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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 Elsevier Science Ltd. All rights reserved. 

The Swern oxidation [diinethyl sulfoxide (DMSO)-oxa-
lyl chloride]’ is the most commonly used of several 
activated DMSO methods2 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.2 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-mnethyls ulfinyihexanoic acid 
and its polymer-supported derivatives,3 are constantly 
being sought. Recently, Crich and Neelamkavil devised 
a fluorous Swern oxidation using tridecatluorooctyl 
methyl sulfoxide for this purpose.’ 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 been 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 thiols5 and sulfides, We have per-
formed a study on a formal asymmetric Michael addi-
tion of hydrogen sulfide to a-substituted ,l-unsatu-
rated carbonyl compounds using odorless I 0-mercap-
toisoborneol and 1-dodecanethiol.6 In this study, we 

Keyrordy: odorless Swern oxidation; dodecyl methyl sulfoxide; odor-
less Corey�Kim oxidation; dodecyl methyl sulfide. 
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found that the dodecyl methyl sulfide was also odorless 
and used it in the debenzylation of esters. This result 
prompted us to develop a new odorless Swern oxida-
tion. Herein we report new protocols ./or 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 I. Dodecyl methyl sulfoxide (l) 
was easily prepared in high yields by methylation of 
1-dodecanethiol (2) with methyl iodide followed by 
oxidation with sodium periodatc in chloroform-water 
catalyzed by a phase transfer catalyst. The dodecyl 
methyl sulfide (3)67 and the sulfoxide I 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 easily 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 
odorless Swern oxidation [sulfoxide 1�oxalyl chloride], 
an oxidation of benzhydrol was carried out first under 
the original Swern oxidation conditions’ (-60°C to rt, 2 
Ii, after addition of triethylamine) to give henzophen-
one (51%) accompanied by the recovered alcohol 
(42%). It was suggested that longer reaction times and 
keeping the reaction temperature at about �40°C after 
addition of triethylamine were necessary to generate a 
sufficient amount of the sulfonium ylide intermediate 
and to prevent the undesired Pummerer rearrange-
nient.3° A high yield (95%) of benzopherionc was 
obtained under a prolonged reaction time (200 min) at 
�60 to �40°C after addition of trietliylamine. The reac-
tions in other solvents (TI-IF, toluene, ether) afforded 
benzophenone in moderate to low yields (49, 53 and 
101/0), 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. 

The other oxidation of alcohols using dimethyl sulfide 
and N-ehlorosuccinimide is known as the Corey�Kim 
oxidation.’ Instead of using the dimethyl sulfide, we 
applied the dodecyl methyl sulfide (3) to this oxidation. 
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 dichioromethane. The yields of the 
corresponding aldehydes or ketones were excellent in 
both solvents. 

The two protocols described for the oxidation of alco-
hols were performed without foul smelling in the labo-
ratory. Since dodecyl 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 
avoided in large-scale reactions. In the case of acidic 
alcohols, for example, odorless Swern oxidation of 
mandetic acid gave phenyiglyoxylic acid in 96% yield by 
sequential extraction of the reaction mixture after 
hasification and acidification.’2 

In conclusion, we were able to provide new odorless 
protocols for the Swern oxidation and the Corey�Kim 
oxidation using the dodecyl methyl sulfoxide (1) or the 
dodecyl methyl sulfide (3), respectively. These protocols 
furnish the products under odorless experimental condi-
tions at minimal cost. The starting material 1-dode-
canethiol (2) for the synthesis of the odorless sulfoxide 
(1) and the sulfide (3) is inexpensive (about $20/kg) 
because it is used in bulk as a vulcanizing agent for 
rubber. The odorless reagents 2 and 3 can therefore be 
prepared at a more moderate price than the other new 
sulfoxides3-4 or the new oxidizing reagent"’ recently 
developed. We believe that the odorless feature of these 
protocols is important for environmental chemistry as 
well as for organic chemistry. Further studies utilizing 
odorless sulfides and sulfoxides are underway in our 
laboratory. 

Table I. Odorless Swern oxidation of alcohols using dode-
cyl methyl sulfoxide (I) 

substrate conditions (temp. and 
time after EtN addition) 

yield 
aldehyde 

or ketone 
(lit.)b 

(%)° 

recovery of 
Dod-S-Me 

OYO -60°C - -40°C (3.33 Ii) 95 (98) 100 
-40°C-- r. t. (Iii) 

OH 

OH 
-60°C-- -40°C (2 Ii) 
-40°C - r. t. (40 min) 

91 (95) 94 
0 

Br 

OH
 

-60’(’-, AOT (2 Ii) 
-40°C 

- r. t. (40 min) 
95 95 

OH -60°C-- 40’C(2  h) 93 (98) 93 
-40°C-- r. I. (40 mm) 

OH 
-60°C - -40°C (2 h) 93 (95) 89 
-40°C r. t. (40 min) 

OH -60°C -40°C (51,) 93 (99) 99 
40°C r. t. (1 h) 

H -60°C -40°C (2 1,) 2& 91 (95) 91 
OH 

40°C�r.1(40min) 

-60°C-- -40°C (2 h) 81 (98) 95 
OH -40°C r, t. (40 min) 

a) isolated yields. b) See ref. 2c. 

Table 2. Odorless Corey�Kim oxidation of alcohols using 
dodecyl methyl sulfide 3) 

NCS (3 equiv.) 
Dod-S.Me (3,3 equiv.) aldehydes alcohols 
Et3N (5 equiv.) or ketones 
-40°C (14 I,) 

yield (%)’ 

in CH202 in toluene 

OYO 95 98 
OH 

OH 

L::j 99 

OH 91 90 

Me 
BnO 08n 

99 95 

CH2OH 
OH 

91 97 

a) Isolated yields. b) The starting material was insoluble 

CA 



K. Nishide ci al, /Tetrahedron Letters 43 (2002) 5177-5/79 5179 

0 
Acknowledgements brine, dried (Na2SO4), filtered, and concentrated in 

vacuo. Purification of the residue by silica gel column 
chromatography (hexane/ethyl acetate 40/1) gave ben-

We are grateful for a Grant-in-Aid from the Ministry zophenone (47 mg, 95%0 yield) and dodecyl methyl sulfide 
of Education, Science, Sports and Culture of Japan, for (3) (60 mg, 100% yield). 
partial financial support of this research. The 10-times scale-up experiment under the above condi-

tions using benzhydrol (500 mg, 2.7 mmol) gave ben-
zophenone (460 mg, 93% yield), accompanied with 

References dodecyl methyl sulfide (3) (540 mg, 92% yield). 
9. Corey, E, J.; Kim, C. U. J. Ant. C/ie,n, Soc. 1972, 94, 

1, (a) Mancuso, A. J.; Huang, S. -L.; Swern, D. J. Org. 7586-7587. 
Chein. 1978, 43, 2480 2482; (b) Marx, M.; Tidwell, T. T. 10. A typical procedure fhr the new odorless Corey�Kim oxi-
J. Org. (.hem. 1984, 49, 788-793. dat ion using dodecyl methyl sulfide (3): To a 

2. (a) Lee, T. V. Comprehensive Organic Synthesis; Trost, B. dichloromethane or toluene solution (10 ml) of N-chloro-
M.; Fleming, I., Eds.; Pergamon Press: Oxford, 1991; suceinimide (108 lug, 0.81 mmol) was added a 
Vol. 7, pp. 291-303. Reviews: (b) Tidwell, T. T. Org. dichloromethane or toluene solution (2 nil) of dodecyl 
React. 1990, 39, 297 572; (e) Mancuso, A. J.; Swern, D. methyl sulfide (3) (176 mg, 0.81 mmol) dropwise at 
Synthesis 1981, 165-185; (d) Tidwell, T. T. Synthesis �40°C, and the resulting mixture was stirred for 30 mm. 
1990, 857-870. A dichloromethane or toluene solution (2 ml) of henzhy-

