Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Supporting Information for:
o-SelectiveDirected Catalytic Asymmetric Hydroboration of 1,1-Disubstituted Alkenes.

Sean M. Smith, Gi&a. Hoang, Rhitankar Pal, Mohammad O. Bani Khalgderty S. W. Pelter,
Xiao Cheng £ngand James M. Takacs*

Department oChemistry, University of NebrasHancoln, Lincoln, NE 68588304
Department of Chemistry and Physics, Purdue University Calumet, Hamihb#a@3232094

DFT calculations of possible octahedral intermediate@~igure S1)

The geometry optimizations of inteediatesAiF were performed at the B3LYP density
functional level! using Gaussian0& The HayWadt relativistic effective core potential (ECP)
replaced the 28 core electrons of BHThe basis set for Rh was that associated with the ECP,
withadoubt-c val ence basi allothe atoms wekeNdp2zdemted by means of the
6-31+G(d,p) basis sé&f. Stationary points located at the potential energy hypersurface were
characterized as true minima through vibrational analysis at the same lthedyt

IntermediateA (pro-gamma andB (pro-betg (0 kcal/mol and+1.9 kcal/mol, respectivelygre
discussedn the main text Other possible intermediatés and D (+1.8 and+1.9 kcal/mol,
respectivelyhave energies comparableBolntermediate& andF consist of (pin)B in the axial
positionand are considerably higher in enefg$1.2 andt+7.0 kcal/mol, respectively) relative to
A.
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Figure S1.Relative energies of proposed octahedral intermedftasd B (Figure 3from the
main tex}, conformational isomer€ andD, and alternative structur&andF. For clarity, only
the RRH and methylidene hydrogens are shown.

General procedures.Reactions were carried out in a dry nitrogen atmosphere. Dichloromethane
(DCM) and etrahydrofuran (THF) were freshly distilled under the following conditions: THF
from sodium metal and benzophenone, and DCM from calcium hydride. HPLC solvents were
filtered through Millipore filter paper. When indicated in the following procedures, dslvesre
degassed by freezing under reduced pressure followed by a dry nitrogen atmospheré4haw (3
times). 4,4,6Trimethyt1,3,2dioxaborinane (tmBH) was distilled immediately before use. All
synthesized compounds were purified with flash chromatograging EMD SilicaGel 60
Geduran®, distilled via short path distillation, or triturated. Thin Layer Chromatography
analyses were performed on Analtech Silica Gel HLF (0.25 mm) precoated analytical plates and
visualized with use of handheld short wavelengdthlight, lodine stain  and EMD Silica Gel

60 Geduran®) and Vanillin stain (EthanokS®y, and vanillin). HPLC analyses were performed
with use of an ISCO model 2360 HPLC and Chiral Technologies, Inc. chiral HPLC columns
(Chiralcel OD; column: 250 x 8. mm, ChiralpakAD; column: 250 x 4.6mm, ChiralpakiC;
column:4.6 x 250mm). Data were recorded and analyzed with ChromPerfect chromatography
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software (version 5.1.0). NMR spectra were rded on400, and 300 MHz Bruker Advance

NMR spectrometers usingesidue CHG (a4 7. 27 ppMmii 7. DEPp m) for
unless otherwise specified. Peaks are expressed as m (unresolved multiplet), q (quartet), t
(triplet), d (doublet) or s (singlet). IR spectra were recorded using an Avatar 360 Pptical

rotations were measured as solutions, 1.0 g/100 mL in chloroform unless indicated otherwise,
and recorded using an Autopol Ill automatic polarimeter. HRMS analyses were performed by the
Nebraska Center for Mass Spectrometry.

Assignment of Absolute Confguration. The absolute stereochemistrytbé o-hydroxy esters
were assigned based oonversions tohe known lactones, (0, (R)-22a, (R)-22band §-22c
[Literature br (§-20: Reference 14 from the supporting information (T. Ok, A. Jeon, J. Lee, J.
H. Lim, C. S. Hong, Hi S. Lee,J. Org. Chem2007, 72, 7390 7393) for (R)-22a Reference 16
from the supporting information (Glughes, M. Kimura, S. L. Buchwald, Am. Chem. Soc.
2003 125 1125311258); br (R)-22b and ©-22c Reference 17 from the supporting
information (J. W. Bode, M. P. Doyle, M. N. Protopopovaj Q.Zhou,J. Org. Chem1996 61,

9144 9155). Othero-hydroxyestes wereassigred in analogy The AlMes;-mediated amidation

of (§-20 proveda sampleof (S)-17 permitting the unambiguous assignmenbdifydroxyamide
(R)-17; othera-hydroxyamide wereassigredin analogy

EDCI, aniline
o _owap ©\ Z T 0 ek
> UL N A N N '
H C N f h
OM DMF, rt, ovnt M H Ii

Procedure for the preparation of (E)-6-methyl-3-heptenoic acidphenyl amide (1):'¥ To a

cooled (0 °C) degassed solution &)-6-Methyhept3-enoic acid (2.49 g, 17.5 mmol) M,N-
dimethylformamide (DMF, 50 mL) was slowly added aniline (1.63 g, 17.5 mified.resulting

solution was stirred (0.5 h, &) and thenN-(3-dimethylaminopropyhN&ethylcarbodiimide
hydrochloride (3.35 g, 17.5 mmol) and/d@methylamino)pyridine (DMAP, 1.07 g, 17.5 mmol)

were added. The resulting mixture was allowed to slowly warnoom temperature and stirred
overnight. The reaction mixture was quenched by the addition of satd. aq. sodium bicarbonate
(50 mL) and extracted with diethyl ether (2 x 50 mL). The combined ether extracts were dried
(anhyd. MgS@) and concentrated undezduced pressure. Flash chromatography on silica gel
(90:10 hexanes:ethyl acetate) affotids titlecompound2.66 g, 70%) as a light brown solid: mp
87i88.5°C; TLC analysisR; 0.5 (75:25 hexanes:ethyl acetate)}4 NMR (400 MHz, CDCJ) U

752 (2H,dJ= 8.3 Hz, <c¢,c6) 7.440=(TYH7 MHz,6 s b, J&lEd), 7.
7.4 Hz, a), 5.8%6.55 (2H, m, g,h), 3.15 (2H, d,= 6.9 Hz, f), 2.04 (2H, t) = 6.8 Hz, i), 1.80

1.60 (1H, m, j), 0.96 (6H,dl= 6. 6 HENMR(1I00MHz;CDG) U 169.39 (e),
(d), 136.53 (g), 129.02 (b,bd), 124.31 (a), 1
22.35 (k, ko) ; -HtRtch], 29523 1654 (G=D 4tretch), 595, 1544 (Kend),

1443, 1247C-N stretch) 1187, 967843, 756 crit; HRMS (FAB) calcd. for GHooNO (M+H):

218.1545, found 218.1541/z

[5] S. M. Smith, N. C. Thacker, J. M. TakadsAm. Chem. So2008 130, 3734 3735.
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General procedure for the preparation of b,o-unsaturated phenyl amides via DCC-
mediated condensation

DCC, aniline a4b\ , o h

fo 2 QLA (R
AN A A - I
HO DCM, rt,, ovnt. ¢ N f :

7a

Preparation of 3-methyl-3-butenoic acid phenyl amide (73:¥ To a cooled (0 °C)
solution of 3-methyl3-butenoic acid501 mg, 5.0mmol) in dichloromethane (DCM, 161L)
was added aniline (560 m§,0 mmol) andN,N-dimethylamino pyridine (DMAP, 61 mg, 0.50
mmol). After the resulting mixture &g allowed to stir for 0.5 h at the same temperatue,
dicyclohexylcarbodiimidgDCC, 1.14 g, 5.5mmol) was added in one portion and allowed to
warm to room temperature. After an overnight stir, the reaction mixture was filtedethan
filtrate was wabed with diluteHCI (2 x 15mL, 1M). The organic layer was dried (anhyd.
NaSQO;) and concentrated under reduced pressure. Flash chromatogmrapmilca gel (85
75:15 25 hexanes:ethyl acetate) affisrthe title compound (570g, 6%%6) as a white solidnp
97.5/99.5°C; TLC analysisR; 0.3 (75:25 hexanes:ethyl acetat&t NMR (400 MHz, CDC)) U
7.65 (1H, brs,NH), 753(2H,d= 8. 0 Hz, cJso6y, 67H33 bIBHO)?t, 7.
72Hz,a)5. 09 and 5.02 (2H, sods, H¥ NMR10DBHz( 2 H, s
CDCl;) 168.58 (e), 140.35df, 137.80 ¢), 128.98 b , )b184.36 &), 119.79 ¢ ,),c1H6.09 L),
47.41 §), 22.46 (); IR (neat)3291(N-H stretch) 3060, 2953, 2921, 2865, 165Z=0 stretch)
1638, 1595, 1526N-H bend) 1440, 1307, 125(C-N stretch) 1162, 869, 738, 688, 6™

General procedure for the peparation of b,>-unsaturated amides via carbonylatiof!-
hydrolysis sequencdollowed by DCC-mediated condensation

©\ o) a’ ¢ O h
| 1 I} I .
N b\\c/d\N/e\f/g\i/J\ku
H H ! ;
INp -
Te K

Preparation of 3-Cyclohexyl3-butenoic acid phenyl amide 7e: A mixture d 2-
cyclohexylallyl ethyl carbonatel (06 mg, 5.0 mmol) and palladium tetrakis (116 mg, Orhénol)
was placed undea pressurized (70 psi) atmosphere of carbon monoxide. The mixture was
heated (50 °C) for 16 h and then allowed to cool to room temperature and ambient pressure. The
resultant black mixtre was run over a silica plug to afford the crogeunsaturated ethyl ester
The crude residue wasken up in a mixture oéthanol (5 mL) andaqueous2 M sodium
hydroxide (50 mL)and stirred overnight at room temperatufée resultant basic solution was
extracted with dichloromethane (2 x BL) and then acidified. The acidiaqueous layer was
extracted with dichloromethane 3 30 mL) and the combined organic extracts were dried
(anhyd. NaS(O,) and concentrated under reduced pressure. The bradesaturated acigs37
mg, 3.2mmol) was used in theaxt step without further purification.

[6] J. F. Wolfe, G. B. Trimitis, D. R. Morris,J. Org. Chem1969 34, 3263 3268.
[7] J. Tsuji, K. Sato, H. Okumotd, Org. Chem1984 49, 1341 1344
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Following the generatondensatiomprocedure with DCC, the crudgo-unsaturated acid

affords after flash chromatography on siticgel (8%75:15 25 hexanes:ethyl acetate)e title

compound (469 mg, 38, 3 stepyasa white solid: mpB1i 83 °C; TLC analysis; 0.5 (75:25
hexanes:ethyl acetaté}d NMR (300 MHz, CDCkL) 712 (1H, br s, NH), 7.51 (2H, d,= 7.8

Hz, c¢,cb6)J=78348 H2H, btl=06)7,. 57 .Hz2 (a)H, 5t.,15 and
3.19(2H s, f), 2.051.95 (AH, M, )1.901.75(4H, mk , k6, i1 j§5H (QA1H3E1M, | 6) ,
(5H, m, ;G NMR, @ MKzO COCh) 188.85 €), 150.39 (), 137.72 ¢), 129.00

(b ,)b1@4.31 @), 119.65 € ,),c1d3.79 k), 44.06 (), 44.42 (), 3218 ( ,), 26048 k , )k26.09

(1); IR (neat)3330(N-H stretch) 2921, 2848, 1668C=0 stretch)1596, 1514N-H bend) 1436,

1346, 1245(C-N stretch) 1167, 956, 905, 749, 691, 588n'; HRMS (ES|) calcd. for
CisH21NaNO (M+Na): 266.1521, found66.1526m/z

b
; e 9
N b\\c/d\N/e\f/g\i¢.\k-
H H L
I
k
7f

3-Phenyk3-butenoic acid phenyl amide (7%!® Following the general procedurphenylallyl

ethyl carbonat€1.03 g, 5.0mmol) affords, after flash chromatography on silica &l 75:15

25 hexanes:ethyl acetat¢he title compound (215 mg, 48 3 stepyas a white solid: mp0.5

93.5°C; TLC analysisR; 0.4 (75:25 hexanes:ethyl acetat&t NMR (300MHz, CDCkL) 760

7.50 (3H, mi7.j3,5] @ 5MH) ,m, v7.c42556 ,(KR,HKk 6 ml,) J=76.635 7.
Hz,a),5. 78 and 5.41 ( 2H;"™CsNWMR,(75MHz,,CD®;) 6188.3% @)H , s,
142.08 (d), 138.76 (i), j13AZ.48Q, 125g9k(, )kR2483. 94 ( k
(a), 119. 84 ( c, c @R (heat)3248 (N-#H 4tretchin 3192, 3435,.3088, 2929, ) ;

1804, 1656C=0 stretch)1597, 1554N-H bend) 1484, 1441, 1338, 1232Z-N stretch) 1162.

