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Abstract
Project Code: TRG4580069
Project Title: Kinetic Resolution of Racemic Secondary Alcohols via Oxidation with
Chiral Amino Acid-derived Benziodazole Oxides
Investigator: Mrs. Chutima Kuhakarn, Department of Chemistry, Faculty of Science,
Mahidol University,
E-mail Address: scckk@mahidol.ac.th

Project Period: 2 years (July 1, 2002-June 30, 2004)

The present study aims to investigate chiral amino acid-derived benziodazole
oxides and/or IBX-amides as potential chiral oxidizing reagents for oxidative kinetic
resolution of racemic secondary alcohols. Therefore, the research begins with
preparation of chiral amino acid-derived benziodazole oxides and/or IBX-amides. Then,
oxidation of racemic secondary alcohols was carried out using the chiral oxidizing
reagent in a ratio of 2:1. Determination of the ketone formed and enantiomeric escess
(%ee) of the remaining alcohol was performed by 1H NMR and HPLC, respectively.
One leucine-derived benziodazole oxide and five IBX-amides from alanine
phenylalanine, valine, leucine and phenylglycine were successfully prepared in
moderate to high yields. Oxidation reaction of five secondary alcohols employing the
chiral oxidizing reagent gave the corresponding ketone in moderate to excellent yields
(50->99%) even though the enantiomeric excesses (%ee) of the remaining alcohols

were very low. It can be concluded that even though the rate of the reaction is

somewhat lower, the (f-amino acid—derived benziodazole oxides and IBX-amides can
find practical application as oxidizing reagents for the oxidation of alcohols to aldehydes
or ketones analogous to the widely used Dess-Martin Periodinane (DMP) as well as its
precursor, o-iodoxybenzoic acid (IBX). Evaluation of both substrate and reagent scope
for the oxidative kinetic resolution of racemic secondary alcohols was established. The
origin of the low asymmetric induction was believed to arise from the planarity at the
iodine atom where the oxidation taking place giving rise to no facial selectivity for the
alcohols to approach the chiral oxidizing reagent. For a future work, modification of the
structures of chiral oxidizing reagents with an aid of computer modeling and kinetic
studies are intended to be attempted for a well understanding of affects effecting the
enantioselectivity.

Keywords: oxidative kinetic resolution, benziodazole oxide, IBX-amides.
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UNI (Introduction)
PART 1

o & a ad i . oa o e i a A6 Ao

aaﬂaaaamﬂgumﬂu chiral non-racemic 4aURN mu@aaumzu,ﬂmol,m’]zﬂu
a A« o o &, . A ) e . & o '
ANl us1IUTURG (intermediates) W38 @298 (auxiliaries) mummwuaglu 1a99
839209830 UNIIN ANAUAIaTFA anINWUlUsITNT& (natural products) 813AEN
15a (pharmaceuticals) L8ZR133T1WIN pheromones

MUAURIALVEIRIIAING 5Nz ldun189 enantiomerically enriched chiral

2K A o @ A A 6 A o I3 v o ad A .
alcohols PAANMURIAYADEUNIYULANRILAIICHA luﬁﬁlﬁ;uuwmmﬂuﬂﬁl,mw chiral
= o a & o . . ; . {
alcohols #HaluswIwITinanuAan1s¥in kinetic resolution Va4 racemic alcohols Liad
& . o . .

ANENTALATLN racemic alcohols BuN balasdnalasnisyin simple reduction

A3 kinetic resolution 24 alcohols auNsaYin lenans3ITiTwaeInn 131w N3
o . . . 1 . . 2 . % 3
111 epoxidation W&y allylic alcohols, oxidative methods, via acylation Tagls enzymes

. 4 : .5
%38 designed catalysts, L8z Mitsunobu strategies

. 6 : - 7 : .
Hypervalent iodine reagents L% Dess-Martin periodinane LRz 2-iodoxybenzoic

. 8 oo A o . M °
acid (1BX) lesuanuiisulumsldidu oxidizing reagents Alaiguuss fiannudunwe uaz
Usaanudafiuiasan lunsvineandiaturadaanagas lidnoas laanian e

0 0
Y, /
0 0
y |<— OAGC I”_oH
AcO OAc 4
DMP IBX

@iamvlﬁﬁ;jaulﬁlﬁdmﬂzﬁ chiral non-racemic amino acid-derived benziodazole
oxides (1a-d)’ I@Uﬁﬁﬂﬁﬁ%maaﬂ%m%’mm N-(2-iodobenzoyl)-(f-amino  acids #38
esters lag potassium bromate WU3&"T 1a-d ﬁqmauﬁaﬁ@mﬁu IBX fo tIua3h non-
explosive  sansnazanglludarinazasdunidviall 1w dichloromethane 813 1d
fuN300anT et benzyl alcohol l#lilu benzaldehyde (90%, NMR monitoring) lalag
mslwanusaudi 50 °c lu cocl, M%aﬁaqmﬂgﬁﬁ’aﬁmﬁ trifluoroacetic acid (CF;CO,H)
[Huslss wenaniisawuin a3 1a-c sansneandlad methyl phenyl sulfide ol
enantiomerically enriched methyl phenyl sulfoxide (90-92%,11-16%ee) ludvinazans

W& 3x%119 CDCIyH,0 Namsnninaslaudl trifluoroacetic acid (CF,CO,H) 1Hua134



1a-d; a, R=CHj;
b,R= CH(CH3)2
C, R= CH2CH(CH3)2
d, R = CH,Ph

: : : . . 9 &
chiral non-racemic 2-iodoxybenzamides %38 IBX-amides (2a-g) vlﬂgmm%w“nu

1 o aAaa =) QII . . . . . 10
luiandann I@Uﬂﬂﬂgﬂ‘i&l’]ﬁ]ﬂﬂ%@"ﬁ%&l@d 2-iodobenzamide lag dimethyldioxirane

O o
| Y N

H 0—-0
I > O
N\ R acetone, rt

(@] H” N R

2a-g; a, R = (S)-CH(CH3)CO,CH3
b, R = (R)-CH(CH3)CO,CH3

¢, R = (8)-CH(CH,Ph)CO,CH,
d, R = (S)-CH(/-Bu)CO,CH3;

e, R = CH,CH,CO,H
f,R
g, R

’

= CH(CH3)CH,CO,H
= (R)-CH(Ph)CH

813 2¢ &8RRG lad benzyl alcohol, cyclohexanol 8¢ 3-pentanol Tuu
benzaldehyde, cyclohexanone Wag 3-pentanone @IURIGL Iumiﬁﬁﬂﬁﬁ%maaﬂ%m‘fu
2wad 1-phenylethanol (methyl phenyl carbinol) lagans 2a-c WUIlA wAaAw
acetophenone @ (>95%) danagaafinanandjisuuflaldms 2a-c (0.5 equiv.) Wy

171 &1INRN racemic LialtaNT 2a-b tludaand lad wazle 9%ee iald 2¢ 1uaqaan
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PART 2
Hypervalent iodine reagents losuanuaulaiduadrsnnlunmslaidy areand
lad fasnditenlaisuuss Sanudum: wszdasadvdefiwiadon ludiwiwman
% Dess-Martin periodinane (DMP) Lz o-iodoxybenzoic acid (IBX) 1)) oxidizing
p.l'n Y o a < > | v A 6 A A
reagents Nisuldnuannlunmsvineandiasuvesoanages iusad baa wiadlan
assusnlunsiuer 1BX inliidudieendlas lunseandladoanases il
¥ . . @ o A a
f5Usznauasuaitaazls dimethylsulfoxide (DMSO) tuaavinazany @9 DMSO Liluaa
o A ra L s Aa A A 6 = 6 =K o v & A £ = A
Mazaen bifoulanuluddunideianansd v lmdunaulavesined  lunnsn
% v v o v &/ 1
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o R a o 11 a o ga g
M3 IBX anda@any polymer support, MIaIBNaYRUINTANTD axansib
o 12 Aa o ' 13 o Aaana . . . . 14 o Aaaa
vl,ﬂ, NNILGURNT additives ¢13¢), ﬂ’]iﬂ’lﬂgﬂ‘iﬂ’ﬂu ionic liquid, 738 ﬂ’]iﬂ’]ﬂgﬂ‘im
15 v 5 1 LA { aaAaa a Q./
LU heterogeneous ~ sRuLaAHAGINEIEIIBANUERlazAnw UfATmeandiad
uwwadoanazaalay IBX lasld phase transfer reagent LI additive luavinazansnau
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A5n13NAas (Experimental)
General Methods.

