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Experimental:

General. All reactions and manipulations were i:erformed under argon using Sté.ndard
Schlenk techniques. Toluene was distilled from sodium benzophenone ketyl under
argon. Complex 5 ((CH;),C,CO)H(u-H}CO),Ru,) was prepared according to a
literature procedure.! WNovozym 435 (. antarctica lipase B) was a generous gift from |
Novo Nordisk, Korea. 4-Chlorophenyl acetate was prepared according to a literature
procedure.” Ketones 2a-d, 2f, and 2h were commercially available and used without
further purification. Ketones 2e and 2g were prepared according to literature procedures
from the corresponding alcohols.” Euol acetates la-h were prepared according to
literature procedures.”

General procedure for conversion of ketones to chiral acetates: In a 50 mL flask
equipped with a grease-free high-vacuum stopcock, 4’-methoxyacetophenone (2b) (150
mg, 1.00 mmel), (FPh,C,CONH(p-HNCO)RN, (5) (22 mg, 0.020 mmol), 2,6-
dimethylheptan-4-ol (268 pL, 1.50 mmol), 4-chloropheuyl acetate (510 mg, 2.99 mmol),
and Novozym 435 (30 mg) were mixed in toluene (3.2 mL). The mixture was
degassed with sonication under vacuum, and the flask was filled with argon. The
resulting suspension was heated at 70 °C for 44 h.  The reaction mixiure was filtered
and separated on silica gel (ethyl acetate/hexane 1:8) to give a mixture (274 mg) of
chiral acetate 4b (91 % yield, 99 % ec) and 4-chlorophenyl acetate (1.00 : 0.55 ratio
determined by 'H NMR).

General procedure for conversion of enol acetates to. chiral acetafes: Ina 50 mL
flask equipped with a grease-free high-vacuum stopeock, {Ph,C,CO)LH{(p-H)(CO),Ru,

(5) (22 mg, 0.02¢ mmol), Novozym 435 (28 mg), 2.6-dimethylheptan-4-ol (268 pL,
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1.50 mmoi), and 1-phenyletheny] acetate {l1a) {162 mg, 1.00 mmol} were mixed in
toluene (3.2 mL). The resulting suspension was degassed with sonication under
vacuum, and the flask was filled with argon. The suspension was heated at 70 °C for
42 h. The reaction mixture was separated on silica gel {ethyl acetate/hexane 1:8) to
give chiral acetate 4a (139 mg, 85 % yield). The enantiomeric excess was measured by

HPLC equipped with a chiral column (R,R) Whelk-O1 {99 %ee).
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Spectral data for Tables 1 and 2.

Crude ' NMR. spectra for determination of reaction conversion of 2a : Entry 1 in Table 1.
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3a: not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone, 4-
chlorophenyl  acetate, 4-

chlorophenol and toluene are.
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HPLC analysis for determination of enantiomeric excess of 4a

Baz 4z’

'HEL & INJECT
(R.R} Whelk-O1, Merk
eluent hexane/iPrOH 935,
v £Sf-'-‘-isﬂ5 1.0 mi/min.
-

shown on gpectra)

: Entry 1 in Table 1.

Condition :

LR)-40

R
(g £, 27

AA 47121

FILE 1. METHOD &,

RUNH 2 IHIEX
PEAKH BREF: RT ARER &L

1 1785 2, 25 2827 A1

z 6, 359 3. 46 65 a1

3 45, 978 4.45 165478 81

4 43, 798 5,34 108434 B2

5. Z. 65 2. 27 EIT2 o=

AL 185, 224509
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Retention time :

(5)-4a (3.46 min),
{(R)-4a (5.34 min).
2




Crude '"H NMR spectra for determination of reaction conversion of 2b - Enfry 2 in Table 1.
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3b : not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone, 4-
chloropheny!  acetate, 4-
chlorophenol and toluene are

shown on spectra)

HPLC analysis for determination of enantiomeric excess of db : Entry 2 in Table 1.

