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New odorless protocols for the Swern and Corey—Kim oxidations
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Abstract—New odorless protocols for the Swern oxidation as well as the Corey-Kim oxidation using dodecyl methyl sulfoxide (1)
or dodecyl methyl sulfide (3) are described. © 2002 Elscvier Science Ltd. All rights reserved.

The Swern oxidation [dimethyl sulfoxide (DMSO)-oxa-
Iyl chloride]' is the most commonly used of several
activated DMSO methods® for oxidation of primary or
secondary alcohols to aldehydes or ketones. Among its
many advantages are mild conditions, stability of acid
sensitive functional groups, no epimerization of the
a-carbon of the carbonyl group, easy work-up, gaseous
byproducts (carbon dioxide and carbon monoxide), and
rapid reaction rate.” Nevertheless, one important draw-
back is the foul odor of the volatile dimethyl sulfide
produced, which is regulated by the offensive odor
control law. From an environmental standpoint, the
need for odorless substitutes for foul-smelling molecules
like dimethyl sulfide is therefore great. In order to
circumvent this problem, substitutes for the original
dimethyl sulfoxide, like 6-methylsulfinylhexanoic acid
and its polymer-supported derivatives,® are constantly
being sought. Recently, Crich and Neelamkavil devised
a fluorous Swern oxidation using tridecafluorooctyl
methyl sulfoxide for this purposc.* The development of
a new odorless Swern oxidation is, however, still needed
for researchers in the laboratory as well as in the
chemical industry setting.

Recently, we have also becn involved in a program
aimed at developing odorless thiols and sulfides that
can be used in organic reactions as substitutes for the
usual foul-smelling thiols® and sulfides, We have pet-
formed a study on a formal asyminetric Michael addi-
tion of hydrogen sulfide to o-substituted o,B-unsatu-
rated carbonyl compounds using odorless 10-mercap-
toisoborneol and 1-dodecanethiol.® In this study, we

Kepwordsy: odorless Swern oxidation; dodecyl methyl sulfoxide; odor-

less Corey—-Kim oxidation; dodecyl methyl sulfide.

* Corresponding author, Tel.: +81-75-595-4639; fax: +81-75-595-4775;
e-mail: node@mb.kyoto-phu.ac,jp

found that the dodecyl methy! sullide was also odorless
and used it in the debenzylation of esters. This result
prompted us to develop a new odorless Swern oxida-
tion. Hercin we report new protocols for odorless Swern
oxidation and Corey-Kim oxidation using dodecyl
methyl sulfoxide or sulfide, respectively.

The process of a new odorless Swern oxidation is
illustrated in Scheme 1. Dodecyl methyl sulfoxide (1)
was easily prepared in high yields by methylation of
I-dodecanethiol (2) with methyl iodide followed by
oxidation with sodium periodate in chloroform-water
catalyzed by a phase transfer catalyst. The dodecyl
methyl sulfide (3)*7 and the sulfoxide 1 are odorless,
namely, this modified Swern oxidation procedure is free
from the malodorous dimethyl sulfide produced in the
original Swern oxidation. In addition, the less polar
and fairly high boiling-point sulfide 3 (bp 110°C/0.2
mmHg) is casily separable by silica gel chromatography
and can be reused by re-oxidation to the sulfoxide 1.
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Scheme 1. A new odorless Swern oxidation.
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In order to optimize the reaction conditions for a new Table 1. Odorless Swern oxidation of alcohols using dode- %
odorless Swern oxidation [sulfoxide 1-oxalyl chloridc], ¢yl methyl sulfoxide (1)

an oxidation of benzhydrol was carried out first under
the original Swern oxidation conditions! (-60°C to rt, 2

h, after addition of triethylaminc) to give benzophen- yield (%)°
one (51%) accompanied by the recovered alcohol substrate conditions (temp, and ~ aldchyde .
(42%). It was suggested that longer reaction times and time after Et;N addition)  or ketone gﬁgvgr]{ﬂ?
keeping the reaction temperature at about —40°C after (it)d

addition of triethylamine were necessary to generatc a
sufficient amount of the sulfonium ylide intermediate
and to prevent the undesired Pummerer rearrange-
ment.™ A high yicld (95%) of benzophcnonc was
obtained under a prolonged reaction time (200 min) at . .

b 8 ( ) -60°C ~ -40°C (2 h) 91 (95) 94

OH
@ OH
—60 to —40°C after addition of triethylamine. The reac- @ 40°C ~ .t (40 min)
tions in other solvents (THF, tolucne, cther) afforded o
Br
&=
o
MOH
JG o
PN
OH

-60°C ~ 40°C (3.33 h) 95 (98) 100
40°C~r1.t. (I h)

benzophenone in moderate to low yields (49, 53 and
10%), respectively. The results of the new odorless
Swern oxidation® using the sulfoxide 1 and oxalyl chlo-
ride are summarized in Table 1. All benzylic, allylic,
and aliphatic primary and secondary alcohols were
oxidized smoothly to aldehydes or ketones in high
yields,

-60°C ~-40°C (2 h)
-40°C ~r. t. (40 rmin) 95 95

-60°C ~ -40°C (2 h) 93
-40°C ~r. t. (40 min) (%8) 9

60°C~ -40°C (2 h) 93 (95) 89
The other oxidation of alcohols using dimethyl sulfide ~40°C ~r. t. (40 min)
and N-chlorosuccinimide is known as the Corey-Kim
oxidation,’ Instead of using the dimethyl sulfide, we

applied the dodecyl methyl sulfide (3) to this oxidation(.
10

-60°C ~ -40°C (5 h)
40°C ~r.t. (1 h) 93 (99) 99

The results of the new odorless Corey-Kim oxidation

. were compiled in Table 2. From the standpoint of the
chemical industry setting, toluene as a solvent was
tested instead of dichloromethane. The yields of the
corresponding aldehydes or kctones were excellent in
both solvents,

-60°C ~ -40°C (2 h)
-40°C ~r. t. (40 min) 91(99) 91

-60°C ~ -40°C (2 h)
-40°C ~ . t. (40 min) 81(98) %

k

a) Isolated yields. b) See ref. 2c.
The two protocols described for the oxidation of alco-
hols were performed without foul smelling in the labo-
ratory. Since dodccyl methyl sulfide (3) has a higher
boiling point than volatile dimethyl sulfide, the prod-
ucts of the oxidation were isolated by column chro-
matography in the case of neutral alcohols.!! However,
chromatographic isolation of the products should be gcdss(:’“jqug’-é ,
avoided in large-scale reactions. In the case of acidic alcohols _Dod-S-Me 3, Sequlv)  aldehydes
alcohols, for cxample, odorless Swern oxidation of EtN (5 equiv.) or ketones
mandelic acid gave phenylglyoxylic acid in 96% yield by -40°C (14 1)
sequential extraction of the reaction mixture after
basification and acidification.'?