Unless otherwise noted, all reactions were performed under Ar atmosphere in oven-
dried glassware cooled in a dessiccator before use. Solvents and reagents were
purified as follows: tetrahydrofuran (THF) was distiled from sodium/benzophenone;
dichloromethane (CH,Cl,) and acetone were distilled from P,O5 and were stored over
activated molecular sieves (4 A). Flash column chromatography was performed with
Merck silica gel 60 (Art. 7734). Preparatory layer chromatography (PLC) was performed
using Merck silica gel 60 PF,s, (Art. 7747). Analytical TLC was performed with Merck
silica gel 60 PF,s5, (Art. 5554) with 0.2 mm thickness. All chemicals were purchased
from Fluka, Aldrich and Acros organics and were used without prior purification

1H NMR spectra were recorded on a Bruker DPX-300 (300 MHz) spectrometer.
Chemical shifts (0) were measured with tetramethylsilane (&6 = 0) or residual solvent as
an internal standard. 1?’C NMR spectra were recorded on a Bruker Advance-300 (75
MHz) spectrometer with residual non-deuterated solvent peak as the internal standard.
The IR spectra were recorded on either a Jasco A-302 or a Perkin Elmer 683 infrared
spectrometer. Mass spectrometric analyses were recorded on a Bruker Esquire or a
Thermo Finnigan Polaris Q mass spectrometer. HPLC was performed on an Agilent
system using chiral stationary phases with detection by UV. Melting points were

determined on an Electrothermal 9100 apparatus and are uncorrected.
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PART 1
General procedure A: Preparation of amino acid methyl ester hydrochloride salts.
Thionyl chloride (1.5 equiv) was added dropwise to a stirred 0 °C suspension of
amino acid in methanol (ca. 2.0 M) at such a rate that the reaction mixture slightly
refluxed. After the refluxing ceased, the mixture was brought to reflux (oil bath at 70 °
C) for an additional 2 h. Methanol was removed (aspirator followed by vacuum) to give
a crude amino acid methyl ester hydrochloride salt, which was used without further
purification in the following N-acylation reaction. This general procedure was used to

prepare amino acid methyl ester hydrochloride salts of amino acids as listed below.

(S)-Alanine methyl ester hydrochloride salt.

(0]

®
H3N\)k
- OMe

o !
cIo &

Following the general procedure A, (S)-alanine (0.89 g, 10.0 mmol) was

employed to give (S)-alanine methyl ester hydrochloride salt.

(S)-Valine methyl ester hydrochloride salit.

Following the general procedure A, (S)-valine (2.34 g, 20.0 mmol) was

employed to give (S)-valine methyl ester hydrochloride salt.

13



(S)-Leucine methyl ester hydrochloride salit.

@)

@
HSN\)J\
: OMe

cl1©

S

Following the general procedure A, (S)-leucine (2.62 g, 20.0 mmol) was

employed to give (S)-leucine methyl ester hydrochloride salt.

(S)-Phenylalanine methyl ester hydrochloride salt.

0
@
H3N\/U\
; OMe
cle :
ph

Following the general procedure A, (S)-phenylalanine (3.30 g, 20.0 mmol) was

employed to give (S)-phenylalanine methyl ester hydrochloride salt.

(S)-Phenylglycine methyl ester hydrochloride salt.

Following the general procedure A, (S)-phenylglycine (4.53 g, 30.0 mmol) was
employed to give (S)-phenylglycine methyl ester hydrochloride salt.

14



General procedure B: Preparation of N-(2-iodobenzoyl) amino acid methyl ester.

To a stirred mixture of 2-iodobenzoic acid (1.0 equiv) and a catalytic amount of
N,N-dimethylformamide in dry CH,CI, (ca. 2.0 M), thionyl chloride (4.0 equiv) was added
at room temperature and the reaction mixture was brought to reflux (oil bath at 50 °C)
for 2 h. After cooling to room temperature, the CH,CIl, was removed (aspirator). The
resulting residue was dissolved in dry toluene (2-3 mL) and the toluene and residual
thionyl chloride were removed (aspirator) to give 2-iodobenzoyl chloride, which was
used without further purification in the next step.

To a stirred mixture of amino acid methyl ester hydrochloride salt and
triethylamine (5.0 equiv) in dry CH,CI, (ca. 0.33 M) at 0 °C, the 2-iodobenzoyl chloride
in dry CH,CI, (ca. 2.0 M) was added dropwise using a pasture pipet. The reaction
mixture was stirred at room temperature for an additional 2 h before the mixture was
quenched with water (20 mL). Layers were separated and the aqueous phase was
extracted with CH,Cl, (3x10 mL). The combined CH,CI, extracts were washed with 2.0
M HCI (20 mL), 5% NaOH (20 mL), brine (20 mL), and were then dried over anhydrous
Na,SO,. Solvent was removed (aspirator) to give a crude N-2-iodobenzoyl amino acid
methyl ester, which was further purified by column chromatography or crystallization.
This general procedure was used to prepare N-(2-iodobenzoyl) amino acid methyl

esters of amino acids as listed below.

N-(2-lodobenzoyl)-(S)-alanine-OMe.

I
H O

I
N\)k
OMe

O CH,

Following the general procedure B, 2-iodobenzoic acid (2.48 g, 10.0 mmol) was
coupled with (S)-alanine methyl ester hydrochloride salt (10.0 mmol) to produce crude
N-2-iodobenzoyl-(S)-alanine-OMe. After column chromatography on silica gel (15x3.5
cm, 7:3 n-hexanel/ethyl acetate eluent), N-(2-iodobenzoyl)-(S)-alanine-OMe (2.39 g,
72%) was obtained as a pale yellow solid: analytical TLC on silica gel, 1:1 n-
hexane/ethyl acetate, Ry = 0.30. IR (KBr): 3271, N-H; 1740, C=0 (ester); 1649, C=0
(amide). 300 MHz "H NMR (CDCls, ppm) & 7.88 (1H, d, J = 7.9 Hz) 7.45-7.36 (2H, m)
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7.14-7.09 (1H, m) 6.41 (1H, br d, J = 7.2 Hz) 4.82 (1H, dq, J = 7.2, 7.1 Hz) 3.80 (3H, s)
1.56 (3H, d, J = 7.1 Hz).

N-(2-lodobenzoyl)-(S)-valine-OMe.

I ||_| o
N%OMe
o /\

Following the general procedure B, 2-iodobenzoic acid (4.96 g, 20.0 mmol) was
coupled with (S)-valine methyl ester hydrochloride salt (20.0 mmol) to produce crude N-
(2-iodobenzoyl)-(S)-valine-OMe. After crystallization from ethyl acetate/n-hexane, N-(2-
iodobenzoyl)-(S)-valine-OMe (6.65 g, 92%) was obtained as a white solid: analytical
TLC on silica gel, 1:1 n-hexane/ethyl acetate, R; = 0.45. IR (KBr): 3276, N-H; 1737,
C=0(ester); 1644, C=0O(amide). 300 MHz 1H NMR (CDCl;, ppm) 67.89 (1H, d, J =7.9
Hz) 7.44-7.37 (2H, m) 7.15-7.09 (1H, m) 6.30 (1H, br d, J = 8.9 Hz) 4.78 (1H, dd, J =
8.9, 4.1 Hz) 3.79 (3H, s) 2.38-2.99 (1H, m) 1.08 (3H, d, J = 6.6 Hz) 1.00 (3H, d, J = 6.7
Hz).

N-(2-lodobenzoyl)-(S)-leucine-OMe.

I
H O

I
n
OMe

0 Y
Following the general procedure B, 2-iodobenzoic acid (4.96 g, 20.0 mmol) was
coupled with (S)-leucine methyl ester hydrochloride salt (20.0 mmol) to produce crude
N-(2-iodobenzoyl)-(S)-leucine-OMe. After column chromatography on silica gel (18x4.5
cm, 8:2 to 7:3 n-hexane/ethyl acetate as eluent), N-(2-iodobenzoyl)-(S)-leucine-OMe
(6.40 g, 85%) was obtained as a white solid: analytical TLC on silica gel, 1:1 n-

hexane/ethyl acetate, R; = 0.45. IR (KBr): 3258, N-H; 1730, C=O(ester); 1646, C=0
(amide). 300 MHz "H NMR (CDCl3, ppm) 6 7.87 (1H, d, J = 8.0 Hz) 7.43-7.35 (2H, m)
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7.13-7.07 (1H, m) 6.25 (1H, br d, J = 8.5 Hz) 4.86 (1H, ddd, J = 8.5, 8.5, 5.4 Hz) 3.77
(3H, s) 1.91-1.62 (3H, m) 1.02 (3H, d, J = 6.3 Hz) 0.98 (3H, d, J = 6.4 Hz).

