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Abstract

magnesium iodide and a chiral diamine 2 is described. The reactions of 1 with tributyltin hydride or
triphenyltin hydride in the presence of a chiral Lewis acid generated from magnesium iodide and 2 at-78 °C in
ether-CH2Cly took place to afford reduced products 3. The determination of the absolute configurations of 3b—

3d by chemical correlation with 3a is also described. © 1999 Elsevier Science Ltd. All rights reserved.
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1. introaucuuiun

Asymmetric induction in radical reactions using organotin reagents has been the focus of current

investigation in synthetic organic chemistry, and diastereoselective radical reactions are well known as useful

thnde for the cuynthacic
uiOG
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the radical center has been reported.! Lewis acids have been shown to influence diastereoselective radical-
mediated reactions. ] Recently, we have reported the first example of enantioselective radical-mediated reduction

of a-iodolactone 1a with tributyltin hydride in the presence of a chiral Lewis acid.? Enantioselective carbon-

carbon bond-forming reactions by radical-mediated additions and allylations using chiral Lewis acids have also

. T Mt c. L2

appeared.” Other successful methods employed chiral organotin hydrides in the enantioseleciive radical-
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known.° The present paper deals with the details of a radical-mediated reduction of o-alkyl-a-

A radical generated at the o position to the carbony! group possibly exists as an enol form so that the
unpaired electron overlaps with a carbonyl n-bond.” Although the ®-system of an achiral enol radical is

symmetrical, it was cxpectcd that the enantiotopic face of an enol radical could be distinguished in a chiral
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ith a hydrogen radical in the presence of a chiral Lewis acid (Figure 1).
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b: R=CH,OEt
¢: R=CH,0Bn
d: R=Me
Scheme 1 Reagenis: i, (§)-2, Mgl in EtO; ii, Bu3zSnH, Ph3SnH or (Me3Si)3SiH
A ceummetrie diamine 2 which wae eacily cunthecized fram (Cl.nrnline hv a meathnd cimilar tn that
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described in the literature,® was used for preparation of chiral Lewis acids. At first, we chose «-
methoxymethyl-o-iodolactone 1a as a model substrate. It is reported that Mgl is an effective Lewis acid in the
diastereoselective radical-mediated reactions of o-halo-B-alkoxy esters without an initiator.9.10.11 Thus, the



M. Murakata et al. / Tetrahedron 55 (1999) 10295~710304 10297
reduction of 1a with an equimolar amount of Bu3SnH was carried out by use of Mgl (ether solution) and a

chiral diamine 2 in CH2Cly at —78 °C as shown in Scheme 1.12 The results are summarized in Table 1.

Tabie 1
Enantioselective radical-mediated reduction of a-iodolactone 14

Run  Substrate Concentration Reagent Yield (%)b ee (%) Confign
of 1 (mM)
1 1a 11 Bu3SnH 75 12 R
2 1a 21 BuiSnH 81 18 R
3 1a 36 Bu3SnH 88 62 R
4 1a 67 Bu3SnH 83 52 R
5 1a 36 Bu3zSnH 50 43¢ R
6 1a 37 Ph3SnH 74 39 R
7 ia 36 (Me35i)3SiH d - -
8 1b 21 Bu3SnH 76 24 R
9 1b 37 Bu3SnH 84 65 R
10 1b 35 Ph3SnH 83 62 R
11 1c 21 Bu3SnH 80 28 R
i2 ic 38 Bu3SnH 89 58 R
13 1c 35 Ph3SnH 85 46 R
14 1d 35 Bu3SnH 78 30 S
15 1d 30 Bu3SnHe 82 33 S

2 All reactions were carried out according to Scheme 1, unless otherwise noted. For details, see experimental section.

b 1solated yield. € Reaction was carried out at —50 *C. d'No reaction. € 2 equiv. of Bu3SnH was used.

