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Abstract—Treatment of 1-chloro-2-methylalkenyl p-tolyl sulfoxides with N-lithio 2-piperidone in THF at room temperature
resulted in the formation of 1-chloro-2-(hydroxymethyl)alkenyl p-tolyl sulfides in good yields. This reaction is the first example

of the Mislow—Braverman—Evans rearrangement retaining the sulfur atom on the original carbon.

© 2006 Elsevier Ltd. All rights reserved.

Rearrangement of allylic sulfoxides to allylic sulfenates
was found and developed into a new reaction for the
synthesis of allylic alcohols by Mislow,! Braverman,?
and Evans.? This reaction is now called the Mislow—
Braverman—Evans rearrangement (Scheme 1).4

The rearrangement of allylic sulfoxide 1 to allylic
sulfenate 2 is a reversible [2,3]-sigmatropic rearrange-
ment and the equilibrium is usually far biased toward
the allylic sulfoxide 1. When this reaction is carried
out with a thiophile, such as trimethyl phosphite, the
allylic sulfenate 2 is transferred into allylic alcohol 3.
By this treatment, the reaction becomes irreversible to
give an allylic alcohol 3. In this procedure, the sulfur
atom of the allylic sulfenate 2 is removed from the
compound.

In this decade, we are interested in the use of 1-chloro-
vinyl p-tolyl sulfoxides in organic synthesis.® Recently,
we found that treatment of the 1-chloro-2-methyl-1-pro-
penyl p-tolyl sulfoxide 4 with N-lithio 2-piperidone
(5 equiv) in THF at room temperature for 3 h resulted
in the formation of the vinyl sulfide having a hydroxy-
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methyl group at the B-position 6 in 90% yield as
an inseparable mixture of two geometrical isomers
(Z/E = 73/27).%7 Interestingly, 1-(p-tolylsulfanyl)piperi-
din-2-one 7 was obtained as a by-product in a trace
amount from the reaction mixture (Scheme 2).

Obviously, this reaction can be recognized to be a
unique Mislow—Braverman-Evans rearrangement and
a plausible mechanism is as follows (Scheme 3). At first,
the vinyl sulfoxide 4 was isomerized to the allylic sulfox-
ide A with a strong base,® N-lithio 2-piperidone 5 (pK,
value of the hydrogen on the nitrogen of 2-piperidone
is 26.4).° Then, the sulfoxide-sulfenate rearrangement
took place to give allylic sulfenate B. The tolylsulfanyl
group in B was attacked by N-lithio 2-piperidone 5
and the sulfanyl group was transferred from the oxygen
to the nitrogen to afford I-(p-tolylsulfanyl)piperidin-2-
one 7 and alkoxide C. Next, the hydrogen on the vinylic
carbon bearing the chlorine atom was eliminated by the
base 5 to give alkenyl anion D, which attacks the sulfa-
nyl group in 7 to afford product 6. This is the first exam-
ple of the Mislow—Braverman—Evans rearrangement
retaining the sulfur atom on the original carbon.
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Scheme 3. A plausible mechanism for the Mislow—Braverman—Evans rearrangement retaining the sulfur atom on the original carbon.

We then investigated the proper base for this reaction
and the results are summarized in Table 1. Entry 1
shows the result described above. N-Lithio caprolactam
showed a similar result as N-lithio 2-piperidone 5;
however, the yield was diminished somewhat. N-Lithio
N-methylacetamide gave markedly diminished yield of

Table 1. Treatment of 1-chlorovinyl p-tolyl sulfoxide 4 with bases
(0]

Tol\__» cl
Base
~_CH, > Toig™ Xy CH:OH
cl conditions CH
CH, s
4 6
Entry Base Temperature Time Yield of
(equiv) 6 (%)
1 Q ~ Room temperature 3 h 90
(e}
2 @Li (5) Room temperature 3h 75
(o}
3 )J\ll\“-i (5 Room temperature 3 h 30
4 NLi (1.1)  —=78°C 10 min  Complex
—r mixture

*When this reaction was carried out with less amount of the base,
some amount of the starting material 4 remained.

6. The reaction with lithium diisopropylamide gave
only a complex mixture even when the reaction was
conducted at —78 °C for 10 min (entry 4).

From the results in Table 1, it became obvious that the
reaction proceeds smoothly when the base having
appropriate basicity was used. A base having stronger
basicity, lithium diisopropylamide, resulted in decompo-
sition of 4. It is also interesting that N-lithio cyclic amide
gave better yields (compare entries 1 and 2 with 3).