896, 770, 752, 688mi".

General procedure for the preparation of b,o-unsaturated phenyl amides via hydrolysis
followed by DCC-mediated condensation

>L T 1) CF3CO,H @\ 7 ?¢b\ﬁ:‘ ? n
3 2 N e
o N e (R TN
2) DCC, aniline H H 3
DMAP k7K

DCM, rt., ovnt 3

Preparation of 5-methyl-3-methylidenehexanoic acid phenyl amid€3): To tert-butyl
ester7i (595mg, 3.0mmol) was added trifluoroacetic acid (§{CFO,H, 6 mL) followed by a 1 h
stir at room temperaturd@he mixture was concentrated under reduced prestlken up in ethyl
acetate (15nL), and washe#ith dilute sodium hydroxide (3 x 1@L, 2 M). The basiaqueous
layer was acidified and &acted with dichloromethane (3 x 1BL). The combined organic
extracts were dried (anhyd. p&0y) andconcentrated under reduceegsureo afford the crude
b,o-unsaturated acid (326 mg, 2.3 mmol) whialas used in the next step without further
purification.
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Following the generaDbCC-mediated condensation procedutes crudeb,o-unsaturated
acid affords, afterldsh chromatography on silica gel (8B6:151 25 hexanes:ethyl acetatdahe
title compound (411 mg, 68, 2 stepy as a white solid: m@1i 92.5°C; TLC analysisR 0.4
(75:25 hexanes:ethyl acetat&ht NMR (300MHz, CDCk) 787 (1H, br s, NH), 7.53 (2H, d,

=8.1 Hz, c¢c,cd&) 8.1. Hz,( DHIBOY, 57H¥]1 @) H, 5t 09 an
h), 3.13 (2H, s, f), 2.02 (2H, d= 6.9 Hz, i), 1.901.75 (1H, m, j), 091 (6H, d=6 . 6 Hz, k, k¢
*C NMR (75 MHz, CDCL) 168. 92 (e), 143.29(d), 137.90 (

119.84 (c,cb), 116.17 (h), 4 5; .IF6 (heat329D (N-H4 5. 6 3
stretch) 2953, 2921, 2865, 163C=0 stretch)1638,1595, 153QN-H bend, 1440, 1393, 1307,

1295, 1251(C-N stretch) 1223, 1162, 1120, 996, 869, 738, 668, 617:aHRMS (CI) calcd. for
C14H20NO (M+H): 218.1545, found 21889 m/z

b
<8 2Lt
N b\\c/d\N/e\f/g\i/j\k/l\\ f
H H I
I\m//

7c

5-3

3-Methylidene-5-phenylpentanoic acid phenyl amide(7c): Following the general procedure,
3-methylideneb-phenylpentanoic acitert-butyl ester (739 mg, 3.6hmol) affords, after flash
chromatography on silica ge8% 75:15 25 hexanes:ethyl acetate), the title compo(#4 mg,

61%, 2 stepyas a white solidmp 79 80 °C; TLC analysidi 0.4 (75:25 hexanes:ethyl acetate);

'H NMR (400MHz, CDCk) 748 (2H,dJ= 8. 0 Hzi7.303H, M9, c &7,. 40H) , 7.
7252H, mp , b7r@57 . 20 (3H, m, mJ=mbé6 .nd ,HZz7,. 1a4) ,( 15H.,1 & ,ar
h), 3.19 (2H, s, ),2.86 (2H, t,J = 8.0 Hz, j), 2.50 (2H, tJ = 8.4 Hz, i) **C NMR (100 MHz,

CDCl;) 188.31 (e), 143.69 (d), 141.21 (k), 137.66 (g), 128199 Yp128.44 ( ), 1138.35

(m, M a&26.06 1K), 124.38 §), 119.69 ¢ ,),cLd5.75 ), 46.25 {), 37.44 (), 33.91 |); IR (neat)

3237(N-H stretch) 3185, 3061, 3025, 165Z=0 stretch)1596, 1541N-H bend) 1469, 1443,

1398, 1346, 1247C-N stretch) 1193, 961, 897, 747, 694, 61tén"; HRMS (El) calcd. for

C18H10NO: 2651467, found 263.475m/z

n
o] ?//b\c' O h m'#~ o
1 Il Il X |
N b\\c/d\N/e\f/g\i/J\k/l\\m/n
H

7d

3-Methylidene-6-phenylhexanoic acidphenyl amide(7d): Following the general procedurg,
methylidene6-phenylhexanoic acidert-butyl ester(781 mg, 3.0mmol) affords, after flash
chromatography on silica gel (@0:10 20 hexanes:ethyl acetate), the title compoyadé mg,

57%, 2 steps)as a white solid: m®b1i52.5°C; TLC analysisRs 0.5 (75:25 hexanes:ethyl
acetate)’H NMR (400 MHz, CDCJ) 7180 (1H, br s, NH), 752 2H, d,= 7.9 Hz, m, Ir
7407 . 35 (2H, i, 28, ¢CBH, idh, 26, B8H, WM, 2H0I=78, 0),
Hz, a), 5.13 and 5.11 (2HJ=7s/H3 k), 2123 2H,3=7148 ( 2 H,
Hz, i), 1.901.80 @H, m, j; *C NMR (100 MHz, CDGJ) 168.71 (e), 144.20 (d), 148 (1),
137.71 (g9), 129.02 (b, bd), 128.44 (m, md), 12
115.20 (h), 46.06 (f), 35.52 (i), 35.42 (k), 29.24 (B (neat)3303(N-H stretch) 3061, 3028,
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2935, 1659C=0 stretch) 1598, 1543N-H bend) 1497,1441, 1334, 124%C-N stretch) 1155,
899, 749, 69&m™; HRMS (EI) calcd. forCioH»NO: 279.1623, found 279618 m/z

<USUNISEY
N/LKJL/ b\\c/d\N/e\f/g\i/j
H

7b

3-Methylidenepentanoic acid phenyl amide(7b): Following the general pcedure tert-butyl

ester7h (511 mg, 3.0mmol) affords, after flastthromatography on silica gel (886:15 25,

hexanes:ethyl acetgtehe title compound (36&g, 644, 2 stepyas a white solid: mp01 102
°C; TLC analysisR; 0.3 (75:25 hexanes:ethyl acetat&t NMR (400 MHz, CDC}) 712 (1H,
brs,NH),752(2H,dJ= 8. 0 Hz, «c¢Js067.,67H33 6 IBDOHz a7 . 1
5.11 and 5.06 (2H2189dMsql="h2Hzi),3.111(3H, tJ24R,Hz,§), f
3%C NMR (100 MHz, CDG)) 188.72 (e),146.09(d), 137.79 (g), 128.9% ( )b1®24.33 &),

119.74 ¢ ,),c193.92 ), 46.23 {), 28.89 (), 12.12 |); IR (neat)3240(N-H stretch) 3187, 2955,
2839, 1658 C=0 stretch) 1595, 1544N-H bend) 1488, 1444, 1400, 1352, 1297, 182N

stretch) 1187 969, 759, 69m™; HRMS (CI) calcd. for GoH1gNO (M+H): 190.1232, found
1901237m/z

General procedure for the preparation ofb,9-unsaturated tert-butyl estersvia nickel-
catalyzed substitution™®

nBuLi nBuLi, NiBr,

O N,N-diisopropylamine OLi | 2-bromopropene ) al’ o f
k - = /& S - b\ /C\ /e\
(@] O O a (@] d g

THF,-78°C, 1 h THF, rt, ovnt

79

Preparation of 3-methyl-3-butenoic acidtert-butyl ester (79:® To a cooled 78 °C)
solution of N,N-diisopropylamine (4.2mL, 30 mmol) in THF (5mL) was slowly added-
butyllithium (12mL of a2.5 M soln. in hexane80 mmo). The resultant mixture was allowed
to stir for 0.5 h at the same temperature before the dropwise additiert-bfityl acetatg4.0
mL, 30 mmol) The reaction mixture was alled to stir for an additional 0.5 h and the generated
tert-butyl lithioacetate solution was usediire next step.

To a cooled-78 °C)suspension of nickel bromide (2.g612.6 mmol) in THF (1%5nL)
was addeah-butyllithium (2 mL of a 2.5 M soln. in hexas, 5 mmqgl After the resultanblack
mixture was allowed to stirof 15 min, 2bromopropene (2.66 mL, 3thmol) was added
followed by thetert-butyl lithioacetate solution prepared in the previous .stdpe reaction was
allowed to slowly rise to room tgmerature and stirred for an additional IThe reaction mixture
was quenched by the additiohdilute HCI (15 mL, 1 M and then extracted witliethylether(2
x 20 mL). The combined organic extracts were dried (anhydS® and concentrated under
redued pressure. Flash chromatography over sil@d8§i 70:20i 30, hexanes:dichloromethgne
affords the title compound (2.d, 596) as a light yellow oil: TLC analysi& 0.5 (50:50

[8] S. G. Alcock, J. E. Baldwin, R. Bohlmann, L. M. Harwood, J. |. Seethadrg. Chem1985 50, 3526 3535.
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hexanes:dichloromethanéH NMR (300MHz, CDCkL) 4t 88 and 4), 2893 (24,8 H, S 0 ¢
d,1.80 (3H, s, g);CHNMRB MKHz9EDCE) s 110.72 (cp B39.13e),
114.09 (f), 80. 42 (b)), 4,4rR (Acat)3Q78, 2976, 2984, 9798 ( a, a
(C=0 stretch) 1647, 1455, 1366,258(C-O stretch) 1139, 690, 848m™.

SR | e B

~N

b...C_,.e_ _h
(o) a’ ~0” d” g

7h

3-Methylidenepentanoic acid tert-butyl ester (7h):'¥ Following the genel procedure,
2-bromobutene (4.1 g, 3@mol) affords, after flaskhromatography on silica gel (800:2Q 30
hexanes:dichloroethang, the title compond (3.1 g, 62) as a light yellow oil: TLC analysiz
0.6 (50:50 hexanes:dichloromethanéH NMR (400MHz, CDCk) 44 91 and 4.88 (2t
297 2H,s, d),212(2H,d= 7.6 Hz, g), 1.46 JI9Hz B> C a, aod, ¢
NMR (100 MHz, CDCkL) 1#@0.99 €), 144.65 €), 111.83 {), 80.40 (b), 43.47 (d), 28.78 (g),
28. 01 ( a, a§IRgneat)2935] 28480 731CHD )stretch) 1653, 1391, 1252C-O
stretch) 1145, 1122, 1040, 948, 761, 536 .