The degree of asymmetric induction was found to be dependent on the volume of the CH2Clp used as a
solvent. The reactions under dilution conditions (11 mM and 21 mM) gave low enantioselectivities (run 1: 12%

ee and run 2: 18% ee). These results are probably ascribed to the presence of the enol radical uncomplexed with

s acid. The best result was obtained by the reaction at 36 mM of 1a. This reaction proceeded

smoothly to afford an opticaily active reduced product 3a in 88% isolated yield and 62% enantiomeric excess
g

(ee) with R configuration (run 3).13 The reaction at —50 °C gave slightly lower selectivity, 43% ee (run 5).
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When only ether was used as a solvent, the reaction mixture became a suspension, and the reaction at —78 to
-50 *C for 16 h gave racemic 3a in 66% isolated yield.

The reaction of 1a with an equimolar amount of Ph3SnH at —78 *C for 5 h resulted in 39% ee (run 6).
This reaction required a long time for completion, while the reactions with Bu3SnH mentioned above were

inio Toend o AN e ‘1’1—.“.. tunt o fbmdtane atle e 10tle N ailnma romAd tha senaadiaa AT nd e aa ]  TTY
inpleted within 40 1 vy i Wis{irimeinyisily1)suane was used, tne reaction did not proceed (run 7 ).
Next, we became interested in asymmetnc induction in the reactions of other o- alkoxymcthyl -0~

iodolactones. The reactions of 1b and 1¢ with Bu3SnH gave similar results as in the case of 1a. The reduction
under high concentration of 1b and 1¢ gave (R)-3b (84% isolated yield, 65% ee) and (R)-3¢ (89% isolated

‘n ald SQ0 as)Y whamace the
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11). When Ph3SnH was used, (R)-3b and (R)-3¢ were obtained in 83% isolated yield with 62% ee and 85%
isolated yield with 46% ee, respectively (runs 10 and 13).
The asymmetric reductions of o-methyl-a-iododihydrocoumarin 1d, which does not contain an oxygen

atom in the side chain, were also examined. The reduction with an equimolar amount of Bu3SnH at -78 °C

racnitad in AW oo with € Aanfionratinn Whan averace amannt nf RuaQnld 79 aaniv Y wae nead A20L aa wrac
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obtained.}4 The sense of asymmetric induction was identical to that of «-alkoxymethyl-a-
iododihydrocoumarins 1a~1¢ (runs 14 and 15 vs 3, 9 and 12).
ava lil,.aCsz."-‘!e BBry A l;i‘.sCHzOH
vOAO CH2Cl2 \/\OAO
(F)-3a SRGE
~ N LH>0Et - H LH>0Bn
@(I 2 BBrj Pd-black, Hy W2
—_—— (-)-(F)-4
07 0 CHCla EtOH 0" "0
3b 3c
3 PMHS

BuOH H

y s
2 g A Pro” , M“"\O OPh _(BusSnz0 _ e NMe
pyridine O roluen

—)-{R)-4 CHoCl3 (R)-5 toluene

Scheme 2

The absolute configurations of 3b, 3¢ and 3d were determined by chemical correlation with (R)-3al3 as
shown in Scheme 2. Hence, treatment of 3b with BBr3 in CHClp provided 3-(hydroxymethyl)-3,4-
dihydrocoumarin (-)-4 which proved to be identical, with the exception of enantiomeric purity, to the sample
prepared from (R)-3a by the same procedure. Hydrogenolysis of 3¢ also gave 4, the sign of specific rotation

of which showed minus. Therefore, the absolute conﬁgurat:ions of 3b and 3¢ are determined to be R. It is

ffords the desired m'ndnm 4 without any racem zation while pa_rﬁ 1

oted that hvdroeenolvsis of 3¢
noted that hydrogenolysis o >
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racemizaiion occurs in ihe reactions of boih 3a and 3b with BBr3. The absolut
determined by use of (-)-4 obtained above. Thionocarbonate 5 derived from (-)-4 was deoxygenated using
'I'MSO-(SiHMeO)n-'IMS (PMHS) by the method described in the literature!S to afford 3d which proved to be

