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Diastereoselective Aza-Mislow-Evans Rearrangement of N-Acyl-
tert-Butanesulfinamides into a-Sulfenyloxy Carboxamides

Fan Tang,™  Yun Yao, Yan-Jun Xu,®™ and Chong-Dao Lu* "]

Abstract: A diastereoselective [2,3]-rearrangement of O-silyl N-
sulfinyl N,O-ketene acetals derived from chiral N-acyl-tert-
butanesulfinamides was  developed, giving a-sulfenyloxyl
carboxamides with excellent enantioselectivities. Enolization and
subsequent silylation of N-acyl-tert-butanesulfinamides initiate the
aza-variant of Mislow-Evans rearrangement, in which the chirality of
the sulfur in the rearrangement precursors is faithfully transferred to
the a-carbon stereocenter of the products. Ellman's sulfinamide,
often used as a chiral ammonia equivalent, can serve in this
rearrangement as a chiral precursor for the asymmetric synthesis of
a-oxygen-functionalized carboxamides.

[2,3]-Sigmatropic  rearrangement is a fundamental
transformation in organic synthesis. Mislow-Evans
rearrangement,!’ also known as Mislow-Braverman—Evans
rearrangement,lz] is a reversible [2,3]-sigmatropic rearrangement
involving conversion between an allylic sulfoxide and sulfenate
ester, in which the reaction is generally shifted toward the
sulfoxide. Sulfoxide—sulfenate rearrangement in the presence of
a thiophile leads to S—-O bond cleavage of the sulfenate ester,
generating allylic alcohols (Scheme 1a). This process has been
used to diastereoselectively construct allylic alcohol subunits in
bioactive complex molecules such as (-)-doxycycline.”! Recent
studies of Mislow—Evans rearrangement have focused on
incorporating the rearrangement into sequential
transformations, thereby expanding synthetic applications.” In
addition, replacing the sulfoxide oxygen with a functionalized
nitrogen atom has expanded the substrate scope to include
allylic  sulfimides.” However, relatively few sigmatropic
rearrangement reactions involving sulfinamides have been
reported,” in contrast to widespread ‘use of rearrangements
involving functionalized allylic sulfoxides.

Here we report an unprecedented [2,3]-rearrangement of N-
acylsulfinamides. We envisioned that enolization and
subsequent silylation of N-acyl sulfinamides'® would afford O-
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Scheme 1. [2,3]-Rearrangement of N-Acyl-tert-Butanesulfinamides via O-Silyl
N-Sulfinyl N,O-Ketene Acetal Intermediates.

silyl N-sulfinyl N,O-ketene acetal intermediates that could
undergo [2,3]-rearrangement and provide a-sulfenyloxy
carboxamides (Scheme 1b). This transformation can be viewed
as an aza-variant of the Mislow-Evans rearrangement, and its
path to ketene acetal formation is reminiscent of the well-known
Ireland-Claisen rearrangement,’” in which a silyl ketene acetal
derived from an allylic ester undergoes an oxa-variant of the
Cope  [3,3]-rearrangement. In the aza-Mislow-Evans
rearrangement proposed here, the chirality of the sulfur in the
sulfinyl group is transferred to the a-position of the carboxamide
products; subsequent cleavage of the S-O bond vyields
enantioenriched a-hydroxyl carboxamides (Scheme 1b). In this
way, carboxamides are a-hydroxylated asymmetrically without
the need for oxidant!" The chiral sulfinyl group in the
rearrangement precursors serves as a potential hydroxyl group,
and the sulfinyl group can be conveniently introduced into
rearrangement precursors by using chiral sulfinamides as
starting materials. Ellman’s tert-butanesulfinamide,”""! commonly
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used as a chiral ammonia equivalent, was chosen for our
experiments because of its low molecular weight and low cost,
and because both enantiomers can easily be obtained on the kg
scale. This facilitates economical installation of an a-sulfenyloxyl
functional group in the R or S configuration.

