Green
Chemistry

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Green,
Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

Cutting-edge rese: ener sustainable future

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

ROYAL SOCETY
&cuzmsmv

ROYAL SOCIETY
OF CHEMISTRY www.rsc.org/greenchem


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 7 Green Chemistry

Copper Catalyzed Efficient Synthesis of 2-Benzimidazolone
Scaffold from 2-Nitroaniline and Dimethyl Carbonate via
Hydrosilylation Reaction
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This work reports copper catalyzed novel protocol for the
tandem synthesis of 2-benzimidazolones derivatives from
dimethyl carbonate (DMC) and various 2-nitroanilines by
using polymethylhydrosiloxane (PMHS) as an inexpensive,
stable and environmentally benign reducing agent. This
methodology is applicable for the preparation of a broad
range of biologically active 2-benzimidazolone derivatives
with a good scope in good to excellent yields.

Introduction

Benzimidazolones are important building blocks in the
pharmaceuticals, agrochemicals, inhibitors, pigments, herbicides
and fine chemicals.! The compounds containing benzimidazolone
moiety have gained increasing attention in the area of medicinal
chemistry, as they exhibits biological activity such as anticancer
(Kealiiquin), Hj-receptor antagonist, antinauseant, antifungal,
antithyroid, and antimicrobial (Toxoplasma) activity (Scheme 1).?
Conventionally, 2-benzimidazolones were synthesized from the
carbonylation of different o-phenylenediamine moieties with
phosgene® which is highly toxic and corrosive gas, and hence it is
highly desirable to develop a new greener, phosgene free
protocol. There are few reports in the literature to synthesize 2-
benzimidazolones from o-phenylenediamines and carbon dioxide
(CO,). Lu et al. reported the selenium catalyzed synthesis of 2-
benzoxazolones or 2-benzimidazolones by one-pot reductive
carbonylation of 2-nitrophenols or 2-nitroanilines in the presence
of a base under high pressure of carbon monoxide (CO).*
Furthermore, Mizuno’s group synthesized 2-benzimidazolones
from o-phenylenediamines and CO, in N-methylpyrrolidone
solvent.” Recently, Liu and his co-workers also reported the
synthesis of 2-benzimidazolone from o-phenylenediamine with
CO, by using 1,8-diazabicyclo-[5.4.0Jundec-7-ene (DBU) based
ionic liquids under solvent free conditions.®
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NH,

so Scheme 1. The 2-Benzimidazolone derivatives; a key intermediates for
the synthesis of 5-Chloro-1-(4-piperidyl)-2-benzimidazolone, Kealiiquin,
H; antagonist and Toxoplasma, respectively.

Nowadays, short-chain dialkyl carbonates such as dimethyl
carbonate (DMC), has renowned as an essential chemical
ss building block for the development of sustainable chemical
processes,’ e.g. for the production of polycarbonate and other
chemicals,® an additive to fuel oil owing to a high octane number’
and an electrolyte in lithium batteries due to its high dielectric
constant.'® Nowadays, DMC is produced by clean processes'' and
e widely used as an efficient eco-sustainable substitute for
phosgene, methyl halide, methyl sulphate which are toxic and
highly corrosive agents.” DMC is also well-known as green
monomer possessing properties like high biodegradability, non-
hazardous nature, which make them interesting green solvents.'

[I#

Conv. 100%
Yield up to 99%

NH, _RuCls-3H,0

“DMC, PMHS,
NOz 4g00c, 201

65 _Cu(OAc), H0

O_ﬂ/ o4 S
DMC, PMHS, “omc, puHs, R
100°C, 20 h

P

Conv. 100%
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R'=-H, -CH3, -OCHj, -NHy, -Bu, -F, -Cl, -I, -NO,
70 Ar = Heteroaromatic

Scheme 2. Synthesis of 1,3-dimethyl-1H-benzo[d]imidazol-2(3H)-one
derivatives from various 2-nitroanilines.

Among the specific synthetic and environmental advantages of
DMC, most important properties is environmentally acceptable
75 compound that does not cause any emissions in the environment.

