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Rhodium-catalyzed insertion of carbenoids into C-H bonds has
developed into a useful and powerful synthetic method.! A number
of total syntheses have been performed taking advantage of this
methodology.?

A unique feature of this reaction, which is also its key advan-
tage, is that no functionality needs to be present at the reactive
center (C-H bond). In addition, formation of a carbon-carbon bond
occurs—pivotal transformation in organic synthesis. However, with
the advantage also comes a challenge—numerous potential reac-
tive sites are commonly present in organic compounds. Conse-
quently, selectivity becomes the central issue in this reaction.

Greater susceptibility of certain C-H bonds for insertion (such
as ethereal or allylic) makes it possible to perform a selective inter-
molecular reaction on some classes of substrates.> More generally,
intramolecular reaction is used to control the selectivity, relying on
conformational restrictions, or, particularly, on the usual over-
whelming preference for formation of five-membered rings.*

We previously reported that carbene C-H insertion on diazo-
sulfone and diazosulfonate substrates, in contrast, leads to prefer-
ential formation of six-membered rings when the sulfonyl group is
incorporated into the forming ring.’ The subsequent report by the
Du Bois group® demonstrated that in case of diazosulfonates this
preference persists on a variety of substrates, even when formation
of a strained system is required. This unusual preference has been
explained by different bond lengths and bond angle around SO,
fragment that favor the six-membered ring geometry, as in case
of the nitrene insertion on similar substrates.”

In our follow-up studies of this reaction, we have uncovered the
tenuous nature of this preference on diazosulfone substrates. Here-
in, we report the result of these studies.

In our initial report,® we identified sulfone 1.1a as the major
product of cyclization of diazosulfone 1. A more detailed analysis
of the reaction mixture revealed the presence of small amounts
of the cis-isomer, 1.1b, as well as five-membered isomers, 1.2a,b.
The difficult separation was further complicated by concurrent
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equilibration of 1.2b to 1.2a during chromatography. Fortunately,
it was found that equilibration of the mixture of 1.2a and 1.2b with
DBU in CH,Cl; at rt provided virtually exclusively 1.2a. Prior equil-
ibration simplified the separation. Curiously, under these equili-
bration conditions the six-membered isomers 1.1a and 1.1b form
a mixture with a close to 1:1 ratio.

We continued by testing other catalysts for this transformation
(Table 1). Doyle’s Rhy(cap)s (rhodium caprolactam), which was
known to amplify C-H insertion selectivity,*” and Du Bois tethered
Rh,(esp),® catalysts proved effective for this transformation, show-
ing results similar to rhodium (II) acetate. Rhy(cap), catalyst was
unreactive at rt or at reflux in dichloromethane, necessitating the
switch to the higher boiling solvent dichloroethane. Unexpectedly,
Rhy(pfb)4 (rhodium(Il) perfluorobutyrate) catalyst leads to reversal
of the usual selectivity, giving primarily the five-membered
products.

We then explored the effect of substitution adjacent to the reac-
tive sites (Table 2). Preparation of the necessary substrates is
shown in Scheme 1 (the characterization data for the substrates
and intermediates are provided!®). Substrates 1, 6, and 7 were pre-
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Scheme 1. Preparation of substrates.
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pared by our previously reported procedure,® with a minor modifi-
cation in case of 7 (switch of the solvent to DMF). Preparation of Figure 1. Stereochemical assignments of the six-membered products.
substrate 8 was achieved by acid-catalyzed Sy1 substitution to
make the sulfide, which was further processed as usual.
Decrease in substitution at the insertion site (substrate 6, Table
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mation of the five-membered products, with only small amounts of o el Oy H HeC
the six-membered sulfone. Notably, use of Rhy(pfb), made the Ha, SZ\Hb C(Ha)s Ha 52\ b/ C(Ha)z
preference for the five-membered ring complete, also greatly \COOEt N\ "COOEt
improving the yields of the product. Hy b He H,! My He
~ Less expectedly, substitution next to sulfone center would also 12a Jee= 10Hz 6.2a Jee= 10.5Hz
increase the fraction of the five-membered products. Monomethyl L . 0
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substitution (substrate 7, Table 2) leads to formation of close to ab, b-a 1.8% a-b, b-a 1.3%
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CH,Cl,, rt; D—Rhy(0AC),, (CH,Cl),, reflux; E—Rhy(pfb),, (CH,Cl),, reflux.” The structural and stereochemical assignments of the products

Isolated yields, combined for both diastereomers. have been performed on the basis of their interconversion, 'H, '3C,
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COSY, DEPT, and 1D NOE difference spectra (the characterization
data for the cyclization products are provided!©).