In conclusion, we were able to provide new odorless 95 98

Table 2. Odorless Corcy-Kim oxidation of alcohols using
dodecy!l methyl sulfide (3)

yield (%)?

in CHxCl;  in toluene

protocols for the Swern oxidation and the Corey—Kim OH
oxidation using the dodecyl methyl sulfoxide (1) or the oH

. dodecyl methyl sulfide (3), respectively. These protocols O 99 b
furnish the products under odorless experimental condi- o 0 -
tions at minimal cost. The starting material 1-dode-
canethiol (2) for the synthesis of the odorless sulfoxide m OH 91 90
(1) and the sulfide (3) is incxpensive (about $20/kg)
because it is used in bulk as a vulcanizing agent for OMe
rubber. The odorless reagents 2 and 3 can therefore be B"OQOB" 99 95
prepared at a more modcrate price than the other new

sulfoxides®* or the new oxidizing reagent'® reccntly
developed. We belicve that the odorless feature of thesc e

protocols is important for cnvironmental chemistry as 91 97
well as for organic chemistry. Further studies utilizing

odorless sulfides and sulfoxides are underway in our
laboratory. a) Isolated yiclds. b) The starting material was insoluble.
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(4 ml) suspension of dodecyl methyl sulfoxide (1) (95 mg,
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dichloromethane solution, 0.41 ml, 0.41 mmol) at —60°C,
and the resulting mixture was stirred for 15 min. A
dichloromethane (1 ml) solution of benzhydrol (50 mg,
0.27 mmol) was added dropwise at —60°C. The mixture
was stirred for 30 min, triethylamine (189 pl, 1.36 mmol)
was added dropwisc, and the resultant mixture was grad-
ually warmed (o —40°C in 200 min. The reaction mixture
was then warmed to room temperature by removing the
cooling bath and stirred for 1 h. The mixture was
quenched with water (10 ml), and neutralized with an IN
HCI (0.5 ml) solution, then extracted with chloroform (40
mix3). The combined organic layer was washed with
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brine, dried (Na,S0O,), filtered, and concentrated in
vacuo. Purification of the residue by silica gel column
chromatography (hexane/ethyl acetate=40/1) gave ben-
zophenone (47 mg, 95% yield) and dodecyl methyl sulfide
(3) (60 mg, 100% yield).

The 10-times scale-up experiment under the above condi-
tions using benzhydrol (500 mg, 2.7 mmol) gave ben-
zophenone (460 mg, 93% yicld), accompanied with
dodecyl methyl sulfide (3) (540 mg, 92% yield).
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A typical procedure for the new odorless Corey—Kim oxi-
dation using dodecyl methyl sulfide (3 To a
dichloromethane or toluene solution (10 ml) of N-chloro-
succinimide (108 mg, 081 mmol) was added a
dichloromethane or toluenc solution (2 ml) of dodecyl
methy! sulfide (3) (176 mg, 0.81 mmol) dropwise at
—40°C, and the resulting mixture was stirred for 30 min.
A dichloromethane or toluene solution (2 ml) of benzhy-
drol (50 mg, 0.27 mmol) was added dropwise at —40°C.
After the mixture was stirred for 2 h, triethylamine (189
ul, 1.36 mmol) was added dropwise at —40°C. After
stirring for 14 h, water (20 ml) was added to the reaction
mixture, The mixture was neutralized with IN HCI (0.5
ml), followed by extraction of the aqueous layer with
chloroform (40 mlx3) or ethyl acetate (40 mix3), The
combined organic layer was washed with brine, dried
(Na,80,), filtered, and concentrated in vacuo. Silica gel
chromatography of the residue (hexane/ethyl acetate=
40/1) gave benzophenone (47 mg, 95% yield in
dichloromethane or 49 mg, 98% yield in toluene, respec-
tively).

The 20-timcs scale-up experiment under the above condi-
tions using benzhydrol (1.0 g, 5.43 mmol) gave benzophe-
nonc (953 mg, 96% yield).
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Modification of the Swern Oxidation: Use
of a Soluble Polymer-Bound, Recyclable,
and Odorless Sulfoxide
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The Swern procedure, using oxalyl chloride activation
of dimethyl sulfoxide (DMSO), is one of the most widely
used methods of oxidizing primary and secondary alco-
hols to aldehydes and ketones.! Although very effective,
this process produces the unpleasant-smelling, volatile
(bp 37 °C) byproduct, dimethyl sulfide. We have previ-
ously reported the use of 6-(methylsulfinyl)hexancic acid
(2) as an efficient substitute for DMSOQ in Swern oxida-
tion reactions.? This modification generates the non-
volatile sulfide 1, which is easily separable from the
reaction mixture by extraction or filtration through silica
gel. Also described was preliminary work on the attach-
ment of 2 to commercial chloromethyl polystyrene beads
(Merrifield resin) to form a polymer-bound reagent 3
(Scheme 1). The present study expands on these inves-
tigations and reports the attachment of 2 to soluble
paly(ethylene glycol) (PEG) supports to form polymer-
bound reagents that can be easily removed from the
reaction mixture by precipitation and filtration. After
use in the Swern procedure, the PEG-bound reagent can
be readily recycled by periodate oxidation, with no
observable loss of oxidation capacity,

Initial studies on supports to bear the sulfoxide fune-
tionality necessary for Swern oxidation focused on in-
soluble solid-phase polymers such as Merrifield resin.
Use of a 2-fold excess of polymer-supported sulfoxide 8
in the Swern process quantitatively oxidizes endo-borneol
to camphor, with no residual acehol remaining. However,
after regeneration by sodium metaperiodate oxidation,’
the oxidation capacity of the polymer-bound reagent is
reduced from 92% to 78%. This may be due to cross-
linking of the polystyrene backbone by reaction with
oxalyl chloride, Clearly, if the reagent is to be recyclable,
the polymer-support must be inert to the reaction condi-
tions for both the Swern oxidation and periodate regen-
eration of the sulfoxide functionality. A rapidly expand-
ing arvea of polymer-supported chemistry is the use of
soluble scaffolds.* These have the advantage of forming
a homogeneous phase in the reaction medium, but having
polymeric properties that simplify product separation and
reagent recovery. One of the most versatile and widely

" Tel (403)-492.5475. FAX (403)-492-8231. e-mail: John,Vederas@
ualberta.ca.
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used polymer supports for such liquid-phase synthesis
is poly(ethylene glycol) (PEG)." PEG is soluble in a wide-
range of arganic solvents and water, therehy facilitating
homogeneous reaction, but is insoluble in hexane, diethyl
ether, and zert-butyl methyl ether.® It is therefore easily
separated from the reaction mixture by precipitation and
filtration.

When cheosing a polymer for liquid-phase synthesis a
compromise must be made between loading capacity and
solubility. PEG is commercially available in a range of
molecular weights up to 20 000; those between 2 000 and
20 000 are erystalline with loading capacities between 1
and 0.1 mmol/g, whereas the lower molecular weight
PEG's exist as liquids at room temperature. A number
of different size PEG's (with hydroxyl functionalities at
both ends) and MeO-PEG's (with the polyether termi-
nated by a methoxy group at one end and a free hydroxyl
at the other) were investigated in an attempt to optimize
the reaction conditions and loading capacity. Reagent 2
is easily coupled to PEG in the presence of DCC and
DMAP.” The reduced sulfide acid 1 can be similarly
coupled and subsequently oxidized to the sulfoxide 5 with
sodium metaperiodate (Scheme 2).* Although they have
higher loading capacities, the low molecular weight
(below 2000) liquid polymers present problems with
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6-(Methylthio)hexanoic Acid (1) and 6-(Methylsulfinyl)-
hexanoic Acid (2) were synthesized as described previoualy.?

Poly(ethylene glycol) Bis(68-(Methylthio)hexanoate) (4).
A solution of FEG-2000 (10.0 g, 5.0 mmol), sulfide acid 1 (2.80
g, 17.5 mmeol), and DMAP (0.21 g, 1.7 mmol) in dichloromethanc
(50 mL) was treated with DCC (3.60 g, 17.5 mmol) and stirred
overnight. The white urea precipitate was removed by filtration
through Celite and washed with CHyCls. The filtrate was
concentrated to ~15 mL, and diethy! ether (150 mL) was added
with vigorous stirring to precipitate the polymer. The precipita-
tion was enhanced by stirring in an ice bath for 2 h. The
precipitate was removed by filtration, washed with diethy! ether,
and dried in vacuo to give 11.17 g (98%) of polymer-bound sulfide
4 ag a white solid: IR (CHaCl; cast) 1733 (m), 1113 (8) em™Y; 1H
NMR (300 MHz, CDCla) 6 4.21 (t, 2H, J = 4.8 Hz), 3.64 (s, 88H),
2.48 (t, 2H, J = 7.3 Hz), 2.33 (t, 2H, J = 7.4 Hz), 2.08 (s, 3H),
1.63 (m, 4H), 1.42 (m, 2H); *C NMR (75 MHz, CDCly) & 173.44,
70.45, 69.08, 63.30, 33.90, 28.65, 28,09, 24.37, 16.39,