N-(2-lodobenzoyl)-(S)-phenylalanine-OMe.

I
H O

I
N\/{k
OMe

° :\Ph

Following the general procedure B, 2-iodobenzoic acid (4.96 g, 20.0 mmol) was
coupled with (S)-phenylalanine methyl ester hydrochloride salt (20.0 mmol) to produce
crude N-(2-iodobenzoyl)-(S)-phenylalanine-OMe. After crystallization from ethyl
acetate/n-hexane, N-(2-iodobenzoyl)-(S)-phenylalanine-OMe (6.21 g, 76%) was obtained
as a pale yellow needle: analytical TLC on silica gel, 1:1 n-hexane/ethyl acetate, R; =
0.38. IR (KBr): 3293, N-H; 1745, C=O(ester); 1644, C=0O(amide). 300 MHz 1H NMR
(CDCls, ppm) 8 7.88 (1H, d, J = 7.9 Hz) 7.39-7.20 (7H, m) 7.11 (1H, t, J = 7.4 Hz) 6.32
(1H, br d, J = 7.0 Hz) 5.11 (1H, ddd, J = 7.0, 5.8, 5.7 Hz) 3.79 (3H, s) 3.35 (1H, dd,
ABX, J = 13.9, 5.8 Hz) 3.25 (1H, dd, ABX, J = 13.9, 5.7 Hz).

N-(2-lodobenzoyl)-(S)-phenylglycine-OMe.

O Ph

Following the general procedure B, 2-iodobenzoic acid (4.96 g, 20.0 mmol) was
coupled with (S)-phenylglycine methyl ester hydrochloride salt (10.0 mmol) to produce
crude N-(2-iodobenzoyl)-(S)-phenylglycine-OMe. After crystallization from ethyl
acetate/n-hexane, N-(2-iodobenzoyl)-(S)-phenylglycine-OMe (3.50 g, 89%) was obtained
as a white needle: analytical TLC on silica gel, 1:1 n-hexane/ethyl acetate, R; = 0.55. IR
(KBr): 3308, N-H; 1749, C=O(ester); 1647, C=0O(amide). 300 MHz 1H NMR (CDCl,,
ppm) & 7.80 (1H, d, J = 7.6 Hz) 7.41-7.29 (7H, m) 7.06-7.02 (1H, m) 6.75 (1H, br d, J
=7.2 Hz) 517 (1H, d, J = 7.2 Hz) 3.70 (3H, s) 2.38-2.99 (1H, m) 1.08 (3H, d, J = 6.6
Hz) 1.00 (3H, d, J = 6.7 Hz).
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General procedure C: Preparation of N-(2-iodobenzoyl) amino acid.

To a stirred solution of N-(2-iodobenzoyl) amino acid methyl ester in 2:1
methanol and water was added a 1.0 M aqueous solution of lithium hydroxide (9 equiv)
at room temperature. The reaction mixture was further stirred at room temperature for
1 h then water (10 mL) was added. The resulting mixture was acidified to pH 3 using
2.0 M aqueous HCI and was extracted with CH,CI, (3x20 mL). The combined CH,CI,
extracts were dried over anhydrous Na,SO, and evaporated (aspirator) to give

analytically pure N-(2-iodobenzoyl) amino acid.
N-(2-lodobenzoyl)-(S)-alanine.

I
H O

I
PN
OH

O CH,
N-(2-lodobenzoyl)-(S)-alanine methyl ester (1.67 g, 5.0 mmol) in MeOH (100
mL) and water (50 mL) was employed to produce N-(2-iodobenzoyl)-(S)-alanine (1.49 g,
93%) as a white solid: analytical TLC on silica gel, 10:20:0.5 n-hexane/ethyl
acetate/acetic acid, R; = 0.25. 300 MHz 1H NMR (CDCl;, ppm) 6 7.82 (1H, d, J = 7.8
Hz) 7.42-7.31 (2H, m) 7.09-7.01 (1H, m) 6.35 (1H, br d, J = 7.0 Hz) 4.77 (1H, qd, J =
7.1, 7.0 Hz) 2.53 (1H, br s) 1.55 (3H, d, J = 7.1 Hz).

N-(2-lodobenzoyl)-(S)-phenylalanine.

N-(2-lodobenzoyl)-(S)-phenylalanine methyl ester (0.85 g, 2.07 mmol) in MeOH
(46 mL) and water (18 mlL)was employed to produce N-(2-iodobenzoyl)-(S)-
phenylalanine (0.80 g, 98%) as a white solid: analytical TLC on silica gel, 10:20:0.5 n-
hexane/ethyl acetate/acetic acid, R; = 0.20. 300 MHz 1H NMR (CDCl;, ppm) 0 7.88
(1H, d, J = 8.0 Hz) 7.30 (7H, m) 7.10 (1H, t, J = 7.5 Hz) 6.30 (1H, br d, J = 7.5 Hz)
5.10 (1H, ddd, J = 7.5, 6.0, 5.6 Hz) 3.77 (3H, s) 3.48 (1H, dd, ABX, J = 14.0, 5.6 Hz)
3.20 (1H, dd, ABX, J = 14.0, 6.0 Hz).
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Preparation of benziodazole oxide by KBrO, Oxidation.

(S)-Leucine-benziodazole oxide

o 0]
'y
A
N— ™,
CH,CH(CHs),
(0]

To a stirred mixture of N-(2-iodobenzoyl)-(S)-leucine-OMe (1.8758 g, 5 mmol) in
0.75 M H2SOy4 (75 mL) at 55 °c, KBrO3 was added over 30 minutes. The reaction

mixture was stirred for 24 h at 55 °C. The resulting solution was then cooled to 0 °C.
The white precipitate was filtered, washed with water (50 mL), acetone (40 mL), diethyl
ether (25 mL) and dried under reduced pressure to give (S)-leucine-benziodazole oxide
(0.2549 g, 13%): 300 MHz 'H NMR (CDCls, ppm) & 8.21 (1H, d, J = 7.9 Hz) 8.13 (1H,
d, J=69Hz)7.75 (1H, t, J = 7.0 Hz) 7.62 (1H, t, J = 7.3 Hz) 5.09-4.96 (1H, m) 1.82
(1H, m) 1.83-1.46 (3H, m) 1.08 (3H, d, J = 5.7 Hz) 0.91 (3H, d, J = 5.9 Hz).

Preparation of benziodazole oxide by OXONE oxidation.

(S)-Alanine-benziodazole oxide.

O o o)
\\I/ &
\ ‘n
N"" " CH,
(e}

To a stirred mixture of N-(2-iodobenzoyl)-(S)-alanine (1.03 g, 3.22 mmol) in 80
mL of distilled water, OXONE (5.94 g, 9.67 mmol) was added all at once. The reaction
mixture was warmed to 70-75 °C for 20 minutes and then stirred at this temperature for
1 h. The finely dispersed suspension was then cooled to 5 °C and left at this
temperature for 1.5 h with slow stirring. The white precipitate was then filtered, washed

with distilled water (100 mL), and dried in a vacuum to give (S)-alanine-benziodazole

oxide (0.12 g, 11%): mp 151 °C with decomposition; 300 MHz TH NMR (CDCl3, ppm) 0
8.30 (1H, d, J = 8.0 Hz) 8.19 (1H, d, J = 7.5 Hz) 7.81 (1H, dd, J = 8.0, 8.0 Hz) 7.68
(1H, dd, J = 7.5, 7.5 Hz) 5.00 (1H, q, J = 6.6 Hz) 1.68 (3H, d, J = 6.6 Hz).
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Preparation of dimethyldioxirane.