We initially examined the feasibility of the rearrangement
using N-allyl-N-acyl-(Rs)-sulfinamide 1a. Deprotonation of 1a
with lithium hexamethyldisilazide (LiIHMDS) at -78 °C and
subsequent silylation at -35 °C with chlorotrimethylsilane
(TMSCI) led to the proposed rearrangement (Scheme 2).
Workup with aqueous ammonium chloride afforded the
rearrangement product a-sulfenyloxy carboxamide 2a in 90%
yield with an enantiomeric ratio of 97:3. For reproducible results,
TMSCI had to be added to the reaction at -35 °C, and this
temperature had to be maintained throughout the reaction. In
contrast, when TMSCI was added to the reaction mixture at —78
°C and the reaction mixture was warmed quickly to room
temperature, substantial byproducts sometimes formed. These
byproducts may have arisen through competitive intermolecular
nucleophilic addition of the lithiated enolate intermediate to the
sulfinyl group of another N-acyl-sulfinamide before its
silylation.l'? In the absence of silylation reagent, the reaction
afforded no rearrangement product, even at room temperature.
Replacing LIHMDS with NaHMDS or KHMDS resulted in low
isolated yield and obvious byproduct formation. Swapping the
allyl substitution on the nitrogen atom of 1a to benzyl (Bn) or
para-methoxyphenyl (PMP) did not interfere with intramolecular
rearrangement, affording the corresponding products 2b and 2c
in high vyields and excellent enantiomeric ratios. The
rearrangement precursor of N-phenylacetyl-sulfinamide 1d also
led to highly efficient transformation with 74% vyield and an
enantiomeric ratio of 99:1. Gram-scale preparation of 2d gave
good vyield of 80% while slightly decreasing enantioselectivity
(~97:3 er). The structures of 2a-d were confirmed using single-
crystal x-ray diffraction analysis.I" The absolute configuration of
2a and 2b was assigned as (2R) based on x-ray
crystallography,[" and that of 2d was also assigned as (2R)
based on comparison between the optical rotation of the S-O
bond cleavage product of 2d and the optical rotation of the
synthetic a-hydroxyl amide sample prepared from (R)-mandelic
acid.

1) 1.2 equiv LIHMDS, THF, -78 °C, 15 min

0 then ~35 °C, 10 min 0
R\)J\N'R 2) 2.0 equiv Me3SiCl, =35 °C, 30 min R2R
| :
o=S Rs quenched with sol. NH4ClI tBu\S,é Il?'

1a (R = Me, R' = allyl)
1b (R = Me, R' = Bn)
1c (R = Me, R' = PMP)
1d (R = Ph, R' = PMP)
(PMP = 4-MGOC6H4)

2a (90% vyield, 97:3 er)
2b (88% yield, 97.5:2.5 er)
2c¢ (96% yield, 99:1 er)
2d (74% yield, 99:1 er)

Scheme 2. Initial Results of Chiral N-Acyl-tert-Butanesulfinamide
Rearrangement via O-Silyl N-Sulfinyl N,O-Ketene Acetal Intermediates.
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Table 1. Substrate Scope®®
Entry N-Acyl-tert- Product Yield Enantiomeric
butanesulfinamides (R, (%)™ ratio”
R)
1 1e (4-MeCgH,, PMP) 2e 69 97:3
2 1f (3-MeCsHs, PMP) 2f 91 98.5:1.5
3 1g (2-MeCgH4, PMP) 2g 77 98.5:1.5
4 1h (4-FCg¢H4, PMP) 2h 70 98:2
5 1i (4-CIC¢H4, PMP) 2i 86 97:3
6 1j (4-BrCgH4, PMP) 2j 81 98:2
7 1k (PMP, PMP) 2k 87 95:5
8 11 (Pr, PMP) 2| 83 98:2
9 1m (cyclopropyl, PMP) 2m 89 98.5:1.5
10° 1n (Bu, PMP) 2n 35 95:5
11 10 (Bn, PMP) 20 90 99:1
12 1p (allyl, PMP) 2p 95 98.5:1.5
13¢ 1q (HC=C(CH,)s, PMP) 2q 45 98.5:1.5
14 1r (BnO(CH,)s, PMP) 2r 93 98.5:1.5
15 1s (CICH,(CHy),, PMP) 2s 96 99:1
16°f 1t (MeO,C(CH,),, PMP) 2t 60 99:1
17%¢ 1u  ((Me)PhNC(O)(CHz)2, 2u 53 98:2
PMP)
18 1v (Me, Me) 2v° 88 98:2
19 1w (Me, Ph) 2w 98 99:1
20 1x (Me, 4-MeCgHy) 2x 93 98:2
21 1y (Me, 4-FCgH,) 2y 86 98.5:1.5
22 1z (Me, 2-naphthyl) 2z 85 99:1
23° 1za (Me, 4-MeC(O)C¢H,) 2za" 65 98:2
24' ent-1c (Me, PMP) ent-2c 94 95:5