Poly(ethylene glycol) Bis(6-(Methylsulfinyl)hexanoate)
(3). A solution of 4 (10.5 g, 4.6 mmol) in methanol (80 mL) and
water (20 mL) at 0 °C waa treated with 0.50 M sodium
metaperiodate (18.4 mL, 9.7 mmol) overnight, during which time
a white precipitate formed. The methanol was removed in vacuo
below 10 °C, and the residue was extracted with CHoCls (5 x
50 mL). Combined extracts were dried (Nap30,) and evaporated
to give 10.6 g (99%) of polymer-bound sulfoxide 5 as a white
solid: IR (CH:Cly) 1732 (m), 1114 (s) cm~?; '"H NMR (300 MHz,
CDCly) § 4.20 (t, 2H, J = 4.7 Hz), 3.61 (s, 88H), 2.66 (m, 2H),
2.53 (s, 3H), 2.33 (t, 2H, J = 7.3 Hz), 1.76 (m, 2H), 1.65 (m, 2H),
1.48 (m, 2H); ¥C NMR (76 MHz, CDCly) 6 173.08, 70.87, 68.93,
63.30, 54.17, 38.44, 33.56, 27.99, 24.20, 22.09,

General Procedure for the Modified Swern Oxidation.
A solution of 5 (1.74 g, 0.75 mmaol) in dichloromethane (30 mL)
is cooled to —K0 to —60 °C, axalyl chloride (0.098 mL, 1.125
mrmo)) is added dropwise, followed after 15 min by a solution of
the alechol (0.76 mmol) in CHzClz (5 mL). The mixture is stirred
for 45 min, triethylamine (0.63 mL, 4.6 mmol) is added, and the

(9) Purification of Laboretory Chemicals, 3rd ed.; Perrin, D. D,
Armaregs, W. L. I, Ed.; Pergamon: New York, 1988,

J. Org. Chem., Vol. 63, No. 7, 1398 2409

solution is kept at ~45 °C for 2.5 h before warming to room
temperature. Workup involves concentration of the reaction
mixture to approximately 10 mL, followed by addition of diethyl
ether (100 mL) to precipitate the polymer. The precipitation is
accelerated by cooling to —20 °C for 10 min. After filtration the
filtrate is concentrated in vacuo to give the oxidized product,
which typically contains a trace of polymer contamination (1%).
This is easily removed by passing an ethereal suspension
through a pad of silica. The solid polymer reagent, which is a
1:1 mixture of the sulfide and sulfoxide, is contaminated with
triethylammonium hydrochloride. Although this does not affect
the subsequent periodate oxidation, it can be removed by
washing a dichloromethane solution with water to give recovered
polymer-bound reagent in a 98% yield. The product was
analyzed by !H NMR spectrometry, which showed complete
oxidation with no trace of slechol. All the carbonyl products
obtained from the Swern oxidation were characterized by
comparing chromatographic and/or spectral properties ('H NMR,
IR, MS) with the authentic samples or literature,

In experiments to determine the recyclabilty of the PEG-
bound sulfoxide, limiting conditions were used. Thus, 1 equiv
of endo-borneol was used for the reaction with 0.6 equiv of
polymer-supported sulfoxide & and 1.1 equiv of oxalyl chloride:
96% of the alcohol was oxidized to give camphor with 4% left
unchanged. The polymer-bound reagent recovered was a 6:1
mixture of sulfide:sulfoxide. It was reoxidized by the above
procedure for periodate oxidation, giving a 91% recovery of PEG-
bound sulfoxide 5.
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Page 8614. The configuration of compound 1 is cor-
rectly designated as 1R,6R,8R,11R,125,16R in the text.
The centers 6, 8, 11, and 12 should be switched in the
2D drawing of 1.
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It should be noticed the position of the saddle point
moves out monotonically toward the F 4 Hs channel as
this height decrcases. This should be expected in gen-
eral for nonthermoneutral reactions' and should be a
cautiop against emphasizing®’ a prediction of the ge-
ometry of the saddle point when its height is not pre-

dicted correctly.
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A New and Highly Effective Method for the Oxidation
of Primary and Secondary Aleohols to
Carbonyl Compounds

Sir:

We report here a new process for the oxidation of
alcohols to ketones or aldehydes which is operationally
simple, highly selective, and efficient. It is expected
that the method will ind widespread use and that in
many instances it will be found tuperior to currently
important procedures such as those using the reagents
CrOy-pyridine complex,! CrOy-acetone,* and dimethyl
sulfoxﬁlc with various' coreactants.™* An overall
representation of the new method, which is clenrly re-
lated to the-dimcthyl sulfoxide based processes, is given

XHOH

C!I.ﬂ--"

[

(C:H.).S-T cr + NH

2]

Cw=0 + (CH2S + ELNTHCE

The long-known complexes which result from the re-
action of halogens with sulfides,* R,5*Hal Hal—, might
be expected to react with an aleohol to form a type of
sulfoxonium complex, R,S+*OCH< Hal-,* which judg-
ing from previous work ¢ should under suitable condi-

) (sll) I 5 Colling, W. W. Hesx, and F. 1. Frank, Terrohedran L.,
161 (1948).

{2) K. Bowden, . M. Hedlbron, E. R. H. Joaes, and B, C. L. Wesdon,
J. Chem. Soc., 39 (1946); A. Bawets, T. G, Halssll, E, R, H. Janes, and
AL l.emm le 2355(1953).

(3 K. E. Phtiner and J. G. Mofae, J. Amer, Chem. Sae., 87, 5661
(l953) &8, 1762 (1966).

(4) 1. R. Parikh and W, von E. Doering, 8/d., 89, 3505(1967).

(5) W, W._Epstein and F. W. Sweas, Cham. Rev,, 87, 147 (1567).

(6) See, for example, (a) E. E, Reid, "' Organic Chemisuy of Bivaient
Sulfur,” Val. 11, Chemical Publllhinz Co., New York, N, Y. p 48,
and slse (b) H. Mesrwein, K.-F. Zenner, nnd R. Glpp.lmrmucun
Ann, Chem.. 687, 67(1965). The of tetr or
sulfur in theye complexes merin further study, but ix not crucial to the

present applica tion,

tions undergo elimination to form a carbooyl com-
pound. This process would eflectively allow an over-
all trensformation such as: RR'CHOH + Cl; —
RR’CO + 2HCI, which is mediated by a sulfide. The
operability of this scheme has now been demonstrated.
For example, treatment of dimethyl sulfide in carbon
tetrachlonde at 0° with I equiv of chlorine in carbon
tetrachloride at 0° results in rapid formation of the
partially insoluble complex I, which when cooled to
—25° (Dry Ice—carbon tetracbhloride bath) ‘and treated
with cyclohexylearbinol for 2 hr at —25° with stirring
i3 converted to the sulfoxonium complex II. Additon
of 2 equiv of triethylamine, removal of the cooling
bath, and isolation after 5 min affords pure cyclohexyl-
carbon]dehyde in ca. 8057 yield after distillation.

CHS + @ - ccn.).scxcx
.—cu,ou

3 A
e

N,

o CHO08(CH,
Ha + O’ o

o n

N—&CH), C" jEus

U + (CH)S
m .

The oxidation of cyclohexylcarbinol can be effected
even more cleanly and efficiently (93 %% yield) using the
recently reported complex III from dimethyl sulfide
and MN-chlorosuccinimide™¥ under carefully controlled
conditions. Most of this work has been performed

using tbe complex 111, since the use of N-chlorosue- _'

cinimide for small-scale laboratory work is convenient,

tince the formation of hydrogen chloride is avoided

(in contrast to the use of I), giving a milder and prob-

ably more generally useful method, and, finally, smoe

the reaction products are somewhn cleaner

The simplicity and the key details of the new oxida:
tion process gre illustrated by the following procedures
for the preparation of a ketone and ‘an aldehyde.