A 500 mL three-necked round-bottomed flask containing a mixture of water (40
ml), acetone (26 mL, 0.354 mol), sodium bicarbonate (24 g), and a magnetic stirring
bar, was equipped with an addition funnel for solid containing potassium monoperoxy
sulfate (50 g, 0.082 mol), and a receiving flask, cooled by means of dry ice-acetone.
While applying a slight vacuum (ca.180 Torr, water aspirator), the potassium
monoperoxy sulfate was added in one portion, stirring vigorously at room temperature.
The yellow dimethyldioxirane-acetone solution (15 mL, 0.1 M) was collected in the

receiving flask.

General procedure D: Preparation of amino acid-derived IBX-amide.

A freshly prepared 0.1 M solution of dimethyldioxirane in acetone (30.0 mL, 3.0
mmol) was added to a stirred solution of N-(2-iodobenzoyl) amino acid methyl ester (1.0
mmol) in dry CH,CI, (5 mL) at 0 °C. The reaction mixture was further stirred at room
temperature for an additional 8 h, then the resulting white microcrystalline precipitate
was collected by filtration, washed with ether (2x5 mL) and CH,CI, (2x5 mL), and dried

in vacuum to afford analytically pure amino acid -erived IBX-amide.

(S)-Alanine-IBX-amide.

N-(2-lodobenzoyl)-(S)-alanine-OMe (0.33 g, 1 mmol) was employed to produce
(S)-alanine-IBX-amide (0.2678 g, 73%): IR (KBr): 3422, 3233, N-H; 1743, C=O(ester);
1618, C=0O(amide). 300 MHz "H NMR (DMSO-dg, ppm) 6 9.60 (1H, d, J = 7.2 Hz) 8.31
(1H,d, J=7.2Hz) 830 (1H,d, J =74 Hz) 794 (1H,t,J =76 Hz) 7.75 (1H, t, J = 7.3
Hz) 4.64 (1H, qd, J = 7.3, 7.2 Hz) 3.67 (3H, s) 1.47 (3H, d, 7.3 Hz).
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(S)-Phenylalanine-IBX-amide.

d B
CH,Ph

H

N-(2-lodobenzoyl)-(S)-phenylalanine-OMe (0.41 g, 1 mmol) was employed to
produce (S)-phenylalanine-IBX-amide (0.1452 g, 33%): IR (KBr): 3409, 3225, N-H;
1741, C=O(ester); 1619, C=0O(amide). 300 MHz "H NMR (DMSO-dg, ppm) 0 9.66 (1H,
brd,J =76 Hz) 827 (1H,d, J =7.6 Hz) 825 (1H,d, J = 7.6 Hz) 7.94 (1H, t, J = 7.6
Hz) 7.75 (1H, dd, J = 7.6 Hz) 7.32-7.15 (5H, m) 4.78-4.68 (1H, br) 3.66 (3H, s) 3.26-
3.11 (2H, m).

(S)-Leucine-IBX-amide.

N-(2-lodobenzoyl)-(S)-leucine-OMe (0.3752 g, 1 mmol) was employed to
produce (S)-leucine-IBX-amide (0.2892 g, 71%): IR (KBr): 3420, 3233, N-H; 1745, C=0
(ester); 1615, C=0O(amide). 300 MHz "H NMR (DMSO-dg, ppm) 6 9.52 (1H, d, J = 7.7
Hz) 8.31 (1H, d, J = 7.8 Hz) 8.29 (1H, d, J = 7.3 Hz) 7.96 (1H, t, J = 7.7 Hz) 7.77 (1H,
t, J = 7.4 Hz) 4.63-4.57 (1H, m) 3.67 (3H, s) 1.88-1.82 (1H, m) 1.66-1.63 (2H, m) 0.92
(3H, d, J = 5.8 Hz) 0.88 (3H, d, J = 5.9 Hz).
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(S)-Valine-IBX-amide.

N-(2-lodobenzoyl)-(S)-valine-OMe (0.3622 g, 1 mmol) was employed to produce
(S)-valine-IBX-amide (0.1036 g, 26%): IR (KBr): 3422, 3237, N-H; 1746, C=0O(ester);
1617, C=0O(amide). 300 MHz 'H NMR (DMSO-dg, ppm) & 9.40 (1H, d, J = 7.9 Hz) 8.40
(1H,d, J =7.6 Hz) 8.28 (1H, d, J =7.3 Hz) 7.95 (1H, t, J =7.3 Hz) 7.76 (1H, t, J = 7.5
Hz) 4.38 (1H, dd, J = 7.9, 7.9 Hz) 3.67 (3H, s) 2.30-2.19 (2H, m) 0.99 (3H, d, J = 6.6
Hz) 0.95 (3H, d, J = 6.7).

(S)-Phenylglycine-IBX-amide.

N-(2-lodobenzoyl)-(S)-phenylglycine-OMe (0.3952 g, 1 mmol) was employed to
produce (S)-phenylglycine-IBX-amide (0.2596 g, 61%): IR (KBr): 3405, 3229, N-H; 1741,
C=0O(ester); 1618, C=0O(amide). 300 MHz "H NMR (DMSO-dg, ppm) & 10.00 (1H, d, J =
7.2 Hz) 8.40 (1H, d, J = 7.6 Hz) 8.29 (1H, d, J = 7.7 Hz) 7.95 (1H, t, J = 7.4 Hz) 7.74
(1H, t, J = 7.6 Hz) 7.50 (2H, d, J = 7.2 Hz) 7.41-7.37 (3H, m) 5.80 (1H, d, J = 7.0 Hz)
3.69 (3H, s).
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Oxidation of racemic 1-phenyl-1-ethanol by leucine-derived benziodazole oxide
1-Phenylethanol (2.0 equiv, based on oxidant) was added to a suspension
mixture of the leucine-derived benziodazole oxide in CDCI; at RT in the presence of
catalytic amount of trifluoroacetic acid. After stirring for 48 h at RT, the mixture was
subjected to a usual work-up procedure and purification by chromatography. The
corresponding methyl phenyl ketone was isolated in 55% yield. The enantiomeric
excess of the remaining 1-phenyl-1-ethanol was determined by analytical HPLC,

CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min); 1%ee.

General procedure E: Oxidation of racemic secondary alcohols with amino acid-
derived IBX-amide.

Alcohol (2.0 equiv, based on oxidant) was added to a suspension mixture of the
respective amino acid-derived IBX-amide in CDCl; (2.0 mL). The flask was flushed with
Ar, sealed with rubber septum and stirred for at RT (reaction time see details in each
reaction). The mixture was then passed through a pad of silica gel (3 cm) suspended in
a pasteur pipet, and eluted with CDCl; (2.5 mL) to remove the spent oxidant. The
solvent was removed, and the 1H NMR was recorded to determine the conversion (%
yield). The residue was purified by column chromatography on silica gel (3:2 n-
hexane/CH,Cl, as eluent). The enantiomeric excess (%ee) of the remaining alcohol

was determined by analytical HPLC on chiral column.

1. 1-Phenyl-1-ethanol (20 mg, 163.7 umol) was reacted with (S)-alanine-IBX-amide
(29.9 mg, 81.8 umol, 0.5 equiv) for 24 h according to the general procedure E to
produce acetophenone (96%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min); 6% ee.

2. 1-Phenyl-1-ethanol (20 mg, 163.7 pmol) was reacted with (S)-phenylalanine-IBX-
amide (29.9 mg, 81.8 umol, 0.5 equiv) for 24 h according to the general procedure
E to produce acetophenone (quantitatively). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min);

5% ee.

3. 1-Phenyl-1-ethanol (20 mg, 163.7 umol) was reacted with (S)-leucine-IBX-amide
(29.9 mg, 81.8 umol, 0.5 equiv) for 21 h according to the general procedure E to
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produce acetophenone (quantitatively). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min); 1% ee.

1-Phenyl-1-ethanol (20 mg, 163.7 pmol) was reacted with (S)-valine-IBX-amide
(29.9 mg, 81.8 umol, 0.5 equiv) for 21 h according to the general procedure E to
produce acetophenone (quantitatively). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min); 1.5% ee.

1-Phenyl-1-ethanol (20 mg, 163.7 pmol) was reacted with (S)-phenylglycine-IBX-
amide (29.9 mg, 81.8 umol, 0.5 equiv) for 21 h according to the general procedure
E to produce acetophenone ( %). The enantiomeric excesses were determined by

analytical HPLC, CHIRALCEL OD-H (3% IPA/n-hexane, 1 mL/min); % ee.