3. (a) Litt, Y.; Vederas, J. C. J. Org. chem. 1996, 61, drol (50 mg, 0,27 mmol) was added dropwise at �40°C. 
7856-7859; (b) Harris, J. M.; Liu, Y.; Chai, S.; Andrews, After the mixture was stirred for 2 It, triethylamine (189 
M. D,; Vederas, J. C. J. Org. (’hem. 1998, 6-7,2407-2409, p.l, 1.36 mmol) was added dropwise at �40°C. After 

4. Crich, D.; Neelanikavil, S. i, Am. c/tern. Soc. 2001, 123, stirring for 14 h, water (20 ml) was added to the reaction 
7449745(), mixture, The mixture was neutralized with IN HC1 (0.5 

5. Node, M.; Kumar, K.; Nishide, K.; Ohsugi, S.; ml), followed by extraction of the aqueous layer with 
Miyamoto, T. Tetrahedron Lett, 2001, 42, 9207-9210. chloroform (40 mlx3) or ethyl acetate (40 mlx3), The 

6, Nishide, K,; Ohsugi, S.; Shiraki, H,; Tamakita, H,; Node, combined organic layer was washed with brine, dried 
. M. Org. Lett. 2001, 3, 3121-3124. 

7. Dodecyl methyl sulfoxide (1) and dodecyl methyl sulfide 
(Na2SO4), filtered, and concentrated in vacuo. Silica gel 
chromatography of the residue (hexane/ethyl acetate 

(3) will be available in the near future from Wako Pure 40/1) gave benzophenone (47 mg, 95% yield in 
Chemical Industries, Ltd. dichloromethane or 49 tug, 98% yield in toluene, respcc-

8. A typical procedure for the nei1 odorless Swern oxidation tively). 
using dodecyl methyl sulfoxide (I): To a dichioromethane The 20-times scale-up experiment under the above condi-
(4 ml) suspension of dodecyl methyl sulfoxide (1) (95 mg, tions using benzhydrol (1.0 g, 5.43 mmol) gave benzophe-
0.41 mmol) was added dropwise oxalyl chloride (1.0 M none (953 lug, 96% yield). 
dichloromethane solution, 0.41 nil, 0.41 mmol) at �60°C, It. Depending on the physical property and the amounts of 
and the resulting mixture was stirred for IS mm. A the products, extraction, crystallization, or distillation 
dichloromethane (I ml) solution of benzhydrol (50 mg, could be used for isolation of the products. 
0.27 mmol) was added dropwise at �60°C, The mixture 12. The same extraction in the case of Corey�Kim oxidation 
was stirred for 30 mm, triethylamine (189 p1, 1.36 mmol) gave a mixture of phenylglyoxylic acid and succininside, 
was added dropwise, and the resultant mixture was grad- 13. (a) Matsuo, J.; lida, 0.; Tatani, K.; Mukaiyania, T. Bull. 
ually warmed to �40°C in 200 mm. The reaction mixture Chem, Soc. Jpn, 2002, 75, 223-234; (b) Mukaiyama, T.; 
was then warmed to room temperature by removing the Matsuo, J.; lida, D.; Kitagawa, H. (’hem. Lett. 2001, 
cooling bath and stirred for 1 it, The mixture was 846-847; (c) Matsuo, J.; Kitagawa, 1-1.; Iida, 0.; 
quenched with water (10 nil), and neutralized with an IN Mukaiyatna, T. (’hem, Lett. 2001, 150-151; (d) 
HCI (0.5 ml) solution, then extracted with chloroform (40 Mukaiyania, T.; Matsuo, J.; Yanagisawa, M. c/tern. Lett. 
mlx3). The combined organic layer was washed with 2000, 1072-1073. 



.,.-. p., 

J. Org. Chem. 1998, 63, 2407-2409 

Modification of the Swern Oxidation: Use 
of a Soluble Polymer-Bound, Recyclable, 

and Odorless Sulfoxide 

Joanna M. Harris, Yacquan Liu, Shengyong Chai, 
Mark D. Andrews, and John C. Vaderas4 

Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada T6G 202 

Received December 22, 1997 

The Swern procedure, using oxalyl chloride activation 
of dimethyl sulfoxide (DM80), 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-(methylsuluinyl)hexanoic acid 
(2) as an efficient substitute for OMSO in Swern oxida-
tion reactions.2 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 chioromethyl 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 
poly(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 func-
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 3 
in the Swern process quantitatively oxidizes endo-borneol 
to camphor, with no residual acohol remaining. However, 

� after regeneration by sodium metaperiodate oxidation,1 
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 area of polymer-supported chemistry is the use of 
soluble scaffolds .4 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.Vederae8 
ualberta.ca. 
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used polymer supports for such liquid-phase synthesis 
is poly(ethylene glycol) (PEG).5 PEG is soluble in a wide-
range of organic solvents and water, thereby facilitating 
homogeneous reaction, but is insoluble in hexane, diethyl 
ether, and tert-butyl methyl ether." It is therefore easily 
separated from the reaction mixture by precipitation and 
filtration. 

When choosing 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 crystalline with loading capacities between I 
and 0.1 inmollg, 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.7 The reduced sulfide acid 1 can be similarly 
coupled and subsequently oxidized to the sulfoxide 5 with 
sodium metaperiodate (Scheme 2),il Although they have 
higher loading capacities, the low molecular weight 
(below 2 000) liquid polymers present problems with 

(5) (a) Han, H.; Wolfe, M. M.; Brenner, S.; Janda, K. D. Proc, Nail. 
Amid. Set. U.S.A. 1995 92, 6419-6423. )b( Han, H.; Jonda, K. D ,!. 

Chem. Soc. 1996, 118, 7632-71333. 
(6) Harris, J. M. In Poly(Ethylvne 0/wel) Chemistry: Rjunechnjcal 

and Biomedical Applications; Harris, J. M., Ed.; Plenum Press: New 
York, 1992. 

(7) Han, H.; Janda, K. 0. J. Am. C/ire,. Soc. 1990,118,2539-2544. 
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6-(Methylthio)hescanoic Acid (1) and 6-(Methylsulfinyl)-
hexanoic Acid (2) were synthesized as described previously.2 

Poly(ethylene glycol) Ilia(8-(Methyfthio)hexanoate) (4). 
A solution of PEG-2000 (10.0g. 5.0 mmol), sulfide acid 1 (2.80 
g, 11.5 mmol>, and DMAP(0,21 g, 1.7 mmol)indlohloromethanc 
(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 C112C12. The filtrate was 
concentrated to -15 mL, and diethyl 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 diethyl ether, 
and dried in vacua to give 11.17 g (98%) of polymer-bound sulfide 
4 as a white solid: 1.11 (0H2C12 cast) 1733 (in), 1113 (a) cm-1; 1H 
NMR (300 MHz, CDCI3) 64.21 (t, 2H, J 4.8 Hz), 3.64 0, 88H), 
2.48 (t, 2H, .J = 7.3 Hz), 2.33 (1, 211, J = 7.4 Hz), 2.08 (a, 311), 
1.63 (in, 411), 1.42 (m, 216); ’f NMR (75 MHz, CDCI3) 6 173.44, 
70.45, 69.06, 63.30, 33.90, 28.65, 28.09, 24.37, 15.39. 

