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A method for one-pot preparation of Julia-Kocienski sulfides and sulfones from alcohols and
thiols is reported. A variety of primary alcohols were converted to the corresponding mesylates
by methansulfonyl chloride and triethylamine in THF. After the reaction is complete, thiol (1 or
10) and either NaH or t-BuOK were added. The Julia-Kocienski sulfides 3, 9 and 11 were
prepared by one-pot two steps procedure from alcohols in 76-96% vyields (16 examples).
Furthermore, after the sulfide formation, the reaction mixture was neutralized by p-

toluenesulfonic acid and treated with H202 and ammonium molybdate in EtOH to give the Julia-
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Kocienski sulfones 4 in good yields except for trans-2-hexen-1-ol.

2019 Elsevier Ltd. All rights reserved.

The Julia-Kocienski reaction is a very strong tool for the
synthesis of E-alkenes 5 from carbonyl compounds and
heteroaryl sulfones such as 4 and used extensively in the last
decade for the construction of carbon-carbon double bonds
present in many natural products (Scheme 1).%2 When the
sulfone reagents 4 are prepared from thiol 1 and alcohols 2, the
corresponding sulfides 3 are generally prepared by Mitsunobu
reaction® using either DEAD or DIAD along with PhsP.?
However, both DEAD and DIAD are expensive and the
byproducts (PhsP=0 and (NHCO;R),) are often difficult to be
removed from the desired product.* Several approaches similar
to Mitsunobu reaction were reported® and Lewis acid catalyzed
C-S bond formations were also developed.® However, some are
restricted to benzylic and allylic alcohols and some have similar
problems as Mitsunobu reaction does. Since alcohols can be
easily transformed to alkyl halides and sulfonates which can be
used for alkylation of thiol, sulfides can be prepared by these two
steps. In fact, some Julia-Kocienski reagents were prepared by
these two steps followed by oxidation.” Although Bonini and co-
workers reported that the one-pot preparation of propargylic
sulfides via either iodide formation or tosylate formation, the
yields were not always good.® One-pot reactions, where a
number of transformations are carried out in a single pot, have
attracted considerable attention because they offer significant
advantages such as elimination of purification steps, reduction of
wastes, time, and costs, and increase efficiency of the process.%°
Now one-pot synthesis is one of the most powerful synthetic
strategies for the environmentally benign reactions. Therefore,
we studied one-pot preparation of Julia-Kocienski sulfides and
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Scheme 1. Julia-Kocienski reaction.

sulfones from alcohols and thiols. Since halogenation reactions
are generally performed under acidic conditions, we chose
mesylate formation from alcohols followed by their reaction with
1 under basic conditions according to Scheme 2. Herein we
would like to report our results.
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Scheme 2. One-pot preparation of Julia-Kocienski sulfides.

The mesylation reaction of n-pentanol 2a was carried out by
treating with methansulfonyl chloride (1.2 eq) and triethylamine
(1.3 eq) in THF for 3 h to give mesylate 6a in 92% vyield
(Scheme 3). The yield of 6a did not much change by shortening
the reaction time to 1 h and 6a was obtained in 90% yield. The
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obtained mesylate 6a was used for alkylation reaction of thiol 1.
The Julia-Kocienski sulfide 3a was obtained in 86% yield when 1
was deprotonated with NaH (1.2 eq) in THF followed by the
treatment with 6a (1 eq) for 24 h. When t-BuOK (1.2eq) was
used instead of NaH, 94% vyield of 3a was obtained. Thus, the
sulfide formation can be carried out using either NaH or t-BuOK
in THF.

n-CgHy,0H _MsCl(1:2€q) THE _ 5.1, oms

2a Et;N (1.3 eq), rt 6a 1h y.90%
3hy.92%
/l)l—lql 1) NaH or -BuOK /l)l—l;l
N\N)\SH THF - N\N)\S/\Bu
- |
b ) 2)n-CsH1OMs 62 L~ o
NaH 24 h,y. 86%

t-BuOK 44 h, y. 94%

Scheme 3. Preparation of Julia-Kocienski sulfide 3a from 2a.