identical, with the ption of enantiomeric purity, to the sample obtained by the enantioselective reduction of
E I T 3 VPR U T, EEPU Y .. LY -, (¢ NS SN GRS WY BN o SN TP SL SN IOt I TP TP . S SR
id. ums, UiC dDSUILILC cunugux' HOI1 UL 24U 1> IOULA WU DL o, 11 UCICIIIIIAUOII O UIC dbsOIlut c.umlg dUuOI1S
of 3b-3d was also carried out by comparison of the retention times (Rf) of the major enantiomers in HPLC

analysis.

3. Conciusion

In conclusion, it was found that optically active a-alkyldihydrocoumarins 3 were synthesized by the
snantioselective radical-mediated reduction of the cm'reqnnndmg 1iodides 1 with a chiral Lewis acid and
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Further investigation toward development of a more effective chiral Lewis acid is currently under way.

4. Experimental

General

All melting points were measured on a Yanagimoto (hot plate) melting point apparatus and are

uncorrected. IR spectra were performed with a Hitachi 260-10 or a Horiba FT-210 spectrophotometer. 1H
RTRATY 779770 RACT -\ -1 13/ aTnam 757 _ NN o~ L
INIVIIK (47U IVIIM14) ang *-°u NIV LG/,

rded with a JEOL EX-270 spectrometer in
CDCl3 solution using tetramethylsilane as an internal standard. Mass spectra were measured on a Hitachi M-80,
a JEOL JMS D-300 or a JEOL JMS-SX102A spectrometer. Specific rotation was measured on a JASCO DIP-

360 digital polarimeter. The enantiomeric excess (ee) of 3 was determined by HPLC analysis using chiral
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Typical procedure for the preparation of Mgl

Under argon atmosphere, a solution of Iz (101.6 mg, 0.4 mmol) in EtzO (4 mL) was added to Mg (20
mg, 0.8 mmol) at room temperature. The whole was shielded from light and stirred at room temperature until
al. o .._ ama timmard anlaelaca fno R hY Tha raont]fnog siveiiro Fah PUSGENE B I USSP o SR SURSPIpUI S . VNP Y. SRS |
ine mixiure t 1C0 COIOTIESS (Ld. 4.0 11). 11IC ICSULUILE IMIXLUIC Wdd LHICICA Oy UdISICL HIO 4 SYIIE ﬁquxppcu
with a filter, and a half-volume of the mixture was used for asymmetric reactions.

Preparation of (S)-N,N’-1,1’ -ethylenebis(2-benzyloxymethylpyrrolidine) (S)-2

T\ D wno mranarad feam (CY_nenlina hy a mathnd cimilar ta that Aacrmihad in tha Ltaratiira 8 Tha ~rriada
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product [(§)-2, oil, 3.25 g] in MeOH (10 mL) was mixed with a solution of picric acid (5.5 g, 19.2 mmol) in
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M. 10€ resulliing yeuow precipiiaics were CoueCiea oy filiration and recry ystallized from benzene
(250 mL) to give optically pure (S)-2-dipicrate (5.8 g) as yellow plates of mp 154-155 °C, [a]®9p +29.6 (c
1.03, CHCI3). Anal. Calcd for C3gH42NgO16°1/3 H2O: C, 52.29; H, 4.93; N, 12.84. Found: C, 52.61; H,
4.61; N, 12.45. A suspension of this dipicrate (1 g, 1.15 mmol) in hexane (20 mL) was mixed with a solution

of NaOH (110 mg, 2.8 mmal) in H20 (40 m_L) under stirring. After all had dissolved, the organic layer was