Poly(etliyiene glycol) Bia(8(Methy1sulfinyI)bexanoate) 
(5). A solution of 4(10.5 g, 4.6 mmol) in methanol (80 mL) and 
water (20 mL) at 0 °C was treated with 0.50 M sodium 
metaperiodate (18.4 rnL, 9.7 mmol) overnight, during which time 
a white precipitate formed. The methanol was removed in vacua 
below 10 C, and the residue was extracted with CH2Cl2 (5 x 
50 mL). Combined extracts were dried (Na2SO4) and evaporated 
to give 10.6 g (99%) of polymer-bound su]foxide 5 as a white 
solid: JR (C11202) 1732 (m), 1114 (a) cm; IR NMR (300 MHz, 
CDCI3) ,l 4.20 (t, 211, J = 4.7 Hz), 3.61 (a, 8811), 2.66 (in, 211), 
2.53 (a, 31-1),2.33 (t, 21-I. J’ 7.3 Hz), 1.76 (01, 211), 1.6,5(m, 211), 
1.48 (m, 211); 13C NMR (75 MHz, CDCI3) 6 173.08, 70.3 7, 68.93, 
63.30, 54.17, 38.44, 33.56, 27.99, 24.20, 22.09, 

General Procedure for the Modified Sworn Oxidation. 
A solution of 5(1.74g. 0.75 mmol) in dichloromethans (30 mL) 
is cooled to -80 to -60 °C, oxalyl chloride (0.098 mL, 1.128 
mmol) is added dropwise, followed after 15 min by a solution of 
the alcohol (0.75 mmol) in 0112CO2 (S mL). The mixture is stirred 
for 45 mm, trietitylamine (0.63 rnL, 4.5 mmol) is added, and the 

(9) Puri/icalien of Laboratory Chemicals, 3rd ed.; Perrin, D. 13., 
Armarego, W. L F,, Ed.; Perganion: New York, 1988, 

J. Org. Chem., Vol. 63, No. 7, 1998 2409 

solution is kept at -45 OC for 2.5 Ii 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 IC for 10 

win, 

After filtration the 
filtrate is concentrated in vacua to give the oxidized product, 
which typically contains a trace ofpolyrner contamination (1%). 
This is easily removed by passing an ethereal suspension 
through a pad of silica. The solid polymer reagent, which is 0 
1:1 mixture of the sulfide and eulfoxide, is contaminated with 
triethylammonium hydrochloride. Although this does not affect 
the subsequent periodate oxidation, it can be removed by 
washing a dichioromethane solution with water to give recovered 
polymer-bound reagent in a 98% yield. The product was 
analyzed by ’If NMR spectrometry, which showed complete 
oxidation with no trace of alcohol. 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 aulfoxide S and 1.1 equiv of oxalyl chloride; 
96% of the alcohol was oxidized to give camphor with 417o left 
unchanged. The polymer-bound reagent recovered was a 6:1 
mixture of sulfide;aulfoxide. It was reoxidized by the above 
procedure for periodate oxidation, giving a91% recovery ofPRG-
bound sulfoxide 5. 
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It should be noticed the position of the saddle point 
moves out monotonically toward the F + H5 channel a 
this height decreases. This should be expected in gen-
eral for aonthermoneutral reactions" and should be a 
caution 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 Alcohols 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 find widespread use and that in 
many instances It will be found superior to currently 
Important procedures such as those using the reagents 
CrOr-pyridine complex,’ CrOr-acetone," and dimetbyl 
sulfoxldc with various coreactan(s.’’ An overall 
representation of the new method, which Is clearly re-
lated tothc..ditnethyl sulfoxlde based processes, Is given 
insequencel - 

: c: 

’C3lhS-N( Cl 

tcz,, 

Cr f� 

(I) 

1- (CH.),S 4. Et..Nucr 

The long-known complexes which result from the re-
action of halogens with sulfides.’ R,SHal Ha1, might 
be expected to react with an alcohol to form a type of 
sulfoxonium complex, R,S’OC}{< Hal,eb which pudg-
i ng from previous work’’ should under suitable condi-

(1) 1. C. Collins. W. W. Hen, and P.1. Fzank, 7.ffoA.Ła,,  
3363(1965). 

(2) K Bowden. I. M. Helibron, K. R. H. Jones, and B. C. L. Wc,don. 
J. Chin,. Soc., 39(1946); A. Dowers. T. G. HalaiJ. 2, B. R. Iorsn. and 
A. 1. Lclnin. (hIt. 2535(1955). 

(3) K. E. p1uner and J. Q. Moffat&I. .4sw’. Chin. Soc, $7. 5661 
09633:811.1762 (1960. 

(4) 1. R. Pa,tkh and W. von 2. Doring, S8Ie.  89, 5303(1967). 
(5) W. W. Epstein and P. W. See,.. Chin. Rn,. 61.247(1967). 
(6) See. for exunpl; (a) E. K. Acid. O,genlc chemistry or BIvelens 

sulfur." Vol. U. Q,eniical Publishing Co.. New York. N. Y.. p 48. 
and also (b) H. Me,rwe,n K.-)’. Zenner. and R. Glpp,/wtv,Lleh(ir 
Ann, Chew.. 687. 67(1965). The question otIftlecov*lcm or suWoniwn 
sulfur in these complexes jnczIn further study. but is not crucial ,o the 
prevent application. 

tions undergo elimination to form a carbonyl com-
pound. This process would effectively allow an over-
all transformation such as: RR’CHOR + Cl3 

RR’CO 2HCI, which is mediated by a sulfide. The 
operability of this scheme has now been demonstrated. 
For example, treatment of ditnethyl sulfide in carbon 
tetrachloride at 

On 

with I cquiv of chlorine in carbon 
tetrachloride at Qa results in rapid formation of the 
partially insoluble complex I. which when cooled to 
-25’ (Dry Ice-carbon tetrachloride bath) and treated 
with cyclohexylcarbinol for 2 hr at -25° with stirring 
is converted to the sulfoxonium complex ii. Addit.ion 
of 2 equiv of triethylamine, removal at the cooling 
bath, and isolation after S nun affords pure cyclohexyl-
carboxaldehyde in ca. 807. yield after distillation. 

+ a, - 

(CH,),S’CI Cl-

I 
Cfl,OS(cH,), 

ia + ci’ 

Et,N 
[ N-S(CIt,h 

ci-

I + 
The oxidation of cyclohexylearbinol can be effected 

even more cleanly and efficiently (937. yield) using the 
recently reported complex III from dimethyl sulfide 
and N-cblorosuccinistidc7" under carefully controlled 
conditions. Most of this work has been performed 
using the complex IlL,- since the use of N-chlorosuc-
cinimide for small-wale laboratory work is convenient, 
since the formation of hydrogen chloride is, avoided 
(in contrast to the use of 1), giving a milder and prob-
ably more generally useful method, and, finally, since 
thà reaction products are somewhat 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. 4-:ert-Butylcyclohexanona. To a stirred solution 
of 400 mg (3.0 mmol) of N’chlorosuccinitnide in 10 ml 
of toluene (analytical grade) was added at 00 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 4-iert-butylcyclohexanol (mixture of cis and 
tram) in 2 ml of toluene was added dropwise. The 
stirring was continued for 2 hr at -250, and then a 
solution of 303 mg (3.0 mrnol) of triethylamine in 0.5 
ml of toluene was added dropwise. The cooling bath 
was removed and after 5 nun, 20 ml of ether was added. 
The organic layer was wa!hed with S ml of 17, aqueous 

hydrochloric acid and twice with 15 ml of water. Re-moval of dried (magnesium sulfate) solvents produced 

