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Abstract—Silphos [PCl;_,(SiO,),] as a heterogeneous phosphine reagent is efficiently applied for the transformation of epoxides to
B-bromoformates in the presence of bromine or N-bromosuccinimide in dimethyl formamide at 0 °C. The combination of Silphos and iodine
was also found suitable for the room temperature preparation of alkenes. The use of Silphos provides the advantage of easy separation of the

phosphine oxide by-product from the reaction mixture.
© 2006 Published by Elsevier Ltd.

1. Introduction

Epoxides, as strained three-membered heterocyclic inter-
mediates, play an increasingly important role in organic
synthesis' and their nucleophilic ring opening reactions
under mild conditions are of great interest.”™* On the other
hand, synthetic transformation of different functionalities by
using the combination of PPh; and molecular halogens or
reagents carrying electrophilic halogens have been widely
investigated.™® It has been reported that applying these
reagents in dry DMF provides a useful method for the
formylation of hydroxyl groups.”® We have also applied
PPhsy/Br, or PPh3/NBS in DMF for the synthesis of
B-bromoformates from epoxides.” Despite the novelty of
the reported method, this procedure along with other
synthetic methods using homogeneous phosphine reagents
as oxophile, have a common limitation, which is the
formation of stoichiometric amount of phosphine oxide by-
product in which its separation from the reaction mixture is
usually a difficult task and requires time consuming
techniques. As a solution to this problem, various
heterogeneous or polymeric supported phosphine reagents
have been presented and used for different synthetic
purposes. Polystyrene supported triphenylphosphine,'®
ROMPgel-supported triphenylphosphine,'’ 4-diphenyl-
phosphanyl-benzoic acid 2-trimethylsilanyl ethyl ester,'?
non-cross-linked polystyrene triphenylphosphine'? and
polymer-supported triphenylphosphine resin'* are some of
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the recently reported examples of the useful phosphines,
which are not easily prepared and available reagents.

Recently, we have introduced a cheap and easily prepared
heterogeneous phosphine reagent, Silphos [PCl3 _,,(SiO,),],
and used it for bromination and iodination of alcohols and
thiols,'” deoxygenation of sulfoxides, reductive coupling of
sulfonyl chlorides'® and formylation and acetylation of
alcohols and amines.'” Now, we report on the ability of this
reagent for the synthesis of B-bromoformates from epoxides
in the presence of Br, or NBS at 0 °C in DMF (Fig. 1).
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Figure 1. Conversion of epoxides to their corresponding B-bromoformates
and alkenes in the presence of Silphos [PCl;_,(Si0O,),] and halogenating
agents.

The reaction of 2,3-epoxypropylphenyl ether with different
ratios of N-bromosuccinimide (NBS), Br, and I, in
combination with Silphos [PCl;_,(Si0O,),] in dry DMF were
studied. The data are summarized in Table 1. As shown, in the
presence of 1.5 g of Silphos, the ratio of 1.2 for Br,/epoxide
was sufficient to complete the reaction. However, under this
condition, a mixture of products (f-bromohydrin, B-bromo-
formate, and alkene) was produced (Table 1, entry 2).
Increasing the amount of bromine did not show any
considerable difference in the distribution of the products
obtained. Refluxing the reaction mixture favoured the
formation of alkene over bromoformate (Table 1, entry 4).
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Table 1. Reactions of 2,3-epoxypropylphenyl ether with 1.5 g of Silphos [PCl;_,(Si05,),] and different ratios of Br,, NBS or 1.0 g of Silphos in the presence of

different mmol of molecular iodine

Entry Reagent Substrate/reagent Reaction temperature Time (h) Conversion (%)
1 Br, 1:1 rt 5 80"

2 Br, 1:1.2 It 3 100*

3 Br, 1:14 rt 1 100*

4 Br, 1:1.4 Reflux 0.3 100°

5 Br, 1:1.4 0°C 1 100

6 NBS 1:1.4 0°C 35 100

7 I, 1:1.8 rt 1 80°

8 L 122 It <10 min 100¢

# Mixture of bromohydrin, bromoformate and alkene was produced in almost equal amounts.

® The amount of produced alkene was ~45%.

© The products were found to be iodohydrine and alkene with the ratio of 30:70 by NMR analysis.

4 Conversion to 3-phenoxy propene was observed.

The best reaction condition was obtained when the reaction
mixture was cooled down to 0 °C, in which 2,3-epoxypropyl-
phenyl ether was quantitatively converted to its corresponding
-bromoformatein 1 h (Table 1, entry 5). Replacing molecular
bromine with NBS required more reaction time (~ 3.5 h) for
the above transformation (Table 1, entry 6). In this study, it
was also observed that increasing the molar ratio of molecular
iodine up to 2, converts 2,3-epoxypropylphenyl ether
quantitatively to 3-phenoxy propene (Table 1, entry 8).