Sl = ¥
~
C e n
O% a/b\O/ ~4~ \g/h\i/ \\rp
1
PN
12 C c K

5-(2-Chlorophenyl)-3-methylidenegpentanoic acid tert-butyl ester (12: Following the general

procedure, 2-bromo4-(2-chlorophenylputene (3.68 g, 15mmol) affords, after flash
chromatography on silica gel (i7&5:25 35 hexanes:dichloromethgnéhe title compound (1.72

g, 41%) as a light yellow oil: TLC analysiB 0.5 (50:50 hexanes:dichloromethan&t NMR

(300 MHz,CDCly) a 1730 @, m, k), 7307 . 10 ( 3 H, m, n, m, I3) , 4 .98
3.04 (2H, s, d), 2.91 (2H,8=7.8 Hz, h), 243 (2H, /1= 8. 4 Hz, g), TC 48 (9]
NMR (75 MHz, CDC}) 4 170.76 (c), 142. 230.28((k),)129.451(3 9. 3 4
127.38 (m), 126.77 (n), 113.79 (f), 80.61 (b)
(neat) 2975, 2931, 1722 (C=0 stretch), 1647, 1474, 1443, 1366, 12354{@tch), 1142, 1052,

1038, 954, 900, 824, 749, 736, 6BY5 cn; HRMS ESI) calcd. forCigH1CINaQ, (M+Na):

303.1128, found 303.2D m/z

o a0 .

>l b g g o
o) a’ \O/ \d/ \g/ \h/J\\Il('
j\k4|

3-Methylidene-5-phenylpentanoic acid tert-butyl ester.’® Following the general procedur2,
broma4-phenybutene (3.16 g, 15 mmol) affadafter flash chromatography on silica geli(75

[9] H. Yamashita, S. Tswshi, Tetrahedror2009 65, 613 627.
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70:25 30 hexanes:dichloromethgnéhe title compound (1.96 g, %3 as a light yellow oil: TLC

analysisR; 0.6 (50:50 hexanes:dichloromethan&t NMR (300 MHz, CDCY) U i 7730 @H,

m, k, kig.20BH7 .m3,0 j ,j6,1), 4.99 and 4. 970=7(2RH, sob:
Hz,h), 246 2H,t)= 8. 4 Hz, g¢g), HCNWMR(7%MH1,CDE), &, BHQ.a®Q ; (
142.47 (i), 141.85 (e), 128. 35 434p(d), . 7X@k 6) , 1
34.05 (h), 28.08 (a,ab6, ao) ; I R (neat) 3028, .
1366, 1255 (€D stretch), 1139, 1030, 956, 896, 841, 744, 697.cm

General procedure for the preparation of tert-butyl esters via the synthesis of vinyl
bromides followed by nicketcatalyzed substitution!®*”

a (e}
MaB 2,3-dibromopropene Ni-catalyzed ﬁ\ a'\tl) g g
ger CuCl B substitution a2~ 0" N7 g
R :
THF, rt i h\i'

Preparation of 3-methylidene-5-methylhexanoic acid tert-butyl ester (7i): To a
mixture of 2,3dibromopropene (710g, 35mmol) and copper chloride T8 mg, 1.8 mmol) in
THF (30 mL) was slowly added isobutylmagnesium bromide (40 mmol, m8.&f a 2.9M
solution in THF) at room temperature. After a 5 h stir, the reaction was quencheshtaitiag.
ammonium chloride (3@L) and therextracted with dietyl ether (3 x 30mL). The combined
organic extracts were dried (anhyd.,S@) and concentrated under reduced presdure crude
residue was taken up in hexanes, passed through a short silica plug, and concentrated under
reduced pressurd@he resultant erde 2bromo4-methylpentend4.25 g, 26 mmolwas used in
the next step without further purification.

Following the general procedure for the nickatalyzed substitution of vinyl bromides,
crude vinyl bromide prepared in the previous step affords, #dign chromatography on silica
gel (80i 70:20Q 30, hexanes:dichloromethgnthe title compound (3.12 g, %5 2 stepyas a light
yellow oil: TLC analysisR; 0.6 (50:50 hexanes:dichloromethantH NMR (400MHz, CDCkL) U
4.91 and 4.87 (2H, s0sJ=T72Hz 9)2A.98.85H2mh,), k46 d) ,
(9H, s, a, aodl=ao®).,6 OHeNRI{(06MH}, COCL) 170.90 (c), 141.96
(e), 114.33 (), 80.36 (b), 45.79 (d), 43.03 (g), PBO( a, ad, ao0) , 2 R.(ned) ( h),
2969, 2912, 1728C=0 stretch) 1431, 1376, 117{C-O stretch) 1117, 884, 826, 740, 52n’™;
HRMS (CI) calcd. forC;,H230, (M+H): 199.1698, found 199.1708/z

N Sy
~N

() a” 0" d” g
|
i/h\\i'
Il |
J'\k%'

21a

4-Phenyl3-methylidenebutanoic acid tert-butyl ester (21a): Following the general
procedure,crude 2-bromao3-phenylpropeneprepared from 2,3dibromopropene (7.01 g, 35
mmol) and phenylmagnesium bromide (40 mmol, 40 mL of a 1.0 M solution in) aHérds,

[10] A. Bigot, D. Breuninger, B. BreiQrg. Lett.2008 10, 5321 5324.
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after flash chromatography on silicaet) (85 70:15 30, hexanes:dichloromethgnehe title
compound (4.40 g, 34, 2 stepy as a light yellow oil: TLC analysi®k 0.6 (50:50
hexanes:dichlorometha))elH NMR (300 MHz, CDCkL) 707 . 30 (2H, 1m20 | ,
BH,mi ,i6,k), 5.01 and 4.95 (2H, sos, f)*c 3.
NMR (75 MHz, CDCkL) 1%0.75 €), 142.43 ), 138.97 €), 129.17 ( ), 128.39 | ), 126.30

(k), 115.26 1), 80.59 b), 42.68 @), 42.40 ¢), 28.06 & , @)PIR gneat)2978, 1725(C=0
stretch) 1647, 1494, 1366, 1298-O stretch) 1137, 966, 898, 838, 728, 696, 628"; HRMS

(ESI) calcd. forCisH0NaO, (M+Na): 255.1361, found 255371 m/z

41 SNy
~N
o) a’ ~0” >d” g
m’h\\i
il i
I '\ /n
21b O/ \k4J o

4-(3-methoxypheny)-3-methylidenebutanoic acid tert-butyl ester (21b): Following the
general procedure, crude 2-bromo3-(3-methoxyphenyl)propene prepared from 2,3
dibromopropene (7.01 g, 35mol) and 3mehoxyphenylmagnesium bromide (3®mol)
affords, after flash clematography on silicgel (80 70:20 30 hexanes:dichloromethgnehe
titte compoun (3.31 g, 4%, 2 stepy as a colorlessil: TLC analysis Rr 0.3 (50:50
hexanes:dichlorometha))éH NMR (400MHz, CDCk) 7i80'7.20 (1H, m, i), 6.8686.75 (3H,
m mlk),5. 01 and 4f), 282 (34, 2,iH), 3.45 @M, s, g), 2.92 (2H, s, d), 1.48 (9H, s,
a, apCalMR (100MHz, CDCk) 110.70 €), 159.70 ), 142.22 k), 140.57 €), 129.32 |),
121.59 (m), 115.31 (i), 114.78 (f), 111.71 (k), 80.55 (b), 55m)242.73 (), 42.33 (), 28.05
( a, aR(neah)2977, 1725C=0 stretch)1600, 1584, 1488, 1435, 1366, 14870 stretch)
1140, 1050, 899, 779, 754, 695, 5¢h; HRMS (ESI) calcd. for CigH2NaO; (M+Na):
285.1467, found 285479m/z

>L a I“ & irl
~N

b Cc e

10 AP INg o

N—
(] (@)}

21c )

4-(3,4-dimethoxyphenyl)-3-methylidenebutanoic acid tert-butyl ester (21c): Following the

general procedure,crude 2-bromo3-(3,4-dimethoxyphenyl)propeneprepaed from 2,3
dibromopropene (7.01 g, 3mmol) and 3,4dimehoxyphenylmagnesium bromide (36mol)

affords, after flash chromatography on silical §75 65:25 35 hexanes:dichloromethgnehe

title compoun (3.16 g, 366, 2 stepy as a colorlessil: TLC analysis R+ 0.3 (50:50
hexanes:dichloromethanéH NMR (400 MHz, CDCL) 6185 6.75 (1H, m, i), 6.766.65 (2H,

m, I, m), 4. 97 and 4.93 (2H, sb6s, f), 3.87 (6H
a, a P CARR (L00MHz, CDCk) 170.74 ¢), 148.85K), 147.54 ), 142.66 €), 131.51 k),

121.16 (n), 114.95 (i), 112.29 (1), 111.15 (f), &B (b), 55.90 (0), 55.80 (n), 42.29 (g), 42.25 (d),
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28. 05 (IR(neati2978,dJ25C=0 stretch)1647, 1599, 1584, 1488, 1454, 1366, 1256
(C-O stretch) 1139, 1050, 899, 779, 738, 694, 532 HRMS El) calcd. for Ci7H2404 :
292.1675, found 292684 m/z

I<

SUPULHI SIS
~ '
C e N

O a/b\o/ \d/ \g/h\i/J\k/I

3-Methylidene-6-phenylhexaroic acid tert-butyl ester. Following the general proceduraude
2-bromo5-phenylpentene prepaed from 2,3dibromopropene (4.02 g, 2tnmol) and 2
phenylethylmagnesiumbromide (bdmol) affords after flash chromatography on silical 75

70:25 30 hexanes:dichloromethgnghe title compound (2.23 g, %) as a light yellow oil: TLC
analysisR; 0.6 (50:50 hexanes:dichloromethan&H NMR (300 MHz, CDCkL) 7185 7.25 (2H,

m, I, 174)5, (B.H25 m, k, kdé, m), 4. 94 and 4J9% ( 2H,
Hz,i),2.17 (2H,tJ=75Hz,g),1.900 . 75 (2H, m, h);PCNMRATEMHzO H, s,
CDCly) 110.93 ¢), 142.74 |), 142.33 ¢), 128.45 k , )k1@8.31 (|9, 125.74 (n), 113.30 1),

80.54 p), 43.35 (), 35.50 ¢), 3547 (),29. 14 ( h) , ;IR @eal3B26,(2833,2863,a 0 )
1726 (C=0 stretch) 1645, 1496, 1366, 125&-O stretch) 1140, 897, 839, 744, 69&m®;

HRMS (ESI) calcd. forCi7H24NaO, (M+Na): 283.1674, found 288682m/z

General procedure for the preparation of vinyl bromides by the direct insertion of
magnesium into benzylicchlorides in the presence of LiCl and ZnCJ*?