A. duerr-Butylcyclohexanone. To a stirred solution
of 400 mg (3.0 mmol) of N-chlorosuccinimide in 10 ml
of toluene (analytical grade) was added at 0° 0.3 ml
(4.1 mmol) of methyl sulfide under argon. A white
precipitate appeared immediately after addition of the
sulfide. The mixture was cooled to —25° (carbon
tetrachloride-Dry Ice), and a solution of 312 mg (2,00
mmol) of 4rert-butylecyclohexanol (mixture of cis and
trans) in 2 mi of toluepe was added dropwise, The
stirring was continued for 2 hr at —25°, and then a
solution of 303 mg (3.0 mmol) of triethylamine in 0.5
mil of-toluene was sdded dropwise. The cooling bath
was removed and after 5 min, 20 mi of ether was added.
The organic layer was wathed with 5 ml of 1 %7 aqueous
hydrochloric acid and twice with 15 ml of water, Re-
moval of dried (magnesium sulfate) solvents produced
310 mg (~1009%) of 4-rert-butylcyclohexanone as white

(HE Wlmmud W. Sprugsl, Tanh*m Letr,, 615 (1972).

(l) Odm of salts have bexn reperted by (a)

a, Gr her, snd R, H. Smith, idid., 497 (1972),

and ('b) C, R. Johneon, C. C. Blccn, and W. D. Kingsbury, ibid., 501
(1972). The latter group has also reported the isolation of unseable
sulfessnium sala from aicohals and the of sulfides with

N.chlomobenzatriatole,
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plates which melied at 44-47° (an authentic sample
from Aldrich Chemical Co. bad mp 45-50°). The in-
frared and nmr spectra were identical with those of an
suthentic sample, and the nmr spectrum showed that no
more than 17, of the methylthiomethyl ether of 4-rert-
butylcyclohexanol was preseat. Vapor chromato-
graphic anslysis indicated a yield of 9777 (xylene as
internal standard with a 109 SE-30, 10-ft column).
B. Octansl. The complex III (3 mmol) was gen-
erated following the procedure described abowve. To
thig stirred suspension of Il was added a solution of
260 mg (2.0 mmol) of 1-octanol in 1 ml of toluene at
—25°. 'After stirring at —25° for 90 min, a solution
of 303 mg (3.0 mmol) of triethylamine in | ml of toluene
was added. The cold bath was then removed, and
after 5 min, 20 m! of ether was added. The organic
layer was washed with 5 ml of 1 7 aqueous hydrochloric
acid and then twice with 15 ml of water. The organic

_l!%: was dried (magnesium sulfate) and concentrated

r reduced pressure to 10 mi and analyzed by vapor
phase chromatography (109 SE-30, 10-ft column with
xylene as the intermal standard) (9637 yield). Re-
moval of all solvents under reduced pressure produced
250 mg of l-octanal as a colorless liquid which was
spectroscopically identical with an authentic sample.

Utzing the method detziled above, benzyl alcohol and
2-octanol were converted respectively to benzaldebyde
(909, yield) and 2-octanone (917% yield). 1,2-Diphe-
nyl-1,2-propanediol gave 2-hydroxy-1,2-diphenyl-1.pro-
panone in 86% yicld indicating that the sulfonium
method may be valuable for the avoidance of C—C bond
cleavage in the oxidation of sec,terr-a-glycols to a-ketols.

An important limit on the scope of the new oxidation
process has been observed, however. Benzhydrol and
2-cyclohexenol. sufferek’ replacément of hydroxyl by

.- . .chlorine ingt€ad ‘6f oxidation using ITT under the stan-
. - dard condinom.. The-conversion:
, . is vefy effitient-for Tuch cases involving
'+ .coirespond to stabilized carbications.

ko Tt

Formnately
the oxidmon of-allylic- or benzylic alcohols is readily

" effected by ‘Sther mild, highly selective oxtdlzlng agents,

including’ manganese "dioxide and various quinones,
and consequently there is no pressing need for-the sul
fonium reagents in such cases.

Still another reaction may occur in more polar media,
viz, the transformation of the alcohol ROH to the cor-
responding methyithiomethyl ecther ROCH,SCH,.
Thus, although cyclohexylcarbinol is converted cleanly
to the corresponding aldehyde using complex III at
- 25° in t0luene with less than 197 of methylthwmethyl
ether formation, the methylthnomcthyl ether is formed
to the extent of ca. 185 in methylene chloride at - 25°
and 457, in methylene chloride~dimethyl .wlfaxxde (1 1)
at —25°. It seems likely that the ylide IV is an inter-
mediate'!in the formation of the methyltoiomethyl ether

(%) The eransf ion of alcobols W halides will be discyssad in
duiail in & srparate publication: E. J. Corey, C. J, Kim, and M. Takeds,
TYerahedron Luit., in pres.

(10) Cleasly haudysh of a sulfozenium immdlau. (CHh§*-
ORQI™, to form R*Ct~ and (CH:RSO is
with carbonyl-forming elimination if R* ix uumumby suln‘lind xad w
lead o :hloﬁde Thc ssudy of oxid: fon thus
can provid e, and mmﬂn. measare of carbocation
nnbllludan. For example, “cholesteral is converied by OI o AN
cholesten-3.one and not to chiaride.

(11) K. E. Piczner and 1. G. Molfaty, J. Amer, Chem. Soc., 87, 3670
(1965). Methyl thiomathyl ethers are commonly found as by-producis
in ozidations uing dimethy? sulfoxide based reagents. Sas also C. R.
Johnson and W, G. Paillips, 4., 91, 882 (1969),
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and that its formation snd/or further reaction can be
avoided in nonpolar media.

O-owf

The oxidation process which is described herein
should be extremely useful for complex or polyfunc-
tional molecules, the reaction conditions being s0 mild
as to minimize the possibility of involvement of most
functional or protecting groups. As is clear from the
examples cited above the yields of carbonyl compounds
are remarkably high and there is little variation in
optimal conditions, *?

We are currently exploring other applications of
reagents such as 111, for example to carboxyl activation.
The use of inexpensive halogen-derived reagents such

'ws TTor large scalé Dridation i3 4156 unider study.

* Acknowledgment. This research was supported in
part by grants from the National Science Foundation
and the National Institutes of Health. -

(2 A mmbﬂ' el’ bases other than trhthyluuhc have beea used in
of with the resgent OL iacluding 1,S-disxabicycio-
(GJ.D)noncm-S lnd 1 Mnnhlzydoﬂ.l.l)ocuu. but triethylamine
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Photosensitized Aquation of the Hexacyanochromate(TII)
Ion. Evidence against the Doublut Mechanism

Shrr

complexes.? The first mechanism? assumes that the
lowest spin-forbidden excited state (3E,, Figure 1)
is that one responsible for the photoreactivity, whereas
the alternative mechanism? involves the lowest quartet
excited states (“Ty, and Ty, Figure 1) as direct pre-
cursors to the photochemical reactions. Neither
direct photolysis' nor scnsitization experiments*—*
has as yet given a definitive answer to the above
alternative, whereas quenching experiments carried
out on Cr(NH.x(NCS),~ have clearly shown that
its photoaquation originates, at least in part, from
the lowest quartet excited state.” These latter exper-
iments as well as some studies’™ on the temperature
dependence of the phosphorescent lifetime for some

(1) V. Balsani and V., Carsxtitl, “Photochemistry of Coordination
Oemnnnd&" Academic Presa, London, 1970,

R. A Flane and J. P. Hunt, /. Amer. C’Mm Soe., 0, 1343 (1957);
H. L. s:mru J. Phyy, Chun..ﬂ Ml (196

(3) A, W, Adamson, lMd.. 7n, 7% (l9§7).

(4) A. W. Adamson, J. E Martin, and F. D. Camassel, J. Amer.
Charn, Soc, 91, 7520 (1969). J.E Mlnin and A. W. Adamson, Thror.
Chim. Acta, 20, 119 (1971).

