Ulc xwmuuu, WIICIT UK IV'U
hond remained intact owever, the use of LiAlHs caused racemization (t-\nfﬁpc 5 & 7\ to some extent mavhe
oonG remaned nfacl, nmowey the use Of LIAIN4 caused racemizator res > &/ 1€ exient mayoe

due to the more forced reduction conditions. For isolation of the reduction product, in particular, from the
LiAlH4 or Na[AIH2(OCH2CH>OCH3)5] mediated reduction of the substituted aryl derivatives, acetylation of the

resulting amino moiety was found to be useful in terms of purity of the product.
II. Reduction of 1,2-diarylethanedione

nrecent oxazahamolidine-mediated reduction hag offered an excellent environment for the
A BB .llumll. AAZA VAAML AW LilWidibWwNg 110 TEAWIVG fass LS ¥ W)

discrimination of the enantioface of ketones, and therefore poly-ketones appear to be attractive substrates. As
mentioned earlier, 1,2-diaryl-1,2-ethanediols 6 constitute an important class of chiral synthons.14 The
application of the present reduction to 1,2-diarylethanedione 5 is expected to lead to a facile approach to this

useful class of compounds. Table 5 summarizes the results of bis-reduction of 1,2-diarylethanediones.
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o OH OH
| 5 1 BHsTHF (50e0) A A A
A'/\'r DME, rt OH OH
5 O chiral6 meso-6
Table 5. Reduction of Diketone 5 in the Presence of Additives.?
Entry Ar 1 (mol%)  Additive (eq)  %yield? chiral : mesoC % eeC
1 Ph 20 none 99 50:50 >99
2 Ph 20 Al({OP1)3 (1 eq) 78 51:49 98
3 Ph 20 TMSCI (2 eq) 57 50 : 50 95
4 3,5-MezCeli3 100 none 58 49 : 51 >99
5 3,5-Me2CgH3 100 Al(iOPr)3 (1 eq) 59 53:47 98
6 2-MeOCgHy 100 none 70 22:78d 9s5d
7 2-MeQCgH, 100 Al(fQPr)3 (1 eq) 49 24 : 764 90d

3
2,

@ Tha reaction was cariad out according to the tynical exnerimental nrocedure. © Isolated yield, € Detsrmined by HPLO analvsis
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using a chiral stationary column (Daicel OJ). d Determined by HPLC analysis (Merk Hibar column) of the corresponding bis-MTPA
derivative.

Examination into Table 5 revealed that although the reduction proceeded well to give the diols in good
yield with excellent enantiofacial selectivity, the diastereoselctivity was not sufficient. In order to nnpmvc the

diactarancalanivity additinn Af framtain addirtivac wac avaminad Ac 11 Anm ocan tha calastiurnt; oo At fonmenead
ulaaMWWMlVll] R LUIL UL ULLWALIF QUUILI VLD WA, HIICAL., MDD yuu vail DO, Ui WquVlly wad IR lllliJlUVW

N
desnite the addition of additives. This mav be due to the abilitv of the borane to coordinate to hoth carbonvle or
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the resulting alkoxyborane species to coordinate to the a-carbonyl function, resulting in the syn-type reduction.
The reduction using a limited amount of BH3*THF or other reducing reagents such as BHgoMczs utilized
successfully in the case of a-imino ketones did not stop the reaction at the mono-reduction stage, and the bis-
reduction products were always obtained together with the starting materials. Recently Prasad and Joshi
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rcporwu uidl e maswmowneouwry was 1mpr0vcu Dy oarrymg out the reduciion in THF-toluene at 45 o, in

which tha ealartivifiac were in the range nf 76 tn RAL, An ]S
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Summary

Increasing needs for 1,2-amino alcohols in enantiomerically pure form have prompted the exploration into
new efficient methodologies. In addition to the one-step procedure for 1,2-diphenylehtylenediamine disclosed
recently, the present two-step procedure for (15,25)- or (15,2R)-2-amino-1,2-diarylethanol realizes the power
of oxazaborolidine-mediated reduction of poly-functionalized molecules, glvmg a rapid access to a highly useful

