Supporting Information

Solvent-Free Methallylboration of Ketones Accelerated
by tert-Alcohols

Yongda Zhang,* Ning Li, Navneet Goyal, Guisheng Li, Heewon Lee, Bruce Z. Lu, Chris
H. Senanayake

Chemical Development, Boehringer IngelheimPharmaceutical, Inc.
900 Ridgebury Road, Ridgefield, CT 06877

E-mail: yongda.zhang@boehringer-ingelheim.com

I.  Gereral Methods (page SI-1)
II. '"H-NMR and ">C NMR of key new compounds (page SI-2)

General Methods. All reactions were carried out under an atmosphere of nitrogen in dry
glassware with magnetic stirring. Commercially available Mg turning, ketones,
anhydrous THF and alcohols are received and used without any further purification.
Column chromatography was performed on silica gel 60 (230-400 mesh). Thin layer
chromatography was performed on 0.25 mm silica gel 60-F plates. Visualization was
accomplished with UV light, KMnO,, aqueous ceric ammonium molybdate, or
bromocresol green dips followed by heating.

"H NMR and spectra were recorded at ambient temperature. Data are reported as follows:
chemical shift in parts per million (8, ppm) from an internal standard [tetramethylsilane
(TMS) or deuterated chloroform (CDCls)], multiplicity (s = singlet, d = doublet, t =
triplet, q = quartet and m = multiplet), integration, and coupling constant (Hz). >*C NMR
and spectra were recorded at ambient temperature. Chemical shifts are reported in ppm
from CDCl; taken as 77.0 ppm.
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2-(2-Methylallyl)-1,3,2-dioxaborinane 1
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2-(2-Methoxyphenyl)-4-methylpent-4-en-2-ol 3
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4-Methyl-2-(naphthalen-2-yl)pent-4-en-2-ol 5
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2-(2,5-Dimethoxyphenyl)-4-methylpent-4-en
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2-(Benzo[d][1,3]dioxol-5-yl)-4-methylpent-4-en-2-0l 9
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1-Bromo-2-(4-methoxyphenyl)-4-methylpent-4-en-2-ol 11
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3-Hydroxy-3-(4-methoxyphenyl)-5-methylhex-5-enenitrile13
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1-Chloro-5-methyl-3-phenylhex-5-en-3-o0l 15
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1-(2-Methylallyl)-4-phenylcyclohexanol 17
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8-(2-Methylallyl)-1,4-dioxaspiro[4.5]decan-8-ol 19
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4-(2-Hydroxy-4-methylpent-4-en-2-yl)phenyl acetate 21
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4-Methyl-2-(4-(tetrahydro-2H-pyran-2-yloxy)phenyl)pent-4-en-2-ol 23
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tert-Butyl 4-(2-hydroxy-4-methylpent-4-en-2-yl)phenyl carbonate 25
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4-Methyl-2-(thiophen-2-yl)pent-4-en-2-ol 27
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HO ST 24035 .461 Hz
FIDFES 0.733596 Hs
N a0 0.6816244 sec
RG 362
ow 20.800 usec
DE £.50 usec
TE 298.0 K
0l 2.00000000 sec
ol 0.03000000 sec
DO 1
9.75 usee
-1.00 dB
43.00697708 W
100.6243395 His
80.00 usec
0.00 dB
15.14 4B
15.14 4B
10.49968529 W
0.32149649 W
" . 0.32149649 W
400.1316005 Hiis
T T T T T T T T T T T T T T T T T ST g PR ESs36
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmsE 100.6127650 M0t=
SSB 0
LB 1.00 Hs
GB 0
pC 1.40
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2-(Benzofuran-3-yl)-4-methylpent-4-en-2-o0l 29

e INELNLINANNT SR TRaY Y
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4.80
2.83
2.80
2.59
2.59
2.56
2.56
2.54
1.63
—1.55

g
\
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Current Data Parametexs
TRHE 0092-072
EXPNO

PROCNO 1

F2 - Requisition Parameters
Date_ 20110803

Time 12.54
INSTRUK spect
PROBHD S mm PREBO BB~
PULPROG 2910
™ 32768
SOLVENT cDe13
us 16
Ds 4
HO SUR $896.227 Nz
\ FIDRES 0.179939 Hs
RO 2.7787764 sec
o] RG 812
ol 24.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
DO 1
CHRNNEL £1
nucL
P1 14, ao usec
PLL 4B
PLIW 10. 49953529 w
SFO1 400.1327209 MH=
F2 - Processing parameters
ST 65536
SE 4001300110 XHs
wow EX
sSB 0
LB 0.05 s
GB 0
PC 1.00