We next explored the possibility of sequential one-pot
preparation of the Julia-Kocienski sulfide 3 (Table 1). After n-
pentanol 2a was treated with methansulfonyl chloride (1.2 eq)
and triethylamine (1.3 eq) in THF for 1.5 h, a mixture of 1 (1 eq)
and NaH (2.3 eq) in THF was added to the above reaction
mixture. The resulting mixture was stirred for 16 h to give
sulfide 3a in 86% yield,™ which is higher than the yield obtained
from mesylation (92%) and alkylation of 1 using NaH (86%)
(92% x 86% = 79%) (entry 1). When alkylation of 1 was
performed at higher temperature (50 °C to reflux), the yield
dropped to 64% due to partial decomposition of mesylate 6a
(entry 2). When NaH was added after the addition of 1 for easier
operation, 3a was obtained in a comparable yield to entry 1 (83%,
entry 3). The scope of this reaction was next explored with two
other types of alcohols. Although the alkylation of 1 with the
mesylate derived from y-branched citronellol 2b hardly
proceeded at room temperature, the reaction at 50 °C gave 3b in
90% vyield using 1.3 eq of 1 (entry 5). The alkylation of 1 with
the mesylate derived from B-branched cyclohexylmethanol 2c
was slow even at 50 °C to give 3c in 60% vyield (entry 6). The
yield increased to 67% by using t-BuOK (entry 7) and 83% yield
was obtained when the mixture was heated under reflux for 6 h
(entry 9). The addition of DMF to the THF solution decreased
the yield of 3c (entry 8).

Having optimized the reaction conditions, we next focused
our attention on the reaction of the alcohols having functional
groups in this one-pot two steps procedure (Table 2). When the
alcohol 2d having a t-BuMe,SiO group was transformed to its
mesylate and then treated with 1 and NaH at 50 °C, 84% vyield of
sulfide 3d was obtained (entry 1). Although the yield of sulfide
3e was only 56% when 6-tetrahydropyranyloxyhexan-1-ol 2e
was treated in a similar manner as entry 1, the yield improved to
87% under reflux (entries 2-3). Tetrahydro-2-furanmethanol 2f
was converted to sulfide 3f in 74% yield using t-BuOK by
following the procedure of entry 9 in Table 1 (entry 4). Using
1.3 eq of 1, the yield was slightly improved to 76% (entry 5).
The alcohol 2g having a a,B-unsaturated ester group was also
transformed to sulfide 3g in 69% vyield using NaH (entry 6). The
yield was lowered to 46% by using t-BuOK and was improved to
86% using 1.3 eq of 1 under reflux (entries 7-9). Both trans-2-

Table 1. One-pot preparation of the Julia-Kocienski sulfides 3 from
alcohols.
1) MsCl (1.2 eq), Et3N (1.3 eq) N—N
) I\
THF, rt, time N )\S/\R

RCH,OH
2 2) 1 (1.0 eq), base, conditions? Fl’h 3

entry 2 time Base (eq) conditions yield
1 2a 15h NaH (2.3) rt, 16 h 86%
2 2a 15h NaH (2.3) reflux, 2 h 64%
3v 2a 15h NaH (2.3) rt, 16 h 83%
4 2b 25h NaH (2.3) 50°C,9h 75%
5¢ 2b 25h NaH (2.3) 50°C,21h 90%
6 2c 1h NaH (2.6) 50°C,15h 60%
74 2c 1h t-BuOK (2.5) | 50°C,15h 67%
8¢ 2c 1lh t-BuOK (2.5) | 50°C,15h 57%
9 2¢c 1lh t-BuOK (2.5) reflux, 6 h 83%

a) A mixture of 1 and base was added unless otherwise noted. b) Base
was added after the addition of 1. c) 1.3 eq of 1 was used. d) 1 wad added
after the addition of base. €) THF:DMF = 3.5:1.5.