310 mg (-100M of 4-rerm-butylcyclohexanone as white 
(7) S. Vjlt,najcr and W. Spflj5al. TE4,’ghnfro.i Lett.. 615 (1972). (8) Other uan.plcn of aewulfonium e,lt,t have been reported by (a) P. 0. Oauruan. 0, Gnjiuuchcr. and R. K. Smith, Lbfd,� 497 (1973), and (b) C. A. Johnson. C. C. Bacon, and W. D. Kingsbury. thId.. 301 (1972). The Latta group has also reported the isolation of unstable sulfoaonjun, salts (ron, sleobols and the complexes of aimlildis with Jownnl of the American ChernfaJ SOCIC1) / 94:21 / October 18, 1972 C) 0 IJSOOCID’. - 2333637A I 
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plates which melted at 4447° (an authentic sample and that its formation and/or further reaction can be 
from Aldrich Chemical Co. had zap 45-501- The in- avoided in nonpolar media. 
(razed and am: spectra were identical with those of an 
authentic sample, and the nmr spectrum showed that no 
more than I 7 of the methyltbiomethyl ether of 4-tart-
butylcyclohczanol was present. Vapor chromato-
graphic analysis indicated a yield of 97% (zylene as 

iv 

internal standard with a 10% SE-30. 10-ft column). 
B. Odmzsl. The complex III (3 mmol) was 

gnu- 

The oxidation process which Is described herein 
crated following the procedure described above. To should be extremely useful for complex or polyfunc-
this stirred suspension of LU was added a solution of tiOnsI molecules, the reaction conditions being so mild 
260 mg mmol) of 1-octanol in I all of toluene at as to minimize the possibility of involvement of most .(2.0 
-25°. After stirring at -25° for 90 nun, a solution functional or protecting groups. As is clear from the 
of 303 mg (3.0 mmol) of triethylamine in I ml of toluene examples cited above the yields of carbonyl compounds 
was added. The cold bath was then removed, and are remarkably high and there is little variation in 
after 5 mm, 20 ml of ether was added. The organic optimal conditions. 
layer was washed with S tnt of I 

% 

aqueous hydrochloric We are currently exploring other applications of 
acid and then twice with 15 ml of water. The organic reagents such as III, for example to carboxyl activation. 
layer was dried (magnesium sulfate) and concentrated 

-or 
The use of inexpensive halogen-derived reagents such 

uiaer redu&d pressure Cc TCi irr1IiI anslyzc bj vi hE11TIaC scaltbidationia alo tfldtY study. 
phasc chromatography (107. SE-30, 10-ft column With Acknowledgment. This research was supported in 
zylenc as the internal standard) (967. yield). Re- part by grants from the National Science Foundation

 

� moval of all solvents under reduced pressure produced and the National Institutes of Health. 
� 250 mg of 1-octanal as a colorless liquid which was 

spectroscopically identical with an authentic sample. A  number of tsa, other the. triathytemins have bees used in 
Using the method detailed above, benryl alcohol and OSidedooS of aleoboli with the sceacat Ill. including I .5-dlaa*bicyclo.. 

2-octanol were convened respectively to benzaldebydc (4J.0)non.tsu’3 and 1.44liazabieltdoM2.2locuine, biaS triethylainine 
appears to be the em!.. otch.lce 

(907. yield) and 2-octanone (917, yield). 1,2-Diphe- 
nyl-1,2-propanedlol gave 2-bydroxy-1,2-diphenyl-1-pro- F.. J. Corny.- C. U. Kim 

� 

panone in 86% yield indicating that the sulfonhun DIP.VTSWP? of Clwmliuj’, Horpard Unrnvrs$:y 

method may be valuable for the avoidanec of C-C bond Cmitbrldg. Masmc?urut:, 02138 

cleavage in the oxidation of sec ,tert-a-gl ycols to ix-ketols. A*su.ff 1, 1972 

An important limit on the scope of the new oxidation 
process has bean observed, however. Bcnzbydrol and 
2-cyclohexanol sufferek.;epLacŁnient of hydroxyl by Photomml11 Aquatlon of the Hexacyanochrosuate(jfl) 
chlorine. int6i4 (if oxidation using III under the stan- ion. Evidence against the Doublet Mechanism 
dard óondltions. 

-is veiy. hwoh4n 
Sir:  e ezii4oribch-cue, 

.- -coirespond to- stkbl1iid.carbóca*ions.?  Fortunately Two principal mechanisms have been proposed in 
- 

theozl4acio of -or benzylfc alcohols is readily order to account for the photochemistry of Crflfl)- 
� - 

effected by dthÆr mild, highly selective oxidizing agents, complexes. The first mechanism" assumes that the 
Including manganese ’dioxide and various quitiones, lowest spin-forbidden excited state (’E5. Figure 1) 

is and consequently there is no pressing need for the that one responsible for the photoreactivity, whereas 
(onlum reagents in such cases.- the alternative mechanism’ lnvàlvei the lowest .quaiit 

Still another reaction may occur in more polar media, excited states (°51  pad ,,, Figure 1) as direct pre-
viz. the transformation of the alcohol RON to the cord cursors to the photochemical reactions. Neither 
responding methylthlomcthyl ether ROCHISCHI. direct photolysis’ not sensitization expcnmcnts’-° 
Thus, although cyclohexylcarbinol is converted cleanly has as yet given a definitive answer to the above lT1 
to the corresponding aldehyde using complex Ill at alternative, whereas quenching experiments carried 

- 25° in mitten, with less than 17. of methylthiomctbyl out on Cr(NH,)AZ4CS),- have clearly shown that 
() 

ether formation, the methyltbiomcthyl ether is formed its photoaquation originates, at least in part, from 
� to the extent of Ca. 18% in methylene chloride at -25° 

45% in 
the lowest quartet excited state. These latter cxper- 
Iments es well as some studies’-’ 

on 

the temperature 
0 and methylene chlorlde-dimeihyl sui’foxide (1:1) at -250. It seems likely 

that the 
yUde IV is 

an inter- dependence of the phosphorescent 
lifetime for some 

mediate t’ifl the formation 
of the methyltoioniethyl ether 

(1) V. Bebani end V. Ceractid, "Photochemistry or Coordination (9) The transformation of efrobol, to t*&lIdu will be dI,ciaamd in Compounds." Acadmoic Pica,. London. 1970. duall ina cap’iite publication E. 1. Corey. C. J. Kim, and N. Taked.,

 (2) R. A. Plans and 1. P. Hunt, /. Amer. Chem. Sac., 79.3343 (1937): Tewohc&o,, Leif., In pren. N. L. SchIAtr,J. Phi. CAirn. ff. 2201(1965). (50) Ocarty heterelysis of a eultoznnites Intermediate. (CH,),5- ORO’, to form R’CI and (Cifi)ISO Is eaported to compete favorably (1)A. W. Adenito,.. 18W.. 71. 790 (1967). (4) A. W. Adamson, 1. E. Martin, end F. 0. C.maauf. J. Am.,. .ith carbonyl4nl d.*nin.don If R 0 in suMclently stabilized and to Chem. She., 91.9530(1969); J E. Menlo end A. W. Ad*cison, Thee,. lead to chloride. The trudy of oxidation ca. chloride Ibrmatlon thus CAlm. Ac’s, 20. 119 (5975). can provide a simple, rtl�tiye, and interesting measur, of carbocatto,, (5) V. Daimo& R. Delia,did. N. T. Oend&& and L. 940694I stabjJj,*tJae,. For example, cholesterol 

Is converted by UI to 46- CAirn. Soc., 91. 339 (1971). cholesren-3-.one and not to chloride. (6) E. Zhialo, P. TellS. and P. RccAed. J. Php*. Cheat,. IS. 3504 (II) K. C. Pflsmct and 1. G. Moffatt. J. Amer. Chic,. Soc.. 47. $670 (1971). (1963). Methyl thiomethyl ether, arc commonly found as by-products in c,ziditir, mins dimtthyl tuIfasad. based ,caen,t$. Sea also C. R. (7) S. N. Cites and 0.5. Pwtw. CAirn. PApa.