Polymethylhydrosiloxane  (PMHS) is an  abundant,
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inexpensive, commercially available, stable to air and non-toxic
reagent in the organic chemistry.”® It was used as an
environmentally benign reducing reagent for various functional
groups such as reduction of ketones,'* carboxylic acids, esters,"
imines,'® dehalogenation,17 carboxamides,'® lactones'® and nitro®
compounds.

Recently Baba et reported the synthesis of 2-
benzimidazolone by carbonylation of o-phenylenediamine using
lead acetate as a catalyst.*' They used the lead as a catalyst,
which is toxic and also required more than one step for the
synthesis of desired product 2. The other synthetic methods have
also been reported like direct carbonylation with
phenylenediamine by using selenium, palladium or base.* Also a
very few reports were performed on in sifu nitro group
reduction.”**"¢ Most of the catalytic protocols required organic
solvents, high catalyst loading and Lewis base co-catalyst as well
as severe reaction conditions. They required harsh reaction
conditions such as high temperature, poisonous catalyst, and
longer reaction time, limited substrate scopes and tedious work
up procedures which hinders the commercial viability of these
processes.® Hence, the development of facile and efficient
catalytic system for the synthesis of 2-benzimidazolone from 2-
nitroanilines using environmentally benign conditions is still a
challenging task.

In continuation of our ongoing research,? herein we have
developed a simple, efficient and environmentally benign copper
catalyzed protocol for the synthesis of biologically important
heterocyclic motif 2 from 1 and DMC by using PMHS as a
greener reductant under solvent free conditions (Scheme 2).
Furthermore, this protocol is highly efficient with respect to
various electron-rich and electron-deficient groups on the 2-
nitroanilines providing good to excellent yield of the desired
corresponding products. To the best of our knowledge, this is the
first report on the synthesis of 2-benzimidazolones derivatives
from 2-nitroanilines using copper as a catalyst to display its
catalytic activity under mild conditions.

al.

o-

Results and discussion

The model substrate for the initial screening was S5-methyl-2-
nitroaniline (la) when treated with DMC, leads to 1,3,5-
trimethyl-1 H-benzo[d]imidazol-2(3 H)-one (2a) in excellent yield.
A series of experiments were performed to examine the
influences of various reaction parameters such as catalyst,
carbonate sources, catalyst loading, DMC/PMHS ratio,
temperature and time (Table 1, 2 and 3). Initially, the reaction
was performed in absence of catalyst maintaining other reaction
parameters unvarying, the desired product was not detected
(Table 1, entry 1), and it shows that Ru or Cu catalysts were only
responsible for the transformation of 2-nitroanilines into 2-
benzimidazolones. The investigation of the effect of different
catalysts (5.0 mol%) such as RuCl;-3H,0, Cu(OAc), H,0, Cul,
CuO, Cu(acac), and CuCl were performed (Table 1, entries
2-11). The preliminary reaction of la with DMC and PMHS
catalyzed by [RuCl;-3H,0] was performed at 100 °C for 20 h
resulting 2a as a sole product in 99% yield with 100% conversion
(Table 1, entry 2) along with formation of methanol and carbon
dioxide as by-products. However, the catalysts Cul and CuCl did

60

Table 1. Effect of various Catalyst, Bases and Solvents on the synthesis
of 2a from 1a and DMC.“

5.0 mol% /
NO, DMC, PMHS, N
100°C,20h \

1a

Conversion Yield

Sr. No. Catalyst Solvent Base

(%)’ (%)’

1 - DMF DBU - ND
2¢ RuCl;-3H,0 DMF DBU 100 99
3 Cu(OAc),- H,O DMF DBU 100 91
4 Cu(OAc),' H,O DMF DABCO 100 97
Cu(OAc),- H,O THF DABCO - ND
6 Cu(OAc), H,O — DBU 100 95
7 Cu(OAc), H,O — - 100 96
8 Cul - - - ND
9 CuO - - 90 70
10 Cu(acac), - - 50 45
11 CuCl - - - ND

“ Reaction conditions: 1a (1 mmol), catalyst (5.0 mol%), DMC (3, 5
mmol), PMHS (4 mmol), base (10 mol%), 20 h at 100 °C.

’Yield based on GC-GC/MS analysis. The yield is quantified by using
the external standard method using 1,3,5-trimethyl-1H-
benzo[d]imidazol-2(3H)-one.