OH
OH
2b 2c

hexen-1-ol 2h and cis-2-hexen-1-ol 2i were transformed to the
allyl mesylates, which reacted with the anion derived from 1 and
NaH smoothly. The sulfides 3h and 3i were obtained in 88% and
89% vyield, respectively, without isomerization after 3-5 h at

W\OH X
2a

Table 2. One-pot preparation of sulfides 3 from alcohols having
functional groups.

1) MsCl (1.2 eq) N—N
Et;N (1.3 eq), THF, 1 h N// \

RCH,OH \N s R
2 2)1 (1.0 eq), base I
conditions Ph 3

entry 2 base (eq) conditions yield
1 2d NaH (2.3) 50°C,7.5h 84%
2 2e NaH (2.3) 50°C,7h 56%
3 2e NaH (2.3) reflux, 7 h 87%
4 2f t-BuOK (2.5) reflux, 19 h 74%
52 2f t-BuOK (2.8) reflux, 19 h 76%
29 NaH (2.3) 50°C,5h 69%
7 29 t-BuOK (2.5) 50°C,5h 46%
29 NaH (2.3) reflux, 5.5 h 75%
92 29 NaH (2.6) reflux, 6.5 h 86%
10 2h NaH (2.3) rt,5h 88%
11 2i NaH (2.3) rt,3h 89%
12 2j NaH (2.3) rt,2h 95%
13 2k NaH (2.3) rt,2h 91%
14 2 NaH (2.3) rt,2h 96%

a: 1.3 eq of 1 was used.

+-BuMe,si0” Y CH THPO ™ oH D/\OH EtOzc\/\H;OH
2d 2e O 2f 2g

OHX=H 2
= OMe 2k
X =cl 2

NN OH A —_OH
2h 2i



room temperature (entries 10-11). The mesylates derived from
benzyl alcohols 2j-21 are also highly reactive and the
corresponding sulfides were obtained in 91-96% yield by the
reaction using NaH at room temperature (entries 12-14).

Nicolaou and co-workers reported a total synthesis of
Artochamins H, I, and J, which are isolated from Artocarpus
chama as cytotoxic ingredients.’? In their synthesis, they used
the Julia-Kocienski reaction of sulfone 9, followed by [3,3]
Claisen rearrangement, decarboxylation, and [2,2] cycloaddition
(Scheme 4). The alcohol 7 was transformed to the sulfide 8 by
Mitsunobu reaction using DEAD and PhsP in 77% yield and then
8 was oxidized by H,O, and ammonium molybdate to give the
sulfone 9. We applied our one-pot two steps procedure to the
preparation of 8 from 7. After 7 was treated with methansulfonyl
chloride and triethylamine in THF for 1 h, a THF solution of 1
and NaH was added and stirred at room temperature for 2 h. The
sulfide 8 was obtained in 95% vyield. Our one-pot two steps
procedure has an advantage over Mitsunobu reaction in high
yield, simple work-up and low cost of the reagents.

Nicolaou
BocO. OH 1, PhsP, DEAD, THF, y. 77%
D/\ this study (one-pot)
BocO 1) MsCl (1.2 eq), Et3N (1.3 eq), THF, 1h
7 2)1 (1.0 eq), NaH (2.3 eq), 2 h, y. 95%

Ph< /N

BOCOD/\
BocO

Ph< /N
BocO. \
BocO
%o
Br

—» Artochamins
O "5 H, I, and J.

SA-

Scheme 4. Preparation of sulfide 8 from 7.