 Lan., 6,41 (1974 (8) P D. Cemacici and S.. S. Forster. I, Chars. Phjia_ 50, 2603 Johnson and W. 0. Phillips. Ibid.. 91. 682 (1969). (1969). Convnw,Icwio,az to the Editor 
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New odorless method for the Corey�Kim and Swern oxidations 
ufflling dodecyl methyl sulfide (Dod-S-Me) 

Shin-ichi Ohsugi,5 Kiyohaxu Nisb.ide,* Keiji Oono,b Kazunori Masato Fudesaka,a 
Sumiaki Kodamaa and Manabu Node* 

- -- --xwPt Mt1CYct Kw 6lJaA - -. 
tWolo Pure Chenitcal Inthesn’es. LJA 1633 MnteM Kawagoc. Sal mate 350-110I. Japan 

Raccivcd 24 July 2003; mised 27 August 2005: ’rzaptsd 25 AUpa 3003 

Abs ct�Development of the odorless dodecyl methyl sulfide (tlod.S-Me. 1) as an aitonative for dinusthyl sulfide (DMS) and new 
odorless methods for the Corey -Kiss and Svmest oxidations arc described. These rtacdons have hem developed with a view toward green 
chemistry. utilizing Dod-S-Mr (1) and common solvents htsorcd of dichioroinethanc. 
O 2003 Elsevier Ltd. All tights reserved. 

1. Introduction 

Thiols, and. sulfides are- useful reagents for organic 
-sym1i.1 Howmver,,becinise oftheirgŁneral malodorous 
naipre jhçy. are widely known to Contribute to environ-

, inefllpçllutioi  In- cLaa to thepbysical stress of the 
schersworking ’with thcm, Develàpmenc of odorless 

ubstioutes far commobly -used foul-smelling thiols and 
ulfldr* woiuidcatly lmpsovKor. 1fl3OniC elliitinats 

these objectionable fcabuis Detnethyladons of phenyl 
methyl -c,dtbrs2l and methyl -phosphates’ using either an 
oddness bulicy ffIol dram odorless sodium dithiocerboxylate 

� have been mportetL Studies of a novel reaction using chiral 
1.3-mercapto alcohols (odorless)3 prompted us to exploit 
odorless thiol substinuics for etbanethlol.4 henzyl mercap-
tan,43 benzenethjol5 and hydrogen sulfide’ which we have 
applied to dealkyladon and the Michael addition. Dimcthyl 
sulfide (DMS) is also commonly used for organic reactions, 
e.g. dealkylation’ and the Corey-Kim oxidation’ (NCS-
DM5. EtN). However, duc to its foul smell. industrial use 
of DM5 is regulated by the offensive odor control law. 
Recently, odorless versions of the Corey-Kim oxidation9 
and the Swam oxidstion’° have been published. We 
report herein the development of dodecyl methyl sulfide’2 
(Dod-S-Me 1), which was easily prepared as an odorlcss 
alternative for DMS, and new odorless versions of the 
oxidations mentioned above in an application of green 

chemistry. U .vuids ododtu Coiey-Kiin oxidation; dodccyf methyl sulfide; edmtr, Seem oxidation; dodtcy) iorihyl sialfoxl4e. � Cmespcadu.g author. TeL; +8J-75.395.4639: Pu: +6l.75.59-4775. - 5CC from matter 02003 83*evteT Lid, AU If ghn nscried. doi:1010165.let.20030$.055 2. Result and discussion 2.1. Odor of tilkyl methyl sulfides r - 

We tested the odor of a number of alkyl methyl sulfides. The. 
relative odor index of these sulfides compared to foul-
smelling dimethyl sulfide perceived by the human nose4 of� 
three test subjects is listed in Table 1. with 5 being the rebsi 

malodorous and 0 an odorless sulfide. 
All the alkyl methyl 

sulfldcs were commercially available except for undecyl 
methyl sulfide and Dod-S-Me (1). whIch were synthesized 
from the corresponding 1-undecanethiol and 1-dodeca-

ncthiol, respcctivcly (Scheme 1). 

These sulfides were purified by distillation and HPLC on 

Table I. Oiler tesk for sikyl methyl suladsa Entry Sulfide, Carbon length Odor seals A B C I CHACM3 I S S S 2 cH1CH,SCH, 2 s S $ 3 C143(CH,)5SCH, 3 4 4 4 4 OWCIJ,hSQfs a 4 4 4 5 CPf(CflSCH1 3 4 5 4 6 CH,(C}145SCHi 1 2 2 3 7 C,(CH,SOb 8 2 2 2 C 4(Cl4sj,SC713 10 I I 2 9 CH1(Qf2),4SCH1 II I I 0 10 cH3(cH5).,SHll 12 o o a 11 CHCH2)u3CHt 14 0 0 0 12 C}1,(CH.J,55C143 Id 0 0 0 13 C5J4S4H11 6+6 1 i 06cr stale: ltsndt 3-0 odorless. II 
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C1214SH 
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01C -,.t lh 

- i1u’cla.s e 

Sebae 1. Synlbrtii ,4rtyl nathyt euiSdc (I). 

CPC columns. Among the alkyl methyl sulfides. Dod-S-Me 
(1) was found to be odorless, while lower carbon-chain 
sulfides were malodorous. These results suggest that the 
alkyl methyl sulfides with longer chains have lower 
volatility than DM5 and that the sulfides having more 
than 12 carbons become odorless due to their lower 
volatility. 

2.2. Odorless Corey-Kim oxidation using dodecyl 
methyl stdftde (Dod-S-Me) 

We next used Dod-S-Me (1) as an odorlecs 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 bssithydrol was carried out Om under 
the original Corey-Kim oxidation conditions (-20C to 
room tzmpeflfllze, 6 Is after addition of triethylamine) to 
give beniophenone (50%). Benzophcnone was obtained In 
high yield under optimized reaction conditions, while 

- maintaining the reaction temperature at -40C for longer 
� reaction timàs (14h. after addition of trlethylamlnc). This 

� result suggeated.that It Was necessary to generate a sufficient 
_siount of the sulfur y.hde uuennediaze and to prevent the 
undesired Ptimmcrtt x9firransementX11 The results of the 
new ’odorless Corey-Kun oxidation using the sulfide I are 

� 5urnmezed m,Tàble 2.-Tnluene was also tested as a solvent 
!nsrud. of diªlijcicrntthane,  following the original Corey-
Kim 0dÆti9a from the standpoint of industrial chemistry. 

� The yields of the corresponding aldchydep or ketones were 
excellent in both solvents. 

Table 2: Odoihot Crnvy-KIm olldldlon luleg dadecyl tmthyl nathdc (1) 
1)1 (3Sq) -40C 

NCS (30) 2 It AIdM.. 
Alłohok ’or -

2) EI3N (See) 40 C 14 It Ketonex 

Entry Alcohols Yield In CH2CI5 Yield In toluene 

OI 99 95 
an 

2 
H t,.cSj 91 97  

-. 

4 

lf 
95 98 

91 90 

’Noteaoinn 

Applying this new odorless Corey -Kim oxidation to 
industrial scale experiments, we considered using common 
solvents Instead of dichloromethane and toluene (Table 3). 
All the solvents tested were applied to the new Corey-Kim 
oxidation and gave excellent yields. with acetone being the 
most suitable solvent for industrial use. 

Table 3. Odoihoi Corey-Kim oxidadon using I 
1)i(3eq) -40C 
NCS (3eq)2 It Pb...Ph 

6H 2)E4J (q) -40 C 2,5 h 

solvent Yield 1%) Solvint Yield (%) 

Tukunc 83 71W 99 
CHC12 96 CHCN 93 
AcOEZ 97 Actlane 100 

The new odorless Corey-Kim oxidation of alcohols 
having a heteroaroniatic aubstituent also proceeded in 
good to excellent yields (Table 4). Tetrabydrofuran 
(THF) was found to be the best solvent for oxidation of 
these alcohols. 

Table 4. Odudent Corny-Kim rreldathn, of benruajoa.sdcs using dOlecyl 
methyl aitsdc (1) 

1) 1 (36q) -40C 

!°° (3.q) THF 2 It *in.,es. Monhols 

2) Ct3P4 (Seq) 
�& 

.40 C 2.5 It ICetunai  

Entry Alcoholi Yrald Enry Alcohol. YieId - 

I 77 4 86 

2 71 
, 

ç° - as :- � 
3 99 6 

c’ics 

to 

’ YicldwlsdcientaimdbyGC. 

