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Reduction of Carbon Dioxide to Give Unstable Carbon Oxides.
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Synopsis. Capture of unstable carbon oxides formed by
the reduction of carbon dioxide (COz) with benzoin carbanion
using phenyliodonium bis(phenylsulfonyl)methylide (1) was
tried. In this reaction decomposition of the ylide 1 by the
unstable carbon oxides was observed to give phenylsulfonyl-
carbene : CH(SO:Ph).

The reaction of COg is receiving much attention in
view of the use of resources. In most of many reactions
of CO; reported, CO2 combines with organic com-
pounds keeping COz unit to give carboxylic acids, car-
bonates, lactones, carbamates, substituted 5(2H)-
oxazolones, and substituted 2-oxazolidinones as des-
cribed in the preceding papers.)) In a previous paper?
of this study, a hypothesis that COq can be converted to
unstable carbon oxides by the reduction with mild
reducing reagent such as benzoin carbanion and that the
unstable carbon oxides formed have special reactivities,
has been proposed. The preceding papers have shown
that the reduction products of CO2 with benzoin carban-
ion, which was formed using LDA, had special reactivi-
ties with sydnones,® and that carbon atom of unstable
carbon oxides was captured by sodium dithionites.?

Unstable carbon oxides formed by the reduction of
CO. with benzoin carbanion was considered to have the
structure : C£C3 C=0.1  Various sorts of unstable car-
bon oxides such as C20,% C30,% C,0,9 and CsO®
have been reported to have the structure : C<£C3 C=0.1
Since unstable carbon oxides are considered to have
carbene and cumulene structures, it seems to be prefera-
ble to use substances having ability to eject carbene in
order to capture such carbon oxides. Recently, it has
been reported that phenyliodonium bis(phenylsulfonyl)-
methylide PhI*-C~ (SO2Ph); (1) are able to eject car-
bene under mild conditions.” In the present report it
will be shown that unstable carbon oxides formed by the
reduction of CO; with benzoin carbanion show specific
reaction behavior to phenyliodonium bis(phenylsulfo-
nyl)methylide (1).

Results and Discussion

Benzoin carbanion was formed by the reaction of
benzoin with lithium metal (see Experimental).®)  After
treating of the THF solution of benzoin carbanion with
CO; gas, the ylide 1 was added to this solution and the
products were separated as described in Experimental.
In this reaction mixture, besides benzoin, benzil, hydro-
benzoin, and lithium benzoate, the insertion products of
the carbene derived from the ylide 1 to benzoin were
observed. The insertion products consisted of two iso-
mers. Because of close Ry values of two isomers, rela-
tively low solubilities, and a little instabilities of these

isomers,! separation of two isomers were unsuccessful.
However, analyses of a mixture of two isomers and
trimethylsilylation and acetylation of these two isomers
showed that the mixture consisted of isomer 2 and 3
(vide infra).

Mass spectroscopy indicated following peaks; m/z
366 (M*, rel intensity 3), 259 (M* —CH(OH)Ph, 58),
125 (PhSO, 13), 118 (CHC(O)Ph, 31), and 105 (PhCO,
100). Measurement of molecular weight by means of
vapor phase osmometry also showed that molecular
weight of the mixture was 366. IR spectrum of the
mixture indicated the absorptions at 3475 (OH), 1683
(C=0), 1302 and 1153 (SOg), 1083 (C-0), 746 and 700
cm~! (Ph).

IHNMR spectrum of the mixture of two isomers
indicated that the isomer 2 had signals at 7.0—8.0 ppm
(Ph), 5.85—5.89 ppm (two doublets combined to give a
triplet, HC(OH)(Ph) for two diastereomers of 2), 4.30—
4.51 ppm (two doublets, HC(SO2Ph) for two diastereo-
mers of 2). Double irradiation at 5.85—5.89 ppm con-
verted two doublets at 4.30—4.51 ppm into two singlets.
ITHNMR spectrum of the mixture also indicated that
isomer 3 had signals at 7.0—8.0 ppm (Ph) and 4.25—
4.29 ppm (5,19, CHaSO2Ph). Double irradiation tech-
nique for this case did not give any change in this
apectrum.