[a] Reaction conditions: 1 (0.30 mmol) and LiIHMDS (0.36 mmol) in anhydrous
THF (3.0 mL) at -78 °C for 15 min and then -35 °C for 10 min, followed by
addition of chlorotrimethylsilane (0.60 mmol) at —35 °C unless otherwise noted.
PMP = 4-methoxyphenyl. [b] Isolated yield after silica gel chromatography. [c]
Enantiomeric ratios were determined using HPLC and a chiral stationary
phase. [d] Incomplete conversion of the starting material. [e] 2.4 equiv of base
and 4.0 equiv of TMSCI were used in this case. [f] Complete conversion of the
starting material but substantial uncharacterized byproducts were observed.
[g] Yield and enantiomeric ratio refer to the a-hydroxyl product after treatment
of the rearrangement product with P(OMe)s. [h] The acyl group at the para-
position of the phenyl ring was simultaneously converted to silyl enol ether [4-
CH,=C(OTMS)C¢H,)]. [i] The (S)-enantiomer of N-tert-butanesulfinamide was
used.

Next we examined the substrate scope for the
diastereoselective rearrangement of chiral N-acylsulfinamides
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(Table 1). The N-arylacetyl sulfinamides 1e—k bearing ortho-,
meta-, and para-substituted aryl groups (R = Ar) smoothly
underwent rearrangement, giving the corresponding a-
sulfenyloxy carboxamides 2e-k (entries 1-7) in good yields
(69-91%) with excellent enantiomeric ratios (95:5-98.5:1.5).
Reactions of N-acylsulfinamides derived from a-branched
aliphatic acids (entries 8-10, R = 'Pr, cyclopropyl, and 'Bu)
provided rearrangement products 2l-n with good yields and
enantioselectivity (95:5-98:2). The exception was the low yield
(35%) of 2n, which was due to low conversion of substrate 1n
(with a bulky a-substituent) under standard reaction conditions.
Conducting enolization at higher temperatures did not improve
yield of 2n. A range of a-linear alkyl-substituted acylated
sulfinamides containing aryl, vinyl, alkynyl, chloroalkyl, ester, or
amide groups gave generally excellent enantiomeric ratios
(>98:2, entries 11-17). Even single a-sulfenyloxylation of
dicarboxylic derivatives was achieved (entries 16-17),1'"" albeit
in moderate yields. This reaction involved migration of the S-O
moiety loaded onto one of the two carboxylic functionalities (1t
and 1u). Like N-acyl-sulfinamides containing N-ally, benzyl, and
PMP groups (Scheme 2), precursors with N-methyl, phenyl, and
functionalized phenyl groups underwent rearrangement to
construct diverse N-substituted a-sulfenyloxy amides with
excellent enantioselectivities (entries 18-23). Using the (Ss)-
enantiomer of N-acyl-sulfinamides as starting material reversed
the enantiomeric ratio for a-sulfenyloxy amide products. For
example, the rearrangement reaction of ent-1c gave the
enantioenriched (2S)-2c in excellent vyield with good
enantiocontrol (entry 24).

Rearrangement products were subsequently manipulated
(Scheme 3). The common thiophile P(OMe); easily cleaved the
S-0O bond of rearrangement product 2d in methanol at room
temperature, yielding a-hydroxyl amide 3 in 90% yield (eq. 1).