1g. rganic layer was
separated, and the aqueous layer was extracted with hexane (20 ml. x 2). The extracts were washed
successively with HpO and saturated aqueous NaCl, and dried over K2CQs3. The solvent was removed under
reduced pressure to give (5)-2 (quantitative); colorless oil: bp 240-250 *C/ 1 mmHg (bulb-to-bulb distillation);
[@]27p -88.8 (c 1.03, CHCl3); IR (CHCl3) 2940, 2850, 2800, 1450 cm~!; 1H NMR § 1.57-1.96 (8H, m),
2.15-2.24 (2H, m), 2.36-2.49 (2H, m), 2.58-2.68 (2H, m), 2.96-3.09 (2H, m), 3.08-3.15 (2H, m), 3.34

P = s -~ _ -~ AT

(2H, dd, /= 6.5, 9.3 Hz), 3.50 (2H, dd, J = 4.6, 9.3 Hz), 4.51 (4H, s), 7.22-7.36 (10H, m); I3C NMR &

22.9, 28.4, 54.7, 54.8, 63.9, 73.3, 73.6, 127.4, 127.6, 128.3, 138.5; MS m/z 407 (M*-1), 408 (M*); 409
(M*+1); HRMS calcd for CogH36N20; 408.2746 (M), found 408.2760.

General procedure for enantioselective radical-mediated reduction of 1 in the presence of Mgiy and 2
To a solution of Mgl (0.2 mmol) in Et20 (0.12-0.16 M solution) was added a solution of the chiral
diamine [(S)-2] (82 mg, 0.2 mmol) in CH2Cly (2 mLl). The mixture was stirred for 25 min at room

temperature. The resulting mixture was cooled to ~78 *C. A solution of 1 (0.2 mmol) in CH,Cl (2 mL) was

addad and otirrin

“ o wnag nad far 2N min Tha racltn mivhim was Ailntad writh (LA M1A 1
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ting mixture was diluted with CH3Cly w0 the
concentrations listed in Table 1, and stirring was continued for 15 min. Bu3zSnH or (Me3Si)3SiH (0.2 mmol)
was added at ~78 °C to the clear solution obtained above, and the whole was stirred for 40 min at the same
temperature. After addition of aqueous NH4Cl, the mixture was extracted with benzene (20 mL x 2). The
extracts were washed with saturated aqueous NaCl, and dried over MgSO4. The solvent was removed under
reduced pressure, and the crude product was purified by column chromatography (benzene) to give optically
active 3.
For run 4, the reaction was carried out by use of a solution of Mgl (0.4 mmol) in EtpO (1 mL), [(5)-2]
(164 mg, 0.4 mmol) in CH2Clp (3.5 mL), 1a (127.2 mg, 0.4 mmol) in CH2Cl (1.5 mL) and Bu3zSnH (0.11

mL, 0.4 mmol).
For run 5, the reaction was carried out at -50 *C.
For runs 6, 10 and 13, the reactions were carried out at =78 °C for 5 h by use of Ph3SnH (0.56 mL, 0.22

mmol).

For run 15, the reaction was carried out hv nge of Bi
Ctio as carried out Dy ol b
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(R)-3-(Methoxymethyl)-3,4-dihydrocoumarin (3a); 88%; colorless oil: bp 120 °C / 2 mmHg (bulb-to-
bulb distillation); 62% ee; HPLC [chiralcel OB; hexane : 2-propanol = 50 : 1; flow rate 0.5 mL / min; Rz: minor
enantiomer (S): 34.1 min, major enantiomer (R): 37.5 min]; [a]25p —12 (¢ 1.01, benzene); IR (CHCl3) 3000,

ANALE 174N 1 LN neea=1. 1YY AIRAD R 2 00 2 1 Q/1LY Ad T _£0 0O £1¥.y 12 0%
L7443, 1/0U, 10UV (M, “I1-NIVIK O £,07—0. 1 0o \111, aa, J = 0.7, 7.0 1nij, 5.0



(14, dd, J = 4.1, 9.6 Hz), 7.03-7.26 (4H, m); 13C-NMR § 27.0, 39.7, 59.2, 70.7, 116.6, 122.5, 124.4,
128.2 (CH x 2), 151.5, 168.9; MS my/z (M*). HRMS caled for C11H1203 (M*) 192.0785, found