(5) V. Batzand, R. Ballardini, M, T. Gandolfi, and L. Moggi, /. Amer.
Chem. Soc,, 93, 339 (1971).

a ;3)')5 Zinato, P. Tulll, and P. Riccieri. J, PAys. Chem. 5. 3504

(7) S. N, Chen and G. B, Porter, Chemy, Phys. Latt., 6, 41 (1970).

. ;:g)?. D, Carnassei and L. S. Forsier. /. Chem. Phys., 50, 2603
¢ N
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Two principal mechanisms have been proposed in
order to account for the photochemistry of Cr(III)-
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New odorless method for the Corey-Kim and Swern oxidations
utilizing dodecyl methyl sulﬁde (Dod-S-Me) .

Shin-ichi Ohsugi,® Kiyoharuy Nishide,* Keiji Oono,® Kazunori Okuyama,® Masato Fudesaka,”
Sumiaki Kodama® and Manabu Node**

o = SN E PhATGCEGlical LIRivETity, Misdtayt,"Yanasking, Kyot 607-B41%; Jn
*Wako Puré Chemical Industries, Lid, 1633 Matoba, Kawagoe, Saitama 350-1101,
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Abstract—Development of the odorless dodecyl methy] sulfide (Dod.S-Me, 1) as an alternative for ditncthyl sulfide (DMS) and new
odorless methods for the Corey —Kimn and Swern oxjdations are describesl. These reactions have heen developed with a view toward green

utilizing Dod-8-Me (1) and common solvents intmad of dichloramethane.

§ chemiatry,
i © 2003 Elsevier Lid. AD righty reserved,
i

- L Introduction

* Thiols. and sulﬂdes are- useful reagenta for organic

- -syntheses.! However,, beciuse of theu' ‘general malodorous

* L.naime, they,-are, widely fmowir to conibute to environ-
: f ‘menifal: pollution as- wel) s to’ the™physical stress of the

. resédpchers working with them. Develgpment of odorless

. substimtes. for commohly ysed “foul-emelling thiols and
+ " sulfides would greatly improvE or, inBotna cases, elinainate

". “these “objectionable feahires; Demethylatons of pheny)
methyl -ethers® and methyl phosphnm"’ using either an
odotless bulky ‘thiol or an odoriess sodium dithiocarboxylate

have heen reported, Studies of a novel reaction using chiral
1.3-mercapto alcohols (odorless)® prompted us to exploit
odorless thiol substities for ethanethiol, benzyl mercap-
tan,* benzenethiol® and hydrogen sulfide,® which we have
applied to dealkylation and the Michael addition. Dimcthyl
sulfide (DMS) is also coramonly used for organic reactions,

¢.g. dealkylation” and the Carey~Kim oxidation® (NCS—

DMS, Er,N) However, duc to its foul smell, industrial use
of DMS is regulated by the offensive odor control law.
Recently, odorless versions of the Corey-Kim oxidation®
and the Swem oxidation'®!! have been published. We
report herein the development of dodecy! methyl sulfide’2
(Dod-S-Me, 1), which was casily prepared as an odorless
alternative for DMS, and new odorless versions of the
oxidations mentoned above in an application of green

chemistry. '

quwrdr odnmu Cuuy-l(hu ondnoa, dindeeyl methyl sulfide;
-] 1 sulfoxide,

Cmpenhng suthar. Tek: +8)-75-595-4639 Fax: +81-75-395-4775.

0040-40204% - sce front maney © 2003 Elsevier Lid. All rights reserved.
doi: 10.10164.t,2003.08.055

2. Result and discussion

2.1. Odor of alkyl methy! sulfides
We tested the odor of a number of alkyl methyl sulﬁdea The"

relative odor index of these sulfides compared o .foul- = ..
smelling dimethy] sulfide perceived by the human nose® of < .
three test subjects is listed in Table 1, with S being the most

. malodorous and 0 an odorless sulfide. All the alkyl méthyl
sulfides were commercially available except for undecyl -
methyl sulfide and Dod-5-Me (1), which were synthesized
from the comesponding - 1-undecanethiol and ]-dodeca-

nethiol, respectively (Scheme 1).
These sulfides were purified by distillation and HPLC on

Tahle 1. Odor teale for aikyl methyl sulfidos
Entry Sulfidey Carban length

Odar scale

CHy(CHy),05CHy
CHy{(CH2,\/SCH, (1)
CH{CH1)133CH,

~O0O0C~m~NNALE LWL »
~PO0-wNNWaABbUW |
COOQONNWLEL & Wi n

]
2
3
4
3
7
8
10
11
12
14
16
&46

SECEY®NowaAwN-
2
L
¢
2

Qdor seale: siench 5—~0 odorless.
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KzCO3 (1.109)
Mgl (1.080q)

CiaHuSH ~OMF
0*C~-rL Vh

85%

is drderyl methy! sulfide (1).

CyatasSiu (D00-S-Ma)
1
hp.= V10°C (0.2 iumig)

GPC columns. Among the alky] methyl sulfides, Dod-5-Me
(1) was found to be odorlets, while lower carbon-chain
sulfides were malodorous, These results suggest that the
alkyl methy! sulfides with longer chains have lower
volatlity than DMS and that the sulfides having more
than 12 carbons become odorless due to their lower

volafility,. ™ =~~~ T

22. Odorless Corey-Kim oxidation using dodecyl
methy! sulfide (Dod-S-Mas)

We next used Dod-S-Me (1) as an odorless substitute for
foul-smelling DMS in the Corey -Kim oxidation.® which is
a useful method for oxidation of alcohols to aldehydes or
ketones. Oxidation of benzhydrol was canjed out first under
the original Corey-Kim oxidadon candidons (—20°C wo
room temperature, 6 h after addition of triethylamine) ta

give benzophenone (50%). Benzophenone was obuined in
hxgh yield under optimized reaction conditions, while
majintaining the reaction temperature at —40°C for longer

" reaction timés (14 h_after addidon of triethylamine), This
result suggested. that it Was necessary to genevate a sufficient

: -pynount ‘of the gulfir ylids intermediate and t prevent the

uridesifed Pummerte marrmgcment.—l-" The results of the

> “new ‘odorieas Corey—Kim oxidation using the sulfide 1 are

smnmahud in- Table 2. "Toluene was also tasted a5 a solvent
instead. of dich)oromethane, following the original Corey -
Kim oxidation® fromh the standpoint of industrial chemistry.

" The. yields of the corresponding aldchydes or ketones wers

excellent in both solvents.

Table 2. Qdatiess Corey - Kim oxiduion using dodecyl methyl solfide (1)
1)1 @eq) —-0°C
NCS (3a5) Zn m‘g"ﬂ

2) ElsN (Seq) -40°C 14 h Katanes
Entry Alcohols Yield in CH,Cly Yield in tojusne
95

1 §m 9
n“
HaOM

4 T 95 98
Phsicn,

9 90

8 Ohuuyi et al 7 Teirahedron 59 (2003) 23938398

Applying this new odorless Corey-Kim oxidation to
industria] scale experiments, we congidered using common
salvents instead of dichloromethane and toluene (Table 3).
All the solvents tested wege applied o the new Carey—~Kim
oxidation and gave excellent yields, with scetone being the
mast suitable salvent for industria] use.

Tahble 3. Odorless Corcy - Kim oxidation vaing 1

1)1 (Jeq) -40°C
REPH NCS (3eq) 2h h
2)EuN (Seq) ~401°C 250
Solveat Yield (s) Solvent Yisid (%)
Talucne &8 e s
CHO, 9% CHCN 9
AcOEL a7 Acetone 100

The new odorless Carey-Kim oxidation of a]r.ohuls
having a heteroaromatic substituent also

good to excellent yields (Table 4). Tetrahydmfuran
(THF) was found to be the best solvent for oxidation of
these alcohols.

Tabie 4. Odoriess Carey-Kim axidation of b tics using dadecyt
methyl sulfide (1)
1) 1 (3eg) -40°C
NCS (Jeq) THF 2h Adighydes
2 €N (5eq) 40°C 251 Ketoes - °
Ertry ls.  Yield® anu-y . Aleohols”

2 Q“:‘W ."- s

EBCEE

Teld was determined by GC.