In order to know the generality and the characteristics
of this reaction, various kinds of 1-chloroalkenyl p-tolyl
sulfoxides 8 were synthesized from ketones and alde-
hydes, and treated with N-lithio 2-piperidone. The
results are summarized in Table 2. Entries 1 and 2 show
the results of 1-chloro-2-methyl-1-heptenyl p-tolyl sulf-
oxide 8a, which was synthesized from 2-heptanone.
Both geometrical isomers, 8a-E and 8a-Z, gave a similar
yield of the allylic alcohols and it was found that the
ratio of the isomers of the allylic alcohols was the same.

1-Chloroalkenyl p-tolyl sulfoxide derived from methyl
vinyl ketone (8b-E and 8b-Z) gave a mixture of allylic
alcohols in 66% and 52% yield and again the ratio of
the isomers was completely the same (entries 3 and 4).
1-Chloroalkenyl p-tolyl sulfoxide derived from aceto-
phenone (8¢c-E and 8c-Z) gave a mixture of allylic alco-
hols in better yield and again the ratio of the isomers
was completely the same (entries 5 and 6). The results
shown in entries 7 and 8 implied that this reaction is
compatible with esters. 1-Chloroalkenyl p-tolyl sulfoxide
derived from acetaldehyde 8e-Z gave 3-chloro-3-(p-tolyl-
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Table 2. Treatment of 1-chlorovinyl p-tolyl sulfoxides 8 with N-lithio 2-piperidone

Tol__»©

N-lithio 2-piperidone (5 eq) Cl
i - X CH,OH
o X-R THF TolsﬂJ\/ z
3 R? room temperature, 3 h 9 R®
Entry 8 9
R! R? R3 Yield (%) Diastereomeric ratio (Z:E)*

1 8a-E (CH,)4,CH; CH; (CH,)4CH3; 53 75:25
2 8a-Z CH3; (CH,),CH3 (CH,),CH3 55 75:25
3 8b-E CH=CH, CH; CH=CH, 66 86:14
4 8b-Z CH3; CH=CH, CH=CH, 52 86:14
5 8c-E Ph CH; Ph 86 32:68
6 8¢c-Z CH3; Ph Ph 83 31:69
7 8d-E (CH,)sCOOC(CH3)3 CH; (CH,)sCOOC(CH3)3 50 77:23
8 8d-Z CH; (CH,)sCOOC(CH3)3 (CH,)sCOOC(CH3)3 58 75:25
9 8e-Z H CH; H 81 96:4
10 8f CH,CH; CH,CH; No reaction
11 8g —(CH,) 14— No reaction
12 8h (CH,)sCH; H No reaction

2 The ratio of the isomers was determined from 'H NMR.

sulfanyl)-2-propenol in 81% yield and the Z-isomer was
obtained predominantly in this case (entry 9).

The results shown in entries 10-12 are very interesting.
No reaction was observed on treatment of alkenyl sulf-
oxides 8f-h (these were synthesized from 3-pentanone,
cyclopentadecanone, and heptanal) with N-lithio 2-pip-
eridone. Even forcing conditions with N-lithio 2-piperi-
done, 8f-h were completely recovered and found to be
quite stable with this base.

From these results, at this point, these unique Mislow—
Braverman-Evans rearrangements take place so far
only when the 1-chloroalkenyl p-tolyl sulfoxides have
at least one methyl group at the B-position. We are
continuing our investigation to find the conditions for
this unique rearrangement to other I-chloroalkenyl
p-tolyl sulfoxides.

References and notes

1. (a) Rayner, D. R.; Miller, E. G.; Bickart, P.; Gordon, A. J;
Mislow, K. J. Am. Chem. Soc. 1966, 88, 3138; (b) Bickart,
P.; Carson, F. W.; Jacobus, J.; Miller, E. G.; Mislow, K. J.
Am. Chem. Soc. 1968, 90, 4869.