_>

Julia-Kocienski
reaction

One-pot two steps procedure was applied for the preparation
of the 1,3-benzothiazol-2-yl sulfides 11. After an alcohol was
treated with methansulfonyl chloride and triethylamine in THF,
10 (1.0 eq) and base were added (Table 3). When n-pentanol 2a
was transformed to its mesylate and then treated with 10 and
NaH (2.3 eq) at room temperature, sulfide 11a was obtained in
62% yield (entry 1). Using t-BuOK (2.5 eq) instead of NaH, the
yield increased to 83% (entry 2). The reaction of
cyclohexylmethanol 2c¢ was carried out using t-BuOK under
reflux to give 11c in 88% yield (entry 3). Benzyl alcohol 2j was
transformed to sulfide 11j at room temperature in 78 and 79%
yield using NaH and t-BuOK, respectively (entries 4-5). At 50
°C for 2 h, the yield increased to 91% (entry 6). Thus, 1,3-
benzothiazol-2-yl sulfides 11 were prepared in high yield by the
one-pot procedure from alcohols.

The obtained sulfides 3 were next oxidized to the
corresponding sulfones 4 (Scheme 5). When 3a (R = n-Bu) was
oxidized by 35% H,0; ag. (9 eq) and ammonium molybdate®®
(0.1 eq) in ethanol, sulfone 4a was obtained in 97% yield. In a
similar manner, the sulfide derived from trans-2-hexen-1-ol 2h
(trans only) was oxidized to 4h as a trans:cis = 96:4 mixture in

Table 3. One-pot preparation of 1,3-benzothiazol-2-yl sulfides 11
from alcohols.

1) MsCI (1.2 eq)

N
RCH,0H __EtN (1.3 eq) THF, 1h @: YR
2 2 @N\%SH S

S base 11
10 (1.0 eq) conditions

entry 2 base (eq) conditions yield
1 2a NaH (2.3) rt, 22 h 62%
2 2a | t-BuOK (2.5) rt, 22 h 83%
3 2¢c t-BuOK (2.5) | reflux,6.5h | 88%
4 2j NaH (2.3) rt,2h 78%
5 2j | t-BuOK (2.5) r,2h 79%
6 2j NaH (2.3) 50°C,2h | 91%

61% vyield. The sulfide derived from cis-2-hexen-1-ol 2i
(cis:itrans =97.5:2.5) was also oxidized to the corresponding
sulfone 4i. Oxidation occurred rapidly and the yield was 83%,
but the obtained sulfone was a mixture of cis:itrans = 78:22.
Unfortunately, the isomerization was further promoted when
Na,WO,™ was used instead of ammonium molybdate (cis:trans =
27:73, 39% vyield). This could be explained by the lower Lewis
acidity of Mo(6+) compared to W(6+).2> The benzyl sulfide was
oxidized to 4j in 83% yield.

N—N H20; aq (9 eq) N—N
i\ (NHg)6M07024 (0.1 eq) ¢\
N /\ N\ P
NS : N)\//S\\ R
| EtOH, rt, time |
Ph 4 Ph

4a y. 97%, 24 h
trans:cis =96:4 4h y.61%, 7h
cis:trans = 78:224i y.83%, 0.5h

4j y.83%,20h

Scheme 5. Oxidation of sulfides 3 to sulfones 4.

Finally, we explored the possibility of one-pot preparation of
the Julia-Kocienski sulfones 4 from alcohols via mesylates and
sulfides (Table 4). After n-pentanol 2a was treated with
methansulfonyl chloride and triethylamine in THF for 1 h, 1 and
NaH was added and stirred for 21 h. Then ethanol, ag. H>O: (9
eq), and ammonium molybdate (0.1 eq) were added and the
resulting mixture was stirred for 23 h to give 4a in 69% yield
(entry 1). This yield of our one-pot three-steps procedure from
2a to 4a was lower than that of three separate reactions (92%
(mesylation) x 86% (alkylation using NaH) x 97% (oxidation) =
77%). After alkylation of thiol 1 was completed, the reaction
mixture was concentrated under reduce pressure in order to
remove THF solvent and the residue was treated in a similar
manner as entry 1. Disappointingly, slightly lower 63% vyield
was obtained (entry 2). When ammonium molybdate was
replaced with Na;WQO,, only the sulfide 3a was obtained in 42%
yield instead of the desired 4a (entry 3). When oxone
(2KHSOs5-KHS0,4-K;S0O,4) was used as an oxidant, 4a was
obtained in 67% vyield after 17 h (entry 4). We next turned our
attention to the pH of the reaction mixture. The pH of the
oxidation reaction mixture (Scheme 5) was 3, while the final pH
in the one-pot three steps procedure was 10 (entry 1 in Table 4).
Neutralization may be necessary prior to the oxidation step. We
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Table 4. One-pot three steps procedure from 2a to the sulfone 4a.