1BCNMR of the two isomers were assigned reason-
ably as following (absorptions for phenyl groups appear
at 124—141 ppm)

i
Ph-C-CH(SOzPh)-CH(OH)Ph 2
197.2 74.6 76.7 and 76.6 ppm

]
Ph-C-C(OH)Ph-CH,SO:Ph 3

197.2 82.2 59.5 ppm

Trimethylsilylation of a mixture of 2 and 3 using
trimethylchlorosilane, hexamethyldisilazane, and pyri-
dine gave a rearranged silylated compound and a small
amount of decomposition product, in addition to
silylated products of 2 and 3. R, values of two silylated
products of 2 and 3 were almost same and that of a
rearranged silylated compound was slightly smaller than
those of two silylated products of 2 and 3. It was
impossible to isolate the silylated product of 2 and 3
from a mixture of these compounds having similar Rt
values by TLC or HPLC. Acetylation of a mixture of
2 and 3 by a mixture of acetic anhydride and pyridine
showed disappearance of 1H NMR absorption at 4.30—
4.51 and 5.85—5.89 ppm, which are attributed to those
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of isomer 2 (vide ante), and appearrance of tH NMR
absorption (singlet) at 6.72 ppm. Presumably the iso-
mer 2 was dehydrated to give an olefin. By this acety-
lation the isomer 3 was converted to an acetylated
product which showed 'H NMR absorption at 4.29 ppm
(2H, CH2SO2Ph) and 2.2 ppm (3H, CH3CO). Unfor-
tunately R; values of an acetylated product of 3 and this
decomposition product of 2 were almost same. There-
fore, isolation of the acetylated product of 3 from this
mixture by means of TLC or HPLC was impossible.
However, this acetylation experiment indicated that
IH NMR absorptions at 4.30—4.51 and 5.85—5.89 ppm
can be attributed to one isomer 2 and a singlet at 4.25—
4.29 ppm can be attributed to another isomer 3.

Yields of 2 and 3 were 10 and 8 mol% based on ylide 1
used, respectively. Although the yields of the products
2 and 3 are relatively low, formation of 2 and 3 indicates
that unstable carbon oxides formed by the reduction of
COs with benzoin carbanion decomposes ylide 1 to give
a carbene and the carbene formed inserts to benzoin to
give 2 and 3.

One might suppose that ylide 1 is decomposed by the
compounds which is present in the solution. In order
to exclude this possibility, six sorts of control experi-
ments were undertaken. The reactions of ylide 1 with
following six mixtures were carried out at room temper-
ature for 0.5 h. (a) Benzoin and THF; (b) Benzoin, Li,
and THF; (c) Benzoin, benzaldehyde, and THF; (d)
Benzoin, hydrobenzoin (see Experimental), THF; (e)
Benzoin, benzil, and THF; (f) Benzoin, lithium benzo-
ate, lithium carbonate, and THF. These six experi-
ments gave only disulfone CHz(SO2Ph)2 but did not give
product 2 and 3. Presumably ylide 1 abstracts hydro-
gen atom from THF to give disulfone. In the control
expertiments the ylide 1 was remained as a powder at
first and gradually dissolved in the THF solution by the
reaction with THF in 0.5 h. On the other hand, ylide 1
decomposed in a few minutes when 1 was added to the
solution containing reduction products of COz. These
control experiments exclude the possibility that com-
pounds in the solution other than reduction products of
CO; (Cx0,) decompose the ylide 1. Therefore, it is
probable that C;O, decompose the ylide 1.

Reaction scheme is tentatively shown as following.

O OLi
] [ co,
Ph-C-CH(OH)Ph + 2Li —> Ph-C-C-Ph——C,0, (1)
C.O, + PhI*-C~(SOzPh); —> PhI*-C~(SO;Ph) )
1
+H
PhI*-C*(SO2Ph) —— ———: CH(SO:Ph) 3)
from THFor -OH

C-H insertion
Benzoin +: CH(SOzPh) —— 3 4)

(I)-
Benzoin +: CH(SO:Ph) —> Ph-C-CH(OH)Ph—2  (5)

HC(SOzPh)

Such a characteristic decomposition reaction of 1 has
not been reported.” Forbus et al. have reported the
preference of CyO for attack on oxygen over C-H
insertion.®® In preceding paper carbon atom of unsta-
ble carbon oxide was captured by sulfur atom.! The