Applying 1.5 g of Silphos with 1.4 mmol of bromine or
NBS to 1.0mmol of different epoxides in dry DMF
yielded the corresponding B-bromoformates (Table 2).
The results show that epoxides carrying either electron-
donating or withdrawing groups reacts under these
conditions and yields the corresponding B-bromoformates
in good to high yields. For entries 8 and 9 of Table 2,
the conversion was not complete and a mixture of
unidentified products was observed.

Table 2. Conversion of epoxides to f-bromoformates in the presence of 1.5 g of Silphos [PCl;_,,(SiO,),] and 1.4 mmol of Br, or NBS in DMF at 0 °C

Entry Substrate Silphos/Br, Silphos/NBS Product®
Time (min) Yield (%) Time (h)  Yield (%)
1 >/ O\/<, 35 91 1 93 Me,CHOCH,CH(OCHO)CH,Br
2 A O\/<| 40 92 3 90 CH,=CHCH,0CH,CH(OCHO)CH,Br
3 \/\/<(,) 20 85 1 90 Me(CH,);CH(OCHO)CH,Br
4 PhO \/<IO 60 96 3.5 92 PhOCH,CH(OCHO)CH,Br
5 C|\/<C,) 40 88 3 85 CICH,CH(OCHO)CH,Br
O
6 Ph /<] 15 58 0.5 60 PhCH(Br)CH,OCHO
Br
7 o} 20 70 1 74
“""OCHO
o}
O
8 3h — 24 — P
@)
@)
o~
9 @ 24h — 24 - —

3

“ For entries 1-5, a trace amount of their corresponding alkene was produced. In the case of styrene oxide, entry 6, a mixture of products, styrene (10%),
2-bromo-2-phenyl ethanol (20%) were also obtained. 2-Bromo-2-phenyl ethanol has a primary hydroxyl group and cannot be formylated. For entry 7,
~15% of cyclohexene and trace amount of unidentified products were produced.

® The conversion was 50% and a mixture of unidentified products was produced.

¢ The conversion was 40% and a mixture of unidentified products was produced.
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On the basis of literature,”®> a similar mechanism is

proposed for bromformylation of epoxides with Silphos
(Fig. 2).
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Figure 2. Mechanism proposed for the conversion of epoxides to their
corresponding B-bromoformates in the presence of Silphos [PCl;_
n(SlOZ)n]

—_—
-Silphos-oxide

Deoxygenation of epoxides to alkenes enables epoxides
to be introduced as protecting groups for double bonds.'®
A number of methods using phosphine reagents have been

reported for removing oxygen from epoxides,'® which
mostly require expensive reagents, harsh reaction con-
ditions and have problems for the separation of the
phosphine oxide by-product from the reaction mixture, for
example, the use of PPhs/I, has the problem for the isolation
of alkene from the reaction mixture and only conversion
yield is reported.”

In continuation of our study, we optimized the reaction
conditions for the conversion of epoxides to alkenes by
applying different quantities of Silphos and I, in various
solvents such as benzene, CH,Cl,, CH;CN, and DMF at
various temperatures. We observed that in the presence of
Silphos (1.0 g) and 2.0 mmol of iodine, 1.0 mmol of
epoxide can be quantitatively converted to its alkene in
dry DMF at room temperature. Any change in the ratio of
substrate and reagents produces a mixture of products. The
results obtained from deoxygenation of structurally different
classes of epoxides by the Silphos/I, system in dry DMF are
shown in Table 3. The advantage of using Silphos/I, system
is that the produced alkenes can be easily isolated from the
reaction mixture.

2. Conclusion

In this study, we have introduced a new application for
Silphos [PCl;_,(SiO,),] as a cheap, efficient and easily

Table 3. Conversion of 1.0 mmol of epoxides to their corresponding alkenes by 1.0 g of Silphos [PCl;_,,(SiO,),] and 2.0 mmol of I, in DMF at room

temperature
Entry Substrate Time (min) Product Yield (%)
0 o)
1 >/O\/<' 5 >/ N 77
o)
o

2 4\/0\/<| 15 NN 88
3 <7 15 N 80
4 \/<(|) <10 PhO_ o 93
5 e <] 25 o 74
6 O;o 10 @ 79

o) PN
7 <] <s Ph N 89

0

o)

(0]
8 3h*
O

9 24h

#1.5 g of Silphos was used.