The relative configuration of stereocenters in 1.1b was assigned
on the basis of the coupling constants between H;, and H. (Fig. 1).
Smaller coupling constant and appearance of another coupling
constant to H, (confirmed by COSY) indicate the equatorial posi-
tion of Hy. Similarly, diaxial arrangement of H, and H. is estab-
lished in 7.1a, while indicating the cis-arrangement in 7.1b.
Bidirectional NOE correlation between H, and Hy, established the
configuration of the B-center. While formation of the cis-isomer
of 8.1a appeared to occur in the reaction of 8 (by presence of char-
acteristic peaks in the crude spectra), it appeared to recede after
equilibration, and only 8.1a was isolated. It has been verified that
8.1a does not change upon treatment with DBU, unlike 1.1a and
7.1a, which produces mixtures of cis- and trans-isomers. This
could be explained by unfavorable diaxial interaction with the
methyl group that would be present in the cis-isomer of 8.1a,
but not in 1.1b and 7.1b.

All five-membered products were isolated as single isomers
after equilibration.

They all show similar patterns of chemical shifts and NOE cor-
relations between protons. They have been assigned trans-config-
uration on the basis of NOE data and coupling constants.
Observed NOEs and their relative intensities are consistent with
the proposed structures, while several disagreements can be found
with the cis-isomers. Additionally, the large coupling constant
(10 Hz) between H, and H, in 1.2a (H. and H. in 6.2a, Hq and Hy,
in 7.2a, H. and H in 8.2a) indicates a dihedral angle that is close
to either 0° or 180°. Weak NOE correlations between these hydro-
gens suggest against the small dihedral angle that would force
these hydrogens to a proximity. For 7.2a, relative configuration
of the C5 center was unambiguously confirmed by a bidirectional
NOE between Hj, and Hgq.

In summary, C-H insertion on the alkylsulfonyl diazoacetate
substrates has demonstrated a sensitive nature of the earlier dis-
covered preference for formation of six-membered rings. Substitu-
tion next to sulfone was found to tilt it toward the formation of
five-membered sulfones. Unexpectedly, same influence is also ex-
erted by Rhy(pfb), catalyst. This permits a degree of control over
the reaction outcome to form either thiofuran or thiopyran 1,1-
dioxides, both of which are useful intermediates in synthesis.

Further studies of this reaction will be reported in due course.
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compound (1 equiv, 0.1-1 mmol) in CH,Cl, (or CICH,CH,Cl, 2 ml/mmol) was
added atrt (or reflux) over a period of 1 h using a syringe pump. Upon completion
of the addition, the reaction mixture was stirred at rt for additional 8 h. The
volatiles were removed under reduced pressure. The crude reaction mixture was
separated on silica column (ethyl acetate-hexanes, 0-40%). Typically, it was
possible to divide the mixture into three parts—the unpolar decomposition
products, mixture or various cyclization products, and the more polar six-
membered trans-isomer. In some cases, isolation of the cis six-membered
product was also possible. The incompletely separated mixture of the cyclization
products was dissolved in CH,Cl, and treated with 1 eqiv of DBU for 24 h. HCI
(1 M) was added, and the reaction mixture was stirred for 15 more minutes. The
layers were separated, aqueous layer was washed with CH,Cl,, and the combined
organic layers were dried and concentrated. The chromatography on silica
column (ethyl acetate-hexanes, 0-40%) at this point permitted to isolate the
trans five-membered product, cis six-membered product, and additional amount
of the trans six-membered product, formed by equilibration from the cis-isomer.
Physical data for compounds: Compounds 1, 1.1a, and 3 have been previously
reported. 'H and '>C for 3 are provided as they do not appear to have been
reported.

Ethyl 2-(butylsulfonyl)acetate (3): colorless oil, "H NMR (500 MHz, CDCl5): &
4.26 (q,] = 7 Hz, 2H), 3.94 (s, 2H), 3.22-3.26 (m, 2H), 1.81-1.88 (m, 2H), 1.49 (q,
J=7.5Hz, 2H), 1.31 (t, J=7 Hz, 3H), 0.97 (t, J= 7.5 Hz, 3H). '3C NMR (CDCls,
125 Mhz): 5 163.3, 62.8, 57.5, 53.5, 24.0, 21.8, 14.1, 13.6.

