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1. NMR Spectra
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H-NMR spectrum for 6a (in CD3SOCD3)
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'H-NMR spectrum for 7a (in CDCIs)
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'H-NMR spectrum for 1a (in CDCIs)
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'H-NMR spectrum for 9 (in CD3OD)
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H-NMR spectrum for 4b (in CDCls)
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H-NMR spectrum for 5b (in CDCls)
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'H-NMR spectrum for 6b (in CD3SOCD:)
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'H-NMR spectrum for 7b (in CDCls)
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'H-NMR spectrum for 1b (in CDCls)
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'H-NMR spectrum for 5¢ (in CD3sCOCD:3)
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'H-NMR spectrum for 7c (in CDCls)
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!H-NMR spectrum for 1c (in CDCls)
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'H-NMR spectrum for 13 (in CDCls)
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'H-NMR spectrum for 14 (in CDCIs)
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'H-NMR spectrum for 10a (in CDCIs)
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'H-NMR spectrum for 15b (in CDCls)
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'H-NMR spectrum for 10b (in CDCls)
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H-NMR spectrum for 15¢ (in CDCls)
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H-NMR spectrum for 10c (in CDCls)
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'H-NMR spectrum for 15d (in CDCls)
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'H-NMR spectrum for 10d (in CDCls)
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'H-NMR spectrum for 2a (in CD30OD)
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'H-NMR spectrum for 2b (in CDsOD)
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H-NMR spectrum for 2c (in CD30D)
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'H-NMR spectrum for 16a (in CD3OD)
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'H-NMR spectrum for 16b (in CD30OD)
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'H-NMR spectrum for 16¢ (in CDsOD)
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'H-NMR spectrum for 16d (in CD3OD)
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2. HPLC Analysis Spectra

(3-5-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

a0
704 gw—ol
B0 © 1
] OH 0%
50+ < 1
401
o S0%%
< 304 OH OH 1
20 30%
0] JM M JI\
0 — /A'\_ //\\_ _-I
-10 T T T T T T m
20 a0 40 a0 B0 70
Minutes
Peak Peak Mame Resuli Ret. Time Widith Area
Mo (ug/ml) Time  Offset 1.2 (counts)

(min)  (min)  (sec)

82261 15882 0.000 2332 6172510

Tazad 17365 0.000 245 617700

13912 2030 0.000 343 2546308

F5E32 21068 0.000 357 SEA03EE

171987 44951 0.000 24 12205719

172564 46.015 0000 1245 12942000

167471 54627 0.000 0o 12566850

18.1109 68384 nooo 1110 13590208

Totals 100.0000 0.000 75038984

L = N R E R N R

(2R,3S)-5-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran
-3-ol

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

a0,
200 - O oH i
1504 HO ?W"_
% 100 2a OH 0%
a0+ 30%
0 %

-32 T T T T T T

20 i1l 40 a0 60 T

Minutes
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Peak Peak Name Resuli Ret. Time  Width Area
No (ug/ml) Time  Offset 1.2 (counts)
(min)  (min)  (sec)
980277 46693 0.000 048  1EE331504
2 19723 70744 goon 1160 3700177
Totals 100.0000 0.000 192171680

(1-6-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

OH 0%
754 1
0 0%
OH ]
a0
509
o
z OH ]
25 30%
0 /\/\—/L /\ 15
-1 T T T T T T !
40 50 60 70 a0 a0
Minutes
Peak Peak Name Resuli Ret. Time  Width Area
Mo (ug/ml) Time  Offset 1/2 (coumnts)
(min) (min) (sec)
1 14322 35192 0.000 0o 3848354
2 40368 40305 0.000 738 10241409
3 285423 30490 0.000 202 THHS3TIZ
4 2BE128 35151 0.000 0o FI370920
5 106371 66469 0.000 1172 2B567306
i 04622 72459 0.000 1243 25411270
7 27358 20330 0.000 1295 23460666
b 83413 93189 0.000 1462 22401560