B

2.3, Odorfess Swern oxidation using dodecyl mettiyl
sulfoxide

The Swemn oxidation'® (DMSO-oxalyl chloride, EsiyN) is
als0 a useful method for oxidation of alcohols to aldehydes
or ketones, However, one serious drawback is the foul odor
of the volatile DMS which is produced during the reaction.
In order to overcome this problem, we planned a new
odorless Swern oxidation using dodecyl methyl sulfoxide
(2), as illystrated in Scheme 2.

Dodecyl methyl sulfoxide (2) could be prepared in high
yield from Dod-5-Me (1) by oxidation with sodium
periodate. In our strategy, Dod-5-Me was recovered as
an odorless byproduct instead of DMS, and was reused by
re-oxidation 10 the sulfoxide 2. The optimized reaction
conditions of the new Swern oxidation for benzhydrol (—60
to.—40%C far 200 min after addition of triethylamine, then
warming to room temperature for 40 min) gave benzo-
phenone (95%) along with the recovered Dod-5-Me (1,
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M-—?—m CQHH—'?—*
o ) o ?
3_0, Na10, (6 oq)
oo ® - lcocy) |k @
EnN EtN CHCEy § HgO 1 MaDe
' (114/4)
}[} .,
M CygHpSMe
(Mudodorous) (Odartace)
by 38°C

b.p. 114-120°C 7 0.06 comHig
SchmelsulugydlmodmimSwmmd:ﬁm

98%). The reaction in other solvents such as THF, ‘? tolucne,

and ether afforded benzophenone in moderate to low yields
(49, 33 and 10%, respectively). The results of the naw
odorless Swem oxidation using the sulfoxide 2 and oxalyl
chloride are summarized in Table 5. All benzylic, allylic,
and aliphatic primary and secondary alcohols were oxidized
smoothly to aldehydss or ketones in high yields.

‘The two protocols described for the oxidation of aleohols
were carmied out without creatng a foul smell in the
laboratory. Sinte Dod-S-Me (1) has a higher boiling point
than the volatile DMS, the products uf the oxjdations were

isolated by column chromatography in the case of neuwal .

products.’® However, chromatographic isolation of the .
product could be avoided in large scale reactions in the:

case of acidic alcobols. For example. odorless Swern
oxidation of mandelic acid gave
96% yield by sequential extracvion
after basification. and u:ldlﬁcnt.lon

In conclusion, we were able to provide new odnrlm

Shenylglydxylic -acid in ° .
of the reaction mixtuxe

methods for the Carey—Kim and Swemn oxidations using -

“Dod-5-Me (1)'8 or dodecyl methyl. sulfoxide (2)!% as
substinites for the foul-smelling DMS and the sulfoxide.

DMSO. These protocols fumish the products under

Ak 1 vl el it
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adorless conditions at minimal cost. The starting material,
1-dodecanethiol, for the synthesis of the odorless sulfide 1
and the sulfoxide 2 is inexpensive (about $20/kg) because it
is used in bulk az a vulcanizing agent for rubber. The
odorless compounds 1 and 2 can thepefore be prepared at a8
moderate price without using a foul-smelling reagent
{(MeSSMe and McSH are regulated by the offensive odor
control law), We anticipate that the odorless feature of these
methods will be important for green chemistry as well as for
organic chemistry in general.. Further studies utilizing
odorless sulfides and sulfoxides are underway in our
laboratory.

3. Experimental

3.1. General

'H NMR spectra were obtained with a VARIAN GEMINI
2000/200, X1.-300, INOVA-400NB or JEOL JNM-AL300
specirometer with tetramethylsilane as the internal
standard, Infrared spectra were measured with a
SHIMADZU FTIR-E300 spectrometer. Low and high-
resolurion masgs Spectrs were determined on cither a JEOL,
IMS GC-mate (ET) or a JEOL JMX SX 102A QQ (FAB)
mass spectrometer. Gas chromatographic analyses were
perforined ‘on 8 DB-1 column (025 mmx30m J & W
- Scientific) ‘'with SHIMADZU GS-2010 and FID. High
- .performance liquid chromatoginphy was performed on a
!-!J;MADZU LC:10A $€riex, chiral column (Chiralcel OD,
.d.n ~Wakogel® C-200 (Wako - ‘Pure-Chenical _Industries),

- Siljea” gel 60N-(Kanto. Chemical) -was_ased for column
' Ehrorhatography. Silica gel F254 plates (Meml;) were nged

for TLC." Viiudlization ‘wak™performed "using; UV light,
‘jodine and, 12-rioly bdo(VT) phosphonc acid n-hydrate in
EtOH. Sulfides were further purified by a recycle HPLC
(LC+908, Japan Axnalytical Indysary Co., Ltd) on GPC -
columns. JAIGEL 1H and 2H) after purificadon by
distillation. Dichlommethane wag disﬁllad from CaHs,

* Swem et a). Synthesiz 1980, 165.

‘Table 5. Odoriess Swem wxidation uxing Yy ’ -
1) (COQI (15 aq), CiHaS{OMe (2)(1.50Q)  Auanyrios
Alcohals CHyCly -84 "C (30 min) or Katones
2) 5] 60 "G — 40 *C (2~ 5} *
BN Se 40°C-rt (@Omn-2ny  CiHupSMe
Entry Alcoholx Isalated yield (%) Entry Alcohels Isolated yickd (%)
Aldchydss ar ketnes (lity Rexovery of 1 Aldehydes or ki (i) R yof 1
1 n.\&n; 95 (58) 100 s Aoy 9309 o0
2 ”Tc::" 9 (99 94 ] @ 23 (99) 99
3 E 95 [1] ? E 91 (98) 01
a oy 93 98) 9 L] N‘-’*‘ B1 (38%) 93

.chi
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after washing with water. Other solvents were dried by
general methods.

3.1.1. Dodecyl methyl sulfide (1). To a DMF (3 ml)
suspension of potassinm carbonate (751 mg, 5.43 mmol)
wag added a DMF solution of }-dodecanethiol (1000 mg,
4.94 mmo!) and methy) iodide (736 mg, 5.19 mmol) at 0°C,
and the resulting mixture was stirred at room temperane
for 1 h. The reaction mixture was filtered, then 1N HC] was
added to the solution, which was concentrated in vacuo. The
residue was added to distilled water, then extracted with
ethyl acetite. The organic layer was washed with sodium
thiosulfate soluton, dricd (NazSQ,), filtered and concen-
trated in vacuo. Purification of the residue by silica gel
éolumn chromafdgraphy gave dodecyl methyl sulfide (1)
(922 mg, 86%).

The scale-up reaction under the above conditions using a
DMF (300 ml) solutdon of potassium carbonate (75.1 g,
543.5 mmol) and a DMF (200 ml) soludon of }-dodeca-
nethiol (100g, 494.1 mmol) and methyl iodide (73.6g,
518.8 mmo}), gave dodecyl methy! sulfide (1) (91.4 g, B1%)
by distillation in vacuo.

Colorless cil; bp 110°C (0.2 mm Hg); 'H NMR (300 MHz,
CDCL): 82.49 (t, J=7.4 Hz, 2H), 2.10 (5, 3H), 1.59 (sextet,
1=7 4 Hz, 2H), 1.43-1.19 (m, 1SHD, 0.88 (1, J=6.9 Hz,
3H); MS (20 eV) m/z: 216 @M*, 60). 201 (100), 125 (11),
111 (30), 103 (24), 97 (50), 83 (51), 7] (25), 70 (36),.69 '
(38), 61 (12), 57 (35); HRMS caled for C)gHasS (M*):

216.1912, found 216.1934. . . - :

3.1.2. Dadecyl miethyl sulfoxide (2). To a CHCI/MeQH/ -
HO (1/4/4, 9ml) solution of dodecyl methyl: silfide. .,
{50 mg, 0.23 mmol) was added trioctylmethylammonium -
chloride (20 m), 0.04 mmol) and sodium periodate (296 mig, -
1.38 mmol) at 0°C, and the resulting mixture was stirred at
room temperature for 10 min. The reaction mixture was:
added to distiled water (10 ml) and sticred for 2 h. The -
reaction mixtuns Was ¢ trated in then extracted -
with ethy) acetate. The organic layer was washed with brine,
dried (N2,80,), fltered and concentrated in  vatcuo.
Purification of the residue by silica gel column chromato-
graphy gave dodecy) methyl sulfoxide (2) (53 mg, 99%).