Phenyl i-propyl carbinol (20 mg, 133 umol) was reacted with (S)-alanine-IBX-amide
(24.3 mg, 67 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 2-methyl-1-phenyl-propan-1-one (50%). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);

1% ee.

Phenyl i-propyl carbinol (20 mg, 133 umol) was reacted with (S)-phenylalanine-IBX-
amide (29.6 mg, 67 umol, 0.5 equiv) for 48 h according to the general procedure E
to produce 2-methyl-1-phenyl-propan-1-one (91%). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);

7% ee.

Phenyl i-propyl carbinol (20 mg, 133 pmol) was reacted with (S)-leucine-IBX-amide
(27.3 mg, 67 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 2-methyl-1-phenyl-propan-1-one (91%). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);

2% ee.
Phenyl i-propyl carbinol (20 mg, 133 umol) was reacted with (S)-valine-IBX-amide

(26.3 mg, 67 umol, 0.5 equiv) for 48 h according to the general procedure E to

produce 2-methyl-1-phenyl-propan-1-one (74%). The enantiomeric excess was
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determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);
1.5% ee.

Phenyl i-propyl carbinol (20 mg, 133 umol) was reacted with (S)-phenylglycine-IBX-
amide (28.6 mg, 67 umol, 0.5 equiv) for 48 h according to the general procedure to
produce 2-methyl-1-phenyl-propan-1-one ( %). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);
0.2% ee.

Phenyl ethyl carbinol (20 mg, 146.8 umol) was reacted with (S)-alanine-IBX-amide
(26.8 mg, 73.4 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-propan-1-one (54%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 0% ee.

Phenyl ethyl carbinol (20 mg, 146.8 umol) was reacted with (S)-phenylalanine-IBX-
amide (32.4 mg, 73.4 umol, 0.5 equiv) for 48 h according to the general procedure
E to produce 1-phenyl-propan-1-one (78%). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);

5% ee.

Phenyl ethyl carbinol (20 mg, 146.8 pmol) was reacted with (S)-leucine-IBX-amide
(29.9 mg, 73.4 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-propan-1-one (88%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 1% ee.

Phenyl ethyl carbinol (20 mg, 146.8 umol) was reacted with (S)-valine-IBX-amide
(29.0 mg, 73.4 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-propan-1-one (56%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 2% ee.

Phenyl ethyl carbinol (20 mg, 146.8 umol) was reacted with (S)-phenylglycine-IBX-
amide (31.4 mg, 73.4 umol, 0.5 equiv) for 48 h according to the general procedure
to produce 1-Phenyl-propan-1-one ( %). The enantiomeric excess was determined

by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); % ee.
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Phenyl n-butyl carbinol (20 mg, 121.8 umol) was reacted with (S)-alanine-IBX-amide
(22.2 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (75%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 1% ee.

Phenyl n-butyl carbinol (20 mg, 121.8 umol) was reacted with (S)-phenylalanine-
IBX-amide (26.9 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general
procedure E to produce 1-phenyl-pentan-1-one (98%). The enantiomeric excess
was determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1

mL/min); 3% ee.

Phenyl n-butyl carbinol (20 mg, 121.8 umol) was reacted with (S)-leucine-IBX-amide
(24.8 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (71%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 2% ee.

Phenyl n-butyl carbinol (20 mg, 121.8 pmol) was reacted with (S)-valine-IBX-amide
(23.9 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (74%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min); 0% ee.

Phenyl n-butyl carbinol (20 mg, 121.8 umol) was reacted with (S)-phenylglycine-
IBX-amide (26.0 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general
procedure E to produce 1-phenyl-pentan-1-one ( %). The enantiomeric excess was
determined by analytical HPLC, CHIRALCEL OD-H (1% IPA/n-hexane, 1 mL/min);
% ee.

Mesityl methyl carbinol (20 mg, 121.8 umol) was reacted with (S)-alanine-IBX-amide
(22.2 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (89%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OB-H (1% IPA/n-hexane, 1 mL/min); 4% ee.
Mesityl methyl carbinol (20 mg, 121.8 umol) was reacted with (S)-phenylalanine-

IBX-amide (26.9 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general

procedure E to produce 1-phenyl-pentan-1-one (89%). The enantiomeric excess
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was determined by analytical HPLC, CHIRALCEL OB-H (1% IPA/n-hexane, 1

mL/min); 5% ee.

Mesityl methyl carbinol (20 mg, 121.8 umol) was reacted with (S)-leucine-IBX-amide
(24.8 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (71%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OB-H (1% IPA/n-hexane, 1 mL/min); 1.5% ee.

Mesityl methyl carbinol (20 mg, 121.8 pmol) was reacted with (S)-valine-IBX-amide
(23.9 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general procedure E to
produce 1-phenyl-pentan-1-one (87%). The enantiomeric excess was determined by

analytical HPLC, CHIRALCEL OB-H (1% IPA/n-hexane, 1 mL/min); 2% ee.

Mesityl methyl carbinol (20 mg, 121.8 pmol) was reacted with (S)-phenylglycine-
IBX-amide (26.0 mg, 60.9 umol, 0.5 equiv) for 48 h according to the general
procedure E to produce 1-phenyl-pentan-1-one (76%). The enantiomeric excess

was by analytical HPLC, CHIRALCEL OB-H (1% IPA/n-hexane, 1 mL/min); 3% ee.
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PART 2
General procedure F: Oxidation of alcohols by IBX in the presence of tetra-n-
butylammonium bromide in 1:1 water/dichloromethane as the solvent

To a stirred suspension of IBX (1.5 equiv) in CH,CI,/H,O (1:1) was added tetra-
n-butylammonium bromide (TBAB) (0.5 equiv) followed by the addition of alcohol (1.0
equiv) in one portion. The mixture was stirred at room temperature for 4 h. The residual
solids were filtered off and washed thoroughly with diethyl ether. The combined filtrate
was washed successsively with 8% sodium thiosulfate (1x15 mL), water (2x15 mL), and
brine (15 mL). The organic layer was dried over sodium sulfate and evaporated
(aspirator) to give a crude product. 1H NMR of the crude product was taken in order to
determine the %conversion. Purification by column chromatography afforded the
aldehyde or ketone. This general procedure was used to oxidize alcohols to aldehydes

and ketones as listed below.

Benzaldehyde.

o
Following the general procedure F, benzyl alcohol (0.1081 g, 1.0 mmol) was
employed. After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl
ether eluent), benzaldehyde (0.0829 g, 78%) was obtained as a pale yellow liquid:
analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.43; IR (neat, cm_1) 1704,

C=0; 300 MHz 'H NMR (CDCls, ppm) 5 10.03 (1H, s) 7.89 (2H, d, J = 7.6 Hz) 7.67-
7.62 (1H, m) 7.57-7.52 (2H, m).

4-Chlorobenzaldehyde.

ea

Following the general procedure F, 4-chlorobenzyl alcohol (0.1426 g, 1.0 mmol)

was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
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hexane/diethyl ether eluent), 4-chlorobenzaldehyde (0.1014 g, 72%) was obtained as a
white solid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.27; IR (KBr,
cm’') 1702, C=0: 300 MHz 'H NMR (CDCls, ppm) & 9.91 (1H, s) 7.75 (2H, d, J = 8.2
Hz) 7.44 (2H, d, J = 8.2 Hz).

4-Methoxybenzaldehyde.

o)
o
H3CO

Following the general procedure F, 4-methoxybenzyl alcohol (0.1382 g, 1.0
mmol) was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
hexane/diethyl ether eluent), 4-methoxybenzaldehyde (0.1268 g, 92%) was obtained as
a colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.25; IR
(neat, cm'1) 1682, C=0; 300 MHz "H NMR (CDCl3, ppm) 69.89 (1H, s) 7.84 (2H, d, J =
8.9 Hz) 7.01 (2H, d, J = 8.9 Hz) 3.89 (3H, s).

4-Nitrobenzaldehyde.

0
oy
O,N

Following the general procedure F, 4-nitrobenzyl alcohol (0.1531 g, 1.0 mmol)
was employed. After column chromatography on silica gel (12x3 cm, 8:2 n-
hexane/diethyl ether eluent), 4-nitrobenzaldehyde (0.0185 g, 12%) was obtained as a
white solid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.23; IR (KBr,
cm_1) 1710, C=0; 1538, C-NO,; 300 MHz "H NMR (CDCl3, ppm) 6 10.17 (1H,s) 8.41
(2H, d, J = 8.6 Hz) 8.09 (2H, d, J = 8.6 Hz).
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3-Nitrobenzaldehyde.