Ethyl 2-(hexan-2-ylsulfonyl)acetate (4): pale yellow oil, '"H NMR (500 MHz,
CDCls): 6 427 (q,] = 7 Hz, 2H), 3.99 (d, ] = 14.5 Hz, 1H), 3.94 (d, ] = 14.5 Hz, 1H),
3.35-3.43 (m, 1H), 1.99-2.07 (m, 1H), 1.52-1.66 (m, 2H), 1.47 (d,] = 6.5 Hz, 3H),
1.30-1.45 (m, 6H), 1.42 (t, J = 6.5 Hz), 1.33 (t, J = 7 Hz), 0.94 (t, ] = 7 Hz, 3H). 13C
NMR (CDCl3, 125 MHz): 6 163.3, 62.8, 58.2,55.2, 28.8, 28.3,22.6, 14.2, 14.0, 12.9.
HRMS (ESI) calcd for CioH24NO4S [M+NH,4] 254.1420, found 254.1404.

Ethyl 2-(2-methylhexan-2-ylsulfonyl)acetate (5): pale yellow oil, 'H NMR
(500 MHz, CDCl3): 6 4.28 (q, J=7 Hz, 2H), 3.94 (s, 2H), 1.76-1.81 (m, 2H),
1.30-1.46 (m, 13H), 1.40 (s), 1.33 (t, J=7 Hz), 0.93 (t, J=7 Hz, 3H). '*C NMR
(CDCl3, 125 Mhz): § 162.9, 65.3, 62.8, 53.3, 35.0, 26.1, 23.3, 20.7, 14.2, 14.1.
HRMS (ESI) calcd for C;1H6NO4S [M+NH,] 254.1577, found 254.1609.

Note: The signal for the diazo carbon was not observed in '3C for any of the
diazocompounds, possibly due to quadrupole broadening. IR spectra showing
the diazo stretch (~2130 cm™!) are provided for diazo compounds.

Ethyl 2-(butylsulfonyl)diazoacetate (6): yellow oil, 'TH NMR (500 MHz, CDCls): &
4.33(q, J=7Hz, 2H), 3.35-3.43 (m, 2H), 1.77-1.86 (m, 2H), 1.48 (q, J=7.5Hz,
2H), 1.33 (t, J = 7 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H). '3C NMR (CDCls, 125 MHz): 6
160.3, 62.7, 56.6, 24.8, 21.5, 14.5, 13.7. IR (neat, cm™!): 2129, 1714, 1467.
Ethyl 2-(hexan-2-ylsulfonyl)diazoacetate (7): yellow oil, '"H NMR (500 MHz,
CDCl3): ¢ 4.33 (q, J=7Hz, 2H), 3.44-3.51 (m, 1H), 1.98-2.06 (m, 1H), 1.56-
1.65 (m, 1H), 1.44-1.52 (m, 1H), 1.42 (d,J = 7 Hz, 3H), 1.31-1.40 (m, 6H), 1.34 (t,
J=7Hz), 0.94 (t, ] = 7 Hz, 3H). '3C NMR (CDCls, 125 MHz)): 6 160.4, 62.7, 61.7,
28.8,28.7,22.6, 14.5, 14.0, 13.2. IR (neat, cm™'): 2127, 1714, 1463.

Ethyl 2-(2-methylhexan-2-ylsulfonyl)diazoacetate (8): yellow oil, 'H NMR
(500 MHz, CDCl3): 6 432 (q, J=7 Hz, 2H), 1.77-1.81 (m, 2H), 1.31-1.46 (m,
13H), 1.41 (s), 1.32 (t,J = 7 Hz), 0.94 (t, ] = 7 Hz, 3H). '>*C NMR (CDCl5, 125 MHz):
5 160.4, 69.0, 62.6, 34.9, 26.2, 23.4, 20.9, 14.5, 14.1. IR (neat, cm™~1): 2125, 1727,
1465.

cis-Ethyl  tetrahydro-3-methyl-2H-thiopyran-1,1-dioxide-2-carboxylate ~ (1.1b):
white flaky solid, mp 36-37 °C, 'H NMR (500 MHz, CDCls): 6 4.27 (qd, J=7,
1Hz, 2H), 3.77 (dd, J = 4.5, 3 Hz, 1H), 3.56 (td, J = 13, 5 Hz, 1H), 2.93 (dq, ] = 14,
3 Hz, 1H), 2.50-2.59 (m, 1H), 2.04-2.16 (m, 2H), 1.84 (qd, J = 13, 5 Hz, 1H), 1.55-
1.65 (m, 1H; overlapped with water peak), 1.33 (t,J =7 Hz, 3H), 1.06 (d,J = 7 Hz,
3H). '*C NMR (CDCls, 125 MHz): 6 166.3 (C), 70.1 (CH), 62.4 (CH,), 48.0 (CH,),
34.4 (CH), 26.7 (CH,), 23.3 (CH,), 19.8 (CH3), 14.3 (CH3). HRMS (ESI) calcd for
CoH2oNO,4S [M+NH,4] 238.1107, found 238.1095.

