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Dehalogenation of a—Halo Carbonyl Compounds by a New Efficient Reagent,
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Triphenylphosphonium iodide, Ph3PHI, was found to be an
efficient reagent for the dehalogenation of o-halo carbonyl
compounds. o-Halo esters, which were difficult to be reduced with
Me3SiCl/Nal reagent, was smoothly debrominated by Ph3PHI.
Treatment of a—halocarbonyl compounds with Ph3PDI produced the
corresponding a—deuterated compounds.

Dehalogenation of o-halo carbonyl compounds has long been recognized as a
useful synthetic transformation. Therefore a number of methods have been developed

for this purpose.” Hydrogen iodide equivalents derived from sodium iodide and

sulfuric acid?) or phosphoric acid3) and iodotrimethylsilane4) have been shown to be
efficient reagents for the dehalogenation of a—halo carbonyl compounds. Previously,
we have reported that chlorotrimethylsilane/sodium iodide/water (Me3SiCl/Nal/H20)
reagent in acetonitrile provides a convenient method for in situ generation of

hydrogen iodide (HI) under mild conditions in short time,%) and that the HI thus

generated can be used in a variety of synthetic reactions.5)
In this paper, we wish to report the dehalogenation of o-halo carbonyl

compounds by a efficient reagent, PhaPHI,”) which was easily obtained from Ph3P and
HI generated from Me3SiCl/Nal/H20 in CH3CN at room temperature.s)

1) 1/2 HO, CH3CN, r.t., 5 min

1 — - Ph,PHI
MesSiCl— + Nl 2) PhyP, rL, 2h 0% %

IOI CH;CN, r.t. (or rf.) M ,
R!CCHXR? + Ph;PHI — RICCH,R?

A typical reaction was carried out as follows. To a solution of a-bromo-
acetophenone (1.0 g, 5 mmol) in CH3CN (10 ml) was added Ph3PHI (2.34 g, 6 mmol). The
solution was stirred at room temperature for 3 h. The reaction was quenched with
water (10 ml), and the product was extracted with ether (10 ml X 3). The ether
solution was washed with 10% Na2S203 (20 ml), and. dried over MgSO4. Column
chromatography on silica gel with hexane eluent afforded acetophenone in 85% yield.
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Table 1 shows the dehalogenation of a variety of a-halo carbonyl compounds
with Ph3PHI reagent.

Table 1. Dehalogenation of o-Halo Carbonyl Compounds with Ph3PHI a)

Run Substrate Time /h  Temp /°C Product Yield / %b)
1 1 PheCH,Br 3 .. 2 Ph'C'CH3 85
2 3 Ph'c",CHZCI 4 r.t. 2 83

1 1l
3 4 CH;CHCICCH;, 5 r.t. 5 CH;CH,CCH; 60
4 4 24 r.t 5 89
5 4 3 rf 5 87
(0] (¢}
Br
6 6 4 r.t. 7 80
0]
Cl
. 8 é/ 5 rf 7 72
1
8 9 CHqCHBI’&OCzHg 3 r.t. 1 0 CH‘;CHQCOCzHS 80
1
9 11 CH;CHCICOC,H; 6 rf. 10 78
10 12 Of S\ 6 r.t. 13 Oi B 82
Br
o} o

a) Substrate (5 mmol ) was allowed to react with Ph3PHI ( 6 mmol ) in acetonitrile.
b) Based on the substrate used.

2-Bromo- and 2-chloroacetophenones were dehalogenated at room temperature
to give acetophenone in good yields. 3-Chloro-2-butanone was difficult to be reduced
at room temperature with short time reaction, but after 24 h 2-butanone was
obtained in 89% yield. The same reaction under refluxing gave 2-butanone in good
yield. Similar results were also observed in the reaction of a-halocycloalkanones and
a-halo esters, i.e., bromo compounds were easily reduced at room temperature, but
for chloro derivatives the temperature must be raised to refluxing temperature of
CH;CN ( ca. 80 °C).
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It is of interest to note that Ph3PDI was easily prepared from the reaction of DI,

derived from Me3sSiCl/Nal and D20,69) and PPhs. The reaction of 2-bromoacetophenone
with PhaPDI gave acetophenone-2-d whose 'H-NMR showed that the deuterium was
incorporated more than 96%. :

PhyPDI

1] 1l
PhCCH,Br CH,CN, i, 3h =  PhCCHD
86 %

( deuterium content > 96% )

Table 2 shows the dehalogenation of ethyl 2-bromopropionate (9) to ethyl
propionate (10) by several hydrogen iodide equivalents.
Table 2. Dehalogenation of a-Halo Carbonyl Compounds with Several Reagents 2)

Run  Substrate Reagent Time/ h Temp/ °C Product Yield / % b)
1 9 Ph3PHI 3 r.t. 10 80
2 9 MesSiCl / Nal / H,O - PhsP 3 r.t. 10 83
3 9 Me;SiCl / Nal / HyO( =HI) 6 r.t. 10 17

10 4
4 9 Me3SiCl / Nal 3 r.t. 0
i

14 CH;CHICOC,H; 65

5 9 Me;SiCl / Nal / HyO - EzN 6 r.t. 14 69
' I

6 9 Ph3PDI 3 r.t. 15 CH;CHDCOC,H; 88
0

D
7 8 Ph;PDI 6 tf. 16 ©/ 72

a) Substrate (5 mmol ) was allowed to react with several reagents ( 6 mmol ) in acetonitrile.
b) Based on the substrate used.

The dehalogenation was found to be carried out without isolation of PhaPHI. To
an acetonitrile solution of HI generated from MesSiCl/Nal/H20 system was added
PPh3, and the mixture was stirred for 3h at room temperature. The PhaPHI thus
generated in situ was allowed to react with 9 to give 10 in almost the same yield as
that of the debromination of 9 with the isolated PhsPHI. However, 9 was difficult to
be reduced by treating with Me3SiCl/Nal/H20 reagent (HI), and most of 9 was
recovered unchanged. On the other hand, treatment of 9 with Me3SiCl/Nal reagent
induced the substitution reaction rather than the debromination, forming ethyl 2-
iodopropionate (14) with a small amount of debrominated product 10 (4%), although
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Me3SiCl/Nal system was an efficient reagent for the dehaloganation of 2-

haloalkanones and 2-halocyc|oa|kanones.4) In the similar manner as MesSiCl/Nal
reagent, triethylammonium iodide (EtaNHI), generated in situ from Me3SiCl/Nal/H20 -
EtsN system, promoted also the substitution of 9 to 14. The reactivity of PhsaPHI and
EtaNHI toward 9 may reflect the difference between phosphorus atom having vacant
d-orbital and nitrogen atom lacking d-orbital, i.e., phosphonium salt is capable to
coordinate to the carbonyl oxygen by taking five coordination sites, but not ammonium
salt does. '

The reaction of 9 and 8 with Ph3sPDI afforded the corresponding deuterated
compounds, 15 and 16, in good yields.
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