¢ Isolated yield.

ND — not detected.

acac = acetylacetonate.

DMF = N,N-dimethylformamide

DBU = 1,8-diazabicyclo-[5.4.0]Jundec-7-ene
DABCO = 1,4-diazabicyclo[2.2.2]octane.

not give any conversion, whereas CuO, Cu(acac), provided the
desired product with moderate to good yield of 2a (Table 1,
entries 8—11).

Among the various copper catalysts, copper acetate offered the
excellent yield of the 2a (Table 1, entry 3). Initial studies were
carried out in solvent like DMF, THF, bases like DBU, DABCO
for the synthesis of 2a (Table 1, entries 3-6). Later, the
experiments were carried out in absence of both the solvent and
bases, interestingly, formation of 2a was observed with excellent
conversion and yield (Table 1, entry 7). Thus, the best conditions
described in the Scheme 2 was used for the model copper-
catalyzed reaction.

We then turned our attention to test the generality of the
various carbonate sources such as dimethyl carbonate (DMC),
diethyl carbonate (DEC), diphenyl carbonate (DPC), Di-tert-butyl
di-carbonate, Phenyl carbamate and N,N’-disuccinimidyl
carbonate (Table 2, entries 1-6), respectively. Among, all the
screened carbonate sources, only DMC was provided an excellent
yield of the desired product. Whereas employing other
carbonates, results no desired product formation (Table 5, entries
2-6, see supporting information).

Subsequently, to enhance the yield of desired product 2a, the
reaction was performed by using various catalyst loadings along
with DMC and PMHS. Further, we studied the catalyst loading
(Table 3, entry 1-4) and it was found that 5.0 mol% catalyst
furnished the excellent conversion and yield (Table 3, entry 3).
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Table 2 Effect of different commercial sources of Cu(OAc), H,O on the
synthesis of 1,3,5-trimethyl-1H-benzo[d]imidazol-2(3H)-one (2a).”

so Table 3 Effect of reaction parameters on the synthesis of 1,3,5-trimethyl-

1H-benzo[d]imidazol-2(3 H)-one.”

Entry Cu(OAc),'H,O (Grade)h Yield (%)°
1 >95% (S. D. fine) 95
2 >99.99+% (Aldrich) 96
3 >98% (Merck) 95

2

2

3

3

4

4

o

o

S

5

0

&

=3

o

¢ Reaction conditions: 1a (1 mmol), Cu(OAc),'H,O (5.0 mol%), DMC
(2.5 eq), PMHS (2.0 eq), 20 h at 100 °C.

® Purity grades of the chemicals.

¢ Isolated Yield.

Next, the effect on reaction time was studied and it was observed
that increasing the time from 5 h to 22 h, increase in yield of the
desired product was obtained. Therefore, 20 h is optimum
reaction time (Table 3, entries 5-7). We have also performed the
reactions at different temperatures to observe the effect of
temperature ranging from 60-150 °C (Table 3, entries 8—10) on
the yield of product. The studies revealed that 100 °C was the
optimum temperature required to achieve the highest yield of 2a.
Besides this, we have also studied the effect of mole ratio of
DMC/PMHS and it was found that 5 mmol of DMC and 4 mmol
of PMHS i.e. 5:4 mole ratio furnished the highest yield of the
desired product (Table 3, entries 11-17). Hence, the best
optimized reaction conditions for the desired product 2a are: 5-
methyl-2-nitroaniline (1.0 mmol), DMC (5.0 mmol), PMHS (4.0
mmol) and 5 mol% Cu(OAc), H,O catalyst at the 100 °C for 20 h
under solvent free condition.

Finally, we ensured that whether the reaction was catalyzed by
tracing (ppm-level) impurities in Cu(OAc), H,0, we were carried
out the same experiments with different sources of
Cu(OAc), H,O (from >95% to 99.99+% purity) (Table 2, entries
1-3). The higher purity of Cu(OAc),"H,O as well as others have
also an excellent impact on the yield of 2a (Table 2, entry 2), and
it was used for the subsequent substrate study.

On the basis of ICP-MS (Inductively coupled plasma-mass
spectrometry) analysis,” the catalyst contained below detectable
impurities.