trans-Ethyl tetrahydro-3-ethylthiophene-1,1-dioxide-2-carboxylate (1.2a): pale
yellow oil, 'TH NMR (500 MHz, CDCls): 6 4.25-4.48 (m, 2H), 3.58 (d, J = 10 Hz,
1H), 3.28 (ddd, J =13, 7, 2 Hz, 1H), 3.10 (td, J = 13, 7 Hz, 1H), 2.68-2.77 (m, 1H),
2.35-2.42 (m, 1H), 1.76-1.86 (m, 1H), 1.60-1.69 (m, 1H), 1.49-1.56 (m, 1H),
1.34 (t,J =7 Hz, 3H), 0.97 (t,] = 7.5 Hz, 3H). '3C NMR (CDCls, 125 MHz): § 165.8
(C), 70.9 (CH), 62.9 (CH,), 52.9 (CH,), 41.7 (CH), 27.4 (CH,), 26.3 (CH,), 14.3
(CH3), 11.5 (CH3). HRMS (ESI) calcd for CoHi7,04S [M+H] 221.0842, found
221.0854, CoHoNO4S [M+NH,4] 238.1107, found 238.1121.

Ethyl tetrahydro-2H-thiopyran-1,1-dioxide-2-carboxylate (6.1): pale yellow oil, 'H
NMR (500 MHz, CDCl5): 6 4.24-4.34 (m, 2H), 3.85 (ddd, J = 6.5, 4.5, 2 Hz, 1H),
3.45 (ddd, J = 14,9, 4.5 Hz, 1H), 2.95-3.02 (m, 1H), 2.26-2.39 (m, 2H), 2.07-2.17
(m, 2H), 1.89-1.98 (m, 1H), 1.57-1.65 (m, 1H), 1.33 (t, J= 7 Hz, 3H). '3C NMR
(CDCl3, 125 MHz): § 166.1 (C), 65.2 (CH), 62.6 (CH,), 51.1 (CH,), 28.1 (CH,), 24.3
(CH,), 20.1 (CHy), 14.2 (CHs3). HRMS (ESI) calcd for CgHygNO4S [M+NH,]
224.0951, found 224.0951.

trans-Ethyl tetrahydro-3-methylthiophene-1,1-dioxide-2-carboxylate (6.2a): white
flaky solid, mp 42-44 °C, 'TH NMR (500 MHz, CDCls): 6 4.25-4.39 (m, 2H), 3.52
(d, J=10.5 Hz, 1H), 3.31 (ddd, J =13, 7, 1.5 Hz, 1H), 3.13 (td, J= 13, 7 Hz, 1H),
2.76-2.87 (m, 1H), 2.30-2.36 (m, 1H), 1.82 (qd, J = 13, 7 Hz, 1H), 1.34 (t,] = 7 Hz,
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3H), 1.22 (d, J = 6.5 Hz, 3H). '*C NMR (CDCls, 125 MHz): 6 165.1 (C), 72.3 (CH),
62.9 (CHy), 53.4 (CHy), 35.2 (CH), 28.7 (CH3), 19.2 (CH3), 14.3 (CHs). HRMS (ESI)
caled for CgHysNO4S [M+H] 207.0686, found 207.0695; CsHi4NO4NaS [M+Na]
229.0505, found 207.0515.