& q variety nf hanril Aariyativoe ame moadily
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{9 L
ailable and transformation into mono-imino compounds 1is st orward in good overall vields, the present

ansformation ir ono-imir mpound traightforward i erall vields , the present
procedure may be applied to the preparation of a variety of 1,2-amino alcohols Moreover, the benzyl ether
protecting group at the nitrogen atom was removed during the second reduction step, eliminating an otherwise

tedious deprotection sequence.,

General. Infrared spectra were determined on a Jasco IR-810 spectrometer . 1H NMR spectra were taken
on a JEQL Alpha-500, INM-EX270 or INM-PMX60SI spectrometer using tetramethylsilane as an intemnal
standard. High-performance liquid chromatography (HPLC) was carried out on a Hitachi L-4000 detector and a
Hitachi L-6000 pump using a Finepak SIL column (Merck) or a chiral stationary column (Daicel OJ). Optical
rotations were measured with a Union PM-101 polarimeter. Exact mass spectra were taken on a JEOL IMS-
DX303-HF spectrometer. Tetrahydrofuran (THF) was freshly dlstllled from sodium dxphenylketyl mmodlatcly

2111 o

before use. 1,2-Dimethoxyethane (DME) was distillec wa
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The ligand was prepared in five steps starting from L-threonine: methyl (25,3R)-2-
(benzyloxycarbonylamino)-3 -hydroxybutyrate: To a solution of L-threonine (1.8 g, 15 mmol) in 1,4-
dioxane (30 mL) and water (13 mL) was added an aqueous solution of NaOH (IN, 15 mL, 15 mmol) followed
by benzyl chlororformate (2.4 mL, 17 mmol) at 0 °C, and the mixture was allowed to stand at room wmperare
for 5 h. After concentration of the crude reaction mixture in vacuo, it was acidified with aqueous potassium
hydrogen sulfate, and the entire mixture was extracted with ethyl acetate (30 mL x 3). The combined extracts
were dried and concentrated to leave white crystals, which were dissolved in THF (50 mL). Esterification with
diazomethane followed by purification by silica gel column chromatography (n-hexane / ethyl acetate = 3 / 1 as
eluent) gave the title compound (2.5 g, 61%). []23p = -16.0 (¢ 0.36, CHCI3). 'H NMR (270 MHz, CDCl3):
5 1.24 (d, J = 6.60 Hz, 3H), 2.13 (brs, 1H), 3.76 (s, 3H), 4.15-4.37 (m, 2H), 5.13 (s, 2H), 5.59 (brs, 1H),
7.35 (s, 5SH). IR (neat): 3410, 1720, 1340, 1310, 990, 540 cm-1. Anal. Calcd for C13H170sN: C, 58.42; H,
6.41; N, 5.24. Found: C, 58.14; H, 6.41; N, 5.11.

Meihyi (25,3R)-2-(benzyloxycarbonyiamino)-3-(i-butyidimethyisiioxy)-butyrate: To a
solution of methyl (25,3R)-2-(benzyloxycarbonylamino)-3-hydroxybutyrate (1.0 g, 3.8 mmol) in DMF (10 mL)
was added imidazole (546 mg, 8.0 mmol) and r-butyldimethylchlorosilane (1.4 g, 9.6 mmol) at 0 *C, and the
mixture was stirred at room temperature for 21 h. Sat. aqueous brine (20 mL) was added, and the entire mixture
was extracted with ethyl acetate (10 mL x 3). After drying and concentration of the combined extracts the

resulting crude oil was purified by silica gel column chromatography (n-hexane / ethyl acetate = 6 / 1 as eluent)

to give the title compound (1.4 g, 98%). [®]23p = -14.0 (¢ 0.76, CHCI3). 1H NMR (270 MHz, CDCl3): § -

0.05 (s, 3H), 000 (s, 3H), 0.80 (s, 9H), 1. 17 (d, J = 6.27 Hz, 3H), 3.69 (s, 3H), 4.18-4.25 (m, IH) 4.36-
i .35

A AL (. 1TIV 11 - "III\ £ ALZ L. TIN NE £ EYIN TYY O TLT N, rs;lf\n MO AN 1"IALr 8N e
4.45 (m, ln), L1 A8, 25T, 0.40 (DrS, n), I (S, o). IR (UHILI3)C 344U, 484U, 174D, 1540, lJlU, YOu,
sS40 A”ﬂm-i Anal Calnd for O 11, N NG O S8Q Q1. 1 Q 1Q. ‘M 2 £77 Eand:, N £Q0 £Q. LI O 2. NI
AU, IV LI G, Faiad. LAl LU U vIEINGL Uy, U700, 11, O0.17, 1IN, O.U/. TUUI. ., JUY.00, I, 0.3, I\,

3.37.