Mg, LiCl
ZnCl,, CuCN-2LiCl

a L}

2,3-dibromopropene tl d ¢
Cl - = Br Br~ ~c” \e/ Qg,
THF, rt, 2 h £ _h

g

Preparation of 2-bromo-4-phenylbutene:™? To a nixture of magnesium turnings (1.83
g, 75 mmol) in THF (5nL) were added lithium chloride (37tBmol, 75 mL of a 0.5 M solutn
in THF) and zinc chloride (33 mmol, 38L of a 1.0 M solution in THF). To the resultant
mixture wasadded benzyl cbride (3.80 g, 30nmol) in one portion. The reaction mixture was
allowed to stir for 1 h before transferring to &tare of 2,3dibromopropene (7.01 g, 36mol)
and copper chloride (173 mg, 1.8 mmol) in THF ¢hQ). After a 5 h stir, the reaction was
guerched withsatd. ag. ammonium chloride (8@L) and therextracted with diethyl ether (3 x
30 mL). The combined organic extracts were dried (anhydSNg and concentrated under
reduced pressure. Flashromatography on silica gel (hexaphafords the titt compound (3.48
g, 5%%) as dight brownoil: TLC analysisR; 0.7 (hexanes)'H NMR (300MHz, CDCkL) 7187
2H,tJ= 7.9 Hzj7.92@®06()3H, 7.0 f,fo6,h), 5.58=(1H, s
6.9 Hz, c), 2.80 (2H, t) = 8.1 Hz, d) *C NMR (75 MHz, CDCkL) 1340.42 €), 133.62 b),
128.56 { ,),f128.48 ¢ , )g1@6.26 (h), 117.20 Ja43.36 (c), 34.44 (¢)IR (neat)3027, 2949,

[11] A. Metzger, F. M. Piller, P. KnocheGChem. Commur2008 5824 5826.
[12] N. Kutsumura, K. Kubokawa, T. SaitBynthesi®011, 2377 2382.
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28518, 1756, 1628, 1495, 1428, 1233, 1115,11(FBr stretch) 886, 766, 747, 696, 646, 559

cm™,
a
b _d_ _f
! |
cl cINgh

2-Bromo-4-(2-chlorophenyl)butene Following the general procedure withchloro-2-
(chloromethyl)benzen&.83 g, 30 mmol)flash chromaigraphy on silica gel (hexanes) affords
the title compound (4.33 g, %) as a colorless oil: TLC analy$®0.7 (hexanel *H NMR (300
MHz, CDCkL) 740 7.35 (1H, m, i), 7.307.25 (1H, m, g), 7.25.15 (2H, m, f,h), 5.56 (1H, s,
a), 5.44 (1H, s, a), 3.04 (2H,1,= 7.2 Hz, ¢),2.77 (2H,J = 8.0 Hz, d) **C NMR (75 MHz,
CDCl;) 187.89 (e), 133.94 (j), 133.20 (b), 130.74 (i), 129.55 (h), 127){9.26.80 (f), 117.36
(@), 41.28 ¢), 32.39 ()); IR (neat)3027, 1628, 1474, 1282, 11§8-Cl stretch) 1052 (C-Br
stretch) 1038, 890, 824, 751, 734, 684, 669, 550, &06; HRMS (El) calcd. forCyoH10BrCl:
243.9654, found 248660m/z

General procedure for the preparation of allylic alcohols.*?

OH Cyolohexylmagrl](IaS|um chloride ?;(O ?H e:/ ~g
// > a\b/d\e/f
7 Toluene, 16 h, rt Il

Preparation of 2-cyclohexyl2-propenol: To a cooled {78 °C) mixture of 3propynol
(1.68 g, 30 mmol) and copper iodide2(86 g, 15mmol) in toluene (40 mLwas added
cyclohexymagnesium chloride (4BL of a 2.0 M solution in THF, 9Gnmol) dropwise. The
resultant reaction mixture was allowed to slowly warm to room temperature and fetirfiédh
The reaction mixture was then cooled (0 °C) and quenched with satd. ammoniurdec(20ri
mL) and then extracted with diethyl ether (3 x 30 mL). The combined organic extracts were
dried (anhyd. Ng5O;) and then concentrated under reduced pressure. Flasmatbgraphy
over silica gel (80:2thexanes:ethyl acetat@ffords the title compoud (3.33 g, 7%) as a

colorless oil: TLC analysi& 0.4 (75:25 hexanes:ethyl acetgtéfi NMR (300 MHz, CDCkL) U
5.00 (1H, s, c), 4.86 (1H, s, c), 4.10 (2H, s, a), 2186 (2H, m, a,0OW 1.851.70 (4H, m,
e, eo6, filB65(QH, m L) ZANL.10 (5H,m, e, e OC NMRf (@B Mg, CDCL) U

154.53 (b), 107.40 (c), 65. 05 (a)lR((Mebt)33065 (d) ,
(O-H stretch), 2850, 1649, 1060, 1019-(Cstretch), 889, 62&m’; HRMS (EI) calcd. for
CoH160: 140.1201, found40.1204m/z

f
OH ?H e;& ~g
"
a\b/d\\e/f
Il

[13] Z. Lu, S. Ma,J. Org. Chem2006 71, 2655 2660.
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2-Phenyt2-propenol:* Using the general procatke, phenylmagnesium bromide (8@ of a

1.0 M solution in THF, 90mmol) affords, after flastthromatography on silica gel (80:20
hexanes:ethyacetate), théitle compound (3.08 g, P%) as a light yellow oilTLC analysisRy
0.3(75:25 hexanes:ethyl acetatéjf NMR (300MHz, CDCL) 7%57 . 45 ( 2H, im, e,
7.30 (3H, m, f,fo6,9), 5.50 (1H, s, c);l,3C5 39
NMR (75 MHz, CDCk) 14|7 30 (b), 138.60 (d) 128.58 (), f12¥.94 §), 126.10 € ,),elH2.55

(c), 64.87 @); IR (neat)337 (O-H stretch), 2945, 2883, 1735, 1632, 1495, 1444, 1372, 1239,
1043 (GO stretch), 1024, 902, 778, 706, Go8™".

e

General procedure for the preparation of allylic carbonates.

(0] (0]
Ethylchloroformate I

I .
OH pyridine )oJ\o oo
- b d ~ /g ~ i
THF, 0°C, 3 h a e” " h”
f

Preparation of 2-cyclohexylallyl ethyl carbonate: To a cooled (0 °C) mixture of-2
cyclohexyt2-propenol(2.80g, 20 mmol) and pyridine (3.16 g, 40 mmol) in THF (BL) was
slowly addel ethyl chloroformate (2.17 g, 2@mol) over a period of 10 min. The resultant
reaction mixture was allowed to stiwrf3 h and then diluted with a solution difute HCI (15
mL). The mixture was exdicted with diethyl ether (3 xnL) and the combined organic extracts
were dried (anhyd. N&0O,) and concentrated under reduced pressure. Flasmatography on
silica gel @8/95:2 5 hexanes:ethyl acetate) affis the title compound (3.69 g, B as a
colorless oil: TLC analysisR; 0.8 (95:5 hexanes:ethyl acetateH NMR (300 MHz, CDCh) a
5.04 (1H, s, f), 4.96 (1H, s, f), 4.60 (2H, s, d), 4.20 (2H} g,7.1 Hz, b), 2.001.90 (1H, m, g),
1901. 75 (4H, mileh(lHh @,j)il1,31 @H, 1= "711.HZ &), 1.301.10 (5H, m,
h, h 6;%C NMR (75jMHz, CDCk) 155.07 €), 148.66 €), 111.07 f), 69.35 (), 63.92 b),
41.19 @), 32.09 b ,)h3B.56 { ), i2@21 ), 14.25 @); IR (neat)2926, 2853, 1742 (C=0
stretch), 1649, 1448, 1374, 1241-QCstretch), 1004, 908, 890, 790, 636"; HRMS (CI) calcd.
for C12H2103 (M+H): 213.1491, found 2134B3m/z

(0]
I

O .
)k C N
o O (I) (I) h z )
) a/b d\ll,g\h/l
f

2-Phenylallyl ethyl carbonate™®® Using the general procedurepBenyt2-propenol(2.68 g, 20

mmol) affords, after flash comatography on silica gel (985:2i 5 hexanes:ethyl acetdiethe

title compound (3.46 g, 84) as a colorless oifLC analysisR 0.8 (95:5hexanes:ethyl acetate)

'H NMR (300MHz, CDCL) 7807 . 45 ( 2H, i, 3B, G8H, W, 45,i06,])
5.45 (1H, s, f), 5.06 (2H, s, d), 4.23 (2H,Jgs 7.1 Hz, b),1.33 (3H, tJ = 7.1 Hz, a)*°*C NMR

(75MHz, CDCB) 1i65. 06 (c) , 142.15 (e), NDNU2604BOHH4 g) ,
115.62 ), 68.87 (), 64.15 b), 14.25 @); IR (neat)2984, 1740 (C=0 stretch), 1634, 1375, 1242

(C-O stretch), 1006, 91872, 789, 705, 54Zm™.

S13



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

Smith, Hoang, Pal, Khale®gelter,Zeng, and TakacsSupporting Information for
2-Selective Directed Catalytic Asymmetric Hydroboration (CAHB) oDisubstituted Alkenes

General procedure for the directed catalytic asymmetric hydroboration (CAHB).

i
e SRS
0
@\ Zequw tmdBH (5 @\ J\)/ ?éb\,ﬁ?' 0 T/B\O/I\m
by _d. e _g,
)K)l:l\ THF, 40 °C \\C/ \f g n

(R)-4

Preparation of (R)-5-methyl-3-(4,4,6trimethyl-1,3,2dioxaboratomethyl)hexanoic
acid phenyl amide ((R)-4): A stock soltion containing Rh(nbdBF; (2.6 mM) and (3,5
dimethylphenydlTADDOL)POPhO ((RR)-6, 5.5 mM) in THF (2.0 mL) was prepared. To the
resulting yellow solution [Rh(nbgBF,; (2.0 mg, 0.0053 mmol) andRR)-6 (7.8 mg, 0.011
mmol)] was adde® -unsaturated amide (115 mg, 0.53nmol) as a solution in THF (2.0 mL).
To the resulting solution was slowly added (i.e., dropwise over the course of 0.5 h) a solution of
4,4,6trimethyl1,3,2dioxaborinane (tmdBH5, 135 mg, 1.1 mmol) in THF (1 mL). Ehmixture
was then stirred at 48C for 24 h. Afterwards, the reaction was concentrated under reduced
pressure and purified via flash chromatography on silica gel (80:20 hexanes:ethyl acetate) to
afford the title compound1@l mg, 72%) as a yellow oil:TLC analysis R 0.7 (60:40
hexanes:ethyl acetatd)]?°=-17.9° (c 0.5, CHC}); 'H NMR (400 MHz, CDCj))i 8. 13 (1 H,
s,NH), 756 2H,dJ= 8. 3 Hz, c¢cJed), 97 H%3 O02EFGIHz a),. 10 (:
4.3004.20(1H, m, 1),2.402.25 (2H, m, f), 2.262.15(1H, m, g),1.84 (1H, dd,J = 13.9 Hz, 2.9
Hz, k), 1.801.70 (1H, m, 0), 1.53 (1H,dd= 13. 7 Hz, 11.8 Hz, k), 1.72
dd,J = 6.2 Hz, 2.0 Hz, m), 1.20 (2H, },= 6.8 Hz, n), 0.960.85 (6H, t,J = 7.1 Hz, p), 0.90
0.70 (2H, m, h)’*C NMR (100 MHz,CDC}) U627 (e), 138.45 (d), 128.
119. 6 171.QIcandc74.}6,(i), 64.90 (1), 46.75 (n), 45.88 44,99 (), 31.40 (h)30.96(q),
28. 26 and 28. 20 (j23.p06and 23.285mp3.68, 28.06dndZB3.34. (1L o6 ( 0 ) ,
IR (neat)3304 (NH stretch), 2954, 1659 (C=0 stretch), 1600, 1544(KHend), 1499, 1442,
1389, 1302 (€O stretch), 1208 (@ stretch), 1161, 75%m*; HRMS (EI) calcd. for
CooH32BNO3: 345.2475, found 348486m/z

i
0 . o™k
@\ )U "o ?¢b\c' o o m
1 Il |
N~ 7, b\\c/d\ /e\f/g/,n
H

(S)-8a

Preparation of (S)-3-methyl-4-(4,4,6tri methyl-1,3,2dioxaborato)butanoic acid
phenyl amide (§)-8a): Using the representative procedure at room tempera@dddB of b - o
unsaturated amid@a (93 mg, 0.53mmol) affords, after flash chromatography on silica gel
(80:20 hexmnes:ethyl acetate), the title compo&8 mg, 53 %ps a yellow oil: TLC analysis{R
0.7 (60:40 hexanes:ethyl acetafé};>*° = -18.8° (c 0.5, CHCL); *H NMR (300 MHz, CDC)) U
7.82 (1H, br s, NH)7.56 (2H,dJ= 7. 9 Hz, «c¢  JseDB8Hz 7b.,3b36)(,2Hr,. 1tl, (
7.4 Hz, a), 4.304.20 (1H, m)), 2.40'2.20 (3H, m, g,f), 1.82 (1H, dd,= 14.0 Hz, 2.9 Hz, k),
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151 (1H,ddJ= 13. 6 Hz, 11.8 Hz,
J=6.2 Hz, n), 0.81 (2H, d| = 5.7 Hz, h) *C NMR (75MHz, CDCkL) 171.38 (e), 138.33 (d),
6 231.35¢h),28.88) ,
@R (nea23301 Z2NH stfeteh), ,2972, 266B(8=0 (stretch),
1600, 1554 (NH bend), 14991442, 1390, 1302 ({© stretch), 1209 (A stretch), 1161, 755,
692cm™; HRMS (EI) calcd. forCi7H.6BNOs: 303.2006, found 3083996m/z

128.92 (b, bod), 123.85 (a
(j,j6), 28.20

)

k )J=6.2 Hz3n%), 1L.0B(3H, d, s ,

119.