Totals 1000000 0.000 268562976
(2R,3S)-6-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran
-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)
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2504 0, |
OH 0%,
2004 ]
O T
150 4 OH -
5 0%
£ 1004 2b OH _
30%—
a0+
0 108
-33 T T T T
40 50 =11 70 a0 40
Minutes
Peak Peak Name Result Ret. Time  Widith Area
Mo (ug/ml) Time  Offset 12 (counis)
(min) (min) (sec)
1 21445 67444 0.000 1343 TA1741E
2 Q78555 T1917 0.000 1371 FIRLA4032
Totals 100.0000 0,000 345881440

(3-7-(1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:

280 nm, flow rate: 0.5 mL/min, 35 °c), ee =95%.

OH s |
2504 2%,
2004 (@) i
OH ]
1404
5 0%
ERRIE OH i
30%
0 _____,_A..ﬂnm‘-\_/\_ _,/_\_ e
-38 T T T
20 eli] 40 a0
Minutes
Peak Peak Name Result Ret. Time  Width Area
Mo (ugz ml) Time  Offset 1.2 (counts)
(min)  (min) (sec)
1 05794 12743 0.000 394 2178767
2 10A29 19045 0.0oa0 417 3007I3T
3 15914 21360 0.000 541 S0R4797
4 17442 21068 0.000 332 6559319
5 422573 ZEA0T 0.000 320 161170442
4 393009 32167 0.000 531 147520524
7 TEA1T 44225 0.000 BEE 2BAZAEE04
2 52931 52315 0.000 791 19905616
Totals 100.0000 0.000 376062720

(2R,3S)-7-((R)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol
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HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

— 0%ed
250 OH
2007 o) 0%
1504 OH |
5 S0%d
T 1004 2c OH i
0%
a0+
0 f
-34 T T T T
20 a0 40 a0
Minutes
Peak Peak Name Result Ret. Time  Widih Area
Mo (ug/ml) Time  Offset 1:2 (counis)
(min) (min) (sec)
1 24327 29140 0.000 54,1 4431253
2 o7 5673 32640 0.000 636 177747408
Totals 1000000 0.000 182179264

(-5-(1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

250 .

0%

200 (@) i

T

160 |

OH "

% 1004 OH S0

a0 /\ 305,

T Tt A t _

1] iy
-32 T T T T T

10 14 20 25 30
Minutes
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Peak Peak Name Result Ret. Time  Width Area
Mo (ug/ml) Time  Offset 1:2 (counis)
(min)  (mim)  (sec)
128547 15867 0.000 il4 36535308
173350 16197 0.000 35 43607 568
311687 17418 0.000 71 40826060
186416 22342 0.000 341 20200406
Totals 100.0000 0.000 159850344

fa L b e

(2S,35)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

600 0%
500 O 7
70
400 HO |
300 A 50%
> OH
Z 16a
2004 1
0%
100 |
0 < 18
-84 T T T T T
10 15 20 25 30
Minutes
Peak Peak MName Result Ret. Time  Width Area
No {ug/ml) Time  Offset 1.2 (counts)
(min) (min) (sec)

1 Q53583 16421 0.000 249 141000200
2 48437 17479 0.000 540 AEARDAD
Totals 1000000 0.000 14786T248

(5-5-(1-hydroxyethyl)-2-isopropyl-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

200 7
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o
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Peak Peak Name Result Ret. Time  Widih Area
Mo (ug/ml) Time  Offset 1.2 (counis)
(min)  (min)  (sec)

165036 26.054 0.000 50.1 550007024
177234 27872 0.000 588 59072572
39130 2RER5 0.0a0 722 TOF05472
179277 30264 0.000 658 59753456
68251 32134 0.000 0.1 22748310
85600  41.144 0.000 T8.5 28530704
85463 53887 00o0 1006 28424580

Totals 100.0000 0.000 333302400

=1 O h s L B e

(2S,39)-5-((R)-1-hydroxyethyl)-2-isopropyl-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