(25,3R)-2-(Benzyloxycarbonylamino)-3-(s-butyldimethylsiloxy)-1,1-diphenylbutanol:
Under an argon atmosphere to a solution of methyl (25,3R)-2-(benzyloxycarbonylamino)-3-(z-
butyldimethylsiloxy)butyrate (1.3 g, 3.4 mmol) in THF (10 mL) was added phenylmagnesium bromide (0.44
N in THF, 27 mL, 12.0 mmol) at 0 °C, and the mixture was stirred at room temperature for 4 h. Sat aqueous
NH4Cl was added and the entire mixture was extracted with ethyl acetate (10 mL x 3), and the combined extracts

l'l'r;ﬂ‘} antnmf—ﬂ hrine and Annl‘ (P\thﬂ 3 (-‘nnnﬂnh- Hinn of {}\“ ex wiranta gave a orde r\1| \lrlatn‘-n

“ aamw Aed. S WA A1 GALING L‘u‘u\l } AJLEVACL LR CRLAVII L bl CEA LD 5- ~ Wk AR, L

was purified by silica gel column chromatography (n-hexane / ethyl acetate = 9 / 1 as eluent) to give g,i;n: title

eomrx_n_ndlltjc 0 0 (¢ 0.24, CHCI Hz, CDCIy): § -0.01 (s, 3H), 0.01
o X 24 g AN 5 p QUL RS 220, VY

93%). [a]23p =-40.0 (¢ 0.24, C 1Cl3 IH NMR (270 M CDCla) . 01
H), 1.23 (d, J = 6.27 Hz, 3H), 4.20 428 (m, 1H), 464 (unresolved d, J = 9.89 Hz, 1H),
4.95 d, J = 12.54 Hz, 1H), 5.09 (d, J = 12.54 Hz, 1H), 5.57 (unresolved d, J = 9.89 Hz, 1H), 7.06-7.62
(m, 15H). IR (CHCIl3): 3425, 2880, 1710, 1370, 1330, 990, 550 cm-1l. Anal. Calcd for C3gH39O4NSi: C
71.25; H,7.77; N, 2.77. Found: C, 71.48; H, 7.82; N, 2.83.
(25,3R)-2-Amino-3-(t-butyldimethylsiloxy)-1,I-diphenylbutanol: Under an atmospheric
pressure of hydrogen a suspension of 5 % Pd/C (1.2 g) in MeOH (4 mL) was added a solution of (25,3R)-2-

rulnvurarhanviaminnl 2, ft-hnfu]r“mpf]'\\ll&Ilnvu\ 11 l"nhnn!r"’\nfnnrﬂ (1TSS o 20 mmal) in Mol MY /£ m1 )

(hon
\wuh_ylun,wuuu]u’.uuu BRIFZITETUBL Y STV UI YIOIIWVA Y J7 1, ATUMAPIIVI YAV ULALIIVL (1.J &y J.U llllll’\}ll lll AVERRA SR E U lll.I.J_’

at room temperature, and the mixture was stirred at room temperature for 6 h. The mixture was filtered through
a pad of celite with the aid of a small amount of ethyl acetate, and the filtrate was concentrated in vacuo to give a
crude oil, which was purified by silica gel column chromatography (n-hexane / ethyl acetate = 4 / 1 as eluent) to

give the title compound as a viscous oil (1.0 g, 91%). [a]23p = -37.0 (¢ 1.06, CHCI3). 1H NMR (270 MHz,
CDCl3): 8 0.00 (s, 3H), 0.10 (s, 3H), 0.99 (s, 9H), 1.34 (d, J = 6.60 Hz, 3H), 1.63 (brs, 1H), 3.63 (d, J =
1.65 Hz, 1H), 4.19 (dd, J = 1.65 and 6.60 Hz, 1H), 4.99 (brs, 1H), 7.20-7.42 (m, 6H), 7.65-7.72 (m, 4H).
IR (CHCIl3): 3410, 2860, 1600, 1360, 950, 900, 550 cm-1. Anal. Calcd for C22H3302NSi: C, 71.11; H, 8.88;
N, 3.77. Found C7096 H895N3

(ZC) Gerneral prucéﬁiii*é or the
_han \llh\lr‘rn\'v]'xn"nm hul“ hlnrirlr (7 1 o 75

T 17 J A yakaa 23 FRARNSVALANSRASSY dwe 2 oy M

n acetate (2. 31 mL) was heated at reflux for 12 h. After normal

work—up mcrystalhzauon from absolute ethanol gave 2c (3.4 g, 90%) as white powder. Mp 109-110 *C. H
NMR (270 MHz, CDCl3): 8 5.16 (s, 2H), 7.17-7.61 (m, 13H), 7.85-7.88 (m, 2H). IR (CHCl3): 3050, 2930,
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1680, 1595, 1450, 1320, 1010, 910, 690 cm-1. Anal. Calcd for Co1H70oN: C, 79.98; H, 5.43; N, 4.44,
Found: C, 80.21; H, 5.40; N, 4.72.
2-Benzyloxyimino-1,2-bis(p-methoxyphenyl)ethane-1-one (2d):