White powder; 'H NMR (300 MHz, CDCl,): § 281-2.57
(m, 2H), 2.52 (s, 3H), 1.76 (quintet, J=7.9 Hz, 2H). 1.57-
1.19 (m, 15H), 0.88 (1, J=6.7 Hz, 3H); IR (CHCls): 3550
3150 (br), 2997, 2928, 2855, 1466, 1408, 1034, 934cm™};
MS (20 eV) m/z: 233 (M*T+H, 1), 232 (M*, 1), 216 (43),
215 (100), 201 (20), 187 (2), 168 (3), 140(3), 125 (4),111(13),
97(24),85(19),83(30). 71 (32),69(25), 57 (52}, HRMS calcd
for CyyHzn 50 (M*): 232.1861, found 232.1865.

32. A typital procedure for the new method of the
Corey—Kim oxidation using dodecyl methyl sulfide (1)

To a dichloromethane or toluene solution (10 ml) of
N-chlorosuccinimide (108 mg, 0.81 mmol) was added a
dichloromethane or toluecne solution (2 ml) of dodecyl
methy] sulfide (1) (176 mg, 0.81 mmol) dropwise at —40°C,
and the resulting mixure was stimed for 30 min. A
dichloromethane or toluenc solution (2 ml) of an alcohol

32,2,
el
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(0.27 mmol) was added dropwise at —40°C. ARer the
mixture was stirred for 2h, wuiethylamine (0.19 ml,
1.36 mimol) was added dropwise at —40°C, Afier stirring
for 14 b, water (20 mi) was added to the reaction mixure.
The mixture was neutralized with IN HC1 (0.5 ml),
followed by extraction of the aqueous layer with chloroform
(40 mx3) or ethyl acemte (40 mix3). The combined
organic layer was washed with brine, dried (Na,SO,),
filtered and concentrated in vacuo. Silica gel chromato-
graphy of the residue (hexane/ethyl acetate==40/1) gave an
aldehyde or a ketone. The resulting products were analyzed
by comparing their NMR spectra and TLC with those of
authentic samples.

32.1. 3,5-Dibenzyloxy-4-iisthoxybenzaldehiyde (Tablz 2,
entry 1). Using CHyCly as a solvent. According to the
general procedure, the reaction was performed using
3,5-dibenzyloxy-4-methoxybenzyl alcobol (50 mg,
0.14 mmol), dodecyl methyl sulfide (34 mg, 0.43 mmol),
N-chlorosuccinimide (58 g, 0.43 mmal), triethylamine
(0.10 ml, 0.72 mmol), and dichloromethane (10 ml) to
give 3,5-dibenzyloxy-4-methoxybenzaldehyde (49 mg, 99%).

Using toluene as a solvent. According to the general
procedure, the reaction was performed using 3.5-dibenzyl.
oxy-4methoxybenzyl alcohol (50 mg, 0.14 mmol), dodecyl
methyl sulfide (94 mg, 0.43 mmol), N-chlorosuccinimide
(58 mg, 0.43 mmol), triethylamine (0.10 ml, 0.72 mmol),

% and’ toluens (10 ml) io give 3,5-dibenzyloxy-4-methoxy-
benzaldehyde (47.mg, 95%).

ndrosten:3,17-dione (Table 2, antry 2). Using
as g solvenf, According to the general procedure,
the “reaction wad perfdrmed using testosterone (50 mg,
0:17 mimol)*dpdecyl -methyl sulfide (113 mg, 0.52 mmol),

_ N-chlorosuccinimide™ (69 mg, 0.52 mmol), triethylamine
(0.12ml, 0.86 mmol), and dichloromethane (14 ml) to

give4-androstén-3,17-dione (45 mg, 91%).

Using toluene os a solvent. According to the general
procedure, the reaction was performed using testosterone

. (50 mg. 0.17 mmol), dodecyl methyl sulfide (113 mg,

0.52 mmol), N-chlorosuccinimide (69 mg, 0.52 mmol),
uiethylamine (0.12 ml, 0.86 mmol), and toluene (14 mi) to
give 4-androsten-3,17-dione (48 mg, 97%).

3.2.3. Benzl] (Table 2, entry 3). Using CHCl> as a solven:.
According to the general procedure, the reaction was
performed using benzoin (50 mpg, 0.24 mmol), dodecyl
methyl sulfide (153 mg, 0.71 mmol), N-<chlorosuccinimide
(94 mg, 0.70 mmol), tricthylamine (0.16 ml, 1.18 mmol),
and dichloromethane (14 ml) w give benzil (49 mg, 99%).

3.2.4. Benzophenone (Table 2, entry 4). Using CH,Cl, as
a solvent, According to the general procedure, the reaction
was performed using benzhydrol (50 mg, 0.27 mmol),
dodecyl methyl sulfide (176 mg, 0.81 mmol), N-chloro-
succinimide (108 mg. 0.81 mmol). oiethylamine (0.19 mi,
1.35 mmol) and dichloromethane (14 ml) 1o give benzo-
phenane (47 mg, 95%).

Using toluene as a solvent. According to the general

procedure, the reaction was performed using benthydrol

aore
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(50mg. O. 27 mmol), dodecyl methyl sulfide (176 mg,
0.831 mmol), N-chlorosuccinimide (108 mg, 0.81 mmol),
tricthylamine (0.19 ml, 1.35 mmol) and toluene (14 ml) o

give benzophenone (48,5 mg. 98%).

" 325, Cinnamaldehyde (Table 2, entry 5). Using CH,Cl,
ar a solvemt. According to the general procedure, the
reaction was perforroed using cinnamyl aleohol (50 mg,
0.37 ramol), dodecyl methyl sulfide (242 mg, 1.12 mmol),
N-chlarosuccinimide (149 mg, 1.12 mmol), ticthylamine
(0.26 ml, 1.86 mmol), and dichloromethane (14 ml) to give

cimmamaldehyde (45 mg, 91%). .

Using toluene as a solvens. According to the general
B “procadiire, the ~reéiction “Was perforied ugihg ¢innamy)

alcohe) (30 mg, 0.37 mmol), dodecyl methyl sulfide
(242 mg, 1.12 mmol), N-chlorosuccinimide (149 mg,
1.12 mmol), triethylamine (0.26 ml, 1.86 mmol), and
toluene (14 uu) to give cinnarnaldehyde (44.5 mg. 90%).

3.3, A typlcal procedure for the new method of the
Corey - Kim oxdation using dodecyl methyl sulfide for

heteroaromatic alcohols

To a tetrahydrofuran solution (30 ml) of N-chlorasuccini«

mide (324 mg, 243 mmol) was added a tetrahydrofuran
solution (6 ml) of dodecyl methyl sulfide (1) (526 mg,

' 2.43mmol) dropwise at —40°C, and the resulting
., mixture was stirred for 30min, A tetrahydrofuran
o solution (6ml) of an_ aléohol* (0.81 mmaol) was added
- dropwise {iT=40°C. A.ﬁctmemlxmrewumdther
.-‘uhylummc (410°mg. 4.05 mmol) was.added dropwise at
~40"C_ After stiffipg for 14 h; the feaction mixture gave
an aldehyde or a .Xétone, ,Thc resujting products were

' 7_' o -n.nalyzed by cbmpil‘mg theu-GC with_ those of authentic -

- ‘samples.