192.0788.
(R)-3-(Ethoxymethyl)-3,4-dihydrocoumarin (3b): 84%; colorless oil: bp 130-140 °C /1.5 mmHg (bulb-

i
nhilh rl‘uh“nh nY ASOL aar DT C [rhiralral (YR havana « ) _mennannl &N . ; vota ) £
G0 & . & 1 JU
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Y/ min; K7
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minor enantiomer ($); 22.9 min, major enantomer (R): 27.1 minj; {aj2p —11 (¢ 1.95, benzene); IR (neat)
2960, 2850, 1760, 1605 cm~1; IH NMR § 1.22 (3H, t, J = 6.9 Hz), 2.88-3.20 (3H, m), 3.52-3.63 (2H, m),
3.66-3.76 (1H, m), 3.88-3.93 (1H, m), 7.02-7.12 (2H, m), 7.20-7.28 (2H, m); 13C NMR § 15.0, 27.0,
39.7, 66.8, 68.5, 116.6, 122.6, 124.4, 128.1, 128.2, 151.4, 169.0; MS m/z 206 (M*): HRMS calcd for

R 05 VO 2&L Yy 24T L 4 ) A&0c &y 2 . LNSNF (Ve Jy aadNaY avi

C12H1403 206.0942 (M*), found 206.0944.
(R)-3-(Benzyloxymethyl)-3,4-dihydrocoumarin (3¢): 89%; 58% ee; HPLC [chiralcel OD; hexane : 2-
propanol = 9 : 1; flow rate 1 mL / min; Rz major enantiomer (R): 13.9 min, minor enantiomer (§): 18.2 min].

colorless semisolid: mp 47-55 °C (hexane), 76% ee, [0]25p 13 (¢ 1.45, benzene); IR (KBr) 3061, 3021,
2935, 2921, 2858, 1770, 1613, 1587, 1134, 1108 cm-!; 1H NMR § 2.79-3.21 (34, m), 3.76 (1H, dd, J =

TPy S dmrny TNy ALy & iy 4207y aa s i \JALy LilJ,

6.7, 9.8 Hz),

MR § 27.1, 39.8, 683 735 1166 122.5, 124.4, 1277 127.8, 1282 128.3, 128.5, 137.8, 151.5,
168.9; MS m/z 268 (M*); HRMS calcd for C17H1603 268.1099 (M+), found 268.1104.
-Methyl-3,4-dihydrocoumarin (3d): 82%; Colorless sem

>

($)-3-Me isolid: mp 45-55 °C; 33% ee; HP

Ve » THE NN, 0 1, -t SN, 1

[chiraicel OB; hexane : 2-propanol = 9 : 1; flow rate 1 mL / min; Re: minor enantiomer (R): 10.5 min, major
enantiomer (§): 14.2 min]; [a]28p —3.4 (c 1.03, benzene); IR (KBr) 3090, 3037, 2987, 2939, 1754, 1614,
1587, 1157 em~1; TH NMR § 1.37 (3H, d, J = 5.9 Hz), 2.70-3.74 (3H, m), 7.02-7.27 (4H, m); 13C NMR §
15.4, 31.6, 34.2, 116.6, 122.8, 124.2, 127.9, 128.2, 151.8, 171.5; MS m/z 162 (M+*); HRMS calcd for
Ci0H1002 162.0680 (M*), found 162.0693(M+).