To assess the substrate scope of this tandem reaction, we
examined the developed protocol for the transformation of a
variety of 2-nitroanilines (la—p) under optimized reaction
parameters. The various 2-nitroanilines moieties bearing electron
donating and withdrawing substituent’s on the phenyl ring were
well tolerated under the present reaction condition and provided
the corresponding desired products (2a—p) in good to excellent
yield (Table 4, entries 1-16).

The electronic character of the 2-nitroaniline species
influenced the outcome of the reaction having electron donating
group furnished the desired product in good yields(Table 4,
entries 1 and 3). The 2-nitroaniline was smoothly converted into
the corresponding 2b as desired product in good yields of 90%
(Table 4, entry 2). Next, we studied the effect of halogen
substituents on the 2-nitroaniline, the use of 4-fluoro-2-
nitroaniline gave good yield of 2d (90%) whereas the reaction of
4-chloro-2-nitroaniline provided 2e in 82% yield (Table 4, entries

Catalyst

NH, o/ \©: /E
+ o
\©i NO, 0>= Reductant,

\ Temp, Time
3

1a

Entry Catalyst 3/PMHS Temp Time Conv. Yield

(mol%) (mmol) QY () %)’ %)’
Catalyst loading
1 0 5/4 100 20 - ND
2 25 5/4 100 20 90 85
3 5 5/4 100 20 100 96°
4 10 5/4 100 20 100 97
Effect of Time
5 5 5/4 100 22 100 95
6 5 5/4 100 16 100 89
7 5 5/4 100 12 80 72
Effect of Temperature
8 5 5/4 120 20 100 95
9 5 5/4 80 20 95 70
10 5 5/4 60 20 60 55
Effect of DMC : PMHS ratio
11 5 5/4 100 20 100 96
12 5 52 100 20 90 74
13 5 4/0 100 20 - ND
14 5 373 100 20 80 70
15 5 2/2 100 20 60 48
16 5 172 100 20 50 35
17 5 0/4 100 20 - ND

ss “ Reaction conditions: 1¢ (1.0 mmol), Cu(OAc),"H,O (mol%), DMC (3)

(mmol), PMHS (mmol), time (h) and temperature (°C).

?Yield based on GC-GC/MS analysis. The yield is quantified by using
the external standard method using 1,3,5-trimethyl-1H-
benzo[d]imidazol-2(3H)-one.

60 ND —not detected.

¢ Isolated Yield.

4-5). Employing 4-iodo-2-nitroaniline, 71% desired product
formation was observed along with dehalogenation of 2f in 10%
(Table 4, entry 6). The 4-amino-2-nitroaniline was furnished in

6s good yield of 2g (85%), however, tri-methylated product was also

obtained in 7% yield (Table 4, entry 7). To our delight, an
electron withdrawing group on the phenyl ring of 2-nitroaniline
afforded the good to moderate yield (Table 4, entry 8). Notably,
the nitroaniline derivative bearing a tertiary alkyl group also gave

70 the corresponding desired product in 81% yield (Table 4, entry

9). Moreover, we have also applied this catalytic protocol to
check the effectiveness of catalyst for six membered N-
heterocyclic 2-nitroaniline. But, it was observed that the 4-
methyl-2-nitropyridin-3-amine (1j) gave 1,3,7-trimethyl-1H-

75 imidazo[4,5-b]pyridin-2(3H)-one (2j) in lower yield (45%),

which was due to the steric effect of the methyl group under the
present reaction condition (Table 4, entry 10). Furthermore, we
have also extended our catalytic protocol to N-substituted 2-
nitroanilines, employing N-methyl-2-nitroaniline and N-phenyl-2-

so nitroaniline and interestingly the corresponding products were

obtained in good to moderate yield (Table 4, entries 11-12). The
reaction with 1,2-dinitrobenzene led to the isolation of 1,3-

This journal is © The Royal Society of Chemistry [year]
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dimethyl-1H-benzo[d]imidazol-2(3H)-one in 91% yield (Table 4,
entry 13). Furthermore, 4-bromo-2-nitroaniline (1n) substrate was
also converted into the corresponding desired product in 87%
yield (Table 4, entry 14). 2-nitroaniline substrate bearing a —CN
substituent (10) gave of the target product in 81% yield (20) in
addition to 10% yield of the derivative resulting from the
complete reduction of —CN moiety. When performing the
reaction with the nitroaniline derivative (1p) containing —C=0
functional group, the corresponding desired product (2p) was
selectively obtained in 79% yield, with the —C=0 substituent
unaffected (Table 4, entries 15-16). This aspects strongly
emphasized that the affirmative effect played by DMC/PMHS on
the scope of the reaction and supports its employment as
alternative reagents in the development of a synthesis of
biologically important molecules.