Ph\)J\NH conditions Ph\)f\NH ref 16 ph\/U\

z z Y H (1
tBu.g-O OH PMP CAN
2d (99 1 er) 3 4
P(OMe);, MeOH, rt (90% yield, 98:2 er)
MeMgBr, THF, -78 °C (77% yield, 97.5:2.5 er)
o o}
Me
EV[LNH BnBr, CH3NO,, 70 °C, 10 h Me\:)kNH @
tBu. .0 PMP 76% OH PMP
2c (99:1 er) 5 (99:1 er)
,q  24equivm-CPBA, THF,t 1h Ph\_)J\NH .
99:1 er 85% tBu\S,O
0o
6 (95:5 er)
o)
1.0 equiv m-CPBA, THF
' Ph
g —78°C.20min \:/U\NH @
0 tBu. O PMP
99:1 er 90% §
O 7(~3:1dr)

Scheme 3. Cleavage of the S—O Bond of a-Sulfenyloxy Amides and Oxidation
of tert-Butanesulfenate ester.
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Grignard reagent MeMgBr effectively promoted bond cleavage
at -78 °C (eq. 2). In both cases, enantiomeric ratio was
maintained.'® Under thio-Arbuzov. reaction conditions (BnBr),!"”
the expected a-bromo amide product derived from 2c did not
form; instead, the S—O bond cleavage product 5 was obtained in
76% yield with excellent enantiomeric ratio (eq. 3), indicating
that the secondary alcohol-derived sulfenate ester 2c is
unsuitable for the thio-Arbuzov transformation. Adjustment of
reaction conditions permitted selective oxidation of tert-
butanesulfenate ester 2d to the corresponding sulfonate ester 6
or sulfinate ester 7 (eq. 4).

We rationalize the observed enantioselectivity at the newly-
formed stereocenter as follows. Mislow-Evans rearrangement is
commonly thought to involve 5-membered cyclic endo transition
states.!"® However, a bulky substituent at C-2 in the allylic
system of rearrangement precursors can destabilize the endo
transition state and thereby facilitate exo rearrangement."® We
hypothesize that in this case, rearrangement occurs
preferentially via an exo transition state TS-1 in order to avoid
interactions in the endo transition state TS-2 between the tBu
group on the sulfur with the silyloxyl group at C-2 or with the R
group at C-3 in the 1-aza-allylic system. The (Z)-enolate forms
preferentially over the (E)-enolate because of severe steric
repulsion between the bulky N-substituted sulfinamide group
and the R group at the a-position in the (E)-enolate. This aza-
variant of the Mislow-Evans rearrangement does not suffer the
racemization sometimes observed in the traditional
rearrangement during chirality transfer from sulfur to carbon.
Such racemization arises in the traditional rearrangement
because of its reversibility.”” It does not appear to be a problem
in the aza-rearrangement because quenching the reaction at low
temperature triggers desilylation that quickly transforms O-silyl
imidate to stable carboxamide.?"

R R_2R
R\)J\N/S-,,,,’S< — = NH
R Bu.__O R

l T Ha0"

B - S
tBu tBu, desilylation
-~ 7 5,-_ orS
R _SiMe;
1 N_Rl > | QN\R' S O
3 2 n |
— H N O\‘)\\ R
R O-SiMe; R o) r N
/
(Z2)-enolate Me;Si R
: TS-1 (exo-) ~
ﬁ favored
t
H 0

\S ,—N\
L 3
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BY R OsiMe,
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disfavored

&

Scheme 4. Rationalization of Observed Absolute Stereochemistry.
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In summary, we have developed an aza-variation of the
Mislow-Evans rearrangement that relies on formation of
rearrangement precursors reminiscent of Ireland-Claisen
rearrangement. Enolization and subsequent silylation of chiral N-
acyl-tert-butanesulfinamides  initiate  a [2,3]-sigmatropic
rearrangement with faithful chiral transfer from the sulfur of the
sulfinyl group to the a-carbon of the amide. This rearrangement
efficiently generates a range of a-sulfenyloxy amides with
excellent enantioselectivities, allowing oxidant-free asymmetric
functionalization of carboxamides on the a-oxygen.
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in 81% yield). Subsequent addition of TMSCI to the reaction mixture led
to silylation of the a-hydroxy group of 3.
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Aza-variation of the Mislow-Evans rearrangement that relies on formation of
rearrangement precursors reminiscent of Ireland-Claisen rearrangement was
developed. Enolization and subsequent silylation of chiral N-acyl-tert-
butanesulfinamides initiate a [2,3]-sigmatropic rearrangement with faithful chiral
transfer from the sulfur of the sulfinyl group to the a-carbon of the amide.
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