? '
B. a4b\c' 0

@) (@) I " 1l
A, NN
H | H

N J
/|\
e
h ~0” m

/9,

o—ﬁ

(R)-8b

(R)-3-(4,4,6 Trimethyl -1,3,2dioxaboratomethyl)pentanoic acid phenyl amide (R)-8b):
Using the representative procedure at room tempera@AelB of b runsaturated amidéb

71.

(100 mg, 0.53mmol) affords, after flash chromatography on silica gel (80:20 hexanes:ethyl

acetate), the title compound00 mg, 606) as a yellow oil: TLC analysis {R).7 (60:40
hexanes:ethyl acetatg))]p*°= -22.4° (¢ 0.5, CHC}); *H NMR (400 MHz, CDCY) 118.04 (1H, br
0 2J-3.% Hz, &7, .
4.30'4.20 (1H, m, 1), 2.402.30 (2H, m, f), 2.162.00 (1H, m, g), 1.83 (1H, dd,= 14.0 Hz, 2.9
Hz, k),1.52 (1H dd,J=13.8 Hz, 11.9 Hz, k),1.50 . 35 ( 2H, :
dd,J = 6.2 Hz, 1.5 Hz, m), 0.95 (3H,1,= 7.4 Hz, 0), 0.950.85 (LH, m, h), 0.850.75 (1H, m,
h); *C NMR (100MHz, CDCk) 1id1.B (e), 138.46(d), 1B.89( b ,
(c, ®a3 and 71.09 (i), 64.86 (), 45.84 (k), 44.34 (f), 34.88 )37 (h),29.92 (n),28.22
and 28. 18 (M),;11.6640) IR (n2a®)32266(NH stretch), 2971, 2926, 1660 (C=0
stretch), 1600, 1543 N bend), 1499, 1441, 1389302 (GO stretch), 1209 (@ stretch), 755
cm™; HRMS (EI) calcd. forCigH,sBNOs: 317.2162, found 312172m/z

s,NH),7.56 (2H,dJ= 8.0 Hz,

c, Jed).

97 H& 3

b28.%7 (a), 119.63

? '
B\ a&b\c'

o o Y
N NN
N H

@

Iy

(S)-8e

(S)-3-Cyclohexyt4-(4,4,6trimethyl-1,3,2dioxaborato)butanoic acid phenyl amide (§)-8e):
Using therepreentative proceduréCAHB of b -unsaturated amid@e (128 mg, 0.53mmol)
affords, after flash chromatography on silica ¢8D:20 hexanes:ethyl acetatd)e title
compound(141 mg, 72%) as a yellow oil: TLC analysis®.7 (60:40 hexanes:ethyl acetate)
MDZO— -16.4° (¢ 0.5, CHCk); 'H NMR (400 MHz, CDCJ) 0 8.03 (1H, br s, NH), 7.56 (2H, d,
b,JE=d% Hz 84.309.15(1HH, I), t ,
2.502.30(2H, m, ),2.10'2.00 (1H, m, 9)1.80 (1H, dd.J 14.1 Hz, 2.6 Hz, k)1.80i 1.65 (5H,

= 7.9 HABA2@2H tJe06)7,. Hz,

m, n,1b]l @ )J=128Hz,K1. 32 ( 6H,

S15

s, JF6.0Hy,
(6H, m,0.88(ld,dadJo)15.3 Hz, 5.2 Hz, h), 0.80.70 (1H, m, h)&

m),1.2% 0.95 8
NMR (100

10

. 35

(
(6

(3H,
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MHz, CDCkL) 1u2.35(e),13848 ( d) , 128.96 (hb) bdOrE.7600 (c, C
(i), 64.86 and 64.80 (145.78 (k), 43.29 and 43.26 (n), 42.25 and 42.213@)}48 (9, 31.36 (h),

30.49 2(9a,8d4§g) ,29. 70, 28. 16, and 28. 08R(pgat) j 6) ,
3298 (NH stretch), 3255, 2928, 1656 (C=0 stretch), 1595H(Nvend), 1414, 1318 (O

stretch), 1246, 120§C-N stretch) 1141, 755cm’; HRMS (El) calcd. for C,oH34BNOs:

371.2632, found 372627m/z
.\i/.I
‘?ﬁ 'b 5
SR P Y g p o

~ , [0}
N “,, b\C/d\N/e\f/g ,T4 \p.
e b

p

(9)-4-(4,46-trimethyl -1,3,2dioxaborato)-3-phenylbutanocic acid phenyl amide (§)-8f):

Using the representative procedu@AHB of b -unsaturated amidéf (125 mg, 0.53mmol)

affords, after flash chromatography on silica gel (80:20 hexanes:ethyl acetate), the title
compound (137 mg, P&) as a yellow oil:TLC analysis R0.7 (60:40 hexanes:ethyl acetate)

[Up?° = -188° (c 0.5, CHC}); 'H NMR (400 MHz, CDC}) i 7. 36 J¥f2H, 8dHz, ¢,
735725( 6 H, m, b, 7®R67.16(1, dn, ¢),7.Q¥ §1H,,t,J = 7.2 Hz, a),4.15 4.00

(1H, m, 1),3.50'3.40 (1H, m, g)2.80 2.70 (1H, m, f), 2.62 (1H, dd,= 13.6 Hz 2.8 Hz f), 1.69

(1H, dd,J = 13.9 Hz, 2.8 Hz, k)1.351.25 (1H, m, k)1.251 . 05 ( 11 H, *coNMRh, j , j 6
(100 MHz,CDCH)it 170. 56 (,e)1,371.49%5 2(3d), 128128 ardb, bd) ,
127.30 (o, o006), 126. 29 70.80)(), 6472 &8d ®4%B8 (Plalp and 119 . 8
4711 H45. 70 (k), 39.05 (g), 31.12308and23d2(mL1 ( h)
IR (neat) 3299 (NH stretch), 2973, 1657 (C=0 stretching), 1600, 1544 (bend), 1499, 1442,

1392, 1302 (€O stretch), 1208 (@ stretch), 1187, 909, 755, 78in*; HRMS (EIl) calcd. for
Co2H26BNO3: 365.2162, found 363169m/z

(S)-8f

(R)-8¢c

(R)-3-((4,4,6trimethyl -1,3,2dioxaborato)methyl)-5-phenylpentanoic acid phenyl amide

((R)-80): Using therepresentative procedyr€ AHB of b -unsaturated amidéc (140 mg, 0.53

mmol) affords, after flash chromatography on silica gel (80:20 hexanesaathtdte), the title

compound (152 mg, ?8) as a yellow oil: TLC analysis®.7 (60:40 hexanes:ethyl acejate
[uDZO—-126O(CO5 CHCL); *H NMR (300 MHz, CDCY)ti 8. 05 (1H, br Js, NH)
= 8.0 HAQ7 .cl,5 6()7,H, mq),7.bl (XHOt) ©7.3dHa, A)g. 35p4&5 (1H, m,

), 2.852.60 (2H, m, 0), 2.452.35 (2H, m, ),2.30'2.15 (H, m, ¢), 1.85 (1H, ddJ = 14.0 Hz,

2.8 Hz, k),1.80'1.60 (2H, m, n), 1.6Q.45 (1H, m, k)1 . 36 ( 6H, s,,JF6.2/H8 ), 1. 3
m), 1.00i 0.90 (2H, m, h);**C NMR (75 MHz, CDC}) 1i1.35 (e), 142.74 (p), 138.36 (d),
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128.9312®.,0d)(r,ro), 1283287 (@apupd) 1122666RcC
(i), 64.95 (1), 45.86 (k) 44.63 (f), 39.24
23.29 and23.27 (m); IR (neat)3305 (NH stretch), 2972, 2929, 1659 (C=0 stretch), 1600, 1541
(N-H bend), 1498, 1442, 1390, 1303-(Cstretch), 1209 (@ stretch), 906, 754m"; HRMS

(ES)) calcd. forC,4H3,BNaNO3; (M+Na): 416.2373, found 418379m/z

.\i/
I
‘?ﬁ 'b 5o
©\ )UB\O Z 0 h 07 Tm

N / ¢” "N “n p
H |
H N
R
(R)-8d 5\\t/3'

(R)-3-((4,4,6 Trimethyl -1,3,2dioxaborato)methyl)-6-phenylhexanoic acid phenyl amide

((R)-8d): Using therepresentative procedyr€AHB of b runsaturated amidéd (148 mg, 0.53

mmol) affords, after flash chromatography on silica gel (80:20 hexanes:ethyl acetate), the title
compound(151 mg, 7®) as a yellow oil: TLC analysis®.7 (60:40 hexanes:ethyl acetate)
[LJDZO—-145°(c05 CHC}): *H NMR (400 MHz, CDC}) ti 7.99 (1H, br s, NH), 7.55 (2H, d,

= 7.8 HB3IR2HtJeo ). H/Z30'7 .b2 B 6() 2 H7.25 ™15 (33, mg 4§ ) ,6 ,
7.11(1H, t, J = 7.3 Hz, & 4.254.15 (lH m, 1), 2.702.50 (2H, m, p)2.402.30 (2H, m,f),

2.252.10 (1H, m, 9)1.81 (1H, ddJ = 14.0 Hz, 2.6 Hz, % 1.80'1.65 (2H, m, 0),1.55 1.40

(2H, m, k,n),1.351.25( 1 0 H, m, 1i0.95(2H,dn, HfC,NMR (1@8IHz, CDCkL) i

171.51 (e), 142.71 (q), 13836 ()28 . 92 ( b, b 61)2 8 .12208 .(4r2, r(6s),,s 01)2,5 .
(@), 119.63 c , ®.43 (i), 64.86 (1)45.81 (k), 44.77 (f), 36.82 (n}6.04 (p), 33.20 (g 31.35

(h), 29. 71 and 29. 04 IR (nga2p73(N-H &tretthj 292502854, and =z
1649 (C=0 stretch),505, 1495N-H bend) 1386, 1378, 1307, 123€-N stretch) 1143 (CO

stretch), 1119 (@ stretch), 966, 868, 772, 749, 66®™"; HRMS (CI) calcd. forCosH3sBNO;

(M+H): 4082710, found 4082711m/z

h h
\ 7/
9%\ 0%
B. Bl ]
0 0 ca o ok
Sl e
(o) ‘1, au/ \O/ \d/ 'nl

(S)-8g

(s
(

(S)-3-Methyl-4-(4,4,6-trimethyl-1,3,2dioxaborato)butanoic acid tert-butyl ester ((S)-89):