2.3. Odorless Swans oxidation using dodacyl methyl 
sulfoxida 

The Swern oxidation"’ (l)MSO-oxaly) chloride, FtN) Is 
also 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 dodccyi methyl sultoxide 
(2), as illustrated In Scheme 2. 

Dodccyl methyl sulfoxide (2) could be prepared in high 

yield from Dod-S-Me (I) by oxidation with sodium 
periodam. In our strategy. "-S-Me was recovered as 
an odorless byproduct instead of DM5, and was reused by 
re-oxidation to the sulfoxlde 2. The optimized reaction 
conditions of the new Swern oxidation for benzbydzol (-60 
to -40’C for 200min after addition of incabylamine, then 
warming to room temperature for 40 min) gave benzo-
phenonc (95%) along with the recovered Dod-S-Me (I. 
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Schecs 2. 5autcy of a am ododass Swu ozidilin. 

98%). The reaction in other solvents such as TIU toluene. 

and ether afforded beazophenone in moderate to low yields 
(49. 53 and 10%. respectively). The results of the new 
odorless Swain oxidation using the tulfoxide 2 and ozalyl 

odorless conditions at minimal COSL The starting material. 
1-dodecanethiol, for the synthesis of the odorless sulfide I 
and the sulfoxide 2 is inexpensive (about 120/kg) because it 
is used in bulk as a vulcanizing agent for rubber. The 
odorless compounds I and 2 can therefore be prepared at a 
moderate price without using a foul-unclli.ng reagent 
(MeSSMe and MC$H are regulated by the offensive odor 
control law). We anticipate that the odorlesi feature of these 
methods will be important for green chemistry as well as (or 
organic chemistry in general.. Further studies utilizing 
odorless sulfides and sulfoxides are underway in our 
laboratory. 

3.1. General 

3. ExperImental 

b

chloride are summarized in table 5. All benxyhc. zallylic. 1H NUM spectra were obtained with a VARIAN GEMINI 
and aliphatic primary and secondary alcohols were oxidized 2000/200, XL.-300, UOVA-400NB or JEOL JNM-A1300 
smoothly to aldehydes or kctonce in high yields. spectrometer with tetrarnethylsilane as the internal 

standard. Infrared spectra were measured with a 
The two protocols described for the oxidation of alcohols SHIMADZU FM-9300 spectrometer. Low and high. 
were carried out without creating a foul smell in the resolution mass spectra were determined on either a JEOL. 
laboratory. Since Dod-S-Me (1) has a higher boiling point MS GC-mare (El) or a JEOL JMX SX 102A QQ (FAB) 
than the volatile DM5, the products of the oxidations were roars spectrometer. Gas chromatographic analyses were 
isolated by column chromatography in the case of neutral perfbrflied on a DB-1 column (0.25 mmx3O so J & W 
products.10 However. chmrnzdogTaphlc isolation of the  Scientific) SHIMADZU GS-2010 and FIX). High 
product could be avoided in large scale reactions in the .perfbrminc. liquid chmmaogrnp was performed on a 
case of acidic alcohols. For example. Odorless Swnr $1(AP:1.1A*dea. chiral column (Chiraicel OD, 
oxidation of mandelic acid gave phenylglyoxylic acid In (J) -Wekgel C 2Q0 (Wako Pure-Chemical industries) 
96% yield by serurndal extraction 1’ of the reaction mnintuze 

: - swcager 

0N ()Canto.hfimical) .ª used for colitrnn 
after basifleanon and acidification.cltrothatogrSphy Sthca gel F254 plates (Merclç) were used 

(or 1W WlualtzatrOb wat’ 
performed using-.UV light, 

In conclusion, we west able to provide new odorless . iodine and. 12-mölybdd(V1)  phosphoric acid n-hydrate In 
methods for the Corey-Kim and Swam oxidationsusing. EtOK Sulfide$ were furihcr.purlficd by a recycle HPL.0 
Dod-S-Me (1)15 or dodecyl methyl. sulfoxlde (2)10. as (LC-903. Japan Analytical lJkIUStry Co.. Ltd.)  on GPC 
substitutes for the foul-smelling DM5 and the sulfoxide. columns. (JAIGEL 1H and 2H) after purification by 
DM50. These protocols furnish the products under distillation. l)lchloroinethanc was distilled from CaB2. 

Table S  Odarien Swcm uzidalzon ing dodreyl methyl 
et*lThiidzKOWM

 
l)(cOab(I.sanJ. 

C15H (0)Mw(2)(l.S.q A15ahth$ 

AICUMB 
C2O5 -eO C (30 irli) 

-c 2) Q,N (5 eg) -60 -.40C (2 0 
*C -40 - r4. (40 edo- 2 Ii) 

Envy Alcohol, Iiolied yield (%) Enimy Alcohols ienlasd yield (%) AJdchyd01 

or kinnca (Iii.)’ Resovejy 011 Aldehydea 01 ketome (lii.)’ Racowiy of I I Ph..’h 95 (98) 100 5 ..L.-J-.-- 93 (95) 99 . 2 91 (M 94 6 93(99) 9H 99 3 95 95 7 16 91(95) 01 rc’.- 93 (M 93 5 -g Cl (991’) 95 - 

swelnet al. 5jthcjj,198O 165. nc yiri,o, 
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after washing with waxer. Other solventi were dried by 
general methods. 

3.1.1. Dodccyl methyl sulfide (1). To a DMF (3 ml) 
suspension of potassium carbonate (751 mg. 5.43 mmol) 
was added a DMF solution of 1-dodecanethiol (1000 Tog, 
4.94 mmol) and methyl Iodide (736 mg. 5.19 mmol) at 0°C. 
and the resulting mixture was stirred at room temperature 
for 1 h. The reaction mixture was filtered, then IN MCI was 
added to the solution, which was concentrated in vaeuo. The 
residue was added to distilled water, then extracted with 
ethyl acetate. The organic layer was washed with sodium 
thiosulfate solution, dried (Na2SO4). filtered and concen-
trated in vacua. Purification of the residue by silica gel 
Column chrbthafogiiy j dŁTy1 methyl sulfide (1) 
(922 tug, 86%). 

The scale-up reaction under the above conditions using a 
DMF (300 ml) solution of potassium carbonate (75.1 S. 
543.5 mmol) and a DMP (200 ml) solution of 1-dodeca-
nethiol (100g. 494.1 nimol) and methyl Iodide (73.6 S, 
518.8 mmol). gave dodecyl methyl sulfide (1) (91.4 g. 81%) 
by

 
distillation in vacua. 

(027 mmol) was added dropwise at -40°C. After the 
mixture was stirred for 2h. trlcthylami.nc (0.19 ml, 
116 mmol) was added dropwisc at 40°C. After stirring 
for 14 h, water (20 ml) was added to 

the 

reaction mixture. 
The mixture was neutralized with IN HO (0.5 ml), 
followed by extraction of the aqueous layer with chloroform 
(40 tubc3) or ethyl acetate (40 mlx3). The combined 
organic layer was washed with brine, dried (Na2SO4), 
filtered and concentrated In vacua. Silica gel chromato-
graphy of the residue (bcxanc/cthyl acetate-40/1) gave an 
aldchyde 

or 

a 
ketone. 

The resulting products were analyzed 
by competing their NMR spectra and TLC with those of 
authentic 

samples. 