2. Braverman, S.; Stabinsky, Y. J. Chem. Soc., Chem. Com-
mun. 1967, 270.

3. Evans, D. A.; Andrews, G. C.; Sims, C. L. J. Am. Chem.
Soc. 1971, 93, 4956.

4. Some monographs and a review: (a) Braverman, S. In
Chemistry of Sulfones and Sulfoxides; Patai, S., Rappoport,
Z., Stirling, C. J. M., Eds.; John Wiley and Sons, 1988; pp
717-757; (b) Mikolajczk, M.; Drabowicz, J.; Kielbasinski,
P. Chiral Sulfur Reagents; CRC Press: Boca Raton, 1977;
pp 78-87; (c¢) Hassner, A.; Stumer, C. Organic Syntheses
Based on Name Reaction; Elsevier: Amsterdam, 2002; p 248;
(d) Li, J. J. Name Reactions; Springer: Berlin, 2002; p 237,
(e) Evans, D. A.; Andrews, G. Acc. Chem. Res. 1974, 7, 147.

5. (a) Satoh, T.; Takano, K.; Someya, H.; Matsuda, K.
Tetrahedron Lett. 1995, 36, 7097; (b) Satoh, T.; Takano, K_;

Ota, H.; Someya, H.; Matsuda, K.; Koyama, M. Tetra-
hedron 1998, 54, 5557; (c) Satoh, T.; Ota, H. Tetrahedron
Lett. 1999, 40, 2977; (d) Satoh, T.; Ota, H. Tetrahedron
2000, 56, 5113; (e) Satoh, T.; Yoshida, M.; Ota, H.
Tetrahedron Lett. 2001, 42, 9241; (f) Satoh, T.; Sakamoto,
T.; Watanabe, M. Tetrahedron Lett. 2002, 43, 2043; (g)
Satoh, T.; Yoshida, M.; Takahashi, Y.; Ota, H. Tetra-
hedron: Asymmetry 2003, 14, 281; (h) Satoh, T.; Ogino, Y.;
Nakamura, M. Tetrahedron Lett. 2004, 45, 5785; (i)
Wakasugi, D.; Satoh, T. Tetrahedron 2005, 61, 1245; (j)
Sugiyama, S.; Satoh, T. Tetrahedron: Asymmetry 2005, 16,
665; (k) Satoh, T.; Sakurada, J.; Ogino, Y. Tetrahedron
Lett. 2005, 46, 4855.

6. To a flame-dried flask under argon atmosphere at room
temperature were added dry THF (40 mL) followed by
2-piperidone (5 mmol). #n-BuLi (5 mmol) was added to the
reaction mixture and the solution was stirred for 10 min. A
solution of 4 (222 mg, 1 mmol) in dry THF was added to the
reaction mixture and the whole mixture was stirred at room
temperature for 3 h. The reaction was quenched by adding
saturated aqueous NH4Cl and the product was purified by
silica gel column chromatography to give 6 (colorless oil;
200 mg; 90%) as an inseparable mixture of two geometrical
isomers. IR (neat) 3338 (OH), 2920, 1491, 1015, 804 cm™';
MS mfz (%) 228 (M, 75), 230 (29), 124 (100), 92 (17),
91 (49). Caled for C;1H;3CIOS: M, 228.0374. Found:
mfz 228.0366. '"H NMR: Z-6, 1.69 (1H, t, J=6.0 Hz,
OH), 2.20 (3H, s), 2.34 (3H, s), 4.41 (2H, d, J=6.4 Hz),
7.15 (2H, d, J=8.0 Hz), 7.25 (2H, d, J = 8 Hz). E-6, 1.69
(1H, t, J=6.0 Hz, OH), 2.10 (3H, s), 2.34 (3H, s), 4.52
(2H, d, J=6.1 Hz), 7.15 (2H, d, J = 8.0 Hz), 7.26 (2H, d,
J =38 Hz).

7. The structure of the allylic alcohol 6 was determined from
the corresponding sulfoxide. The hydrogen on methyl
group cis to a sulfoxide group always showed lower ¢
value in '"H NMR compared to those of the trans to a
sulfoxide group: Satoh, T.; Kaneko, Y.; Yamakawa, K.
Bull. Chem. Soc. Jpn. 1986, 59, 2463; Satoh, T.; Takano, K.;
Ota, H.; Someya, H.; Matsuda, K.; Koyama, M. Tetra-
hedron 1998, 54, 5557.

8. Nokami, J.; Kataoka, K.; Shiraishi, K.; Osafune, M.;
Hussain, 1.; Sumida, S. J. Org. Chem. 2001, 66, 1228.

9. Bordwell, F. G. Acc. Chem. Res. 1988, 21, 456.



	First example of the Mislow - Braverman - Evans rearrangement retaining the sulfur atom on the original carbon
	References and notes