7 n_!.. Y. R 207 foa 21N 2 QA /o 2L\ & N4 7o ALV t:
.LlUl lL, AL ) U D07\, JE1), J.79 D, 211}, J.4U0

z, 2H), 7.32-7.43 (m, SH), 7.63 (d, J = 8.91 Hz, 2H), 7.96
r

V

Mp 90-91 °C. 1H NMR

—~
b
[N
o

1 & , &L3IL) 2 A3&Ly LIRj, 7

680 16([) 1310, 1165, 1015, 835 cml Anal. Calcd
C, 73.23; H, 591; N, 3.51.
2-Benzyloxyimino-1,2-bis(p-methylphenyl)ethane-1-one (2e¢): Mp 72-73 °C. 1H NMR (270
MHz, CDCl3): & 2.22 (s, 3H), 2.30 (s, 3H), 5.05 (s, 2H), 7.02 (d, J = 8.25, 2H), 7.10-7.18 (m, 7TH), 7.35
(d, J = 8.25 Hz, 2H), 7.68 (d, J = 8.24 Hz, 2H). IR (CHCl3): 3040, 2910, 2850, 1670, 1600, 1450, 1325,
1175, 1010, 915 cm-1. Anal. Calcd for C23H2102N: C, 80.44; H, 6.16; N, 4.08. Found: C, 80.50; H, 6.06;
N, 4. 11
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7
1010, 920, 840 cm-1. Anal. Cal
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.50; N, 3.02.
2-Benzyloxyimino-1,2-bis(2-furyl)ethane-1-one (2g): Mp 84-85 °C. 1H NMR (500 MHz,
CDCl3): 8 5.19 (s, 2H), 6.42 (dd, J = 1.83 and 3.70 Hz, 1H), 6.52 (dd, J = 1.83 and 3.66 Hz, 1H), 6.53 (d, J
=3.70 Hz, 1H), 7.11 (d, J = 3.66 Hz, 1H), 7.22-7.30 (m, 5H), 7.49 (d, J = 1.83 Hz, 1H), 7.62 (d, 1.83 Hz,
1H). IR (CHCl3): 3000, 2930, 1665, 1565, 1460, 1010, 950, 890 cm-1. Anal. Caled for C17H1304N: C,
69.15; H, 4.44; N, 4.74. Found: C, 68.99; H, 4.30; N, 4.48.
(15)-2-Benzyloxyimino-1,2-diphenylethane-1-ol  (dc¢). General procedure for the
reduction of 2-bemzyloxyimino-1,2-diarylethane-1-one: To a solution of (25,3R)-2-amino-3-(s-
butyldimethylsiloxy)-1,1-diphenylbutanol (371.7 mg, 1.0 mmol) in 15.0 mL of DME was added BH3*SMe;
complex (0.24 mL, 2.5 mmol), and the mixture was stirred for 20 min at room temperature. A solution of 2-
benzyloxylmmo—l ,2-diphenylethanone 2¢ (315.4 mg, 1.0 mmol) in DME (2.5 mL) was added dropwise during
30 min. Afeer stirring for 24 h at rt, the reaction mixture was quenched by adding MeOH (2 mL) and
concentrated o leave a crude oil, which was purified on preparative TLC (eluent: n-Hex / AcOEt= 5/ 1) to give
B-imino alcohol 4c as a colorless oil (246.2 mg, 78 %). [a]23p =-35.3 (¢ 1.11, CHCl3). 1H NMR (270 MHz,

CDCl3): 8§ 3.65 (d, J =9.40, 1H), 5.19 (d, J = 12.2, 1H), 5.24 (d, J = 12.2 Hz, 1H), 6.15 (d, J = 9.40 Hz,
1H), 7.23-7.41 (m, 13H), 7.52-7.56 (m, 2H). IR (neat): 3430, 3050, 2930, 1490, 1440, 1020, 700 cm-1.
The enantiomeric purity was determined o be 98% ee by HPLC analysis using a chiral stationary column (Daicel
0J). The absolute configuration was assigned to be S by transforming into amino alcohol 3¢ (R = H) and
comparison with the reported data.2

(1S5)-2-Benzyloxyimino-1,2-bis(p-methoxyphenyl)ethane-1-0l (4d): [a]23
CHCl3). 1H NMR (270 MHz, CDCl3): & 3.71 (5 3H), 3.73 (s, 3H), 3.85 (d, J = 6.93 H_z
611(d] 6.93 Hz, 1H), 6.78-6.82 (m, 4H), 7.23-7.30 (m, 7H), 7.47 (d, /= 8.58 H
3510, 3000, 2925, 2820, 1605, 1505, 1250, 1170 1030 cm-1. The absolute stcrcochcmxstry was dewrmmcd
to be § by comparison with an authentic sample prepared by transforming the known (15,25)-dioll3 into the
corresponding anti-(15,2R)-3d (R = H) via carbonate formation, azidation, reduction,4b and formation of bis-
MTPA derivative.