Using the representative proceduaeroom temperaturédCAHB of b -unsaturated estéfiy (83

mg, 0.53mmol) affords, after flash chromatography on silica gel (95:5 hexanes:ethyl acetate),
the title compound93 mg, 62 %)as a yellow oil: TLC analysis{R0.5 (80:20hexanes:ethyl
acetaty [Jp*=-4.0° (c 0.5, CHCE); *H NMR (400 MHz, CDCJ) 11 4.20'4.05(1H, m, j), 2.25
2.15(1H, m, d), 2.152.05(1H, m, @, 2.051.95(1H, m, d, 1.75(1H, dd, J = 13.8 Hz, 2.7 Hz,

i), 1.501.40 (AH, m,)1 . 43 ( 9 H, 1.26 (6H, ah,hd Y2.22436dYJ = 5.8 Hz,k), 0.93

(3H, d,J= 6.3 Hz, ), 0.80'0.70 (1H, m, f), 0.680.50 (1H, m, ¥, **C NMR (100 MHz, CDC}) U
172.96 (c), 79.50 (b), 70.39)(g64.44 (j), 45.95 (i), 45.19 (e), 45.15 (d), 31.@p 28.13
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(a,a®,7a@d) ,and 2318 (R)122.¢1handnh2&.98,,(IR (neat)2979, 2930, 1725
(C=0 stretch)1474, 1440, 1366, 1319, 1248, 11€10 stretch) 1051,968, 917, 846, 750, 733,
681, 667cm™; HRMS (CI) calcd. forCisH30BO, (M+H): 285.2237, found 288243m/z

h h
\g/
‘?ﬁ o
AL w3 9 o
~
., b.__Cc_. _¢e,
O ’/| a||/ O \d /I
8h

(R)-

(R)-3-((4,4,6 Trimethyl -1,3,2dioxaborato)methyl)pentanoic acid tert-butyl ester ((R)-8h):

Using the representative proceduaeroom tempeture CAHB of b -unsaturated estéth (90

mg, 0.53mmol) afords, after flash chromatography on silica gel (95:5 hexanes:ethyl acetate),
the title compoundq102 mg, 65 %)s a yellow oil: TLC analysis:R0.5 (80:20hexanes:ethyl
acetaty [Up*°= -3.8° (¢ 0.5, CHCly); *H NMR (300 MHz, CDC}) 11 4.25 4.10 (1H, m, j), 2.19

(2H, dd,J=6.9 Hz, 2.6 Hz, d), 2.03.95 (1H, m, e), 1.77 (1H, dd~= 13.8 Hz, 3.0 Hz, i)1.50

140 (AH,m,i1 . 46 (9H,1481. a0 apP2EH66M, | ), 31 d,2862( 6 H, s
Hz, k), 0.88 (3H, tJ = 7.4 Hz, m), 0.69 (2H, d] = 6.8 Hz, f);*°*C NMR (75 MHz, CDC})
173.24 (c), 79.51 (b), 70.39 (g), 64.41 (j), 45.96 (i), 42.33 (d), 33.2B198 (), 28.94 (1),

28. 16 (228 .ab6 ag2a k) d1).19m), IR (neat)2976, 2926, 1726 (C=0 stretch),
1456, 1379, 1315, 1246, 1213, 1138QGstretch), 966, 850, 669, 5t&i'; HRMS (CI) calcd.

for C16H3BO,4 (M+H): 299.2394 found 29.2397m/z

(R)-5-Methyl-3-((4,4,6trimethy|-1,3,2dioxaborato)methyl)hexanoic acid tert-butyl ester

((R)-8i): Using the representative procedataoom temperatur€ AHB of b -unsaturated ester

7i (105 mg, 0.53mmol) affords, after flash chromatography on silica gel (95:5 hexanes:ethyl
acetate), the title compound34 mg, 786) as a yellow oil: TLC analysis (R 0.5 (80:20
hexanes:ethyl acetatd))p*° = -2.7° (¢ 0.5, CHC}); "H NMR (300 MHz, CDC}) i 4i 4.200

(AH, m, ), 2.202.05(3H, m, d,e)1.77 (1H, dd,J = 13.8 Hz,2.8 Hz,i), 1.70'1.55(1H, m, m),

1.501.40( 1 H, m, i), A646 I9H8 (s6H,d a2 He, kh1d1B , 1. 2¢
(2H,t,J=5.9Hz, ),0.900.85(6H,m n, no6) , J65%BHr )(*CNMR @5 MHz,

CDCl) 1i@3.16 (c), 79.51 (b), 70.39 (g), 64.43 (j), 46.21 45,97 (i), 43.17 (d),31.30 (},

29.62(e)2 8. 16 (2a8,.a006, 288®D(NNH,28.21, (k),23.15,23.04,22.83 22 . 6 R (n, nbd
(neat)2971, 2931, 2870, 1725 (C=0 stretch), 1456, 1389, 1366, 1300, 1206, 1Tb6tf€ich),

1134 (GO stretch), 956, 846, 738m™; HRMS (ESI) calcd. for CigHssNaBO,; (M+Na):

349.2526, found 349.2518/z
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h h
\ 7/
Qﬁ o7
B. B. i<
S w3 g o
~N
7 b\ /C /e’/ /m\ 0

e} /,/D au/ (o) \d | rl]l/ \\p
|
cl o>

(R)13

(R)-5-(2-Chlorophenyl)-3-(4,4,6trimethyl -1,3,2dioxaboratomethyl)pentanoic  acid tert-

butyl ester (R)-13): Using the representative procedu@AHB of 12 (148 mg, 0.53mmol)

with Rh(nbd}BF, (3.9 mg, 0.011 mmol) an@R R)-6 (15.2 mg, 0.022 mmokffords after flash
chromatography on silica gel (95:5 hexanes:ethyl acetate), the title com{i@dnichg, 74 %ps

a yellow oil: TLC analysis R0.5 (80:20 hexanes:ethyl aceta{€]o?°= -4.5° (c 0.5, CHC}); ‘H

NMR (300 MHz, CDC}) t17.32 (1H, ddJ = 7.6Hz, 1.2 Hz, r), 7.23 (1H, dd,= 7.5 Hz, 1.9 Hz,

p), 7.18 (1H, ddJ = 7.2 Hz, 1.5 Hz, 0)7.12 (1H, ddJ = 7.6 Hz, 2.1 Hz, g4.25 4.10 (1H, m,

), 2.80'2.70 (2H, m, m)2.35 2.25(2H, m, d),2.25 2.10 (1H, m, €)1.77(1H, dd,J = 13.8Hz,

2.9 Hz, ), 1.70i1.55(2H, m, I),1.551.40 (A1H, m, )1 . 46 (9H, 1s28 a(&ald, adH) |
1.24 (3H, dJ = 6.2 Hz, k),0.82 (2H, dJ = 6.2 Hz, f);*3C NMR (75 MHz, CDC}) 172.90 (c),

140.65 (n), 133.84 (s), 130.29 (r), 129.33 (q), 126.99 (0), 126.679)1 and 79.70 (b), 70.51
(9),64.52 (j),45.94 (i), 42.56 (d)36.45 (1), 31.82 (m)31.28 (), 31.08 (¢,28.16( a, a 28,146 6 ) ,
(h, hd) ,; IRZreat)2908,293K,)1724 (C=0 stretch), 1475, 1443, 1366, 1320, 1240, 1142
(C-O stretch), 1050, 968, 917, 846, 750, 732, 680, 64¥; HRMS (ESI) calcd. for
C,:H34NaBCIO, (M+Na): 431.2136, found 431.2146/z

il .
\ -
W ' i—|‘|1/J I,(/
©\ i O\B/O ? '(':' I 1
N b\\c/d\N/e\f/g\m/n\O/p'
H H Fl)

(S)-2

(S)-6-Methyl-3-(4,4,6trim ethyl-1,3,2dioxaborato)heptanoic acid phenyl amide (§)-2):

Using the representative procedu@AHB of b -unsaturated amidé (115 mg, 0.53mmol)

affords, after flash chromatography on silica gel (80:20 hexanes:ethyl acetate), the title
compound (144 mg, P8) as a yellow oil: TLC analysis{®.7 (80:D hexanes:ethyl acetate)
[Up?°=-7.9° (c 0.5, CHCE); *H NMR (400 MHz, CDC}) 11 7.59 (1H, br s, NH)7.52 (2H, dJ =

7.1 Hz, c¢,ch) ,7.74 3Rz ,( 2bH, J=6I)2 Hz, &)4.809.15((IHHM, K)t ,
4.304.10 (1H, m, k),2.552.40 (1H, m, f), 2.402.20 (4H, m, f,g,m),1.851.65 (H, m, j,0),
1.601453H, m,jjml. 29 (6H, s, J=6.218z)21Hz )88 @ B}H,6.4dd,

Hz, p ,)p® NMR (100 MHz, CDG)) 17 2. 34 (e) , 138.39 (d), 12
119. 6 070.80c(h),6480 and 64.76 (k¥5.93 and 45.89), 39.79 (f), 38.67 (n)38.11 and

38.05 (g),31.28 and 27.99 (Hi 29.08 (0)28.20(m)2 3. 22 (| ) ;IR (Beat)3WAN( p, p o)
H stretch), 2973, 1660 (C=0 stretch), 1600, 1544H(Ntretch), 1442, 1391, 1369, 1302-QC

stretch), 1209 (&N stretch, 1161, 898, 75&m’; HRMS (ESI) calcd. for CogHsNaBNO;

(M+Na): 368.2373, found 363364m/z

General procedure for CAHB -oxidation sequencevith H-O».
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@\ 1) 1)CAHB @\ U aéb\c' o
| 1 I} |
e ,
N 2) aq NaOH, H,0, S e
H H
3 (R)-17

(R)-3-Hydroxy methyl-5-methylhexanoic acid phenyl amide @)-17). After theCAHB of 3,

the resultant mixture was diluted with THF (10 mL). Additiorsoflium hydroxid€¢6 mL of a 3

M soln) andslow addition ofH,O, (0.6 mL of a30% soln) affordeda mixture which was

allowed to stir for 2 h. After extraction with dichlorethane (3 x 15 mL), the combined organic

extracts were dried (anhyd. »80,) and concentrated under reduced pressure. Flash
chromatography on silica geB@ 40:20 60 hexanes:ethyl acetataffords the title compound

(88 mg, 726) as a white solid: mp 92.94 °C; TLC analysisR 0.4 (30:70 hexanes:ethyl

acetate) [Up® = +51° (c 0.5, CHCL); Chiral HPLC analysis (Chiralpalc, 90:10
hexanessopropanol) showed peaks at 27 minutes (2.5% 48d ® minutes (97.5% (; *H

NMR (300 MHz, CDClL) 7198 (1H, brs, NH), 751 2H,d)J= 7. 8 Hz, ¢ ,Je0) , 7.
7.6 Hz, b, bJ&).4Hz7a), .15 (1H1dd= 109 and 3.8 Hz, h), 3.52 (1H, di+

10.9 and 6.8 Hz, h), 3.14 (1H, br s, OH), 2230 (2H, m, f), 2.302.15 (1H, m, g), 1.75L..60
(AH,m,j),1.301. 10 (2H, m, i), 0.92Jana@. . 4T NN HK O )V
(7T5MHz, CDCL) 17 1. 71 (e), 137.85 (d), 128.97 (b, bé
40.89 (i), 40.72 (f), 35. REea)IB07,(OH=Betc?),B3150 ) ), 2
(N-H stretch), 2951, 2925, 2856, 1641 (C=0O stretch), 154H (bend), 143, 1355 (CO

stretch), 1205 (@N stretch), 1143, 1077, 1032, 878, 735, 96" HRMS (CI) calcd. for

C14H22NO, (M+H): 236.1651, found 236.58 m/z

OH
©\ U ?/ \I(I;' (I? rﬂ/ |
N ‘1, b\\c/d\N/e\f/g’,i/j\k/l\\m.
[l
H H N //r|]
m

(R)-3-Hydroxy methyl-5-phenylpentanoic acid phenyl amide (R)-18): Using he general
procedurep,o-unsaturated amidéc (140 mg, 0.53nmol) affords, after flash chromatography on

silica gel 80i 40:20 60 hexanes:ethyl acetatehe title compound (106hg, 726) as a white

solid: mp92i 94 °C; TLC analysisR; 0.4 (30:70 hexanes:ethyl acetat¢d]p?° = +4.3° (c 0.5,