" The conversion was 50% and mixture of products was produced after 24 h in reflux condition.
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prepared heterogeneous phosphine reagent for the conver-
sion of epoxides to their corresponding -bromoformates or
alkenes. The Silphos-oxide produced from the reaction can
be removed with a filtration and offers a very simple and
practical work-up.

3. Experimental
3.1. General

Chemicals were either prepared in our laboratory or were
purchased from Fluka and Merck companies. The purity
determination of the products was accomplished by GC on a
Shimadzu model GC-14A instrument or by TLC on silica
gel polygram SIL G/UV 254 plates. Mass spectra were run
on a Shimadzu GC-Mass-QP 1000 EX at 20 eV. The IR
spectra were recorded on a Perkin-Elmer 781 spectro-
photometer. The NMR spectra were recorded on a Bruker
Avance DPX 250 MHz spectrometer using tetramethyl-
silane as internal standard.

3.1.1. General procedure for the conversion of epoxides
to B-bromoformates by Silphos [PCl;_,(Si0O,),,]/Br;, or
NBS in DMF. To a heterogeneous solution containing 1.5 g
of Silphos [PCl;_,(Si0,),] in 5 mL of dry DMF at 0 °C
1.4 mmol (0.07 mL) bromine or 0.25 g of NBS was added.
1.0 mmol of the epoxide was added after 5 min. The
progress of the reaction was monitored by TLC and GC
analysis. The epoxide disappeared in less than 10 min with
formation of the corresponding B-bromoformate as the
major product and some bromohydrin. The reaction mixture
was stirred until the complete conversion of the bromo-
hydrin to its corresponding -bromoformate. The reaction
mixture was then filtered to separate the Silphos-oxide. The
filtrate was poured into saturated brine and the product was
extracted by 2X30 mL of ether. The organic layer was
washed with 2X20 mL of an aqueous solution of 10%
sodium thiosulfate and 2X 15 mL of water, respectively.
The combined organic layers were dried over anhydrous
Na,SO,. Filtration and evaporation of the solvent under
rotary evaporator gave the corresponding B-bromoformate.
The obtained B-bromoformates were identified by compari-
son of their spectral data with those reported in the
literature.” The spectral data of formic acid 1-bromo-
methyl-2-phenoxy-ethyl ester as a typical product is as
follows: IR (neat): 3430, 3075, 3060, 3035, 2925, 2867,
1711, 1594, 1487, 1234, 1140, 751 cm™'; 'H NMR
(250 MHz, CDCl3): ¢ (ppm)=8.10 (s, 1H), 7.15-7.28 (m,
2H), 6.80-6.90 (m, 3H), 5.31 (m, 1H), 4.07-4.17 (m, 2H),
3.52-3.64 (m, 2H); ">*C NMR (63 MHz, CDCl5); 6 (ppm) =
160.1, 157.9, 129.7, 122.0, 115.1, 70.7, 66.8, 30.0; MS
(20 eV), mle (%): 260 (4), 258 (4), 167 (96.2), 165 (100),
133 (23.5), 94 (32.3), 57 (31.4). Anal. Calcd for
C,0H;;BrO;: C, 46.36; H, 4.28. Found: C, 46.47, H, 4.17.

3.1.2. General procedure for the conversion of epoxides
to alkenes by Silphos [PCl;_,(Si0,),]/I, in DMF. To
a heterogeneous solution containing 1.0 g of Silphos
[PCI;_,,(Si0;),] in 3 mL of dried DMF at room temperature
2.0 mmol (0.5 g) of iodine was added. 1.0 mmol of the
epoxide was added after 5 min. The progress of the reaction
was monitored by TLC and GC analysis. The reaction

mixture was stirred until the complete conversion of the
epoxide to alkenes. The reaction mixture was then filtered to
separate the Silphos-oxide. The filtrate was poured into
saturated brine and the product was extracted by 2X30 mL
of ether. The organic layer was washed with 2 X20 mL of an
aqueous solution of 10% sodium thiosulfate and 2X 15 mL
of water, respectively. The combined organic layers were
dried over anhydrous Na,SQO,. Filtration and evaporation of
the solvent under rotary evaporator gave the corresponding
alkene. In the case of low boiling point alkenes (Table 3,
entries 1-3, 5 and 6) liquid air cooled, bulb-to-bulb
distillation was used for purification. The spectral data of
the produced alkenes (3-i-propopoxy-propene, diallyl ether,
l-hexene, allyloxy benzene, 3-chloro-propene,
cyclohexene, styrene, allyl methacrylate) were compared
to those of authentic samples.””
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