(15)-2-Benzyloxyimino-1,2-bis(p-methylphenyl)ethane-1-0l (de): [a]23p =
CHCl3). 1H NMR (270 MHz, CDCl3): & 2.24 (s, 3H), 2.25 (s, 3H), 3.68 (brs, 1H), 5.09 (d
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iH), 5.14 (d, J = 12.2 Hz, 1H), 6.63 (s, 1H), 7.02-7.05 (m, 4H), 7.14-7.28 (m, 7H), 7.36 (d, J = /94 Hz
2H). IR(CHC]g) 3510, 3050, 2920, 1615, 1520, 1450, 1360, 1080, 1000, 900, 820 cm-1. Thcabsolutc

stereochemistry wag determined to be § hv comparison with an authentic cqmnlp nrnnam“l hu transforming the
DW‘\(WII\'IIII‘“] TV AR WAL AITALIVAE WU y y lllllllllll B

known (15,25)-dioll5 into the corremondmg anti-(18,2R)-3e (R = H) via carbondte formatlon azidation, and

reduction,4b and formation of bis-MTPA derivative.
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(1S)-2-Benzyloxyimino-1,2-bis(p-bromophenyl)ethane-1-0l (4f): [a]23p = -53.9 (c 1.27,
CHCI3). 1H NMR (270 MHz, CDCl3): § 3.51 (d, J = 8.25 Hz, 1H), 5.16 (d, J = 11.9 Hz, 1H), 521 (d, J =

11.9 Hz, 1H), 6.13 (d, J = 8.25, 1H), 7.18-7.45 (m, 13H). IR (CHCI3): 3500, 3050, 2930, 1590, 1490,
1360, 1075, 1010, 910, 830 cm-1. The absolute stcrcochemlsuy was determined to by transforming into

-’,.,

cun-1e R - "\ vin redoaction intn o ant(1C YR D nn'unn 1 _hicln_hramanh, Y ana_1_~l fuid 2 andmer
D yieTow  \Ev VRS AVAMUACLIRILL  RIIWU  WBFEETY Lidgkd\ JTLTQAIHRIIUS X .‘. VIS /T ulUILIiu il y AR 17UL \Vmc uylu;
followed by chbrommxnm with n-BuLi, and analyzed by its specific rotation

(15)-2-Benzyloxyimino-1,2-bis(2- furvl)ethane-l ol (4g): [a]23p = +55.7 (¢ 6.34, CHCl3).

-2 22 50

1H NMR (270 MHz, CDCl3): 8 3.96 (brs, 1H), 5.24 (s, 2H), 6.04 (s, 1H), 6.25 (dd, J = 0.66 and 3.30 Hz,
1H), 6.30 (dd, J = 1.98 and 3.30 Hz, 1H), 6.45 (dd, J = 1.71 and 3.30 Hz, 1H), 6.79 (dd, J = 0.66 and 1.98
Hz, 1H), 7.31 (s, SH), 7.35 (dd, J = 1.71 and 3.30 Hz, 1H), 7.46 (dd, J = 0.66 and 3.30 Hz, 1H);. IR
(CHCl3): 3520, 3050, 2930, 1660, 1560, 1460, 1010, 950, 880 cm-1. The absolute configuration was
determined to be S by comparison with the authentic sample prepared as follows. The 2-furyl derivative 2g was
mono-reduced with 1 and BH3*THF to give the known B-keto alcohol,15 which was benzyloxyiminated to

Al _ 1 A _ PR, = TITM

ariora 4g and compamu USII'lg l‘u”l_;\,

II(' ‘)Q\ "_Anl-nn_l 2. dinhanviathana_.1_.nl fnnn s D — HNY Hana l rmnnsadiama
\ ALF gdusy § ERENFT A g™ u-.lu‘.u.y HAH HHILS R H \BYyIE=Ivy N = 1), AS A2 L4 PEURATUGBITC 1u»n

preparation of syn-3: To a solution of Na[AIH2(OCHyCHyOCH3);] (481 mg, 70% in tolucnc 1.7 mmol)