1) MsCl (1.2 eq),

N—N
Et;N (1.3 eq), THF, rt, 1h 7/ \

N N\

CsH4.4OH

N S C4H
2a 2)1(1.0eq),NaH(@23eq) N Jo *°
time1 Ph
3) oxidant, solvent, time2 4a

entry | timel | oxidant (eq)? solvent time2 | yield
1 21h H202(9)-A EtOH 23 h 69%
2 21h H202(9)-A EtOH 23 h 63%

3 | 22h H202 (9)-B MeOH 24h | 0°
4 19h Oxone (3) MeOH-H:0 17h | 67%

a) A: (NH4)sMo07024 (0.1 eq), B: Na2WO4 (0.1 eq). b) The volatile
was removed under reduced pressure before the oxidation step. c)
Sulfide 3 was obtained in 42% yield.

searched various acids for neutralization using the conditions of
entry 1 in Table 4. The yield of sulfone 4a was as follows: 0%
with 1M HCI, 1M NH,CI, H,SOs, or HNO3, 70% with AcOH,
and 84% with p-TsOH-H,O. After the sulfide formation from n-
pentanol 2a was completed, the reaction mixture was neutralized
by p-TsOH-H,O (0.5 eq), and then ethanol, 35% H,0; ag. (9 eq),
and (NH4)¢M07024-H20O (0.1 eq) were added to the reaction
mixture and stirred for 24 h. The sulfone 4a was obtained in
84% vyield, which was higher than both the yield obtained from
three separate reactions (77%) and the yield obtained from the
one-pot sulfide formation and oxidation reaction (86% x 97% =
83%) (entry 1 in Table 5). In a similar manner, trans-2-hexen-1-
ol 2h was transformed to the sulfone 4h (entry 2). The yield was
only 35%?% and this transformation is better to be carried out by
the one-pot sulfide formation followed by the oxidation (84% x
61% = 51%). The reaction of benzyl alcohol 2j was also carried
out to give the sulfone 4j in 82% vyield, which is higher than the
yield obtained from the one-pot sulfide formation and oxidation
reaction (95% x 83% = 79%) (entry 3).

Table 5. One-pot three steps procedure from 2 to sulfone 4.

1) MsCI (1.2 eq), Et3N (1.3 eq)
THF, rt, 1.5 h -

. N—N
1(1. .
RCH,OH 2)1 (1.0 eq), NaH (2.3 eq), t|me=1 N//\ »\S/\R

2 3) p-TsOH (0.5 eq) l?l O//\b
4) (NH4)6Mo70,4 (0.1 eq) Ph
H50, (9.0 eq), EtOH, time2 4
entry 2 timel time2 yield
1 2a 24h 24 h 84%
2 2h 4h 19h 35%
3 2j 1h 20 h 82%

In summary, we developed a method for the one-pot
preparation of the Julia-Kocienski sulfides and sulfones from
alcohols. After a variety of alcohols were transformed to the
mesylates by methansulfonyl chloride and triethylamine in THF,
thiol (1 or 10) and either NaH or t-BuOK were added. The Julia-
Kocienski sulfides 3, 9 and 11 were prepared from alcohols in
76-96% vyield. Furthermore, one-pot three steps procedure from
alcohol to the sulfones 4 was developed. We believe this method
is useful for many synthetic chemists.