300 -
0%
250
200+ O 0%
1504 HO |
5 50%.
E 100 - 16b OH ]
0%
a0
0 Hi% ]
-38 T T T T
20 20 40 50
Minutes
Peak Peak Name Result Ret. Time  Widih Area
Mo (ug/ml) Time  Offset 172 (counts)
(min)  (min) (sec)
DR OTST 23072 0000 01 163027984
2 30243 30824 0000 oo 024254

Totals 100.0000 0.000 168112240

(H-2-benzyl-5-(1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =90/10, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)
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1284 0%
100 I
O 0%
78 n
S0
=
50 OH OH i
N /L N\ E
0 T
-18 T T T T T T
an 40 a0 B0 T a0

linutes

Peak Peak Name Result Ret. Time  Width  Area (counts)

No (ug/ml)  Time Offset 12
(min)  (min)  (sec)

1 164574 32321 0000 550 T0497 763
2 23121 35703 0000 il 33606260
3 176432 36571 0000 1134 75579340
4 24985 33050 0000 on 36404372
5 190503 39826 0000 il 21604568
é 117892 40283 0000 1137 50500540
7 22674 60466 0000 1038 37984544
2 93213 22737 0000 1361 40186224
Totals 100.0000 0.000 428364544

(2S,35)-2-benzyl-5-((R)-1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =90/10, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

250 Q —
200 7]
O ) T0%

150 .
HO S0%

s}
100 .
£ 16¢c OH
0%
a0l ]
-25 T T T T T T
an 40 an 60 70 an
Minutes
Peals Peal Mame Result Ret. Time Width Area
No (uz/ml) Time  Offset 1.2 (counts)
(min)  (min) (sec)
1 025673 323286 0.000 343 149205440
2 4327 40577 oooon 1037 11980534
Totals 1000000 0.000 161185968

(H-2-(furan-2-ylmethyl)-5-(1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector:
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280 nm, flow rate: 0.5 mL/min, 35 °C)

125 A 7
Q _ 90%|
1.00 - O -
T
0.75 S |
5 OH S0%
= 0.50 |
0.00 J 1T % P N \_ T
-0.18 T | T |
20 a0 40 al
Minutes
Peak Peak Name Result Ret. Time Width Area
Mo (ug/ml) Time  Offset 1.2 (counis)

(min)  (min)  (sec)

133756 21545 0,000 342 201672112
371583 22751 0,000 606 560257472
132637 24212 0,000 417 199954064
124919 296228 0,000 460 183347572
121911 33208 0,000 70 183812544
11.5194 43301 0.000 678 173654304
Totals 100.0000 0.000 S07TSE464

= A S TR e

(2S,35)-2-(furan-2-ylmethyl)-5-((R)-1-hydroxyethyl)-2,3-dihydrobenzofuran-3-ol
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =85/15, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

200 .
a0t
150 I
T0%
100+
% S0%
504 0%
04 J 108
-26 | | T T
20 30 40 a0
Minutes
Peak Peak MName Resuli Ret. Time  Widih Area
Mo (ug/ml) Time  Offset 1:2 (counts)

(min)  (min) (sec)
06,2490 21.580 0,000 345 53571832

2 37510 24028 0000 413 202TTET
Totals 100.0000 0.000 55659620
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3. Proposed catalytic mechanism

Scheme S1. Proposed catalytic cycle (1a as a model )

Q
OH

OH
2a(major)

o o
\H/@E‘g_ém m OH TS1 (favored)

o OH /

OH
o @ o
Catalyst 3a |
OH BT G T | A OH
—_— TeN-RUTH-No —— HO
slow ‘/Hm..o/
O 1ar N: OH

-l

O o

TS2(disfavored)

2a"(minor)

Explanation:

Based on the reported catalytic mechanism,* we propose that the process of transfer
hydrogenation reaction of 1a probably includes two different stages: the first stage
that the furanone part of 1a was reduced through DKR-ATH process (from 1-V ), and
the second stage that the acetophenone part of 1a with the same configuration fixed in
the first stage was reduced through a ATH process (from V-VIII). The racemization of
1a was occurred through keto-enol tautomerism as shown as follows. The catalyst 3a
was bonded with the compound 1a and formed the energy favoured transition TS1
and the energy disfavored transition TS2 respectively due to the steric hindrance
between la and the catalyst, and they then generated the corresponding products
major 2a and 2a”.
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Experiments supplied to study the mechanism:

Scheme S2

OH

3a (0.5mol %) HO

/ 2a
63% yield, >99% ee, 98:2 dr

OH i
OH |

O
OE/O

3¢ (0.5 mol %
SN e 05mol) o,

1a
67% yield, >99% ee, 90:10 dr
Scheme S3
o 0]
Ym 3a (0.5 mol %) HO
5 o) 16a OH
10a 79% vyield, 91% ee, 99:1 dr
O
3a (0.5mol %) ~ HO
16a OH

72% yield, 92% ee, 93:7 dr

O
@)
T

o o)
17 3¢ (0.5 mol %) HO,,
18  OH
80% vyield, 81:19 dr
Scheme S4
o) OH
©)1\ 3a (0.5 mol %) ©/\
19 20

95% yield, >99% ee

P N Cl
H,
Ts
Ph,, N\ b
3c = J: IRU:
N CI
Ph” "N

All reactions were run on a 1.0 mmol scale in a 25 mL sealed flask under the
protection of argon. 5.0 mmol sodium formate, 5.0 pmol catalyst 3a or 3c and 0.2
mmol CTAB were added into 4 mL CH30H and the mix-ture was stirred at 65 °C for

12 h.

Reduction of la with 3a and 3c could give the cis-product and the enantiomer
respectively with similar yield, %ee and dr (Scheme S2), that means the reduce
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system shows high stereoselectivity for the substrates, the stereo configuration of
products is closely related to the chiral catalyst. The following reduction of the
mono-reduced intermediate (TS-VI) with the 3a and 3c gave the corrosponding
products with different yield and dr values (scheme S3), but reduction of the
mono-reduced intermediate (TS-VI) with 3a could give the final cis- product with
almost the same  yield and %ee that obtained from the starting material 10a (scheme
S3), it indicated that the substrate and the catalyst probably formed the substrate/metal
complexation from the beginning of the reaction as we proposed, it was essential for
the stereoselectivity, and the yield and %ee were not affected if the favoured
configuration of the complexion could be kept. Moreover, the reaction could go on
with the intermediate and gave the similar yield, %ee and dr values at last, this result
showed the reaction actually was one pot reaction although it appeared to be a
two-step process because of the intermediate obtained. In addition, the acetophenone
could be reduced by the cataylst to provide the almost optically pure
phenylethanol(scheme S4), it proved that the reduction of acetophenone really via an
ATH process as we believed.

NMR Spectraand HPLC analysis for the above products in Scheme S2-S4.

NMR Spectra
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HPLC Analysis Spectra

f1 (ppm)

(2S,3R)-5-((S)-1-hydroxyethyl)-2-(2-hydroxypropan-2-yl)-2,3-dihydrobenzofuran

-3-ol (The product prepared from 1a with catalyst 3a)
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
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280 nm, flow rate: 0.5 mL/min, 35 °C)

S'DJ
300+ Olt
ik
2004
5 50
E
100 A
1] i
-50 T T T T T T
20 a0 40 a0 &0 il
Minutes
Peak Peak Mame Result Ret. Time Width Area
Mo (ugml) Time  Offset 1:2 (counis)
(min)  {min) (sec)
EOETOR 45079 0.000 2610 3031 7adla
2 101291 53.083 0.000 125a 44313944
Totals 100.0000 0.000 137400368

(2S,35)-5-((S)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol (The product

prepared from 17 with catalyst 3c)

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:
280 nm, flow rate: 0.5 mL/min, 35 °C)