NO,

Following the general procedure F, 3-nitrobenzyl alcohol (0.1531 g, 1.0 mmol)
was employed. After column chromatography on silica gel (12x3 cm, 8:2 n-
hexane/diethyl ether eluent), 3-nitrobenzaldehyde (0.0289 g, 19%) was obtained as a
white crystalline solid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.16;
IR (KBr, cm'1) 1707, C=0; 1534, C-NO,; 300 MHz "H NMR (CDCl3, ppm) 6 10.14 (1H,s)
8.73 (1H,s) 8.51 (1H, d, J = 8.3 Hz) 8.25 (1H, d, J = 7.3 Hz) 7.78 (1H, t, J = 7.8 Hz).

3,4-Methylenedioxybenzaldehyde.

Following the general procedure F, 3,4-methylenedioxybenzyl alcohol (0.1521 g,
1.0 mmol) was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
hexane/diethyl ether eluent), 3,4-methylenedioxybenzaldehyde (0.0558 g, 37%) was
obtained as a colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R;
= 0.35; IR (neat, cm_1) 1687, C=0; 300 MHz "H NMR (CDCl3, ppm) 6 9.82 (1H, s) 7.42
(1H, d, J = 8.3 Hz) 7.34 (1H, s) 6.94 (1H, d, J = 8.0 Hz) 6.09 (2H, s).

Cinnamaldehyde.

O/\)J\H
Following the general procedure F, cinnamyl alcohol (0.1349 g, 1.0 mmol) was

employed. After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl
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ether eluent), cinnamaldehyde (0.0689 g, 52%) was obtained as a colorless liquid:
analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.27; IR (neat, cm_1) 1678,
C=0; 1626, C=C: 300 MHz 'H NMR (CDCl,, ppm) 8 9.71 (1H, d, J = 7.4 Hz) 7.59-7.40
(6H, m) 6.72 (1H, dd, J = 7.4, 15.9 Hz).

Citral.

Following the general procedure F, nerol (0.1552 g, 1.0 mmol) was employed.
After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl ether eluent),
citral (0.1068 g, 70%) was obtained as a colorless liquid: analytical TLC on silica gel,
8:2 n-hexane/diethyl ether, R; = 0.32; IR (neat, cm_1) 1678, C=0; 300 MHz 1H NMR
(CDCl3, ppm) 6 9.95 (1H, m) 5.88 (1H, d, J = 8.2 Hz) 5.11 (1H, t, J = 7.3 Hz) 2.59 (2H,
t, J = 7.5 Hz) 2.24 (2H, q, J = 7.4 Hz) 1.99 (3H, s) 1.69 (3H, s) 1.60 (3H, s).

Cyclohexanone.

(@)

s

Following the general procedure F, cyclohexanol (0.1002 g, 1.0 mmol) was
employed. After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl
ether eluent), cyclohexanone (0.0866 g, 80%) was obtained as a colorless liquid:
analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.28; IR (neat, cm_1) 1713,
C=0; 300 MHz 'H NMR (CDCls, ppm) & 2.34 (4H, t, J = 6.5 Hz) 1.87 (4H, m) 1.72 (2H,

m).
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Acetophenone.

o

Following the general procedure F, 1-phenyl-1-ethanol (0.1243 g, 1.0 mmol) was
employed. After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl
ether eluent), acetophenone (0.0866 g, 71%) was obtained as a colorless liquid:
analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.30; IR (neat, cm-1) 1686,
C=0; 300 MHz "H NMR (CDCl3, ppm) 8 7.96 (2H, d, J = 7.5 Hz) 7.57 (1H, t, J = 7.3
Hz) 7.46 (2H, t, J = 7.4 Hz) 2.61 (3H, s).

Ethyl phenyl ketone.

O

o

Following the general procedure F, 1-phenyl-1-propanol (0.1362 g, 1.0 mmol)
was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
hexane/diethyl ether eluent), ethyl phenyl ketone (0.0884 g, 66%) was obtained as a
colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R = 0.42; IR
(neat, cm_1) 1688, C=0; 300 MHz "H NMR (CDCl3, ppm) 6 7.89 (2H, d, J = 7.5 Hz) 7.47
(1H,t, J =73 Hz) 7.37 (2H, t, J = 7.5 Hz) 292 (2H, q, J = 7.3 Hz) 1.14 (3H,t,J =7.3
Hz).

Isopropyl phenyl ketone.

O

oY

Following the general procedure F, 2-methyl-1-phenyl-1-propanol (0.1502 g, 1.0

mmol) was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
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hexane/diethyl ether eluent), isopropyl phenyl ketone (0.0917 g, 62%) was obtained as
a colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.52; IR
(neat, cm”) 1682, C=0: 300 MHz 'H NMR (CDCl;, ppm) & 7.96 (2H, d, J = 8.0 Hz)
7.58-7.44 (3H, m) 3.61-3.52 (1H, m) 1.22 (6H, d, J = 6.6 Hz).

2,4,6-Trimethylacetophenone.

Following the general procedure F, 1-(2,4,6-trimethyl-phenyl)-ethanol (0.1642 g,
1.0 mmol) was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
hexane/diethyl ether eluent), 2,4,6-trimethylacetophenone (0.1527 g, 94%) was obtained
as a colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.45;
IR (neat, cm_1) 1699, C=0; 300 MHz "H NMR (CDCl3, ppm) 0 6.82 (2H, s) 2.44 (3H, s)
2.26 (3H, s) 2.20 (6H, s).

2-Hydroxy-1-phenyl ethanone.

0

Following the general procedure F, 2-hydroxy-1-phenyl ethanol (0.1382 g, 1.0
mmol) was employed. After column chromatography on silica gel (12x3 cm, 7:3 n-
hexane/diethyl ether eluent), 2-hydroxy-1-phenyl ethanone (0.0429 g, 31%) was
obtained as a colorless liquid: analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R¢
= 0.16; IR (neat, cm_1) 3430, O-H; 1683, C=0; 300 MHz "H NMR (CDCl3, ppm) 0 7.93
(2H, d, J = 7.6 Hz) 7.64 (1H, t, J = 7.3 Hz) 7.51 (2H, t, J = 7.7 Hz) 4.89 (2H, s).
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(-)-Menthone.

Following the general procedure F, (-)-menthol (0.1563 g, 1.0 mmol) was
employed. After column chromatography on silica gel (12x3 cm, 7:3 n-hexane/diethyl
ether eluent), (-)-menthone (0.0295 g, 19%) was obtained as a colorless liquid:
analytical TLC on silica gel, 7:3 n-hexane/diethyl ether, R; = 0.48; IR (neat, cm'1) 1712,
C=0; 300 MHz "H NMR (CDCl3, ppm) & 2.38-1.78 (7H, m) 1.46-1.26 (2H, m) 1.01 (3H,
d, J =6.2 Hz) 0.91 (3H, d, J = 6.5 Hz) 0.85 (3H, d, J = 6.5 Hz).
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HANISNARBILATUNINTOE (Results and Discussion)

o~ T
N13LAF8AN oxidizing reagents
1. MIFILATIZA amino acid-derived benziodazole oxides
SUNMNIFILATIZA amino acid methyl ester hydrochloride salts 211 amino

acids

o )
o H ﬁ\/u\
H3ﬁJJ\o@ 1) SOCl,, MeOH, 0 C} ; , OMe
é 2) reflux, 2 h C™ 5
Alanine; R = CH3
Phenylalanine; R = CH,Ph
Leucine; R = CH,CH(CH3),

Valine; R = CH(CH3),
Phenylglycine; R = Ph

INUWNNUATEAY  2-iodobenzoyl chloride 7L@3833N  2-iodobenzoic

acid 32 19as N-(2-iodobenzoyl) amino acid methyl ester
O

|
soc3|2, DMF
Tchc, cl Et3N CH,Cl, VU\
OMe
o)

Alanine; R = CH3, 72%
Phenylalanine; R = CH,Ph, 76%
Leucine; R = CH,CH(CH3),, 85%
Valine; R = CH(CH3),, 92%
Phenylglycine; R = Ph, 89%

e N-(2-iodobenzoyl) amino acid methyl ester Mesonlaan  alanine
phenylalanine LLaZ leucine Waand ladae potassium bromate (KBrOs;) wui
6 benziodazole oxides f1N131N alanine WAz phenylalanine &% benziodazole

oxide 111311 leucine laanludSunandrnnn (13%)

0 (0]
| A\N /O =
'I' ) KBr03, H2804 l\
—_— N
N\:_/U\O,\,,e 55°C, 24 h R
O R o)

Alanine; R = CH3, 0%
Phenylalanine; R = CH,Ph, 0%
Leucine; R = CH,CH(CH3),, 13%
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NANANINARIN Wl TeauauEIalunsle KBro, 1Juen oxidizing reagent

ledFouarvidfisenlnd lawld oxone® 1Iuaa oxidizing reagent lagiin
PN [ . . . A [y o .