32,L (Table!, 
entry 1). Using CJI202 as a solvent. According to the 
general procedure, the reaction was performed using 
3,5-dlbenzy1oxy-4-mnethoxybenzyl alcohol (30 Tog, 
0.14 mniol), dodecyl methyl sulfide (94 mg. 0.43 mmol), 
N-chlorosuccinlrnlde (58 mg, 0.43 mmol). trirthylamine 
(0.10 ml. 0.72 mmol). and dichloromathanc (10 nil) to 
give 3.5-dihen2yloxy-4-mcthoxybienzaldchyde (49 mg, 99%). 

- Using roLuene as a solvent. According to the general 
Colorless oil; bp 310°C  (0.2 mm Hg); 1H NMR (300 MHz, procedure, the reaction was performed using 3.5-dibenzyl. 
CDCI3); 12.49(1, J7.4 Hz, 211). 2.30 (a, 3H). 1.59 (sextet, oxy4-methozybnnzyl alcohol (50 Tog, 0.14 mmol). dodecyl 
J7.4 Hz, 211), 1.43-1.19 (at, 1511). 0.88 (t. .l6.9Hz, methyl sulfide (94 mg, 0.43 mmol). N-chlorosuccinimide 
3H); MS (20 eV) miz 216 (I’.4. 60). 201 (100), 125 (1 1), - (58 mg, 0.43 mural), triethylamine (0.10 ml. 0.72 mmol). 
Ill (30). 103 (24), 97 (50). 83 (51), 71 (25), 70 (36),,69 and toluene (10 ml) jo give 3.3-dibenzy1oxy-4methoxy-
(38), 61(12). 57 (35); HEMS calcd for C,HsaS (M): . befizaldehyde(4.7.mg, 95%). 
1161912, found 2161914 

-. - - 

- 3.2,3. 4-Androsten°3,17-dlona..(Table 3, entry 2) f/sing 
3.1.2. Dodecyl methyl Sulfoxide (2).To aCHCli1MaQH/ CHtii-as solvent., A4cordlng to the general procedure, 
140 (114(4, 9 ml) solution of dodecyl-, mcthyl t0fdc ,the Wad al p pt erf5ied .using testosterone (50 tug, 
(50 mug, 0.23 mmol) was added trloctyimethylanunoniuni -:- 917-mhipl)C-dQ4 mn .ylcthyl’suiflde (113 mg, 032 mmoi), 
chloride (20 ml, 0.04 mmol) and io4ium periâdaie(296mg,. . N-chlorosudçlnlmide (69 mg. 0.52 mmol), u-iethylamine 
1.38 mnml) at 0°C. and the resulting mixture was stined at (0.12 ml, 0.8 mmol), and dich1oromethan (14 ml) to 
room lzinperathre for 10 mitt. The reaction mixture was give 4-andiostOn-3.17-dions (45 mg, 93%). 
added to distilled water (10 MI) and stirred for 2h. The 
reaction mixture was concentrated In vacua then extracted 
with ethyl acetate. The organic layer was washed with brine, 

dried (Ns2SO4). filtered and concentrated in vacua. 

Purification of the residue by silica gel column chromato-
graphy gave dodecyl methyl sulfoxide (2) (53 mug, 99%). 

White powder, ’H NMR (300 MHz. CDCI3): 82.81-2.57 
(us, 211), 2.52 (a, 310, 136 (quintet. J-7.9 Ht. 211). 1.57-
1.19 (m, 151-1). 0.88 (t. Jw6.7 Hz, 311); ZR (CHCl) 3550-
3150 (br). 2997, 2928, 2855. 1466, 1408, 1034, 934 cm’; 

MS (20 eV) mlr. 233 (M+H. 1), 232 (M. 1), 216 (43), 2l5(100),201(40).197 (2). 168(3). 140(3), 125(41111(13). 97(24). 85(19). 83(30). 71(32). 69(25157 (521, HRMS calcd (or C2,11SO (M): 232.196 1. found 232.1865. 3.2. A typical 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-chiorosucclnimldc (108 mg, 0.81 mmol) was added a 

dichloromethane or toluene solution (2 nil) of dodecyl 
methyl sulfide (1) (176 tug, 0.81 mmol) dropwise at -40°C, 

and the resulting mixture was stirred for 30 mm. A 
dichloromcthanc or toluene solution (2 ml) of an alcohol 

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

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

0.52 mmol). N-chlomsuccinimide (69 mg, 0.52 mmol), 
thcthylanilne 

(0.12 ml. 0.86 mmol), and toluene (14 ml) to 

give 4-androsten-3.17-dione (48 mg. 97%). 

3.2.3. Banal (Table 2, entry 3). Using CH302 as a solvent. 

According to the general procedure, the reaction was 
performed using benzoln (50 mg, 0.24 nunol); dodecyl 
methyl sulfide (133 mg, 0.71 mmo)), W.chlorosuccinimide 
(94 tug, 0.70 mmol), triexhylarnine (0.16 ml, 1.18 mmol), 

and dichloromethane (14 ml) to give benzil (49 tug, 99%). 3.L4. Beniophenone (Table 2. entry 4) Using CFICI, as 

a solvent. According to the general prncedurc, the reaction 
was performed using bcuzbydrol (50 mug, 0.27 mmol). 

dodecyl methyl sulfide (176 mg, 0.81 mmol), N-chloro-
succimmide (108 mg. 0.81 mmol). methylamine (019 ml. 
1.35 mnmol) and dichlommcthanc (14 ml) to give bcnzO-

phcnone (47 tug. 95%). Using rolistns as a solvent. According to the general 

procedure, the reaction was performed using bcnzhydtol 

V1, 
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(50 mg, 0.27 nuoI), dodecyl methyl sulfide (176 mg, procedure, the reaction was performed using furfuryl 
0.81 mmoI). N-chlorosuccirnmide (108 rug. 0.81 mmcl). alcohol (79 Mg 0.81 mjnoI). Yield. 92%. 
snethylamlne (0.19 ml, 1.35 mmol) and toluene (14 ml) to 
give bcnzcpbenonc (48.5 mg. 98%). 34-Atypical procedure for the new method of the Sworn 

- nIdatIon usinrr dodecyl methyl suffoxide (2 
3.2.5. Cinnamaidebyde (Table 2, entry 5). Using CH2C15 
as a solvent. According to the general procedure, the 
reaction was performed using cinnamyl alcohol (50 mg, 
0.37 rwnol), dodocyl methyl sulfide (242 rug. 1.12 inmol). 
N-chloro&ucclftuflidc (149 mg, 1.12 retrial), uicthylaniinc 
(0.26 ml, 1.86 mmol), and dichloromethanc (14 ml) to give 
cinnsmaldebyde (45 mg. 91%). 

Using toluene as a solvent. According to the general 
- pricedtiiºthe .t using cüiiimy1 

alcohol (50 nig, 0.37 mmcl), dodecyl methyl sulfide 
(242 mg, 1.12 inmol). N-cblorocuccininside (149 mg. 
1.12 nimol). wiethylammne (0.26 ml, 1.86 mmcl). and 
toluene (14 ml) to give cinnexrraldthyde (44.5 mg. 90%). 

3.3. A typical procedure for the new method of the 
Corey -Klan oxidation using dodecyl methyl sulfide for 
beteroaromatic alcohols 

To a tesrahydrofuran solution (30 ml) of N-chloroauccini-
rnlde (324 mg, 243 rensol) was added a talr*hydrofuran 
solution (6 ml) of dodecyl methyl sulfide (1) (526 mg, 
243 mmoI) dropwisc at -40°C.  and the resulting 
mixture was stirred for 30 mitt. A tctrahydrofisran 
soJutin-(6-MI) of 90816oho1’ (0.81 usual) was added 

Mer the mixture was stirred for 2 b. 
.nethyia4,c(430mg; 4.05’mrnol) was.added dropwise at 

- ..40°C.’-After stisgfor l’ch:.the reaction mixture gave 
Iii. a.debyde at a .&otid The- resulting products were 
anal1zedv.coipiflgesr CC with those of authentic, 
�samples  

33.1. 2-Pyrtdinecar4o*aldehyde (Table .4 entry 1). 
According to the . general procedure, the reaction was 
performed using 2-pyridinemethanol (88 mg, 0.81 inmol). 
Yield: 77%. 