CHCI3); Chiral HPLC analysis (ChiralpalC, 85:15hexanessopropanol) showed peaks at 23

minutes (3.0% (S)) and 26 minutes (97.0%){RH NMR (400 MHz, CDCJ) 7i¥5 (1H, br s,

NH), 750 (2H,dJ= 7. 8 Hz j7 .c25 06()4 HO7). NB(B7. b15b6 &,3IH,I m, m, mod
(1H, t,J= 7.4 Hz, a), 3.883.75 (1H, m, h), 3.78.60 (1H, m, h), 2.92 (1H, br s, OH), 2i2065

(2H, m, j), 2.552.45 (2H, m, f), 2.202.10 (1H, m, g), 1.8Q..65 (2H, m, i) **C NMR (100

MHz, CDCk) 1@l1.32 (e), 148.9 ( k) , 137.75 (d), 129.01 (I, 1
125.98 (n), 124. 44 (a), 120. 02 (c, cAR(neatp5. 36
3679 (OH stretch), 3150 (NH stretch), 2993, 2950, 1678 (C=0 stretch), 1598, 14981 (N

bend), 1443, 1322 (O stretch), 1304, 1197 (N stretch), 1174, 1095, 957, 76&'; HRMS

(CI) calcd. forC,gH2:NO, (M+H): 284.1651, found 284656 m/z

(R)-18
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General procedure forsmall scaleoxidation of purified organoboronateswith H>O- for
chiral HPLC analysis.

B(tmd OH b OH
©\ U (tmd) H,0, ©\ U ?// \ICI:. (l? }?/
“ — . by _d. €., 9,
N aq NaOH N SerBNEN 9
H H H
(S)-8a

Preparation of (R)-4-hydroxy-3-methylbutanoic acid phenyl amide To a solution of
o-dioxaboratcamide(S)-8a (30 mg, 0.10 mmol) in THF (0.51L) was addedodium hydroxide
(0.6 mL of a 3 M soln.) andH,0; (0.15 mL ofa 30% soln.). After allowing a B stir, the
resultant mixture wagxtraded with dichloromethane (2 x &L) and the combined organic
extracts were driedanhyd. NaSQy) and then concentrated under reduced pressure. Flash
chromatography on silica geB@ 40:20' 60 hexanes:ethyl acetate) affortise title compound
(19 mg, 97% as awhite solid: mp115117 °C; TLC analysisR; 0.3 (30:70 hexanes:ethyl
acetate) [Up® = +25° (c 0.5, CHCL); Chiral HPLC analysis (ChiralpalC, 75:25
hexanes:isopropandilow rate = 1.0 mL/min) showed peaks at 16 minut€s2% (S)) and 19
minutes (8.8% (R), (seetraces for racemate and enriched prodigtow); *H NMR (300 MHz,
CDCl;) 81221 (1H, brs,OH), 751 (2H,d= 7. 8 Hz, «c¢,Jed)6, Hizz.,3 0, (bXHH,,
(AH, t,J = 7.4 Hz, a), 3.73.55 (1H, m, h), 3.58.40 (2H, m, h,OH), 2.52 and 2.29 (2H,
over |l ap phi=140 Hd, ®.8 Hz), = 14.0 Hz, 6.00 Hz, f), 2.3@.20 (1H, m, g)1.00 (3H,
d,J=6.7Hz, i) ®*C NMR (75MHz, CDCk) 1ul 71 (e), 137.88 (d), 128
120.19 (c,co0), 67. 46 (;HR (peat)8ZB6 (DA strétch), 31953NBl. 36 (¢
stretch), 3139, 2957, 2928, 1667 (C=0 stretch), 1599, 1549 lfNind), 1487, 1444, 1376, 1319
(C-O stretch) 1257, 1231 (€N stretch), 1132, 1047, 7%4n"; HRMS (CI) calcd. forCi1H1gNO,
(M+H): 194.1181, found 1941BOm/z

racemate CAHB produ!c’th
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QLR
N ",
H |

(R)-3-(Hydroxymethyl)pentanoic acid phenyl amide Using the general procedure;
dioxaborato amid€R)-8b (32 mg, 0.10mmol) affords, after flash chromatography on silica gel
(80 40:20 60 hexanes:ethyl acetatdhe title compound (20 mg, 99 as a white solid: mp18
119.5°C; TLC analysisR; 0.3 (30:70 hexanes:ethyl acetatd)]?° = +2.1° (c 0.5, CHC}); Chiral
HPLC analysis (ChiralpakC, 90:10 hexanes:isopropanol) showedkseat 40 minutes (4.0%
(S)) and 46 minutes (96.0% R'H NMR (400 MHz, CDCkL) 783 (1H, br s, NH), 7.52 (2H,
dJ= 7.9 Hz, ¢Jecd8H ,7 b3d06()29H,7.3Hz2a), B.18KLH, di; =
10.5 Hz,J, = 3.0 Hz, h), 3.59 (1H, dd; = 10.5 Hz,J, = 6.8 Hz, h), 2.87 (1H, br s, OH), 2155
2.45 (2H, m, f), 2.102.00 (1H, g), 1.501.35 (2H, m, i), 0.98 (3H, ] = 7.4 Hz, j) *C NMR

: 137.83 (d),
40.46 (f), 39.75 (g), 24.36 (i), 11.59;(]R (neat)3349 (OH stretch), 3253 (M stretch), 2959,
1670 (C=0 stretch), 1599, 1551 - bend), 1443, 1319 (O stretch), 1255QG-N stretch),
1143, 1074, 758m™*; HRMS (CI) calcd. forC;oH1eNO, (M+H): 2081338, found 208.1338)/z

(100MHz, CDCE) 1w 1.63 (e)

OH

<E VoA

(S)-3-Cyclohexyt4-hydroxybutanoic acid phenyl amide Using the general procedure;,
dioxaborato amid¢S)-8e (37 mg, 0.10 mmol) affords, after flash chromatography on silica gel
(80 40:20 60 hexanes:ethyl acetatdhe title compound (25 mg, 99 as a white solid: mB8i

89 °C; TLC analysisR; 0.4 (30:70 hexanes:ethyl acetatd)J]p?°= +3.1° (c 0.5, CHC}); Chiral
HPLC analysis (ChiralpakC, 90:10 hexanesopropanol) showed peaks at 48 minutes (5.0%
(S)) and 52 minutes (95.0% YR'H NMR (300 MHz, CDCkL) 790 (1H, br s, NH), 7.52 (2H,
dJ= 7.9 Hz, c¢,Jed), 97 HZ3
10.8 and 4.0 Hz, h), 3.67 (1H, db= 10.8 and 7.1 Hz, hp.51 (2H, dJ = 6.2 Hz, f), 2.001.80
il, 00, K 7HO, ®HCINVR F5MHSD |
CDCl;) 1u@2.23 (e), 137.94 (d), 128.97dcd ) , 124. 27

(1H, m,g),1.801 . 60 ( 5H, m,

OH
Y 9w
b\\C/d\ /e\f/g /

43.41 (f), 39.54 (i), 38.64

Ci16H24NO, (M+H): 262.1807, found 2628D8m/z

DL

b 2X3.2 tz, aj3.82 @H, ddU H ,

S22

t

(c, c

k, k
2 |
( ) R, (nea®)&929GBH (| 0) ,

stretch), 3100 (NH stretch), 2957, 2893, 1655 (C=0 stretch), 1599, 15461 (bend), 1444,
1327 (GO stetch), 1268 (€N stretch), 1121, 1053, 881, 7531, HRMS (Cl) calcd. for

0
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(S)-4-Hydroxy -3-phenylbutanoic acid phenyl amide Using the general procedurex
dioxaborato amidéS)-8f (37 mg, 0.10mmol) affords, after flash chromatography on silica gel
(80i 40:20 60 hexanes:ethyl acetatethe title compound (2Bng, 98%) as a white solid: mp
95.5 97 °C; TLC analysisR; 0.4 (30:70 hexanes:ethyl acetatd)Jp?° = +3.8° (¢ 0.5, CHC);
Chiral HPLC analysis (ChiralpalC, 90:10 hexanesopropanol) showed peaks at 56 minutes
(3.5% (S)) and 85 minutes (96%5(R)); 'H NMR (300 MHz, DMSO-d)  9i86 (1H, br s, NH),
751(2H,dJ=8. 0 Hz, i€, T®)( 7 Hj 3@, b, bd)=I73Hz &,498 ( 1H,
(1H, t, J = 5.2 Hz, OH), 3.663.50 (2H, m, h), 3.38.20 (1H, m, g), 2.82 and 2.60 (2H,
over | ap pi=i48 Ht,&.8 Biz), = 14.8 Hz, 8.9 Hz, f)**C NMR (75 MHz, DMSO-dg)
0170.55 ¢), 143.16 @), 139.67 (), 129.06 [ ), L28.55 b , )p188.32 k , )k186.64 [), 123.40
(@), 119.45 ¢ ,),c66.84 ), 44.92(); IR (neat)3365 (OH stretch), 3254, 3191 (N stretch),
1667 (C=0 stretch), 1607, 1597, 1550KNobend), 1498, 1443, 1316 {Q stretch), 125 (C-N
stretch), 1189, 1132, 960, 852, 76&™"; HRMS (CI) calcd. forCigH1gNO, (M+H): 2561338,
found 256.837m/z

o OH ?4b\|(i7' (I? }?/OH m/'¢ \l?
N , b\\c/d\N/e\f/g’,i/j\k/IQm/n
H H

(R)-3-(Hydroxymethyl)-6-phenylhexanoicacid phenyl amide Using the general procedure,
dioxaborato amid€R)-8d (41 mg, 0.10mmol) affords, after flash chromatography on silica gel

(80i 40:20 60 hexanes:ethyl acetatethe title compound (29 mg, 99 as a white solid: mp

78.580 °C; TLC analysisR 0.5 (30:70 hexanes:ethyl acetate)dp?° = +4.1° (c 0.5, CHC});

Chiral HPLC analysis (ChiralpalC, 9010 hexanessopropanol) showed peaks at 35 minutes

(4.0% (S)) and 37 minutes (96.0%)(RH NMR (300MHz, CDCk) 758 (1H, br s, NH), 7.50
2H,d,J= 7.9 Hz,i7m,3M06)(,2H7.3047Q0 26, ¢8H, TmMm5@EH, o), 7.
n,noé, o), J¥7.51Hz, aY A7A (1H,dd,= 10.9 and 4.0 Hz, h), 3.58 (1H, db+ 10.9

and 6.7 Hz, h), 2.64 (2H,d,= 7.3 Hz, k), 2.502.40 (2H, m, f), 2.202.10 (1H, m, g), 1.80QL.60

(2H, m, i), 16Gi 1.40 (2H, m, j) *C NMR (75MHz, CDCk) 171.29 (e), 142.18 (d), 137.73 (I),
129.00 (b, bd), 128.39 (m, md), 128.34 (n,nod),
40.65 (f), 38.02 (g), 35.96 (k), 31.06 (i), 28.95 (R (neat)3714 (GH stretch), 3040 (NH

stretch), 2890, 1680 (C=&retch), 1601, 1590, 1545 Ml bend), 1499, 1451, 1369, 1308-CC

stretch), 1204 (N stretch), 1186, 1100, 1020, 990, %56 HRMS (CI) calcd. forCigH24NO,

(M+H): 2981807, found 298800m/z

©\ O OH a”~c 0 oH
N b\c//d\N/e\f/g\h/i\j/k'
H H K

(S)-3-Hydroxy-6-methylheptanoic acid phenyl amide Using the general procedure;
dioxaborato amidé€S)-2 (35 mg, 0.10mmol) affords afterflash chromatography on silica (80:2
hexanes:ethyl acetatdje title compound23 mg, 98?/03 as a white solid: mp 136131.7°C;

TLC analysisRi0.4( 50: 50 he x an e sp”e trthdy(¢ 0.5aethandl)a chiea) HPLC] U ]
analysis (ChiralceASH, 90:10 hexanes:isopropanol) showed peaks at 41.1 minutes (2.5% (R))
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and 48.3 minutes (97.5% (S NMR (400 MHz,CDCf) U 7.89 ( 1H, by s, N |
= 7.7 Hz, c ,Jed.6Hzb7 bDY , ( ZXH7.4 Hz( &), 4.18.00 (1H, m, g),

3.20 (1H, br s, OH), 2. 8581ahHE 27 HZ),S 155HEH 88 ov er |
Hz, f) 1.761.50 (3H, m, h,i), 1.4Q.30 (1H, m, i), 1.34.15 (1H, m, j), 0.92 (3H, d| = 6.6 Hz,

k), 0901 3H,dJ= 6.6 ¥NMRKIOOMHz,CDCG) u 170.56 (e), 137.
(b, bd), 124.46 (a), 120.02 (c,cbd), 69.15 (g)
22.52 (ko) ; FHRstrefcim),e2853,) 2863, 2658 (CXONstretch), 1598, 1548, 1442,

1314, 1256, 1079, 716, 69t¢; HRMS (FAB) calcd. for G4H2:NO, (M+H): 236.1651, found
236.1645m/z

General procedure for lactonization via me pot CAHB-oxidation with H-O-.