[T T T T T T T

85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm

Bkl ksl EER

T T T T T T

2.94
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Cu::em Data Parameters
10092-072
Expa0 1
PROCNO 1
E2 - Aeq\ns:.um Parameters
Date 20110803
Time™ 12.48
INS TRUM spect
PROEND 5 mm PAEBO BE-
PULPROG s9pq
32768
SOLVENT cDC13
HO us i
AN [
TH 24033 161 Hz
0 FIDRES 6 Hz
Q 0. suszu sec
RG 322
ow 20.800 usec
DE 6.50 usec
B 298.0 K
01 2.00000000 sec
o011 0.03000000 sec
D0 1
CHAMNEL 1'1
9 15 usec
-1.00 dB
43.00697708 W
100.6243395 His
CHRNNEL £2 =
wmltzls
™
$0.00 usec
0.00 4B
15.1¢ dB
15.1¢ dB
1049968529 W
0.32149649 W
0.32149649 W
SFO2 4001316005 His
£2 - P
T T T T T T T T T 137 e
180 160 140 120 100 80 60 40 20 ppmsE 100.6127690 1is
o EX
SSB 0
LB 1.00 Nz
GB 0
PC 1.40
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(1S,2S,4R)-2-Hydroxy-7,7-dimethyl-2-(2-methylallyl)bicyclo[2.2.1]heptane-1-

carboxylic acid 31
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1.08

0.92
0.00
-0.00
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Current Data Parameters
YRHE 10092-074
EXPNO 2
PROCNO 1

F2 - Moquisition Parameters
Date_ 20110804

Time 11.06

INSTRUX spect

PROBMD S mm PRBEO BE-

PULPROG =10

TD 32768

SOLVENT CDC13

us 16

DS 4

SUH $896.227 Hs

FIDRES 0.179939 Hs

RO 2.7787764 sec

RG 406

i ©4.800 usec

DE 6.50 usec

TE 298.0 K

D1 2.00000000 sec

TDO 1

CHENNEL £1

nuc 1x

P1 14.00 usec

PL1 )

PLIW 10.49968529 W

SFO1 400.1327209 M=

F2 - Processing parameters

ST 65536

SF 400.1300080 s

oW EX

SSB 0

LB 0.05 Hs
0

1.00

T T T IREREE

T
40

T
80 75 70 65 60 55 50 45 35 30 25 20 15 10 05 ppm
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I"d o ~ e o B B e i e 1 B
~ - - SNNS ANaANNSS St
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Curzent Data Parameters
WAHE 10092-074
EXPNO 3
PROQNO 1
F2 - Roquisition Parameters
Date 10504
Time™ .53
INSTRUH spect
PROEHD S mom PREBO BE-
PULPROG 29p
™D 32768
SOLVENT cDC13
s W24
oS 4
ST 24035 .461 Nz
FIDRES 0.733596 Ns
RO 0.6816244 sec
RG 322
ow 20.300 usec
DE 6.50 usec
TE 298.0 K
01 2.00000000 sec
o 0.03000000 sec
DO 1
CHRIMEL £1
wucl 13C
Pl 9.75 usec
L1 -1.00 4B
PL1W 43.00697708 W
SFOL 1006243395 M
CHRNNEL £2
CPDPRG2 waltzlb
wyc2 m|
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.14 dB
PL13 15.1¢ dB
PL2W 10 49968529 W
L PL12W 0.32149649 W
" " v nkg 0.32149649 W
" ; SFO2 400.1316005 His
£2 - P
T T T T T T T T T T T T s1 65536
220 200 180 160 140 120 100 80 60 40 20 ppmsE 1006127630 1%
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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1,2-Bis(4-methoxyp

