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Photochemical, metal-free sigmatropic rearrangement reactions
of sulfur ylides

Zhen Yang,” Yujing Guo,” and Rene M. Koenigs*"!
Abstract: Sigmatropic rearrangement reactions constitute one of the
most fundamental reactions of carbenes. While state-of-the-art
synthetic methods require the use of expensive precious metal

~ This work
igmatropic rearrangements

catalysts, the application of visible light for the photolysis of N2 -3 ubstrate scope
a-aryldiazoacetates is much less investigated and provides an Ar
operationally simple entry to carbenes under mild reaction conditions. i perationally simple

Herein, we report on blue light induced sigmatropic rearrangement
reactions of sulfur compounds with a-aryldiazoacetates. This
process, depending on the substitution pattern of the sulfide, opens

up formal insertion reaction of carbenes into S-N, S-C or C-H bonds. EWG
. . . . . . . . . ,2]-si Stevens Sommelet-Hauser
The application of visible light in organic synthesis has received rearrangemen rearrangement rearrangement

tremendous interest in the past decade and has evolved to a
powerful tool to conduct a broad variety of photochemical™ and
photocatalytic®? transformations and enables a rich portfolio of
chemical transformations that is primarily based on radical
chemistry.?®!  Although the photochemical transfer of
electrophilic, electronically unsaturated carbenes is known since
the 1950’s using high-energy UV-light,”! chemical applications
remained scarce due to low-yielding transformations and side
reactions caused by the strong UV-light.*® Only recently,
application of visible light caught the attention of synt
organic chemists®® and a few initial applications by the Davies
group,® He and-coworkers,®™ Lu, Xiao et al.®?
group®® reported on the use of blue light in carben
reactions to conduct cyclopropa(e)nation, X-H
olefination or Doyle-Kirmse rearrangement reaction
The Stevens rearrangement,'” s
ammonium ylides and numerous reports showc,
of this formal insertion reaction into carbon-nitr
ranging from synthetic methodology, total synthe blue light

o]
applications in medicinal chemistry." To date, limit 2 (470 nm) o}
. - —_—
approaches towards Stevens rearrangement reactions of (j)kcozme + N S'Ph PhS N
=
o
1 2

Scheme 1. Photochemica opic rearrangement reactions.

becam trigued in studying metal-free [1,2]-sigmatropic
angement reactions using blue light to generate carbenes
a-aryldiazoacetates (Scheme 1). We initiated our
ations by studying the reaction of phenyl diazoacetate 1
phthalimide 2 under metal-free reaction
irradiation with blue LEDs. We were delighted to
observe th&the S-N insertion product could be isolated in good
yield at ambient temperature and using conventional p.A. grade
solvents und an air atmosphere (Table 1).

1. Reaction Optimization.

ylides with donor-acceptor diazo derivajives have been rep n CO,Me
that are limited to high temperatur 3a

metal catalysts and to formal hete

entry® solvent changes from standard yield
conditions

1 THF - 39%

2 Toluene - 29%

rearrangement proces ighly reactive 3 MeCN - 44%
substrates.""® To the best development of

. . . . 4 DCM - 56%
a highly regioselective StcW@gs rearrangement reactions of

donor-acceptor carbenes is hig demanded and it would pave 5 DCM 5eq.2 85%
the way towar ; actions into carbon-sulfur

centers. 6 DCM 10 eq. 2 89%

7 DCM 5 eq. 2, in the dark no rct.

[a] Reaction conditions: diazoalkane (0.2 mmol) and N-sulfenyl phthalimide (2.0
eq.) were dissolved in 2 mL DCM and irradiated with blue LEDs (470 nm, 3 W)
for 12 h. Yields refer to isolated product.
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Different polar and apolar solvents were compatible and the
reaction product was obtained in moderate yield, only in
chloroform and hexane no reaction was observed. While the
missing reactivity in hexane can be explained by the low
solubulity of N-sulfenyl phthalimide in hexane and thus
dimerization of the a-aryldiazoacetates, the outcome in
chloroform solvent can be rationalized by reaction of the
carbene intermediate with solvent molecules.!"*'® Under optimal
conditions (table 1, entry 6), we were able to isolate the desired
a-mercapto ester 3a in very good yield.""™ In the absence of light,
no reaction was observed (Table 1, entry 7).

With the optimal conditions in hand, we next studied the
applicability of this transformation and studied the reaction of

O ,
N2 1 '
! S __A
Py + N-s /Ao~
Ar EWG Ar
0 /
1 2, 5eq. 4,5 eq.
diazoalkane  N-sulfenyl phthalimides benzylic sulfides
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different a-aryldiazoacetates and N-sulfenyl phthalimides in this
[1,2]-sigmatropic rearrangement reaction. Halogens (3f, 3g, 3h,
3j, 3q, 3u), ethers (3e, 3i, 3s, 3t liphatic (3n, 3o, 3p, 3r)
substituents at the phenyl ring as wi ifferent carbocycles
(3k, 31, 3m) had only little influence on t N outcome and
the product of the [1,2]-rearrangement
95% vyield in case of meta
reaction partners. The

resulted in slightly reduce
which might be

rearrangement pro;
substituents involv

high steric demand of
nt process (3], 3t, 3u).