33 z-mdmmrbomdehyde (Table *4; entry 1).
According to the . general procedure, the reaction was
performed using 2-pyridinemethanol (88 mg, 0.81 mmol).

Yicld: 77%.

'3.3.2. 3 Pyridinecarboxaldehyde (Table 4, entry 2).
According to the general procedure, the reaction was

ormed using 3-pyridinemethanol (88 mg, 0.8]1 mmol), -

perfi
Yield: 71%.

3.3.3. 3Acetylpyridine (Table 4, entry 3). According
to the general procedure, the reaction was performed using
2.(1-hydroxyethyl)pyridine (100 mg, 0.81 mmol). Yield:
9%,

3.34. 2-Thiophenecarboxaldehyde (Table 4, entry 4).
According to the general procedure, the reaction was
performed using 2-thiophenemnethanol (92 mg, 0.81 mmol).
Yield: 86%.

3.3.5. 3-Thiophenecarboxaldehyde (Table 4, entry 5).
According to the gencral procedure, the reaction was per-
formed using 3-thiophenemethanol (92 mg, 0.81 mmol).
Yield: 85%.

3.3.6. Furfral (Table 4, entry 6). According to the general

L .
PR

8y

procedure, the reaction was performed ysing furfuryl
aleohol (79 mg 0.81 mmol). Yield: 92%.

3.4. A typical procedure for the new method of the Swern
oxidation using dodecyl methyl suMoxide (2) e

To a dichlorom¢thane (4 ml) suspension of dodecyl methy)
sulfoxide (2) (95 mg, 0.41 mmol) was added dropwise
oxalyl ehlaride (41 ul, 0.4] mmol) at —60°C, and 'the....
resulting mixture was stirred for 15 min. A dichlorornethane ..

(I ml) solution of an alcohol (0.27 mmol) was added
dropwise at —60°C. The mixwre was stirmed for 30 min,
tricthylamine (0.19 ml, 1.36 mmol) was added dropwise and

the resultant mixture was gradually warmed to —40°C over
200 wiin. The Thixture was en Warmed to room t€mpera
ture by removing the cooling bath and stirred for 1 h. The
mixture was quenched with water (10 ral), neutralized with

an IN HC1 (0.5 mi) solution then extracted with chlorofarm

(40 mlx3). The combined organic laycr was washed with
brine, dried (Nay30,), filtered and concentrated in vacuo.
Purificarion of the residue by silica gel column chromato-
graphy (hexane/ethyl acetate=40/1) gave an aldehyde or a
ketone and dodecyl methyl sulfide (1). The resulting
products were analyzed by comparing their NMR specta

and TLC with thote of authentic samples.

3.4.1. Benzophenone (Table 5, entryl). According to the
gencral procedure, the reaction was performed using :
benzhydrol (50 mg, 0.27 mmal), dodzecyl methyl sulfoxide . - : .
(95 mg, 0.41 rumol), oxalyl chloride (36 pl, 0.52 mmol), - ..
u-lethylumm (0.19 ml, 1.36 mmol), and dlchlommﬂhm oo

(3 rl), to give bmzophe.nbne 47 mg, 95%) = L e

The 10-timeg scale-up cxpenmnnt nnder the abov: con=*_
ditions using benzhydrol (500 mg, 2.7 mmol) gave beazo-
phenone (460 mg, 93%), along with dodecyl methyl sulfide . .
(1) (340 mg, 92%). K

3.4.2. Benzil (Table 5, entry 2). Aocordmg to the geneml -
ure, the reacton was performed using benzoin
{50 mg. 0.24 mmol), dodecyl methyl sulfoxide (82 mg;
0.35 mmol), oxalyl chloride (45 pl, 0.70 mmol), triethyl-
amine (0.16 ml, 1.18 mmol) and dnchloromethana (6 mal) to

give benzil (46 mg, 99%).

3.43. o-Bromohenzaldehyde (Table §, entry 3). Accord-
ing to the general procedure, the resction wag performed
uging o-bromobenzyl alcohol (30 mg, 0.27 mmol), dodecyl
methy! sulfoxide (93 mg, 0.40 mmol), oxalyl chloride
(35 ul, 0.40 mmol), triethylamine (0.19 ml, 1.34 mmol),
and dichloromethane (5 mi) to give o-bromobenzaldehyde

(47 mg, 95%).

3.4.4, Cinpamaldebyde (Table 5, entry 4). According to
the general procedure, the roaction was performed using
cinnamyl alcohol (30 mg, 0.37 mmol), dodecyl methyl
sulfoxide (129 mg, 0.56 mmol), oxalyl chloride (39 ul,
0.56 mmol), triethylamine (0.26 m), 1.86 mmol), and
dichloromethane (6 ml), ta give cinnamaldehyde (46 mg.

93%).

3.4.5. Geranjal {T'able 5, entry §). Accm‘dmgtnlhc general
procedure, the reaction was performed usmg geraniol
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(50 mg. 0.32 mmol), dodecyl methyl sulfoxide (113 mg,
0.49 mmo?), oxalyl chloride (43 pl, 0.49 mmol), triethyl
amine (0.23 ml, 1.62 mmaol), and dichloromethane (14 ml),
to give geranial (46 mg, 93%).

3.4.6, 1-Adamantanecarboxaldebyde (Table 5, entry 6).
Accarding to the general procedure, the resction was per-
formed using 1-adamantanemethanol (50 mg, 0.30 mmoel),
dodecyl methy] sulfoxide (104 mg, 0.45 mmol), oxalyl chlar-
ide (40 pl, 0.45 mmol), wiethylamine (0.21 ml, 1.50 mmol),
and dichloromethane (6 ml), to give l-adamantanecarbox-

aldehyde (46 mg. 93%).

34.7. Camphor (Table 5, entry 7). According to the

-generml proceduré, the reaction wis  pefformed using
borneol (50 mg, 0.32 mmol). dodecyl methyl sulfoxide
(113 mg, 0.49 mmol), oxalyl chloride (43 pl, 0.49 mmol),
triethylamine (0.23 ml, 1.62 mmal) and, dichloromethane
(14 ral), to give camphor (45 mg, 91%).

3.4.8. 2-Octanone (Table 5, entry 8). According to the
general procedure, the reaction was performed using
2-octanal (S0 mg. 0.38 mmol), dodecyl methyl sulfoxide
(134 mg, 0.58 mmol), oxalyl chloride (40 pl, 0.58 mmol),
triethylamine (0.27 ml, 1.92 mmol) and dichloromethane
(6 m)) to give 2-octanone (40 mg, 81%).

35; Manjpulation of odorless Swern oxidation of
‘acidi¢ alcohol (mandelic acid) using dodecyl methyl
_sulfoxide (2). : - -

'rb 8 CH;Cl,fl'ﬂF(Sll ,-90 ml) solution of dodecyl methyl

" suifoxide (1680'mg. 7.23 mmol) was added dropwisc a

‘ “CH,Cl/THF. (311, 5'ml) solution of oxalyl chloride

(0.6F ) 7.23 mmiol) at-—60°C, and the resulting mixture

- was ‘stirred for 15 min. Then, a CH,Cl/THF (3/1, S mil)

. solution of mandelic acid (500 mg, 3.23 mmol) was added

: dropwige, sl =60°C. The mixture was sdrred for 2h,
“triethylamine '(2.29 ral, 16.4 mmol) was added dropwise,
and the resulting mixture was gradually warmed to -40°C
over 2h, The mixture was then warmed to room
teqaperamure by removing the cooling bath and stirred for
40 min. The mixture wos gquenched with 10% NaOH
solution, and concentrated in vacwo, The residue was
washed with ether, 8 1N HC1 solution was added, then the
mixture was extracted with ethyl acetate. The organic layer
was washed with brine, dried (Na;50,), filtered, and
concentrated in vacuo. Without further purification, the
pure phenylglyoxylic acid (466 mg. 96%) was obtained.
The product was analyzed by comparing the NMR, spectrum
and TLC with those of the authentic sample.
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