3.3.2. 3-Pyrldlnecarbozaldehydc (Table 4, entry 2). 
According to the general procedure, the reaction was 
performed using 3-pyrldlnemethanol (88 rug. 0.81 mmcl). 
Yield. 71%. 

3.3.3. 3-Acetylpyridine (Table 4, entry 3). According 
to the general procedure, the reaction was performed using 
2-(l-hydroxyethyl)pyridine (100 mg, 0.81 mmol). Yield: 
99%. 

� 3.3.4. 2-Thlopbenecarboxaldebyde (Table 4, entry 4). 
According to the general procedure, the reaction was 
performed using 2-ebiophenemethanol (92 mg. 0.81 mmcl). 
Yield: 86%. 

3.33. 3.’rhlophenerboxaIdehyde (Table 4, entry 5). 
According to the jencral procedure, the reaction was per-
formed using 3-thiophenemethanol (92 mg, 0.81 mmci). 
Yield: 85%. 

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

To   dichlotomØthanc(4 tel) suspension of dodecyl methyl 
sulfoxide (2) (95 mg, 0.41 mmcl) was added dropwise 
oxalyl chloride (4) p.1, 0.41 mmcl) at -6WC. and ’the.. 
resulting mixture was stirred for 15 mm, A dlcblorotnethanc.. 
(I ml) solution of an alcohol (0.27 Inmol) was added 
dropwise at -60°C. The mixture was stirred for 30 min. 
methylammne (0.19 ml. 1.36 mmcl) was added dropwise and 
the resultant mixture was gradually warmed to -40°C  over 
200iffi: me Ihirniraai Ilic,mWaiinCd to room 
sure by removing the cooling bath and stirred for I h. The 
mixture was quenched with water (10 ml), neutralized with 
an IN Ha (0.5 ml) solution then extracted with chloroform 
(40 mlx3). The combined organic layer was washed with 
brine, tiled (Ns2SO4), filtered and concentrated in vacua. 
Purification of the residue by silica gel column chromato-
graphy (bcxanelethyl acetaze=40/1) gave an aldehyde or a 
ketone and dodecyl methyl sulfide (1). The resulting 
products we analyzed by comparing their NMR spectra 
and TLC with those of authentic temples. 

3A.1. Deazophessone (Table 5, entryl). According to the 
general procedure, the reaction was performed using 
bezhydrol (30 rug, 0.27 mmcl).. dodecyl methyl sulfoxide. 
(95 mg, 0.41 mmcl), oxalyl chloride (36 p.1, 052 mmol), 
trlethylamino (0.19 ml, 1.36 mmc% and dichioromcthine’ 
(5 ml), to give beuzophenOnc (47 rng, 95%).  

The 10-times seals-up experiment undct the abovc cots-
didons using benzhydrol (500mg. 2.7 minol) ’gave beozo-
phenonc (460 mg. 93%). along with dodecyl methyl Aulfi4c-
(1) ($40 mg. 92%). 

3.4.2, Benafi (Table 5 entry 2). According to the general 
procedure, the reaction was performed using benzoin 
(50 mg. 0.24 mmcl). dodecyl methyl sulfoxids (82 ’rig; 
0.35 mmcl), oxalyl chloride (45 W. OiO mmcl). toctbyl-
amine (0.16 mel, 1.18 mmcl) and dichloromethane (6 mel) to 
give benzll (46 rug. 99%). - 

3A,3. o-Bromohtnzaldebyds (Table 5, entry 3). Accord-
ing to the general procedwe, the reaction was performed 
using o-bmmobcnzyl alcohol (50 mg. 0.27 mmcl), dodecyl 
methyl sulfazide (93 mg, 0.40 mmcl). oxalyl chloride 
(350. 040 mmol), triethylaminc (0.19m). 1.34 mmcl). 
and dichloromethsne (5 ml) to give o-broinobcnzaldchyde 
(47 mg. 95%). 

3.4.4. aIdthyd (Table 5, entry 4). According to 
the general procedure. the reaction was performed using 
cinnamyl alcohol (50 mg, 0.37 mmol), dodecyl methyl 

tuifoxide (129 mg. 0.56 inmol), oxalyl chloride (39 0. 

0.56 mmcl). triethylamine (026 ml. 186 mmcl). and 
dichloromcthanc (6 ml), to give cinnamaldehyde (46 mg. 

93%). 

3.4.5. Get-mIs] (TableS, entry 5). According to she general 
procedure, the reaction was performed using geraniol 
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(50 tog. 032 rental), dodecyl methyl sulfoxide (113 tog. 
0.49 tn,iniol), oxalyl chloride (43 p.1, 0.49 mmol). tnethy)-
amine (0.23 ml, 1.62 mmol). and dichloromcthanc (14 ml), 
to give geranisl (46 mg, 93%). 

3.4.6. 1.Aaa,nant8fl.CkrbOZ11IdelJYde (Table 5, entry 6). 
According to the general procedure. the reaodon was per-
formed using 1-edasrianrsncnicthafl0l (50 mg, 0.30 nimol), 
dodecyl methyl 3ulfoxidc (104 mg. 0.45 inmol), oxalyl chlor-
ide (40 p.l. 0.45 minol). rriethylamine (0.21 ml, 1.50 nunol), 
and dlchlozumcdiane (6 ml), to give 1-adaznantanccarbox-
aldehyde (46 mug. 93%). 

3A.1. Cpbor (Table 5, em y7).Acording to the 
general piocedure. the reaction was pesformed using 
bomeol (50 mug, 0.32 mum!). dodecyl methyl eulfoxide 
013 tog, 0.49 mmol), oxalyl chloride (43 pi. 0.49 mmol), 
methylainifle (0.23 nil. 1-62 rnmol) and, dieb]oromcthanc 
(14 ml). to give camphor (45 mug, 91%). 

3.4,8. 24Octanone (Table 5, entry 8). According to the 
general procedure, the reaction was pctformed using 
2-octanol (50 mug. 0.38 mmOl), dodecyl methyl Qulfoxide 

. (134 rug, 0.58 mmol), oxalyl chloride (40 p.l. 0.58 mznol), 
tnethylantine (0.27 ml. 1.92 mnlol) and dlcblotomcthanc 
(6 ml) to give 2-octanonc (40 mg, 81%). 

3.L Manipulation of odorless Swern oxidation of 
addld alcohol (toandelic add) using dodecyl methyl 

- lb a CH300HF (3/1 .0 m1) solution of dodccyl methyl 
� smilThxide (1680mg. 7.23 mutual) was added dropwise a 

- CH2C1ITN. (1/4, 3m]) solution of oxalyl chloride 

� �... (Q.65’B$4-.7231nmo1) as. 60hC, and the rc*ultm.ng mixture 
:atjz fbi 15 min. Than. a cH2cl1mfF (3/1, 5 ml) 

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

dsopwiÆg. at -60"C. The mixture was stirred for 2-li, 
triethylaminz (2.29 011, 16.4 flituOl) Was added dropwise, 

� and the resulting mixture was gradually warmed to 400C 
over 2 Ii, The mixture was then warmed to room 

� 

temperature by removing the cooling bath and stirred for 
40 mm. The mixture was quenched with 10% NaOH 
solution, and concentrated in vacuo. The residue was 
washed with ether, a IN HO solution was added, then the 
mixture was cab-acted with ethyl acetate. The organic layer 
was washed with brine, dried (Na1SO4). filtered, and 
concentrated in vacua. Without further purification, the 
pure phenylglyoxylic acid (466 mg. 96%) was obtained. 
The product was analyzed by comparing the NUR spectrum 

. 

and TLC with those of the authentic satupli. 
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