-
o3

©

\}

7.26
7.07
7.05
6.96
6.73
6.71

/

© o

=

henyl)-4-methylpent-4-ene-1,2-diol 33

—1.55
—1.34

Current Data Parametexs

10092-075
EXPNO 2
PROCNO 1
F2 - Bequisition Parametexs
Date_ 20110803
Time 16.27
INSTRUM spect
HCO, OCH4 PROBKD S mm PABBO BBE-
= PULPROG 2g10
7 ™ 32768
W SOLVENT cDe1s
= ns 16
DS 4
5896.227 Hs
HOHO FIDRES 0.179939 Hs
R 2.7767764 sec
RG 812
o 8.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
DO 1
CHRNNEL £1
wuc1
P1 14.00 usec
PL1 0.00 4B
PLIW 10.49968529 W
SFo1 400.1327203 s
F2 - Processing pavameters
sI 65536
SF 400.1300104 Nz
wow EX
ssB )
LB 0.05 Hs
GB 0
i i PC 1.00
RS RARAS RAASH RALAD| RARAS REARS MARAS RAREY RARAN RASRS] IARRS] (MARAS BARRS]
85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
2138 2 & 8 28 8*2
==l o= = 7 -l o |
8 @acag enw
> N .O.QO’O. < @~ LN - =
3 o Ntrgn waa a0t ot R -
R TONAN T - ERNRRS B <@ -
- - - dNNRNN vy - ~
Current Data Parameters
HRHE 10092-075
EXPNO 1
PROQIO 1
F2 - Requisition Parameters
o T ey
ime .
3 OCH3 NS TRUK spect
= PROEMD S mm PREBO BB-
s PULPROG sgpg
" 32768
= SOLVENT coc1s
us
s 4
HOHO ST 24038 .461 Nz
FIDFES 0.733596 Mz
a0 0.6516244 sec
RG 322
ow 20800 usec
0E 6.50 usec
TE 298.0 K
01 2.00000000 sec
o1 0.03000000 sec
Do 1
CHRIVEL £1 =
13¢
9.75 usec
-1.00 4B
4300697705 W
100.6243395 His
MROWEL £2
waltzlf
™
80.00 usec
0.00 4B
15.14 aB
1514 dB
1049968529 W
0.32149649 W
0.32149649 W
400.1316005 His
T T T T T T T T T L+
180 160 140 120 100 80 60 40 100.6127630 10t
0
1.00 K=
0
1.40
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1-(2-Methylallyl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-

inden-1-0l 35

7.80

1.72

s
770
<
\_

7.26
7.24
7.23

e e SIS
Current Data Parameters
NRHE 10092-063
EXPNO 1
PROCNO 1
F2 - Roquisition Parameters
Date_ 20110729
Time 16.22
INSTRUX spect
PROBMD S mon PREBO BB-
PULPROG 5910
™ 32768
o SOLVENT cDe1s
B ns 16
1 DS 4
O HO 5896.227 Nz
FIDRES 0.179939 Hs
e 2.7787764 sec
RG 256
o 84,800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
CHBNNEL £1
xuci
P1 14.00 usec
PL1 .00 aB
PLIW 10.49963529 W
SFO1 400.1327209 iz
F2 - Processing parameters
| ST 65536
SE 4001300138 iz
wow EX
sSB 0
LB 0.05 Hs
GB 0
" L._J PC 1.00
R R s s e e o e s s s s s s s s ey
90 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 2.0 15 10 ppm
|
=3 o = 1< [ | I = [t
S[a . ] b} @< @l e =
-o \ad a1 = Aad B T B el
=
N T ™ o v N =
Mo~ [ 4 =3 NNNOL®» == =3 3 4
NSa o o o B s B ot e we e
b S . 4 ™ NN - OANNNOS o -3 ST -
- - -0 N N -+ ® NN
Current Data Parameters
HRHE 10092 -063
EXPNO 2
PROCHO 1
F2 - Acquisition Parameters
Date_ 20110729
Time’ 16.43
INSTRUK spect
PROEHD S mm PREBO BB-
PULFROG 59pg
32768
o SOLVENT cDc13
B us 420
1 oS 4
o] HO S 24038 .461 Hs
FIDEES 0.733596 Hz
&0 0.681624% sec
[ 256
ow 20.300 usec
OE 6.50 usec
TE 293.0 K
01 2.00000000 sec
oL 0.03000000 sec
DO 1
CHRINEL £1 =
13C
9.75 usec
-1.00 dB
4300697708 W
1006243395 Hia
4B
4B
PL13 15.1¢ 4B
PL2W 10.49968529 W
PLLZW 0.32149649 W
‘ W L13W 0.32149649 W
SF02 4001316005 Mz
£2 - P
T T T T T T T T T T T T T T T ST 55536
160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppmSE 100.6127630 10t
sSB 0
LB 1.00 Hs
GB [
eC 1.40
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Ethyl 3-hydroxy-3-(2-methoxyphenyl)-5-methylhex-5-enoate 37

COVLFTNT =N D VWO OOINLNYONDTN -~ ON DM ™
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Current Data Parameters
MEHE