in THF (5 mL) was added a solution of S-4¢ (98% ee, 122.4 mg, .39 mmol) in THF (2 mL) at -30 *°C for 10
min, and the mixture was allowed to stand at -30 °C for 2 h and then heated at reflux for 3 h. Usual work-up
followed by purification on TLC gave 3c (R = H) (49.0 mg, 59%) as white powder: [a]23p = -106.7 (¢ 0.72,
EtOH). 1H NMR (270 MHz, CDCl3) & 2.55 (brs, 3H), 3.95 (d, J = 6.60 Hz, 1H), 4.61 (d, J = 6.60 Hz, 1H),
7.11-7.30 (m, 10H). IR (nujol): 3320, 3050, 1580, 1020, 750, 690 cm-1. The spectral data was identical with
that repor‘lm!.2 3,13 The diastereomeric ratio was determined by !H NMR (500 MHz) to be syn : anti = 92 : 8,

Yoy 1 TYINNY

and the enantiomeric punty of syn- 3¢ (K ) oy nroo of the corresponamg bis-MTPA derivative to be 98%

U\d

'l

2O WS
iy

(1S,2R)-2-Amino-1,2-diphenylethane-1-0l (anti-3¢c, R = H). General procedure for the
preparation of anfi-3: A solution of S-d¢ (98% ee, 41.0 mg, 0.13 mmol) in EtOH (3 mL) was stirred under
an atmospheric pressure of hydrogen in the presence of 10% Pd-C (13.8 mg) at rt for 25 h. Filtration of the
crude mixture through a celite pad followed by concentration gave a crude oil, which was purified by Florisil®
column chromatography to give 3¢ (R = H) (26.9 mg, 96%) as a colorless oil. [a]23p = -5.6 (¢ 0.54, EtOH).

1H NMR (270 MHz, CDClI3): 6 1.65 (brs, 3H), 4.13 (d, J = 6.30 Hz, 1H), 471 (d, J = 6.30 Hz, 1H), 7.15-
7.27 (m, 10H). IR (nujol): 3320, 3050, 1580, 1020, 750, 690 cm-1. Thc spectral data was identical with that

N s B & I - e s -~ ~ -
reportcu.h-?.b The diastereomeric ratio was determined by I'H NMR (500 MHz) to be syn :anti=15:95, and
tha amamtinas et~ sty AL vocts L 7 —_ Y_l\ he LIDY £ ~f thn ~mscnommnAing hio AATIDA Ao inticn ¢~ o OAG
UIC CHAlIIUIHICL IV u._y Ui & uc 24 (N =~ I1) Uy TICLAL UL UIC CULICSPUNILLIE DIS-IVIIDT A GErivauve 10 o€ »am €C.

(1€ 2CY F Anatarmidn 1 T hician mathavonhanggllathana 1_al foassne 24 D _ Aale [A123_

(22 yo) JT&"NALERIAIMIUUT L y&"UFId | prHICIIHIVAYyPpHICIIyIjULIIAlIT= 1=Vl Wyn~ou, ™ = ALy, |[Ej=]) =
+74.0 (¢ 0.65, EtOH). 1H NMR (270 MHz, CDCl3): 8 1.99 (s, 3H), 3.79 (s, 3H), 3.84 (s, 3H), 3.89 (dd, J =
306and 120Hz 1H) 417(dd. J =924 and 130 Hz. 1H) 505 (dd. J = 396 and 924 Hz 1H) £83.7.01
TN QARINL R T 7 RBEy BEAJy TY.A S \NR, J '-11-'1' QAiid 1.7 114y 11}y JFe70 \MUy J = J.TU auuye-r L3y 111), J.OITI . JD

(m, 6H), 7.24-7.28 (m, 2H). IR (CHCla): 3410, 3000, 2810, 1731, 1650, 1510, 1300, 1170, 1030, 835
cm-1. HRMS Found: m/z 295.1345. Caled for C1gH1903N: [M-H20J+, 297.1365. The diastereomeric ratio
was determined by IH NMR (270 MHz) to be syn : anti = >99 : <1, and the enantiomeric purity of syn-3d (R =
Ac) by HPLC of the corresponding MTPA ester to be >99% ee.
(15,2R)-2-Amino-1,2-bis(p-methoxyphenyl)ethane-1-0l (anti-3d: R = H): [a]23p =-1.7 (¢
0.24, E:OH). 1H NMR (500 MHz, CDCl3): & 1.15 (brs, 3H), 3.79 (s, 3H), 3.80 (s, 3H), 4.06 (d, J = 6.41
Hz, 1H), 4.63 (d, J = 6.41, 1H), 6.82-6.86 (m, 4H), 7.15-7.20 (m, 4H). IR (CHCl3): 3590, 3550, 3360,
3000, 2940, 2830, 1610, 1515, 1250, 1175, 1035, 835 cm-l. HRMS Found: m/z 255.1265. Calcd for