0 o0%
2001 o i
150 OH AT
% 100_ SD%_
a0 0%
1] '/\ —m Hit—

-3 T T T T T

a0 40 a0 1] 70

Minutes
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Peak Peak Mame Result Ret. Time  Width Area
Mo (ug/ml) Time  Offcet 1:2 (counis)
(min)  (min)  (sec)
1 137892 33598 0.000 ol 25308732
2 211963 43066 0.000 T8 1490277512
3 50145 a0912 oooo 1162 Q203614
Totals 100.0000 0.000 183540144

(25,35)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol(The product

prepared from 17 with catalyst 3a)

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:

280 nm, flow rate: 0.5 mL/min, 35 °C)

0%
200+ o) |
T0%—
1501 HO |
5> 1ood OH S0%-
= _
50 . 30‘:’}0—
E| = T, WY T
-4 T T T I I
20 30 40 al B0
Minutes
Peak Peak Mame Resuli Ret. Time Width Area
No (ug/ml) Time  Offset 1:2 (counis)
(min) (min) (sec)
1 EREESA 34205 0.0ao 450 1024A6552
2 3Ta0E  3T.T31 0.0ao 359 4469510
3 41502 4308 0.0ao a6 T 4924464
4 31974 44551 0.0ao T3 37R3E31
Totals 100.0000 0.000 118654640

(2S,35)-5-((R)-1-hydroxyethyl)-2-methyl-2,3-dihydrobenzofuran-3-ol(The product

prepared from 10a with catalyst 3a)

HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =92/8, detector:

280 nm, flow rate: 0.5 mL/min, 35 °C)
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Q|
150 O
HO T
100 OH .
- 0%
£ i
a0
30—
TN |
04 07—
22 T T T T T
20 30 40 al a1
Minutes
Peak Pealk Mame Result Ret. Time Width Area
Mo (ug/ml) Time  Offset 1:2 (counts)

(min)  (min)  (sec)

240049 33533 0.000 63.1 00049522

21341 37093 0.000 n.a 2263414

aF1TT 434865 0.000 T 124731

62433 46157 0.000 01.5 AEZ1A50

Totals 100.0000 0.000 106059312

Ja LD B3

(R)-1-phenylethanol(The product prepared from 19 with catalyst 3a)
HPLC (DAICEL CHIRALPAK® IA column, eluent: Hexanes/i-PrOH =98/2, detector:
254 nm, flow rate: 0.5 mL/min, 35 °C)

— i
OH T
H T
50 ©/\ i
5 S0%
E 26 ]
0%
[ —p=mme HY =
-12 | | T T
20 25 a0 34
Minutes
Peak Peak Mame Resuli Rei. Time YWidih Area
Mo (ug/ml) Time  Offset 1:2 (counts)
(min) (min) (sec)
1 1000000 25202 0.000 352 31413250
Totals 100.0000 0,000 31413250
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5. X-Ray crystallography

X-Ray crystallography and structural formula of compound 2a

(0]
H
HO, /[ Ié EO
2a OH

Original data see the cif files.

Displacement ellipsoids are drawn at the 40% probabil-ity level.

Crystal structure at the Cambridge Crystallographic Data Centre. Deposition
Number:

CCDC 1506041

Formula: C13H1804

Unit Cell Parameters: a 6.8682(2) b 9.6210(4) ¢ 18.8039(8) P21212;

Chemical formula Ci3H1504

Formula weigh 238.27

Temperature 293K

Wavelength 1.54184

Crystal system Orthorhombic

Space group P2:2122

Unit cell dimensions a=6.8682(2) 0=90°
b=9.6210(4) =90°
€=18.8039(8) y=90°

\olume 1242.55(8)

Z 4

Density diffrn 1.274

Absorpt coefficient 0.771

F(000) 512
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Theta range for data collection 4.703 to 67.053
Index ranges -8<=h<=5,-7<=k<11, -22<=I<=21

R (reflections) 0.0376 (2062)
WR; (reflections) 0.1024 (2203)
Flack parameter -0.233(330)
by classical fit to all intensities
-0.086(129)

from 777 selected quotients (Parsons' method)
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