(2R,3R,6R)-Ethyl tetrahydro-3,6-dimethyl-2H-thiopyran-1,1-dioxide-2-carboxylate
(7.1a): white solid, mp 102-103 °C, '"H NMR (500 MHz, CDCl3): 6 4.33 (qd,
J=7, 4Hz, 2H), 3.51 (d, J =12 Hz, 1H), 2.87-2.96 (m, 1H), 2.52-2.60 (m, 1H),
1.88-1.99 (m, 3H), 1.38 (d, J = 6.5 Hz, 3H), 1.27-1.36 (m, 4H), 1.34 (t, = 7 Hz),
1.03 (d, ] = 6.5 Hz, 3H). '*C NMR (CDCls, 125 MHz): 6 163.8 (C), 73.0 (CH), 62.6
(CH,), 57.6 (CH), 34.8 (CH), 33.1 (CHy), 31.4 (CH>), 19.9 (CH3), 14.4 (CHs), 10.9
(CH3). HRMS (ESI) calcd for C1oH25NO4S [M+NH,] 252.1264, found 252.1255.
(25,3R,6R)-Ethyl tetrahydro-3,6-dimethyl-2H-thiopyran-1,1-dioxide-2-carboxylate
(7.1b): white solid, mp 77-78°C, 'H NMR (500 MHz, CDCl5): & 4.27 (q,
J=7Hz, 2H), 3.83 (d, J=4.5Hz, 1H), 3.60-3.68 (m, 1H), 2.51-2.59 (m, 1H),
1.81-2.02 (m, 3H), 1.55-1.61 (m, 1H; overlapped with water peak), 1.35 (d,
J=7Hz, 3H), 1.33 (t, J=7Hz, 3H), 1.06 (d, J=7 Hz, 3H). >*C NMR (CDCls,
125 MHz): 6 166.4 (C),70.0 (CH), 62.3 (CH,), 52.7 (CH), 34.7 (CH), 31.6 (CH,),
27.7 (CHy), 19.7 (CHs), 14.3 (CH3), 10.7 (CH3). HRMS (ESI) calcd for C1I0H19NO4S
[M+H] 235.0999, found 235.1014.

(2S,3S,5R)-Ethyl  tetrahydro-3-ethyl-5-methylthiophene-1,1-dioxide-2-carboxylate
(7.2a): pale yellow oil, 'TH NMR (500 MHz, CDCls): 6 4.25-4.37 (m, 2H), 3.57

(d,J=10Hz, 1H), 3.14-3.24 (m, 1H), 2.60-2.70 (m, 1H), 2.37 (dt, J= 13, 6.5 Hz,
1H), 1.55-1.64 (m, 1H; overlapped with water peak), 1.42-1.52 (m, 2H), 1.39 (d,
J=6.5Hz, 3H), 1.34 (t, J=7Hz, 3H), 0.94 (t, J=7 Hz, 3H). 3C NMR (CDCls,
125 MHz): 6 166.1 (C), 70.7 (CH), 62.9 (CH,), 58.6 (CH), 39.2 (CH), 34.5 (CH,),
27.6 (CHy), 14.3 (CH3), 11.4 (CHs), 11.1 (CH3). HRMS (ESI) calcd for C;oH2>NO4S
[M+NH,4] 252.1264, found 252.1250.

trans-Ethyl tetrahydro-3,6,6-trimethyl-2H-thiopyran-1,1-dioxide-2-carboxylate (8.1a):
pale yellow oil, "H NMR (500 MHz, CDCls): § 4.30-4.37 (m, 2H), 3.73 (d, J = 12 Hz,
1H), 2.52-2.61 (m, 1H), 2.16-2.23 (m, 1H), 1.71-1.77 (m, 2H), 1.44-1.51 (m, 4H),
1.47 (s), 140 (s, 3H), 1.34 (t, ] = 7 Hz, 3H), 1.03 (d, ] = 6.5 Hz, 3H). '*C NMR (CDCl5,
125 MHz): 6 164.1 (C), 67.8 (CH), 62.6(CH,), 59.0 (C), 36.5 (CH,), 34.8 (CH), 28.7
(CHy), 21.5 (CH3), 21.1 (CH3), 20.0 (CH3), 144 (CHs3). HRMS (ESI) calcd for
C11H24NO4S [M+NH,] 266.1421, found 266.1411.

trans-Ethyl tetrahydro-3-ethyl-5,5-dimethylthiophene-1,1-dioxide-2-carboxylate
(8.2a): pale yellow oil, 'TH NMR (500 MHz, CDCls): & 4.26-4.37 (m, 2H), 3.61 (d,
J=9.5Hz, 1H), 2.73-2.82 (m, 1H), 2.10 (dd, J = 13, 6.5 Hz, 1H), 1.73 (t, J= 13 Hz,
1H), 1.48-1.55 (m, 2H; overlapped with water peak), 1.42 (s, 3H), 1.44 (s, 3H), 1.34
(t,J =7 Hz, 3H),0.92 (t,] = 7.5 Hz, 3H). '*C NMR (CDCls, 125 MHz): 4 166.4 (C), 71.3
(CH3), 62.8 (CHy), 62.3(C), 41.5 (CHy), 37.2 (CH), 28.1 (CHy), 22.1 (CHs), 21.5 (CHs),
14.3 (CH3), 11.6 (CH3). HRMS (ESI) caled for C11H2:NO4S [M+H] 249.1155, found
249.1176; C;1H24NO,4S [M+NH,4] 266.1421, found 266.1441.