Yo N & § M T, LA TE_ Mo NE 179 £LN P P gy s PR Al 1LY RIRAD /&NN RALT N\ g by ceso
Llﬁnlml‘ {ivi- nz\.lr", LI2I. LN l NneE aiasi€reomeric raiio was de Illl nea DY 151 INIYHN (OUU IVINLL) W X 3)yn
Aatr — 1 . \m md tha anantinmarms mnrity af 2014 (R — HY hy HDI O Af tha snereonnnding hie RMTDA
Wwiss “~ =1 e d UK VIIAQUILIULIIL IV Pullly Ul @reitou \INn — 11) U)’ AR LN ULl uiv Wlluo}l\}llullls LFADTIVE AR I}

(15,28)-2-A etamlde 1,2-bis(p-methylphenyl)ethane-1-0l (syn-3e: R = Ac): [a]23p = -4.0
E H NMR (270 MHz, CDCl3): & 1.96 (s, 3H), 2.72 (s, 6H), 2.76 (d, J = 3.96 Hz, 1H), 4.93

BAN \ &7 VU AVAR Ay RSN L 45 3 Y Sy VL), L. A58, 0 T34, 172
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(dd, J = 3.96 and 4.62 Hz, 1H), 5.18 (dd, J = 4.62 and 7.92 Hz, 1H), 6.25 (d, J = 7.92 Hz, 1H), 7.08-7.26
(m, 8H). IR (CHCI3): 3550, 3410, 3000, 1670, 1520, 1370, 1260, 1070, 820 cm-1. HRMS Found: m/z

265.1473. Caicd for CygH190N: {M-H20]j+, 265.1467. The diastereomeric ratio was determined by iH NMR

(270 MHz) to be syn : anti = 88 : 12, and the enantiomeric purity of syn-3e (R = Ac) by HPLC of the
t‘nrrPcnnndma MTPA ester to he 82%, ee.
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(15-23)-2-4@_-9- s (p renyllethane-1-0! (an#i-3e; R = H): [al23p = 7.1 (¢
0.14, EtOH). TH NMR (270 MHz, CDClz): § 1.54 (s, 3H), 2.33 (s, 3H), 2.34 (s, 3H), 4.08 (d, J = 6.71 Hz,
1H), 4.80 d, J = 6.71 Hz, 1H), 7.10-7.19 (m, 8H). IR (CHCl3): 3550 3360 2910 1510 1380, 1110,

1020, 890, 820 cm-!. HRMS Found: m/z 223.1314. Caled for CjgH17N: [M-H2OJ*, 223.1361. The
diastereomeric ratio was determined by 1H NMR (270 MHz) to be syn : anti = 6 : 94, and the enantiomeric
purity of anti-3e (R = H) by HPLC of the corresponding bis-MTPA derivative to be 98% ee.
(15,25)-2-Acetamido-1,2-bis(p-bromophenyl)ethane-1-0l (syn-3f: R = Ac): [a]23p = -9.4
(c 0.25, EfOH). 1H NMR (270 MHz, CDCl3): 8 1.946 (s, 3H), 2.92 (d, J = 3.96 Hz, 1H), 5.00 (dd, J = 3.96
and 4.62 Hz, 1H), 5.22 (dd, J = 4.62 and 7.59 Hz, 1H), 6.28 (d, J = 7.59 Hz, 1H), 7.25-7.36 (m, 8H). IR
(CHCl3): 3550, 3410, 3070, 2990, 1660, 1490, 1370, 1260, 1060 cm-i. HRMS Found: m/z 392.9659. Calcd
for Cy6H)130NBr: [M-H20J+, 392.9643. The diastereomeric ratio was determined by 1H NMR (270 MHz) o

be syn : anti = 90 : 10, and the enantiomeric purity of syn-3f (R = H) by HPLC of the corresponding MTPA
ester to be RR% ee.,

hite} e

(13, ¢ 2 A_!g!_!!n-!i2-h!§(n-hrnmnnhgnv!)pfhapp-I.n! (anti-3f* R = Yo {4123 = +154 (¢
{ 0 £-DIS(p-Droman yiethane-1-01 (anii-31 K nj): (aj<~’p 2.4 {C
0.23, EtOH) 1“ NMR 270 MHz. CD(C12): & 1.86 (br 3H), 4.12 (d, J =5.61 1H) 12 (A I = 8§ K1
AT s ety 1 & EAVETVRAN \Mii NS ATVAR Bisy NoATNR .)l W oALUY a -’ Ve iy e\ A Al » &ll’ '« F T o wf s NF &