10092-064
EXPNO 2
PROCNO 1
F2 - Bequisition Parameters
Date_ 20110729
Time 18.05
INSTRUX spect
PROBHD S mm PABEO BE-
PULPROG =q10
™D 32768
SOLVENT cDC13
xs 16
o DS 4
HO SWH $896.227 Hz
FIDRES 0.179939 Nz
R OEt [ RQ 2.7787764 sec
I P RG 645
o %4.800 usec
OCH3 DE 6.50 usec
TE 295.0
D1 2.00000000 sec
TDO 1
CHRNNEL £1
Nuci
P1 14.00 usec
PL1 i
PLIW 10.49968529 W
SFO1 400.1327209 M=z
F2 - Processing parameters
ST 65536
SF 400.1300121 MNs
wow EX
4 SSB 0
LE 0.05 Mz
GB 0
X J PC 1.00
85 80 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 ppm
o] (=)= 2[=)=) (2= 2 = o~ ‘!—
< RIRIR 2122 22 b1 o = % =
=l === o= |v=lbe= | |Iles S N = i o
N ~ N ©Tooue® NO&Q -9 ~M ~N 2
I W A dd~STt S WRoe W N *s <
r~ w S 8I8RN&=ET NS T S W NM - L]
- — - NN W = ~ -
Current Data Parameters
HRHE 10092 -064
EXPNO 1
PROCHO 1
F2 - Aequisition Parameters
Date_ 20110729
Time 17.59
INSTRUK spect
PROEHD S mm PRBEO BB-
PULFROG 59pg
HO ] ™ 32768
SOLVENT cocls
us 512
i = OEt os 4
P S 24038 .461 Hs
OCH3 FIDEES 0.733596 Hz
aQ 0.681624¢ sec
[ 322
ow 20.300 usec
OE 6.50 usec
TE 295.0 K
01 2.00000000 sec
o1 0.03000000 sec
TDO 1
= CHROWEL £1
wucL 13C
Pl 9.75 usec
PL1 -1.00 dB
PL1Y 4300697708 W
SFO1 1006243395 His
= CHRNNEL £2
wmltsls
T
80.00 u
0.00 4B
15.1¢ 4B
PL13 .14 4B
PL2T 10.49968529 W
PL1ZW 0.32149649 W
FLLIW 0.32149649 W
SF02 4001316005 }is
£2 - B ;
T T T T T T T T T ST PR Ess36
180 160 140 120 100 80 60 40 20  ppmsE 100.6127650 s
g M
SSB 0
LB 1.00 Hs
GB [
[ 1.40
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.
2-(2-Methylallyl)-1,2,3,4-tetrahydronaphthalene-2,6-diol 39
b X T N o~ WL
N~ - 4 -] NS =3 N oohoumomn™
- § 8 g9 oo e kranbacsabren
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Current Data Parameters
WAHE 10092-073
EXPNO 2
PROCNO 1
F2 - Requisition Parameters
Date_ 20110803
Time 15.27
OH INS TRUH spect
PROBHD S mon PREBO BB-
PULPROG sg9pg
HO TD 32768
SOLVENT DHSO
us 420
oS 4
SWH 24038 .461 Hs
FIDRES 0.733596 Hs
RQ 0.6816244 sec
RG 322
ow 20.800 usec
OE 6.50 usec
TE 298 .0 K
01 2.00000000 sec
o1 0.03000000 sec
TDO 1
PL1 -1.00 4B
PL1W 43.00697708 W
SFO1 100.6243395 His
£2
waltslf
1N
80.00 usec
0.00 4B
15.14 4B
PL13 15.14 4B
PL2W 10 49968529 W
PL12W 0.32149649 W
PLL3W 0.32149649 W
SF02 400.1316005 HHs
T T T T T T T T T T T T T T T T Ts1 9 Pse3s
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppmeE 1006125193 10
SSB 0
LB 1.00 Hs
GB o
PC 1.40

Current Data Parametexs

MRME 10092-073
EXPNO 1
PROCNO 1

F2 - Requisition Parameters
Date_ 2011080

Time 15.06
INSTRUK spect
OH PROBHD S mm PREBO BB-
PULPROG 5910
TD 32768
HO SOLVENT DHSO
xs 16
DS 4
s $896.227 Hs
FIDRES 0.179939 Mz
o 2.7767764 sec
RG 161
o 24.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
CHRNNEL £1
ruci
P1 14.00 usec
PL1 0.00 4B
PLAW 10.49963529 W
SFO1 400.1327209 iz
F2 - Processing parameters
ST 65536
SF 400.1300000 iz
wow EX
SSB 0
LB 0.05 Hz
0

GB
J ‘h PC 1.00

10 9 8 7 6

¥ el

3 2 1 ppm
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