O O~y

>L 1)CAHB o) o=a |
b~C~g
2) aq NaOH, H,0, |
/f\gv

(S)-20

(9)-4-isobutylbutyrolactone ((S)-20):[*4 After the CAHB of7i using the geeral procedureith
(§9-6, the resultant mixture was dilutedth THF (10 mL). Addition ofsodium hydroxidg6

mL of a 3 M soln.) and D, (0.6 mL of a 30% soln.) afforded a mixture which was allowed to
stir for 2 h. Sodium metabisulfite (A&, 4 mL d a 10% soln.) was added and the resultant
mixture was acidified (6 M HCI) and extracted with dichloromethane (3 x 15 mL). The
combined oganic extracts were dried (anhyd.JS&)y) and concentrated under reduced pressure.
Flash chromatography on silica gér5:25 hexanes:ethyl acetgtaffords the title compound
(58.6 mg, 786) as a light yellow 0il TLC analysisR 0.5 (75:25 hexanes:ethyl acetatf)]p?°=

11.5° (c 0.5, CHCL); subsequent amidatiét? with Al(Me)sand anilineaffords(S)-17 which was
used to determine the enantiomeric put@t% ee)by chiral HPLC analysis'H NMR (400
MHz, CDCkL) 441 (1H, ddJ; = 8.8Hz,J, = 8.1Hz, d), 3.88 (H, dd,J; = 8.9Hz, J, = 8.6 Hz,

d), 2.7G2.55 (2H, m, b), 2.28.10 (1H, m, c), 1.68..50(1H, m, f), 1.36 (2H, tJ =7.1Hz, e),

0.93 (3H,1J=6.6 Hz, 9, 0.90 3H,tJ= 6. 6 ; FZNMR§léOMHz, CDCk) U 17 7.
(@), 73.56 (3 42.21 (e), 346 (b), 3383 ( 26.28 (f), )2IR(n6a)2956g ) ,
2903, 1773 (C=0 stretch), 1469, 1420, 1367, 1216, 1168 Ehretch), 1011, 913, 838, 730,
646, 557cmi".

O O~y

b—"C,

’ i
f

I

979

hy N

(R)-22a

[14] T. Ok, A. Jeon, J. Lee, J. H. Lim, C. S. Hohb, S.Lee,J. Org. Chem2007, 72, 7390 7393.
[15] For the amidation of estersee reference 1.
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(R)-4-benzylbutyrolactone (R)-22a):*® Following the general procedurfgp-unsaturated ester

21a (123 mg, 0.528nmol) affords, after flashhromatography on silica gel (75:BBxanes:ethyl

acetate), the title compound (74.7 mg%80as a light yellow oil.TLC analysisR; 0.4 (75:25
hexanes:ethyl acetatd)]p*°= +5.3° (c 0.5, CHCE); Chiral HPLC analysis (ChiralpakD, 95:5
hexanes:isopropanol) showgaks at36 minutes (97% (R)) and 40minutes (2.% (S)); *H

NMR (400MHz,CDCL) 4 7. 34 T{U2H#M,Ht, h,Jx6YHz i)77.122H, 6,1 H, d.
J= 7. 3 )YHZA5 (1K ddg,& 8.9Hz, J, = 8.9Hz, d), 4.05 (1H, ddJ; = 6.2Hz,J, = 6.1

Hz, d), 2.952.85(1H, m,c), 2.852.75 (2H, m, e), 2.6%1H, dd,J; = 17.4Hz, J, = 7.9 Hz, b),

2.31(1H, dd,J; = 17.4Hz, J, = 6.9 Hz, B; *C NMR (100 MHz, CDCkL) 116.84(a), 138.25

(f), 128.81 (g, gb6), 128.67 (h,hoé), ), RAeat)83 (i )
2963, 2909, 1773 (C=0 stretch), 1496, 1417, 1257, 1C66 stretch) 1088, 1012, 910, 797,

731, 699, 638, 53¢m™.
’, ’/,e
|
PN
97 K
@O/ hs g

(R)-22b

(R)-4-(3-M ethoxyphenyl)methylbutyrolactone ((R)-22b):1*” Following the general procedure,
b,o-unsaturated est@lb (139 mg, 0.528nmol) affords, after flasbhromatography on silica gel
(75:25 hexanes:ethyhcetate), the title compound (86.2 mg%j9as a light yellow oil:TLC
analysisR; 0.3 (75:25 hexanes:ethyl acetatd)]p?® = +55° (c 0.5, CHCL); Chiral HPLC
analysis (ChiralpatdD, 90:10 hexanesopropanol) showed peaks at 31 minutes (97.5% (R))
and 34 minutes (2% (S));'H NMR (300MHz, CDCkL) 725 (1H, tJ = 8.1 Hz, h), 6.866.80
(1H, m,i), 6.75 (1H, dJ = 7.5 Hz, ¢, 7.71 (1H,s, k),4.35 (1H, dd; = 9.1Hz, J, = 6.9 Hz, d),
4.05 (1H, ddJ; = 9.1Hz, J, = 6.0 Hz, d), 3.82 (3H, s, 1), 2.92.80 (1H, m, &, 2.802.75 (2H,

m, e), 2.6Q1H, dd,J; = 17.4 Hz,J, = 7.9 Hz, B, 2.30 (1H, ddJ; = 17.4 Hz,J, = 6.9 Hz, B; °C
NMR (75 MHz, CDCkL) 116.80 (a), 159.91 (j), 139.81 (f), 129.82 (h), 120.97 (g), 114.64 (k),
111.86 (), 72.64 (d, 55.20 (I), 38.97 (e), 37.07 )b34.26 (c);IR (neat)2913, 1774(C=0
stretch) 1601, 1584, 1481, 1454, 1261, 11650 stretch) 1152(C-O stretch) 1039, D13, 909,
784, 727, 698, 64Tm".

O /O\d
(@] O=a |
b~
|
AN
1 I
O/ h\\i/J\o/m
(ONQ O\I
(S)-22¢

[16] G. Hughes, M. Kimura, S. L. Buchwaldl, Am. Chem. So2003, 125 11253 11258.
[17] J. W. Bode, M. P. Doyle, M. N. Protopopova, Q.. Zhou,J. Org. Chem1996 61, 9146 9155.
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(9)-4-(3,4-Dimethoxyphenyl)methylbutyrolactone  ((S)-22c):*?  Following the general
procedurewith (S9-6, b,o-unsaturated este2lc (154 mg, 0.528mmol) affords, after flash
chromatogrphy on siica gel (75:25hexanes:ethyl acetgiehe title compound (98 mg, 7%%)
as a light yellow oil:TLC analysisR; 0.3 (75:25 hexanes:ethyl acetat¢)]p?° = 15.8° (c 0.5,
CHCI3); Chiral HPLC analysis (ChiralpakD, 90:10 hexanes:isopropanol) shomsaks at 30
minutes (4.0% (R)) and 34 minutes @% (S));'H NMR (400MHz, CDCL) 681 (1H, dJ =
8.1 Hz, h), 6.756.70 (1H, m, g), 6.67 (1H, s)k4.33 (1H, ddJ, = 9.0Hz, J, = 7.0Hz, d), 4.04
(1H, dd,J; = 9.0Hz, J, = 6.1 Hz, d), 3.88 (3H, s,)13.87 (3H, s, ), 2.9@.80 (1H, m, c), 2.80
2.65 (2H, m, § 2.61 (1H, dd)J; = 17.5Hz, J, = 8.1 Hz, B, 2.30 (1H, dd,); = 17.5Hz, J, = 6.8
Hz, ) **C NMR (100MHz, CDCkL) 116.95 (a), 149.10 (j), 147.88,(iL30.77 f), 120.65 (g),
111.79 (k), 1141 (h), 72.66 ), 55.92 (1), 55.90 (m), 38.5%) 37.29 b), 34.24 (c);IR (neat)
2908, 2836, 2253, 1770 (C=0 stretch), 1514, 1464, 1418, 1262, 1234, 105H8tf€ich), 1139
(C-O stretch, 1014 (€O stretch), 912, 805, 725, 6461™.

(R)-4-(2-(2-chlorophenyl)ethyl)butyrolactone Following the general procedureeta,gamma
unsaturated estel2 (148 mg, 0.53mmol) affords, after flash chromat@gphy on silica gel
(75:25 hexanes:ethyl acetafethe title compound87 mg, 736) as a light yellow oil:TLC
analysisR; 0.5 (75:25 hexanes:ethyl acetatd)]p?° = +4.4° (c 0.5, CHCL); Chiral HPLC
analysis (ChiralpalAD, 90:10 hexanes:isopropanol) slgpeaks at 25 minutes (95.0% (R)) and
28 minutes (9% (S)):*H NMR (300MHz, CDO3) 740 (1H, m,), 7.257.15(3H, m, i,k,),
4.45 (1H, ddJ; = 9.0 Hz,J, = 7.5 Hz, d), 3.99 (1H, dd; = 9.0 Hz,J, = 7.0 Hz, d),2.85 2.75
(2H, m,f), 2.752.50 (2H, m, b, 2.302.20 (1H, m, § 1.901.75 (H, m, 8; °C NMR (75
MHz, CDCkL) 147.G6 (a), 138.44 (g), 133.77 (h), 130.30 (i), 129.71 (j), 127.89 (k), 127.07 (I),
73.22 (d), 35.264), 34.46 D), 33.25 (), 31.46 €); IR (neat)2923, 1771 (C=0 stretch), 1474,
1170 (GO stretch), 1050, 1020, 991, 908, 840, 752, 727, &86; HRMS ESI) cdcd. for
C12H13CIO,: 224.0604, found 22@600m/z

General procedure for one pot CAHBoxidation of esterswith NaBOs.

Preparation of (R)-3-hydroxymethyl-5-methylhexanoic acid tert-butyl ester ((R-
19):1*¥ Following the genel procedue for the CAHB ofb,>-unsaturated estdti, the resultant
reaction mixture was concentrated under reduced pressure and then taken up in THF (1.5 mL)

[18] A. Reichelt, C. Gaul, R. R. Frey, A. Kennedy, S. F. MagirQrg. Chem2002 67, 4062 4075.
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