A typical one-pot preparation of sulfide 3 (entry 1 in Table 1)
To a solution of n-pentanol (0.440 g, 5.0 mmol) in THF (20.0
mL) at 0 °C were added methansulfonyl chloride (0.465 mL, 6.0
mmol) and triethylamine (0.906 mL, 6.5 mmol). After the
mixture was stirred at RT for 1.5 h, a solution of 5-mercapto-1-
phenyl-1H-tetrazole (0.891 g, 5.0 mmol) and NaH (0.46 g, 11.5
mmol) in THF (5.0 mL) was added at 0 °C. The resulting mixture
was stirred at RT for 16 h. The reaction was quenched with sat.
NH.CI aq., and the mixture was extracted with AcOEt (3 x 10
mL). The combined extracts were washed with brine, dried
(MgSOs), and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hex:AcOEt =
8:1) to afford 3a (1.076 g, 86%) as a colorless oil. *H NMR (400
MHz, CDCls) § 0.91 (3H, t, J = 7.3 Hz), 1.31-1.47 (4H, m), 1.83
(2H, quin, J = 7.3 Hz), 3.40 (2H, t, J = 7.3 Hz), 7.51-7.61 (5H,
m).1s

A typical one-pot preparation of sulfone 4 (entry 3 in Table 5)
To a solution of benzyl alcohol (0.108 g, 1.0 mmol) in THF (3.0
mL) at 0 °C were added methansulfonyl chloride (0.93 mL, 1.2
mmol) and triethylamine (0.180 mL, 1.3 mmol). After the
mixture was stirred at RT for 1 h, a solution of 5-mercapto-1-
phenyl-1H-tetrazole (0.178 g, 1.0 mmol) and NaH (0.092 g, 2.3
mmol) in THF (2.0 mL) was added at 0 °C. The resulting mixture
was stirred at RT for 1 h and treated with p-TsOH-H,O (0.095 g,
0.5 mmol) for 15 min. EtOH (3.0 mL), (NH4)sM0702-H,0O
(0.123 mg, 0.1 mmol), and 34.5% aq. H,O, (0.799 mL, 9.0
mmol) were added at 0 °C and the mixture was stirred at RT for
20 h. The reaction was quenched with sat. ag. Na.SOs, and the
mixture was extracted with AcOEt (2 x 8 mL). The combined
extracts were washed with brine, dried (MgSO.), and
concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hex:AcOEt = 5:1) to afford 4j
(0.246 g, 82%) as a colorless solid. mp = 101-102 °C
(recrystallized from hexane-CHCl, (5:1)); *"H NMR (400 MHz,
CDCl3) 8 4.93 (2H, s), 7.36-7.58 (10H, m).Y

Acknowledgments

This research was partially supported by the JSPS KAKENHI
Grant Number 17K05781.

References and notes

1. For reviews, see:

(@) P. R. Blakemore, J. Chem. Soc., Perkin Trans. | (2002) 2563.
(b) C. Aissa, Eur. J. Org. Chem. (2009) 1831.

(c) B. Chatterjee, S. Bera, D. Mondal, Tetrahedron: Asymmetry 25
(2014) 1.

2. (a)J. B. Baudin, G. Hareau, S. A. Julia, O. Ruel, Tetrahedron Lett. 32
(1991) 1175.

(b) P. R. Blakemore, W. J. Cole, P. J. Kocienski, A. Morley, Synlett
(1998) 26.

(c) P. J. Kocienski, A. Bell, P. R. Blakemore, Synlett (2000) 365.

(d) K. Ando, T. Kobayashi, N. Uchida, Org. Lett. 17 (2015) 2554.
(e) K. Ando, D. Kawano, D. Takama, Y. Semii, Tetrahedron Lett. 60
(2019) 1566.

3. 0. Mitsunobu, Synthesis (1981) 1.

4. For example, see the experimental procedure of ref. 2e.

5. (a) T. Mukaiyama, S. Ikeda, S. Kobayashi, Chem. Lett. (1975) 1159.
(b) Y. Tanigawa, H. Kanamaru, S. Murahashi, Tetrahedron Lett. (1975)
4655.

(c) I. Nakagawa, K. Aki, T. Hata, J. Chem. Soc., Perkin Trans. | (1983)
1315.