CHANNEL A INJECT 8311557

2. 41

.51 CR)-4b

B3:1

FILE 4. HETHOD @, RUH 416 IH!
PERK# RREFRH ET HAREA BC
1 2,108 2,44 3255 51
2z G.147 3.89 220 |y
3 24, 715 4. 37 32624 @i
4 . 3. 023 Q.91 1144126 G

IOTAL  1pe. 155275
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Condition :
{R,R) Whelk-0O1, Merk
eluent hexane/iPrOH  95:5,

L.0 ml/min.

Retention time ;

(§)-4b  (4.56 min)¥ not
detected,

(R}-4b (9.91min),




Crude 'H NMR spectra for determination of reaction conversion of 2¢ : Entry 3 in Table 1.
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3c : not detected.
{2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone, 4-
chlorophenyl  acetate, 4-
¢hlorephenol and toluene are

shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4e : Entry 3 in Table 1,

IEL A INJECT BEz46rd

.36
5. 7y CR)-HC
Brie 4

FILE 4. HETHOT 8. RUN 2 IND
PERAKE AREAY RT AREA BC

1 2. 254 2,38 5945 a1

z 57. 678 4.2 151437 88

3 3 3E1 4. 58 5715 05

3 15, 747 5.7 95478 @1

T 16, 262549

So

Condition :
(RLR) Whelk-O1, Merk
eluent hexane/iPrOH  95:5,

1.0 mVmin,

Retention time :

(5)-4¢ {3.54 min)/not detected
(R)-4c (5.70 min),




Crude 'HNMR spectra for determination of reaction conversion of 2d : Entry 4 in Table 1.
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3d : not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone, 4-
chlorophenyl  acetate,  4-
chlorophenol and toluene are

shown on specira)

HPLC analysis for determination of enantiomeric excess of 4d - Entry 4 in Table ¥

CHRHHEL A INJECT @13 7s
2,51 2058
cR-4d
T. BE
CFILE 4. METHAD &, RUH 3
FEAK# AREHR BT - aREA
1 A, 29z 2.5 232
2 8.51z z. 61 ~ 4@7
x £2. T55 0. 58 S4E86E
4 R, 232 b, 25 2477
iL 188, 7%
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Condition :
(FLR) Whelk-01, Merk
eluent’ hexane/iPrQH  99:1,

1.0 mV/min.

Retention time :
(S}-4d (5.32min)/not detected
(£)-4d (5.08 min).




Crude 'H NMR specira for determination of reaction conversion of 2e : Entry 5 in Table 1.
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(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptunone, 4-
chlorophenyl  acelate,  4-

| chlorophenol and toluene are

shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4¢: Entry 5 in Table 1.

<eiiNNEL R INJECT

HA:44:52
2.368
s —— (5)-H€
T -,';‘T.*ﬂ' .CF-)-CIPG
T
]S HE-¥ N
FILE t. METHOD @. RUN 2 I_HDE}
FERK# HRERX KT AREA EC
1 a. 993 2.39 4593 Hl1 )
2 H. FEQ 3. 68 COeST 2.
I 4. 813 .14 2e53 52
4 Sz 541 4.7 FEI4D @3
5 1. 144 6.3 arr el
BL . 10E, FEGED
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Condition ;
(R.R) Whelk-O1, Merck,
eluent hexane/iPrOH  99:1,

1.0 ml/min.

Retention time :
{5)-de (4.14 min},
{R)-de (4.70 min)




Crude "TH NMR spectra for determination of reaction conversion of 2f : Entry 6 in Table 1.
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21 : not detected,

3f : not detected.
(2,6-dimethy!-4-heptanol,
2,6-dimethyl-4-heptanone, 4-
chlorophenyl  acetate, 4-
chlorophenol and toluene are

shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4f : Entry 6 in Table 1.

IAMHEL A . IMJECT azzaa:as
L ad 235
. %6
2% (R}_q,{:
B35
T aE
BEgRiea CHe AT REs L
FILE 1. METHOD  @. LIV INDEX &
FERKH# AREAX RT ARER BC
1 B 1Al %36 338 02
z 0.332 Fet 797 @3
3 1,474 1,96 271 @i
4 g 323 2O9iE3 @2
5 4, PEd o o752 B2
3 e 808 27343 0l
ITAL E1:8 o g, E4BEL1

Sg

Condition :
(ILR) Whelk-O1, Merck.
eluent hexane/iPrOH  99:1, |

1.0 mi/min.