ﬂgﬂiﬂ’]ﬂu N-(2-iodobenzoyl) amino acid Faason laannnisvin hydrolysis V84

N-(2-iodobenzoyl) amino acid methyl ester

|
@i/ on. ©i/H (H)
—_———>
/\OMG MeOH, H,0 N ~0oH

O R

Alanine; R = CH3, 93%
Phenylalanine; R = CH,Ph, 98%

|
H O \\/
r‘\l H Oxone
" SOH  H,0,70°C,1h

Alanine; R = CHgz, 11%
Phenylalanine; R = CH,Ph, 0%

2. MIFILATIZH amino acid-derived IBX-amides
IBX amides s¥1301@383 laanm il §iizen oxidation was N-(2-iodobenzoyl)

amino acid methyl ester Tagld dimethyldioxirane 1Juaa oxidizing reagent

0]
| \\|4O
@i/ H i )
, a o
N - > ~- 0
I f/\OMe acetone, CH,Cl, 4 \\
H/

Alanine; R = CHs, 73%
Phenylalanine; R = CH,Ph, 33%
Leucine; R = CH,CH(CH3),, 71%
Valine; R = CH(CH3),, 26%
Phenylglycine; R = Ph, 61%
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m3@n®117) 521 oxidative kinetic resolution

1.

2.

Leucine-derived benziodazole oxide

dlasanlivszsuenudiSalunissaassias amino acid-derived
benziodazole oxides faldmnaninlutSunmditosun wisldldan 3eldvi
n3AnsUATen oxidative kinetic resolution 4849 leucine-derived benziodazole
oxide IWeNTHALAEY AU 1-phenyl-1-ethanol lagwuin  leucine-derived
benziodazole oxide (0.5 equiv) Tu CDCl; laed trifluoroacetic acid (TFA) 1uan
139U Aven ﬁqmmgﬁﬁaa fuTneandlas 1-phenyl-1-ethanol lUiilu methyl
phenyl ketone (1.0 equiv) laludSunmthunard (55%) WaN1IATIIRALAN
enantiomeric excess 284 1-phenyl-1-ethanol ‘nmaaﬁ]’mﬂ A3enlay HPLC Adn

LNE 1% ee

OH @;(Nj BN OH o
CHs o (0.5 equw CHs CHs
CDCl3, TFA, RT, 48 h

1% ee 55% yield

Amino acid-derived IBX-amides
amino acid-derived IBX-amides a1 nnIaazilu 5 afia Aa (S)-alanine (S)-
phenylalanine (S)-leucine (S)-valine &z (S)-phenylglycine levianyinyaseny

a

AANATARTRANALNTIIWI 5 T "l@i”wamimaaaé’aa‘gﬂ"ﬁ’lumiwﬁ 1

9 U
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A19199 1 Oxidative kinetic resolution of secondary alcohols (alkyl phenyl carbinols)

by amino acid-derived IBX-amides.

\\l?O
N\)\OCHg
H %
R
(0.5 equiv)
Alcohol > Keotne + Alcohol
CDCl;
Alcohols (S)-Alanine (S)-Phenylalanine (S)-Valine (S)-Leucine (S)-Phenylglycine
ketone | %ee of | ketone | %ee of | ketone | %ee of | ketone | %ee of | ketone | %ee of
(%)a alcoholb (%)a alcoholb (%)a alcoholb (%)a alcoholb (%)a alcoholb
OH
@CH3 96 6 Quant. 5 Quant. | 15 | Quant. 1 ND ND
OH
@2\/ 54 0 78 5 56 2 88 1 ND ND
OH
m 50 1 91 7 74 1.5 91 2 ND ND
OH
©)\ BU" | 75 1 98 3 74 0 71 2 ND ND
OH
/@i\ 89 4 89 5 87 2 71 1.5 76 3

®|solated yields after purification by column chromatography using CH,Cl,/Hexane as eluent and based on equivalent
of amino acid-derived IBX-amide employed. bDetermined by HPLC on chiral column using IPA/hexane as eluent. ND

= Not Determined.

mﬂNamsmaadﬁ"lﬁmmma;ﬂvlﬁdﬁ leucine-derived benziodazole oxide W&
amino acid-derived IBX amides 31nnIaazdlu 5 vfia Ao (S)-alanine (S)-phenylalanine
(S)-leucine (S)-valine Waz (S)-phenylglycine mmmv‘hﬂﬁﬁ%maaﬂ&@%’uﬁu ganagas
shanfondl Mndadmaiidudlaw (50->99%) I¢iwilauiufl Dess-Martin periodinane
%38 o-iodoxybenzoic acid (IBX) ﬁl"flﬂum‘sé&oﬁﬂums L@383 Dess-Martin periodinane
IRt uddsdannafedfisnddindit usdanuaniaTa dad1 %ee
Ja3danazasfinionnnivhUfiseneanaduiu  chiral amino acid-derived IBX

. 3 a 1 v . . 1 v c: i { nl :3/
amides WIS TUA ‘W‘]J’NVL@ selectivity ﬂﬂ%"ll’](i@nﬁ%ﬂvl,&lﬁl,aﬂ AMULNZNZALNUD LY
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lassanivaioanagas lWilNadadn  enantioselectivity 1¥inl31n  phenylalanine-derived
IBX-amide 1% enantioselectivity @fga wddildrdnag unihaulauazudani 1ie
| {d o @ & [ L] . L. '
AMUNENZIIRYUNUNNGUnIaavuInan naurlwe enantioselectivity aaaizn
WisuLeusznineUi3en oxidation vavdanagaaTRaLdeINUNY IBX-amids 1 Lax1270
phenylalanine uaz valine auydgunenaindununvasen selectivity Neiaudnadn sz
| dl t:ll a dﬁ 13 o 1 t:ll aaa a GL a
vmnanufln  sswunuuuilalefnezaandadudunisnljizoneandiatuosen
6 A ‘&/ =S o 1A A U dl [ 6 v o Aaana d' > (> a 6
nagastiedu 39 Mldliinemafandunasnagasazigninljisennaalasasand lad
A A & o & [ A o o o o A €a A & =
Fheaud amu miadiudpniadeaudatlanainnaasilaiaeandladdoiiaaud 39
dunufianeldll  nsdufiunsdnsndelulasenaziienanuims computer
modeling #7781uMs Ra13mu transition state luanizNaanageaitnrinljisenaale
o a 6a A 6 dl' d' Y o v o v | 1 v d'
TaoandladdiTiolaud iafazldvlvnisdaudadlasiafadulladnigndasnga uan
Aa A o A a A o o A _ eda "
nnhisnaTesladans EGHGE 1238619 gn19ew laudnaNAnada e

enantioselectivity
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) %) a\ 6 . .
M3ANBINNTKHILB1A80n B AT monoperoxyphthalic acid (MMPP) a11%
@, Y] a\ 6 1 [V
Wnaaeandlassinny IBX
'«g@ﬂimaﬁmaamiﬁﬂmlumuﬁﬁa dasninazliaraand ladiia LTl

commercially available (Juaiaand ladnan wazls 1BX Niuaieandlad Neas

o,

a J a2 dl & . o aaa a < s
tospntuInludSunaiidu catalytic lunsvdjiseieendiatuaey aanages
3.1 Yi3neanBiatuaas benzyl alcohol 1w DMSO el 1BX iludrsandlad
Weariaiaenazle benzyl alcohol @a benzaldehyde 795

@/\OH 1.1 equiv IBX @/\
DMSO, rt, 1.5 h

1 mmol (0.83 M)