(d) K. Tsuboyama, K. Takeda, K. Torii, H. Ogura, Chem. Pharm. Bull.
38 (1990) 2357.



11.
. K. C. Nicolaou, T. Lister, R. M. Denton, C. F. Gelin, Angew. Chem. Int.

13.

14.
15.

16.

17.

(e) Y. Kawano, N. Kaneko, T. Mukaiyama, Chem. Lett. 34 (2005) 1612.
(f) K. Kuroda, Y. Maruyama, Y. Hayashi, T. Mukaiyama, Bull. Chem.
Soc. Jpn 82 (2009) 381.

(9) A. R. Ellwood, M. J. Porter, Org. Biomol. Chem. 9 (2011) 379.

(h) B. C. Duffy, K. T. Howard, J. D. Chisholm, Tetrahedron Lett. 56
(2015) 3301.

(i) B. B. Liu, X.-Q. Chu, H. Liu, L. Yin. S.-Y. Wang, S.-J. Ji, J. Org.
Chem. 82 (2017) 10174.

() M. Ouertani, J. Collin, H. B. Kagan, Tetrahedron 41 (1985) 3689.
(b) S. A. Snyder, S. P. Breazzano, A. G. Ross, Y. Lin, A. L. Zografos, J.
Am. Chem. Soc. 131 (2009) 17535.

(c) X. Han, J. Wu, Org. Lett. 12 (2010) 5780.

(a) A. B. Charette, C. Berthelette, D. St-Martin, Tetrahedron Lett. 42
(2001) 5149.

(b) S. Kowashi, T. Ogamino, J. Kamei, Y. Ishikawa, S. Nishiyama,
Tetrahedron Lett. 45 (2004) 4393.

(c) K. J. Frankowski, J. E. Golden, Y. Zeng, Y. Lei, J. Aubé, J. Am.
Chem. Soc. 130 (2008) 6018.

(d) B. K. Peters, J. Liu; C. Margarita, P. G. Andersson, Chem. Eur. J. 21
(2015) 7292.

C. Bonini, L. Chiummiento, V. Videtta, Synlett (2005) 3067.

For a review, see: Y. Hayashi, Chem. Sci. 7 (2016) 866.

. (a) M. B. Boxer, H. Yamamoto, H. J. Am. Chem. Soc. 129 (2007) 2762.

(b) S. P. Lathrop, T. Rovis, J. Am. Chem. Soc. 131 (2009) 13628.

(c) T. Mukaiyama, H. Ishikawa, H. Koshino, Y. Hayashi, Chem. Eur. J.
19 (2013) 17789.

(d) P. Gopinath, S. Chandrasekara, Eur. J. Org. Chem. (2018) 6541.

(e) P. B. K. Reddy, K. Ravi, K. Mahesh, P. Leelavathi, Tetrahedron Lett.
59 (2018) 4039.

The yields of sulfides and sulfones are all isolated.

Ed. 46 (2007) 7501.

(@) H. S. Schultz, H. B. Freyermuth, S. R. Buc, J. Org. Chem. 28 (1963)
1140.

(b) J. B. Baudin, G. Hareau, S. A. Julia, O. Ruel, Tetrahedron Lett. 32
(1991) 1175.

J. Heppekausen, R. Stade, R. Goddard, A. Firstner, J. Am. Chem. Soc.
132 (2010) 11045

E. Hohn, J. Palecek, J. Pietruszka, W. Frey, Eur. J. Org. Chem. (2009)
3765.

The reason of lower yield of 4h was not clear. Kocienski? and Charette™
separately reported allyl sulfones were prepared in only low yield by the
oxidation of ally sulfides.

A. Fatima,; L. K. Kohn, M. A. Antdnio, J. E. Carvalho, R. A. Pilli,
Bioorg. Med. Chem. 13 (2005) 2927.



6

Highlights
® One—pot reaction
® Preparation of Julia—Kocienski
from alcohols
® Preparation of Julia—Kocienski
from alcohols
® Useful for alkene synthesis
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