Retention time :

(5)-4f (4.96 min¥/not detected
(R)-4f (5.23 min)
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Crude "H NMR spectra for determination of reaction conversion of 2g

om & ' 5 i 3 3 H T

GC analysis for determination of reaction conversion and enantiomeric excess o

Table 1.

PUN B 254 JAH 14, 19ay 2‘8:32‘:55_ - i
STARE

gl B-5

&.828

24511 CP’)"’ 4'&

3taR

Clesing =zignal file éLiSEGNAL . BHA
FUHR 254 JAd 189, 1381 2813255

SIGHAL FILE: MiSIGHAL  BMA
AREAX

RT ARZA TYPE WIODTH AREAX
L6417 49718 PU @LZ L Er]
1691 ZREEZE UU L@k L6149
1 .688 €EBR  UB  ,GLZ _BAIET
1,737 E1293  PH 811 (BLFEL
L.779 9EJ4ETER SEHH 182  5E.7196Z
2.%79 GUBT74464 SSHH 156 EI.EE293
2.523 15002564 SnA BB B.95LE4
T3 122117 TeR - @537
T.95% 3LTIz TFE .B9T 81798
£.026  ssemvle 8B .lSd T.20821

12,509 11986+  BR  _#5E BETAT
13.281 154305 P2 ,25% BETIR
tELALE SEFTI8 B2 189 EErr
21911 44BLEEL BB 23 252247
35.238 =PrdE Py g6d L1564

TITAL AREA=1.T7RSE+RE Slﬂ
UL FRCTAR=1 _GBABE-BR -

:Entry 7 in Table 1. ”

O

2g : not reselved

3g : not detected.
(2,6-dimethyl-4-heptano!,
2,6-dimethyl-4-heptancne, 4-
chlorophenyl  acetate, 4.
chlorophencl and toluene are

shown on spectra) J

{ 4g: Entry 7 in

’Endition : —’
Chiraldex B-PH, Alltech,
Tnitial temp. 60 °C (10 min),
increase temp. rate 2 °C/min,
final temp. 85 °C.

Retention time :

(S)4g  (24.51 min¥ not
detected

(B)-4g (24.91 min),

3g (30.65 min)/not detected,
2g (18.45 min),

L




Crude '"H NMR spectra for determination of reaction conversion of 2h : Entry 8 in Table 1.
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2h : not detected.
3h : not resolved.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptaniane, 4-
chlorophenyl  acetate, 4-

chlorophenol and toluene are

shown on spectra)

GC analysis for determination of reaction conversion and enantiomeric excess of 4h: Eniry 8

in Tablel,
31151‘ o e el
1 .98
5882
%299 —n J_h
Wi (g-th
e {R‘]'ah 1€ .B5Z

STGF

Claaing .=ignal fiis MaSIGHAL .EHC
RUHH 24F JAK 12, 1391 13:26:32

SIGHAL FILC: MaSIGHAL , ERC
ARERX -

Eal RREA T¥PE MWIDTH RRERA
1.802 DS449E560 »EHE  1.BTE  95.PELPE
3 ,46% 2pz3IvEe T -493 .2E23R
&, B5¢ 1®ESStEd  1BE -2493 L. 86t2l
9,394 TRITE au JEIL JORTIE
13.135 SaEeIB =) -2B1 Meitelg
L3.874 GABETE Ve -ETE Q5211
15,993 474271 BV 2225 .@47aB
16,852 198B152@ QW 258 149047
18775 I9ETIRD ;] R25 .7

TOFAL AREA=9 . 964SE+EH
win FROTNRa] AGRBE+EE . . -

St

Condition :

Chiraldex B-PH, Alltech.
Initial temp. 60 °C (10 min),
increase temp. rate 2 "C/min,

final temp. 85 °C.