NOTES

2017

fact that CxO, showed characteristic behavior to syd-
nones?® can be explained by similar tendency of them.
Presumably such a tendency of a preferential attack of
C,0, on heteroatom such as sulfur atom over carbon
atom of the ylide brings about elimination of a sulfonyl
group as shown in the reaction (2). Although phenyl-
sulfonylcarbene is considered to be formed as shown in
reaction (3), detailed interpretation of this reaction can
not be given in the present stage of this study. Inser-
tion of phenylsulfonylcarbene to C-H bond of benzoin
gives the isomer 3 as is shown in reaction (4). Attack of
carbene to a carbon atom of C=0 bond of ketones has
been proposed to give dipolar intermediate!V) as is
shown in reaction (5). Rearrangement of an alkyl
group in such a dipolar adduct does not seem to occur to
so much extent in the reaction of simple ketones.
However, rearrangement of CH(OH)Ph group to car-
bon atom of CH(SO2Ph) group seems to occur to some
extent to give isomer 2.

Although capture of carbon atom from unstable car-
bon oxides by ylides 1 was unsuccessful in the present
report, the present results indicated that benzoin car-
banion formed using Li metal reduced CO2 to give
Cx0y, and that C,O, formed had special reactivity.

Experimental

General Procedures. The HNMR spectra were recorded
on JEOL Fourier transform NMR spectrometer operating at
89.55 MHz and Brooker AC 250T NMR spectrometer operat-
ing at 250 MHz. The 3CNMR were recorded on a Brooker
AC 250T NMR spectrometer. Mass spectra were recorded
on JEOL JMS-DX-300 mass spectrometer. Other proce-
dures and instruments were described in the previous paper.2

Formation of Benzoin Carbanion and the Reaction of the
Carbanion Formed with CO;. Into the nitrogen containing
100 ml two-necked flask, in which 0.009 g atom of lithium
powder was placed, 10 ml of THF, which was refluxed over
LiAlH4 under nitrogen atmosphere and distilled just before
use, was injected through a serum cap using a syringe. To
this mixture 16 ml of THF solution containing 0.0045 mol of
benzoin was injected through a serum cap using a syringe, and
the resulting mixture was stirred for 3 h at room temperature.
The resulting dark red mixture was immersed in a cooling bath
maintained at —~78 °C. To this solution COz was bubbled as
gas through a delivery tube for 20 min. During the introduc-
tion of CO2 a part of CO: escapes from a needle which is
attached to a serum cap. After the reaction THF was evapo-
rated and the residue was analyzed by same procedure as
described in the previous paper.? Yields of the reaction prod-
ucts were benzoin 55, benzil 20, hydrobenzoin 11,12 and
lithium benzoate 3% based on benzoin used.!3)

Reaction of the Reduction Products of CO; with Ylide 1.
After the reaction of benzoin carbanion with CO; was finished
as described above, a serum cap was put off and 0.0018 mol of
ylide 1 was added at —78 °C as a powder through one neck of
the flask. The resulting mixture was warmed to room
temperature. A few minutes after warming up to room
temperature the ylide seemed to decompose. The mixture
was stirred for one hour at room temperature. THF was
evaporated and the residue was separated by means of TLC
using chloroform as an eluent. Crude mixture of 2 and 3 was
again separated by means of TLC using a mixture of chloro-
form and ethyl acetate as an eluent. Yields of 2 and 3 were
determined to be 10-and 8 mol% based on the ylide used from
ITHNMR spectrum. Although a mixture of 2 and 3 was
slightly contaminated with decomposition products or hydro-
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benzoin because of difficulty of separation as mentioned
above, satisfactory analytical result was obtained. Calcd for
Ca1H1504S; M*, 366.0926. Found: m/z 366.0930. This
molecular formula of 2 and 3 and the fact shown by acetyla-
tion experiment that one isomer 2 has tH NMR absorptions at
4.30—4.51 and 5.85—5.89 ppm and another isomer 3 has a
singlet at 4.25—4.29 ppm, together with fact shown by double
irradiation technique that one isomer 2 consists of two diaster-
eomers and another isomer 3 consists of one structure, indicate
that structures of 2 and 3 are correct. Although disulfone
was formed, quantitative analysis of it was not undertaken.

Author thanks to Dr. Hisahiro Hagiwara of this
institute for measurement of mass spectra and helpful
discussion.
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