On the basis of the above observations, a tentative reaction
mechanism is proposed, for the synthesis of 2 from 1, DMC and
PMHS using copper acetate as a catalyst as shown in Scheme 3.
First, the 1 was transformed into the o-phenylenediamine (A)
through in situ reduction by reductant PMHS and copper as an
unprecedented catalytic system pathway. This result suggests that
the formation of copper hydride as the catalytically active species
by reaction between PMHS and copper acetate.”* Recently, Baba
et al. reported the plausible reaction mechanism for the synthesis
of 1,3-dimethyl-1H-benzo[d]Imidazol-2(3H)-one (2) from o-
phenylenediamine.”’ Here, the same role of copper species is a
Lewis acid to enhance the polarization of the carbonyl group of
DMC, which interacts with the —NH, group of A. In the
meanwhile, the carbonylation of A with DMC and copper in
which there is generation of copper-DMC complex. The
carbonylation of A is to deliver an active intermediate carbamate
ester B. Next, the nucleophilic intramolecular cyclization of B in
the presence of copper-DMC complex, providing the
monomethylated compound C.** In the subsequent step, the
methylation of C with DMC in the presence of copper catalyst
provide 2 as a final product.

cu*
o o (o]
. . PYS i+ H T
NH, Cu/ PMHS NH, \OJ\O/ +Cu?* \OJ\O/ N-C-OCH;
[:[NOZ - Siloxane [ INHZ -ngPH [ :[ H—H
1 A -cu B
Cu2+
o
~, d’+
0" o~
ot

CHs
N N
(L= — Lo
y g
CH
2 c

Scheme 3 A tentative reaction mechanism pathway

Conclusions

In summary, herein we have demonstrated an efficient, simple,
economical and environmentally benign protocol for the
synthesis of 2-benzimidazolones from various 2-nitroanilines
using copper as a catalyst and PMHS as the reductant. The
present protocol displays the features such as (i) a novel, simple
and inexpensive catalytic reaction system (ii) first time one pot
synthesis of 1,3-dimethyl-1H-benzo[d]Imidazol-2(3H)- one (2)

6

0

Table 4 Synthesis of various 1,3-dimethyl-1H-benzo[d]imidazol-2(3H)-

Catalyst (5 mol%)

3(2.5eq), PMHS
(2€q), 100°C, 20 h

one derivatives.”
N
X
e
Z >N
\
2

- NH2 o/
"€,
=
NO, O\
3

1

Entry Substrate Product Yield (%)°
L :
o
1 1a NO2 N>: 96
a 2a \
NH, /
N
2 qNoz Vo 90
2 \
NH, N
: o
3 S0 oNo, ~o N>: 95
2c
NH, /
4 X Lo
FT N0, 7 N 90
: NH, /
5 cl NO, /@ =0 82
1e cl {
2e
o )
b o
6’ I 15 NO2 ,/@E \>: 71
2
IS !
d =0
7 H,N 19 N0 HN N\ 85
2g
a a
NH,
8 @[ =0 75
0N “No, ONT N
NH, N/
o
9 }/@Noz N>: 81
1i 2\
NH. N/
2 X
10 ® [ Lo 45
Ny NO2 N 5\
H
N\
11 @[ 2b 80
1K NO,
y 4
“Ph N
12 @[ ° 71
1 NO, 21\
CL..
13 NO, 2b 91
im
NH, N
o]
14 Br NO, Br N/E 87
1n 2n \
o :
e /‘EO
15 NC NO, NC N\ 81
10 20
NH, J
16 Ph\”)i:[Noz oh N>:o 79
o 0o 2p |

6:

o

“ Reaction conditions: Substrate (2 mmol), 5 mol% of Cu(OAc), H,O,
2.5 eq. of DMC, 2 eq. of PMHS, temperature (100 °C), time (20 h).
» Dehalogenation product was obtained in 10% yield.