Retention time :

(5)-4h (15.4% wnin),

(R)-4h (16.05 min),

3h (18.85 min)/not detected,
2h (9.24 min),




Crude '"H NMR spectra for determination of reaction conversion of 1a : Entry 1 in Table 2.
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1a : not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone and

toluene are shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4a : Entry 1 in Table 2.

CHANMEL R

.22
. 30

FILE 1.
PERKE

R S A

TOTAR

INJEET B1:43:36
2. 42
.45 (§)—- 40
4,17 —
61142136
HETHOD &. RUN 4 THBEX
ARERR RT AREA BC
4. 522 2,42 7934 9L
1,267 . 2,93 ﬁ%g g%
3,837 3,46
&, 904 is 1419 82
8,979 . 4.17 1717 92
5,86  16@385 @1
188, i 175455

&

s12
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CH= "R"

Pg=

Condition :
(R.R) Whelk-0O1, Merk
hexane/{PrOH  95:5,

1.0 mi/min.

eluent

Retention time :
(5)-4a (3.46 min),
(R)-4a (5.06 min).




Crude 'H NMR spectra for determination of reaction conversion of 1b

:Entry 2 in Table 2.
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1b : not detected.

{2,6-dimethyl-4-heptanol,
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FIIEER)

7

*ﬂ il

EXe]
[ XTH
0,639
1,482
z.1
2.51}
G
5,094
£.B31

2,6-dimethyl-4-heptanone and

[

o
F
1

T toluene are shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4b : Entry 2 in Table 2

Condition :
2,37
19, = (R.R) Whelk-O1, Merk
58 7 5y~ 4h . .
> Gaz @4 eluent hexane/iPrOH 95:5,
B
(Ry-4b 1.0 ml/min.
E-
Retention time :
(5)-4b (4.58 min),
< (R)-4b (9.69 min).
FILE 1. METHOD  B. RN 2
PEEIE AREAX RT AREA EC
4 4,417 2,37 7355 @1
F: 4,274 3,43 7287 @1
z 9. 312 3,82 512 ®1
4 g 012 4.58 1354 82
5 . 295 5,42 2157 63
& 3. 993 .14 S166 81
7 5. 55 9.89 142685 8L
L. i@ ' 166544
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Crude 'H NMR spectra for determination of reaction conversion of I¢ : Entry 3 in Table 2.
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lc : not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone and

toluene are shown on spectra)

HPLC analysis for determination of enantiomeric excess of 4¢ : Entry 3 in Table 2.

Bl:e5:l1s

CHAHWEL INJECT
gt
R W o) -
ggﬁ*z.—s’a—'—’ -4
T2z }
F— =5 R-4¢
BLiBSi15
FILE 1. METHOD B, RN T IHDEX
oA
FERE# AREARH ET RREA EC
1 ’ 7.9 Z. 35 AL235 91
z 2,728 I, 22 2077 B2
3 nid L3z iz e
4 1, =3¢ .53 ]
5 R 235 1294 o1
£ 4. 654 4. 77 LE2H |2
7 2.4822 J3.37 o4t 8z
3 7e.88:  S.€9 199369 63
TOTAL dem. 142253

si4

2

Condition :
(R,R) Whelk-O1, Merk
eluent hexane/iPrOH  95:3,

1.0 ml/min.

Retention time :
(5)-4c¢ (3.55 min),
{(&)-4¢ (5.69 min).




Crude 'H NMR spectra for determination of reaction conversion of 1d : Entry 4 in Table 2,
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1d : not detected.

3d : not detected.
(2,6-dimethyl-4-heptanol,
2,6-dimethyl-4-heptanone and

toluene are shown on spectra)

HPLC analysis for determination of enantiomeric excess of dd : Entry 4 in Table 2.

CHANNEL A INFECT
L 2. 48
o 16
F'_ £.36
FILE 4. HETHOD 8.
PERKH AREAY RT
1 a. 323 2,46
= a6, 7HL 3. 45
2 2,976 2
TOTAL 168,

Ri:E3:i 30 -

(B~ 4d.

RUH 2
AREA BC
i23 bl
57363 61
478l el

59842

S5

B1:D5: 328

IHDEX

z

Condition :
{R.R) Whelk-C1, Merk
eluent hexane/iPrOH 96:1,

1.0 ml/min.