Hz, 1H), 7.00-7.06 (m, 4H), 7.35-7.42 (m, 4H). 1
1070, 1010, 830 cm-1. HRMS Found: m/z 350.9261. Calcd for C14H11NBr2. [M H;»O}*, 350.9258. The
diastereomeric ratio was determined by 1H NMR (270 MHz) to be syn : anti = <1 : >99, and the enantiomeric
purity of anti-3f (R = H) by HPLC of the corresponding bis-MTPA derivative to be 96% ee.
(15,25)-1,2-diphenylethane-1,2-diol (6: Ar = Ph). General procedure for the reduction

of 1,2-diarylethane-1,2-dione: To a solution of (25,3R)-2-amino-3-(¢-butyldimethylsiloxy)-1,1-
dlnhnnu]hnfnr\n’ 223 mc nﬂﬂ mmol) in n ’{ ml. of DME were added ﬂrr\nuncp RHAeTHE rrnmnlev (1 § ml

....... VBB INSE | ddue o RSB NSRS BRALIAVA S AR 133y Ul ASVAL WUVIV GUULVL WMV YWIOL A1l 9§ A 1K VWAAMPIUA \ X.J 115k

1=5 mm@l) and a sglun_en of benzil (63.1 mg, 0.3 mmol) in DME (2.0 mL) during 3 hr. After stirring for 1 h at
rt, the reaction mixture was quenched by adding 2N HCI (2 mL) and extracted with AcOEt (5 mL x 3). The
combined extracts were dried and concentrated in vacuo to give a crude oil, which was purified on preparative

TLC (eluent: n-Hex / AcOEt = 5 / 1) to afford the title compound 6 as a colorless oil (63.9 mg, 99 %) as a
mixture of (15,25)- and (15,2R)-isomers. [0]23p = -13.0 (¢ 1.20, EtOH). 1H NMR (270 MHz, CDCl3): &
2.29 (brs, 2H), 4.66 (s, 1H), 4.79 (s, 1H), 7.07-7.29 (m, 10H). IR (neat): 3350, 2920, 2850, 1450, 1190,
750, 695 cm-1. The spectral data was identical with that reported.14.15 The ratio of chiral- and meso-isomers
and the enantiomeric purity were determined by HPLC analysis using a chiral stationary column (Daicel OJ) to

be 30 : 50 and >99% ee, respectivelv. The absolute confi guration was assigned to be (15,25) by comparison of

e S TTTD SNy WS PRI VUA Y AU QUSRI LIT LU LRV WAS QOS50 W0 U (1idydal s

the 0pucal rotation with the rcported data.15

(15,25)-1,2-bis(3,5-dimethylphenyl)ethane-1,2-diol (6: Ar = 3,5-Me2CgH3): [0]23p =
-39.0 (c 0.94, EtOH). 1H NMR (270 MHz, CDCl3): § 2.30 (s, 6H), 2.39 (s, 6H), 2,63 (brs, 2H), 4.60 (s,
1H), 4.62 (s, 1H), 6.79-6.97 (m, 6H). IR (neat): 3400, 3000, 2900, 1460, 1400, 850 cm-1. Anal. Calcd for
Ci1gH2209: C, 79.96; H, 8.20. Found: C, 79.99; H, 8.39. The ratio of chiral- and meso-isomers and the
enantiomeric purity were determined by HPLC analysis using a chiral stationary column (Daicel OJ) to be 49 :

51 and >99% ee, respectively.
(15,25)-1,2-bis(2-methoxylphenyl)ethane-1,2-diol (6: Ar = 2-MeQCgHy): [a]23p = -0.87

(c 0.46, EtOH). iH NMR (270 MHz, CDCl3): 6 3. 69 (s, 2ZH), 5.23 (s, 2ZH), 5.24 (s, 2H), 6.70-6.90 (m, 4H),
7.10-7.25 (m, 4H). IR (neat): 3500, 2950, 1450, 1220,1010, 750 cm-1. Anal. Calcd for CygH504: C, 70.06;
1T £ £1 } o R o N AN, LY £ AN MLl st ~f ALlund Aed o nn taminmss nnAd ¢ha amamtirsmaasia seissmetes szioea
i, 0.01 rourna. \,, .o, 11, 0.47. 11C 1dlQ OL C7drdi- alid meso-150LICES dil UK CF TIUUICLIL pulity wuic
determ med by HPLC analysis (Merck Hibar column) of the corresponding bis-MTPA ester to be 22 : 78 and
95% ee, respectively,
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