1

3.2 1ol MMPP 1iludaand ladsiuny IBX LaNan1Inaaasadaa il

0.5 equiv IBX "Conditions" OH CHO
(solution in DMSO)
1) 1.1 equiv MMPP, rt, 30 min

0.83 M > 1
2) benzyl alcohol, rt, 30 min

0.3 M 1) benzyl alcohol, rt, 25 min

: > 1 0.27
2) 1.1 equiv MMPP, rt, 3.5 h
1) benzyl alcohol, rt, 40 min
0.5M - > 1 0.13
2) 1.1 equiv MMPP, rt, 0.5 h
1) benzyl alcohol, rt, 40 min
- > 1 0.16
2) 1.1 equiv MMPP, rt, 1 h
1) benzyl alcohol, rt, 40 min
> 1 0.07

2) 1.1 equiv MMPP, rt, 1.5 h

PMNHANINARBILEAILALAUINT MMPP ludreandlad srufnnulaidny IBX
luarvinazans DMSO titasann MMPP laiazanslu DMSO wazaunsafnazeand
lad dimethyl sulfoxide 1#iilu dimethyl sulfoneld (9a1n "H-NMR) a133zLdan

dll [} dl s o c‘ (-] aaa = a 6 g: dy v
gnzaug 1w Wasuaiezay NlivU§isenny Soaud nileasazaad
ATandleand ladiusiadug aae
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nsAn®11fi381 oxidation W alcohols lag o-iodoxybenzoic acid (IBX)

laad phase transfer reagent Wil catalyst Tuaarinazans H,0/CH.CI,
Pvlanusuls  Aednwufiineandindusasdonesedlas  BX lagld
phase transfer reagent 14 additives lu@avinazans Wvnasaeduradnaly
lu{iy'uél”u"lﬁﬁ'm’ﬁm phase transfer reagent ﬁmm:au Tag/ls benzyl alcohol

Wuaanagaanlagig é’aa‘gﬂ"lﬂumswﬁ 2

A19190 2 Phase transfer catalyst optimization.

O/\OH 1.5 equiv. IBX ©/CHO
0.5 equiv. phase transfer catalyst

1:1 water/CH,Cl,

rt, 4 h
Entry Phase transfer catalyst Conversion (%)a
1 n-Buy,NBr 89
2 Et,NCI 22
3 Et,NBr 62
4 Et;NI 37
5 BnMe;NCI 18
6 BnEt;NCI 30

? 9%Conversion was calculated from 'H NMR (300 MHz) integration.

d. Y dQ/
MANTNN 2 mmmagﬂvl,@mu
1. entries 2-4, Lﬁa‘m&' ammonium salt LAJawNWUAAIINUT halide anions WL
% conversion INNN BB NTRAVD halogen fa Br>I>Cl
2. entries 56, liany halogen uzllaidinuuddnanunng  alkyl lu
i . Aa L o i A \
ammonium salt %4 alkyl Niiaualngnitazli % conversion Ngan
3. luduIu phase transfer catalyst MIRNANYINAIANEY n-Bu,NBr 1% %
conversion qdﬁq@
o & = o A A o A o .. . e i
a9nudslaineniazld n-Bu,NBr 1iNa¥inn1I1n optimized reaction conditions 69

agﬂ"l,ﬂu@mwﬁ 3
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M1319N 3 Optimization of reaction conditions.

©/\OH IBX . ©/CHO
n-BugNBr, rt

Entry Ratio of IBX n-Buy,NBr Time Conversion”
H,O : CH,Cl,  (equiv.) (equiv.) (h) (%)
1 0:100 1.5 - 4 45
2 0:100 1.5 0.5 2 88
3 1:3 1.5 0.5 4 92
4 3:1 1.5 0.5 4 87
5 1:1 1.5 - 7 31
6 1:1 1.5 0.1 4 70
7 1:1 1.5 0.5 4 89
8 1:1 1.5 0.5 8 93
9 1:1 1.5 1.0 4 60
10 1:1 2.0 0.5 4 ’
11 1:1 3.0 0.5 4 ’

# % Conversion was calculated from 1H NMR (300 MHz) integration.
A mixture of carboxylic acid, aldehyde and alcohol was obtained.

q

1.

r ve

Maen 3 mansnagdldas

entry 1, Warhdjitelu CH,Cl, Namnginaslaslufl n-Bu,NBr wuinld

%conversion MITAULNUNANG (45%)

entry 2, MEAIZLEN LAAAARILAZLAN  n-Bu,NBr adb 0.5 equiv WU

. AI ; a & Y ) 1 v

%conversion LIUINLGY 45% 1liilu 88% ayUlddn n-Bu,NBr Feiisli
aaa a Y= J

Uinsenialdisidn

entries 2-3, Watdfsualrriazasduairiazaananszningiiuaz CH,Cl,

wun lifinada %conversion 31NN

entry 5, Wald @viaraonNaNITRINLas CH,Cl, TUaaTEI% 1:1 W b

V@3 n-BuyNBr wuinle %conversion Lgd 31% feuainazifiuiianannidy 4

T luadu 7 Talud

entries 6-9, LRAIIMANINYTI Va9 n-Bu,NBr Unada %conversion 1o

Usnuilina@ngaat 0.5 equivalent
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6. ﬁdifu optimum reaction conditions 1u°um$f:ﬁal°ﬁ' 0.5 equivalent n-BusNBr,
1.5 equivalent IBX 1 davinazansnauszninginuas CH,ClL, ludamam 1:1
ﬁqm%nﬂﬁﬁaa s 4 52lag

7. entries 10-11, mwwmmulumnﬁw %conversion Imll,ﬁuﬂ%mm“nad IBX
molé optimum conditions lsitszauanudnse (atSunmwes IBX tRnin
22l¢ over-oxidation }uiilu carboxylic acid

'q]'mwamimaaaﬁ"lﬁagﬂ"lﬂumﬁoﬁ' 3 l¢ldan reaction conditions 4 entry 7

\WalFiilu standard reaction conditions flazldtaunlFvinmsfnmufizen sand

nTunudanagassiia aug de'ld dsagdliluannd 4

q]']ﬂ@]"li"l\‘]‘ﬁ 4 a"lu’]iﬂa?ﬂqﬁﬁﬂﬁ

1. benzylic primary alcohol sansatiatffizenla@ndn aliphatic primary alcohol
(entry 1 vs entry 8)

2. %Q‘J]'meﬁluu’so benzene Ll electron releasing group az¥ilAUfATe LA
VL@T(?]%% (entries 1-5)

3. allylic primary alcohol tRaUff3enlild o, Funsaturated aldehyde lu
USanmufia (70%, entry 9)

4. primary aliphatic alcohol naUfATENwBENIN (0.06%conversion by "H
NMR,entry 8)

5. secondary alcohols &1ansatialfizenldi5an37 primary alcohols

A = . g o

nnuanInaaasn ldlumsdnsludiutianannagdleddn phase  transfer
catalyst g ldUNueanGieruvasaanageslay IBX luaarinazanswas

1 Z’ Q/ a Q/dg a a o c‘i’d o v a U
FTRININAUCH,C, e laad nadvasnuiduhaarinlaunrnaadSunmnshs
@ o a a (d‘ | a A 3 A a A A 2
dazansdunidniduisdefwiaden  9afhauladndszmmilsdaniold
gnznlslunisvinnimesas primary aliphatic alcohol ez laroauin
WaldSsuineuny primary benzylic alcohol, secondary benzylic alcohol Lag
secondary aliphatic alcohol @tuINFITEaz N sAnwANGENAs Mk
Ui lulElunnsvin selective oxidation wasssniingWeriduniu secondary
aliphatic alcohol W&z primary aliphatic alcohol agﬂuimaqmamﬁu twuing

selectivity Aaevin A3t 3Ny lomklumsdunidielgiansh
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A13199 4 Oxidation of alcohols with IBX using catalytic n-BuyNBr in

1:1 water/CH,Cl, mixture.

Entry Substrate Product Yield (%)
1 81
Me€ i
2 92
B3N :
3 12
CHO
NO,
4 19
@i
5 72
o @/» 6 37
HaCR CH§DH
8 b
S gH 9 70
O OH
|
10 71

OH
@JK/ 13 66
OH
OH
14 31
15 19
16 80

*Yields of products isolated after column chromatography.

" 0.06% conversion to aldehyde was observed by 'H NMR (300 MHz).
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