Conversion of (R)-3a into (R)-3-(hydroxymethyl)-3 4-dihydrocoumarin (4)
To a solution of (R)-3al3 (49% ee: 98.1 mg, 0.51 mmol) in CH,Cl, (2 mL) w
BBrz (0.15 mlL., 1.59 mmol) in CH7Cly (1 mL) at —78 °C. The whole was stirred at ~7

S YA YA {834 s

8

added a solution of
°‘Cfor1lh, and

sy

hen

0
[y
—

£

warmed 0 —40 "C over a period of 2 h. After being stirred for 90 min at -25 °C, the reaction was quenched
with saturated NaHCO3. The resulting mixture was extracted with EtpO (20 mL x 2). The extracts were washed
with saturated aqueous NaCl, and dried over MgSO4. The solvent was removed under reduced pressure, and
the crude product was purified by column chromatography (benzene-EtyO) to give (R)-4 (46.1 mg, 51%);

e - - .
colorless semisolid: mp 35-40 °C; 12% ee (partially racemized); HPLC [chiralcel OB; hexane : 2-pro 9:

1; flow rate 1 mL /min; Rz minor enantiomer (S§): 15.5 min, major enantiomer (R): 18.8 min]; [a]28p 2.8 (¢
1.06, THF); IR (KBr) 3490-2965, 2960, 2900, 1760, 1615, 1590 cm~!; IH NMR §2.69 (1H, t, J = 6.5 Hz,
OH), 2.81-3.10 (3H, m), 3.90-4.01 (2H, m), 7.04-7.36 (4H, m); 13C NMR & 26.3, 41.6, 61.8, 116.7,
122.5, 124.6, 128.2, 128.4, 151.2, 170.9; MS m/z 178 (M*); HRMS caled for C1gH1003 178.0630 (M),

found 178.0624.
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Conversion of 3 b into (R)-3-(hydroxymethyl)-3,4-dihydrocoumarin (4)

To a solution of 3b (58% ee: 135.5 mg, 0.66 mmol) in CHCl; (13 mL) was added a solution of BBr3
(0.39 mL, 4.13 mmol) in CH2Clp (13 mL) at—78 °C. The whole was warmed to 25 *C over a period of 90
min. After being stirred for 1 h at 25 °C, the reaction was quenched with satrated NaHCOs. The resulting

nnnnnnnnnnnnnnnn

dried over MgSQ4. The solvent was removed under reduced pressure, and the crude product was purified by
column chromatography (benzene-Et20) to give (R)-4 (54.5 mg, 47%); 44% ee (partially racemized); HPLC
[chiralcel OB; hexane : 2-propanol = 9 : 1; flow rate 1 mL / min; R#: minor enantiomer (S): 14.7 min, major
enantiomer (R): 17.6 min}; [a]24p —6.8 (¢ 0.98, THF). Spectral data were identical with those for the product

obtained from 3a.

Conversion of 3 ¢ into (R)-3-(hydroxymethyl)-3 4-dihydrocoumarin (4)
A solution of 3¢ (51% ee, 179 mg, 0.67 mmol) in EtOH (50 mL) was hydrogenated over Pd-black (200
mg) under Hy (1 atm) at room temperature for 6 h. After filtration, the solvent was removed under reduced

pressure, and the crude product was purified by column chromatography (benzene-Et20) to give (R)-4 (118.4
mg, 99%); 51% ee; HPLC [chiralcel OB; hexane : 2-propanol = 9 : 1; flow rate 1 mL / min; Rz minor
enantiomer (§): 14.9 min, major enantiomer (R): 17.8 min]; [@]24p -7 (¢ 1.10, THF). Spectral data were

identical with those for the product obtained from 3a.

Conversion of (R)-4 into (S)-3d
To a solution of (R)-4 (51% ee, 155 mg, 0.87 mmol) in CH2Clp (9 mL) phenyl chlorothionoformate

(0.129 ml., 0.96 mmol) and pyridine (0.085 mL, 1.1 mmol) were added at 0 *C. The res: l;ng solution was
: H 00 aarat rfahine wing o LB wachad cricaag nc
stirred for 30 min at room temperature. The mixture was diluted with Etz0, and washed success ively with 0.5