Retention time :
(5)-4d (5.32minYnot detected
(R)-4d (5.16 min).




Crude 'H NMR spectra for determination of reaction conversion of 1e : Entry 5 in Table 2.
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L
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e
4E o .
- - _/.Ze v / 1 . d d
I 3;5_11 lULbJ . e : not detected.
A | (2.6-dimethyl-4-heptanol,
H f{g@ éé[;sﬁféﬂ%\i]% J£§I [E‘ 2,6-dimethy!-4-heptanone and
T T T T T ey T I toluene are shown on spectra)

HPLC analysis for determination of enantiomeric excesses of de : Entry 5in Table 2,

{after hydrolysis to alcohol)

A ERIECT
Condition :

Chiraleel OD, Daicel
eluent hexane/iPrOH 98:2,

1.0 ml/min.

Retention time :
12,25 {5)- 4€-oH (S)-4e-OH (13.16 min),
4. 25 - -
(3~ 48-of (R)-4e-OH (14.28 min)

FILE 1. METHOD &. RUN 1

PEAKH ARERX RT fIREA BC
i 18, 612 1Z. 16 46065 Bi
2 €9, I51 14,28 397ES Bl

TOTAL 1@8. 43274

516



Crude 'H NMR spectra for determination of reaction conversion of 1 Entry 6 in Table 2.
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1f : not detected.
(2,6-dimethyl-4-heptanal,
2,6-dimethyl-4-heptanone and

toluene are shown on spectra)

HPLC analysis for determination of enantiometic excess of 4f : Entry 6 in Table 2.

{after hydrolysis to alcohol)

[" 19, 49
R~ -0
A4, 49 (9 -4 f o
BLtA4:25
FILE t. HETHEDR @, RUN 1 INDEY
PERKY ARERAY RT ARER EC
[ €. 328 18, 4 124733 G4
z Z.07d 1449 2956 Bl
1ga. 128683

s17

1

Condition :
Chiraleel OD, Daicel
hexane/iPrOH 95:5,

1.0 mlAnin.

eluent

Retention time :
(§)-4£-0H (14.49 min),
(R)-4£-OH (10,40 min)




Crude 'H NMR spectra for determination of reaction conversion of lg: Entry 7 in Table 2.

1g : not detected.

2g : not resolved.

(2,6-dimethyl-4-heptanol,

2,6-dimethyl-4-heptanone and

toluene are shown on spectra)
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GC analysis for determination of reaction convetsion and enantiomeric excess of 4

Table 2.
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Crude 'H NMR spectra for determination of reaction conversion of 1h : Entry 8 in Table 2.
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Ofc
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4h
1h : not detected.
3b : not resolved.
(2,6-diinethyl-4-heptanol,
2 6-dimethyl-4-heptanone and

toluene are shown on spectra)

GC analysis for deterinination of reaction conversion and enantiomeric excess of 4h: Entry 8

in Table 2.

RUHH Lag JAH &, 19BL

SIGHAL FILE: MiSIGHAL .BHC
MREAY

@ RT ARER TYPE UIDTH
o = L.53%8 1612 PR .BRE
= o L. 658 514853 EPE _B12
| L.672 LB4459  ToE  B1Q

— L.7g9 L2G51209@ >SPH 234

=4 2,214 Z84E3  TED 824

b 2.575 BI2TAVLL 5HE L 1&2

o 3.758 9639 196 .BS4

o 4,672 5683 TAv Bl

ﬁ 5,181 3847 TUF .B28
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£ .. G.lgl 2gfs3924 sSPa Ll1cA
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e 0,112 g94€2 Pg L)
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. 10,993 973y vE AT
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4 o OB 13,889 110e3%E 38 @4
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Condition :

Chiraldex B-PH, Alltech.
Initial temp. 60 “C (10 min),
increase temp. rate 2 °C/min,
final temp. 85 °C,

Retention time :

{S)-4k (15.17 inin),

(R)-4h (15.73 min),

3h (18.85 min)

2h (.04 min),

1h (15.90, 18.89, 2038 min)/
not detected,