¢ Isolated Yield.
“ Tri-methylating product was obtained in 7% yield.
¢ Complete reduction of -CN was obtained in 10% yield.
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i.e. 2-Benzimidazolones by using 2-nitroanilines was successfully
achieved with a good scope (iii) use of non toxic and inexpensive
copper catalyst without adding extra base, solvent and additives
(iv) use of PMHS as a greener reductant (v) applicability to
broaden the substrate scope. Thus, the developed catalytic
protocol provides an unprecedented reactivity pattern,
economically attractive and environmentally benign alternative
route for the production of benzimidazolone, and widens the
synthesis of related compounds in organic synthesis.

Experimental Section

All the organic chemicals, solvents and reagents were of
analytical grade purchased from Sigma Aldrich, Merck and S. D.
fine chemicals Ltd., India and commercial suppliers and were
used without further purification/pre-treatment. PMHS (Poly-
methyl hydrosiloxane) procured from Aldrich (cat#: 176206),
average Mn: 1700-3200. The Cu(OAc),"H,O and the various
substrates of 2-nitroanilines were procured from Sigma-Aldrich
(purity >99.99+%). Reactions were monitored by using thin layer
chromatography using Merck silica gel 60 F254 plates (TLC) and
Perkin Elmer Clarus 400 gas chromatography equipped with
flame ionization detector with a capillary column (Elite - 1, 30 m
% 0.32 mm % 0.25 um). The isolated products were confirmed by
GC-MS, FT-IR, 'H NMR, and C NMR spectroscopic
techniques. GC-MS (Shimadzu QP 2010) instrument (Rxt-17, 30
m X 25 mm, film thickness 0.25 pm df) (column flow 2 mL min’
! 80-240 °C at 10 °C / min rise). An IR spectrum was recorded
on Shimadzu IRAffinity-1, FT-IR 8400S using KBr pellets. 'H
and ">C NMR spectra were obtained on a Bruker Avance 400
MHz or 500 MHz NMR spectrometer with CDCl; as a solvent.
The chemical shifts are reported in parts per million () relative to
tetramethylsilane (TMS) as an internal standard. J (coupling
constant) values were reported in Hz. Splitting patterns of proton
are described as s (singlet), d (doublet), dd (doublet of doublets), t
(triplet) and m (multiplet).

General experimental procedure for synthesis of 1,3-
dimethyl-1H-benzo[d] imidazole -2(3H)-one derivatives

All the reactions were carried out in a 100 mL stainless-steel
reactor equipped with an over head stirrer and an automatic
temperature control system. In a typical experimental procedure,
catalyst-Cu(OAc), H,O (5 mol%), 5-methyl-2-nitroaniline (1a, 1
mmol), DMC (2.5 eq) and PMHS (2.0 eq) were successively
introduced into the autoclave. After being sealed, flushed with 10
atm. of nitrogen three times, the reactor was heated to the desired
temperature at a stirring speed of 600 rpm. During the course of
the reaction, there was in situ generation of the pressure of carbon
dioxide and methanol at 100 °C. Since the use of DMC as a
methylating as well as carbonylating agent requires the
temperature at or above 100 °C (which is above the boiling point
of DMC i.e. 90 °C), such reactions need to be conducted in a
sealed high pressure reactor. The reaction mixture was analyzed
at different time intervals to examine the progress of the reaction.
After completion of the reaction, the autoclave was cooled to
room temperature, and the pressure generated during the course
reaction was carefully vented and then reactor was opened. Then,
at room temperature the basic hydrolysis was done for 30 minutes
to remove the unreacted PMHS present in the reaction mixture.

The mixture then extracted several times with
dichloromethane (30 mL x 3). The combined organic layers were
dried over Na,SO, and evaporated in vacuo. The crude products
were further purified by column chromatography on 100-200
mesh size silica gels (Elution with 20:1 to 10:1 Petroleum
ether/Ethyl acetate) to furnish the corresponding pure product.
The spectroscopic data are consistent with those reported in the

earlier literature and in agreement with assigned structures.”
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