N HCI, HpO and saturated aqueous NaCl, and dried over NapSQOy4. The solvent was removed under reduced

pressure, and the crude product was purified by column chromatography (benzene) followed by rinsing with

petroleum ether to give (R)-5 (185 mg, 68%); colorless solid: mp 116-120 °C; [«]28p —8.6 (¢ 1.07, benzene);
IR (KBr) 3062, 2900, 1763, 1614, 1589 cm~1; 1H NMR §3.10-3.29 (3H, m), 4.83 (1H, dd, J= 6.4, 11.4

N \ARAPL J WUy eV 3 AU Wik ALX LNiVAAN W - \JAdy u/, TeUo (41 l' i,

Hz), 5.03 (1H, dd, J = 4.5, 11.4 Hz), 7.06-7.46 (9H, m); 13C NMR & 27.1, 38.6, 71.3, 116.8, 121.7,
121.8, 124.7, 126.7, 128.2, 128.6, 129.6, 151.3, 153.3, 167.6, 194.7; MS m/z 314 (M*); HRMS calcd for
C17H1404S 314.0613 (M+), found 314.0612.

Deoxygenation of (R)-5 (75 mg, 0.24 mmol) was carried out by the same method described in the
Itaentirall) riain -~ DMLICY /N NT1T T DALY /N 110 0T 1 2 coieanIN ATDN 71£ N
lit xaﬁu“ls Using T}V{SO‘(SLHL‘V{G\J][] ™S \rlvulo) WU/ 1 T, DUV (V. 117 iTiL, 1.5 MiNoi), AIDIN (10.4

mg, 0.096 mmol) and (Bu3Sn)20 (0.016 mL, 0.03 mmol). The crude product was purified by preparative thin-
layer chromatography (benzene) to give (S)-3d (15 mg, 39%); []28p -5 (c 1.12, benzene). Spectral data were

identical with those for the product obtained by the reduction of 1d.
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that a-alkoxymethyl-o-
iodolactones seem to be a monodentate ligand to a Lewis acid, see: ref. 3j.

Other Lewis acids for radical initiator, see: Yamamoto, Y.; Onuki, S.; Yumoto, M.; Asao, N. J. Am.
Chem. Soc. 1994, 116, 421-422 and references cited therein,

tioselective radical-medi

Chiral I ewis acids prepared from Mo!n are used in the enan Ve I -mediated reactions, see:
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ref. 3d, 3g-i.

The reaction of 1a with Bu3SnH by use of a combination of 2 and a Lewis acid such as Mg(ClOg)2,
TiCly, Znly, and Eu(tfc)3 did not proceed smoothly.

The determination of the absolute conﬁguration of 3a has been reported, see: Murakata, M.; Tsutsui, H.;
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The reactivity of 1d seems to differ from those of 1a-lc. To confirm this point, the asymmetric
reduction of 1d in the presence of 1b was carried out. A solution of both 1d (28.8 mg, 0.1 mmol) and
an equimolar of 1b (33.2 mg, 0.1 mmol) in CHCl; was treated with the chiral Lewis acid (0.2 mmol)

generated from Mgl» and chiral diamine 2 and 0.1 mm
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work-up, the solvent was removed under reduced pressure. The crude product was purified by
preparative thin-layer chromatography (benzene) to give optically active (R)-3b (15.0 mg, 73%
conversion yield, 51% ee) and (5)-3d (3.9 mg, 24% conversion yield, 20% ee). The ratio of unreacted
starting materials 1b to 1d (1 : 2.6) was determined on the basis of methylene proton signal (CH2OFEL: 8§
4.04, 4.20, each 1H, dd, J = 10.4 Hz) of 1b and methy! proton signal (CH3: 2.38, 3H, s) of 1d in the
500 MHz 'H NMR spectrum of the crude product.

1b (0.1 mmol) | (S)-2 — Mgl, / E1,0 (0.2 mmol) [ b, 30
1d (0.1 mmol) J BusSnH (0.1 mmol) 1 1d, 3d
CH;‘;C!;_‘;