blue light Y
(470 nm) ArS Ar
— > Ars !
Ar CO,Me
5a-v

[1,2]-sigmatropic rearrangement products

a) [1,2]-sigmatropic rearrangements of sulfenyl phthalimides

O= % o
PhS N Phs_N
(6] R 1)
EWG ‘\/\ CO,Me
=

3a, EWG = CO,Me 85% 3e, R=4-OEt 67%
3b, EWG = COEt 56%  3f R=4-F 75%
3c, EWG =CO.,Bn 87% 3g,R=4-Cl 64%
3d, EWG = CF, norct. 3h,R=4-Br 57%
3i, R=3-OMe 72%
3j, R=2-F 38%

o) o

0]
COzMe

O
PhS N

C02Me COzMe

o)
31, 67% O 3m,74%

b) Stevens rearrangement of benzylic sulfides

PhS ,~=Ph PhS ~=Ph
R
‘ A EWG \/\ C02Me
~ |

3n,R=Me 81% 3r,Rz Me 80% =MeO 43% 5a, EWG = CO,Me 76% 5¢c, R =4-F 64%
30,R=Et 90% 3s, OMe 81% =F 50% 5b, EWG = CO,Et 68% 5d, R = 4-Cl 55%
5e, R =4-Br 71%
5f, R = 3-Cl 80%
59, R =3-MeO 58%
5h, R = 2-Cl 7%
5i, R = 2-F 61%
| S R
S Ph
o Srapn o
< Ph CO,Me Ph CO,Me Ph CO,Me
o)
5j, 67% 5, R=F 40% 5p, 27% 5q, R = 4-NO, 66%
5m, R =Cl 53% 5r, R = 4-Br 56%
5n,R=CN  50% 5s, R = 2-Me 78%
50,R=N0O, 66% 5t, R = 2-Cl 82%
5u, R = 2-Br 50%
5v, R =2,6-Cl, 75%

igmatropic rearrangement reactions. Reaction conditions: sulfide (2 or 4) (5 eq.) and diazoalkane (0.2 mmol) were
EDs (470 nm, 3 W) for 12 h. Yields refer to isolated products.
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To investigate the generality of light-induced N, 470 nm i AR Ar\gR [1,2]-sigmatropic

-Sji I 1 e 2 —_— —___» rearrangement
[1,2]-sigmatropic rearra'ngemfant reac'tlons, We o “SEwe Ph”  EWG PO EWG Stovens reaction
next focused on benzylic sulfides, which would 1 18 9 Sommelet Hauser reaction
provide an entry into the formal insertion carbene free ylide

reaction of a carbene fragment into a C-S bond.
The rearrangement reaction of benzylic

sulfides is particularly challenging (vide supra)
and we were delighted to observe that benzyl
phenyl sulfides 4 and o-aryldiazoacetates
reacted with a perfect chemoselectivity in a
[1,2]-sigmatropic  rearrangement.  Different
substitution patterns with broad functional group tolerance were
tolerated for both coupling partners, including halogens (5¢, 5d,
5e, 5f, 5h, 5i, 51, 5m, 5r, 5t, 5u, 5v), nitro (50, 5q) or nitrile (5n)
functional groups, and the desired Stevens rearrangement
products were isolated as the sole rearrangement product in
yields of up to 80% (scheme 2b) Similarly, different carbocyclic
diazoesters (5j, 5k) were well tolerated and the corresponding
reaction products were isolated in good yield. Notably, even the
sterically demanding 2,6-dichloro substituted benzylic sulfide
reacted smoothly in this sigmatropic rearrangement reaction (5v).
In all reactions, no products of [2,3]-sigmatropic rearrangement
reaction were observed, as it is the case for acceptor-only diazo
derivative.['®

When switching to the a-mercapto ester 6, we observed a switch
from [1,2]-sigmatropic to [2,3]-sigmatropic rearrangement under
otherwise identical reaction conditions. This observation ca
rationalized by ylide formation followed by tautomerization,

N blue light Ph~
o s \’COQEt . )J\Z (470 nm)
Ar EWG DCM
6,5 eq. 1 rt
mercapto ester  diazoalkane formal C-H
ylide
formation
Ar o EWG
Y tautomerization
S CO.Et
Ph @~ "2
S __CO.Et
Ph~ 2
S __CO,Et
Ph~ 2
Br

Scheme 3. Visible ligh
Reaction conditions: dia
2 mL DCM and irradiated

user rearrangement reactions.
ane (0.2 mmol) and 6 (5.0 Eq.) were dissolved in
lue LEDs (470 nm, 3 W) for 12 h. Yields refer

key intermediate

in photochemical rearrangeme

reactions of sulfur ylides
a

Scheme 4. Mechanistic hypothesis of rearrangement reactions of sulfur ylides.

which is a prereq
rearrangement an s (Scheme 3). Finally,
nt a-aryldiazoacetates,

formal ortho C-H

an electrophilic carbene '8 s
reversibly stabilized by solvent
reactive carbene can subsequently
be trapped by sulfur nucleophiles under formation of a free ylide
igtermediate which then undergoes, depending on the
stitution&ttern, different sigmatropic rearrangement
tions (Scheme 4).
mary, we herein report on photochemical rearrangement
s of sulfides with a-aryldiazoacetates. The photolysis of
cetates enables a metal-free access to carbenes
ation of a free ylide intermediate with sulfur-
readily undergo highly chemoselective
rearrangement reactions in up to 95% yield (47 examples). This
photochemical protocol now opens up new and operationally
imale methods for the formal insertion reactions of carbenes
N, S-C or C-H bonds.
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N blue light A ® R sigmatropic rearrangements
)J\Z (470 nm) S o Ar'*S){Ar” i broad substrate scope
Ar EWG - s = |Ar )@\EWG g i chemoselective

Ar—S N o Ar” "EWG | metal-free
diazoalkane free ylide [1,2]-si ‘opic rearr

V
Guo, and Rene M.

A" EWG operationally simple

, metal-free
sigmatropic rearrangement reactions

sulfur ylides
The photolysis of a-aryldiazoacetates enables efficient sigmatropic rearrangement utrur yi

reactions with sulfides. Depending on the substitution pattern of the sulfide
rearrangement products can be obtained under metal-free and operationally simple

conditions in an air atmosphere.
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