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Summary ¢ Borontrifluoride etherats/iodide ion rapidly deoxygenates ®™=ketooxiranes,
3, to the corresponding s B =unsaturated catbo?yl compounds, 4, in near quantitative
yields. In contrast, the reaction of 3 with borontrifluoride stherats/bromide ion,
2, yielded the corressponding 2-bromo~2-enone derivatives, 3, in excellent yields.

The reagent 1, elso dehalogenates a variety of 2-bromo-2-encnes, 5, to thae corres-
ponding 2-en-1-one derivatives, 4, in high ylelds.

We have racently raported that a combination of borontrifluoride etherate/halide
ions (x=I, 1; X=B8r, g) performs a number of useful synthetic tranaformations, s.y.,
cleavage of alkyl ethers to the halides and alcohols™, non-aqusous conversion of
acetals and ketals to the carbonyl compnunds3, and conversion of activated alcohols
to the halides4. Vankar et al have also reparted independantly the deoxygenation
of sulfoxides to sulfid¢5 and the selectiva cleavags of benzyl ethars® with the
reagent, 1. In continuation af our work, we report hereinan efficient deoxygenation
of ot~kstooxiranes, 3 (eqn.1) and dehalogenation of 2-bromo-2-snona, 5 (egn.2) to
the corresponding ec,p-mnelturatod carbonyl compounds, 4, with the reagent, 1,

Deoxyganation of OL-ketooxiranas 3

Deoxygenation of oxiranes to olefin has bsen the focus of current interest and a
recant review has listed various reagents that can be employed for this purpose.
On the other hand, very few systemic studies have been reported on the deoxygena=
tion of o« ~ketooxirsnes, 3, to the o¢, @ -unsaturated carbony1~compounds, 4. We'have
now found that e variety of cc-ketooxiranes 3 cen be cleanly converted to the
corresponding ec,p -unsaturated carbonyl compounds 4 with 1 as the deoxygenatiaon
reagent, The results are summarized in Table 1,
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Jable - 1 : DEOXYGENATION OF oL-KETOOXIRANES, 3 10 O(,ﬂ-deATURATED

CARBONYL COMPOUNDS, 4, BY 1°

Entry Substrateb Reaction Condition Product® Yic.ldd'a
Temp.oC Time

1. o 32 -10, 1 min. /[ijilo 4a 85(95)

2. 3a -do~- 4a 82(94)
3. 3a ~25, 1 min. da 83(94)

4b 80(92)

4. /L;::LD 3b -10, 1 min.
o

5. 3c ~-do- ac 75(90)

6.

7. -do- 4e 80(5.:)
8. ~do~- af 18(v2)
9. -do- 49 80(92)

QY
S
S|
¥
.

[o]

8 The reactions were carried out using 3 (10 mmol), 8F 5.0 (C2H5)2 (23 mmol)
and Nal (25 mmol) in acatonitrile (25 ml); PThe oxiranes were prepared
Pollowing literature procedures; cPurity 95-98% as analysed by GC; dlsolated
yilelds by distillation; eFigures in parenthesis represent crude isclated
yields; PTotraethylammunium iodide as the source of iodide fon CH,Cl, as

2772
the reaction medium.
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As can ba seen from the Table 1, high yields of the products were obtained in all
the cases (entries 1-9) and most remarkably the reaction proceaded rapidly even
under mild conditions, Thus, while the reported reactions wers carried out at -10°C
(ics~salt bath), we have found that the reactions were complete within 1 min even
when the temperature was ags low as =25°C (entry 3) ! Use of squimolar amaunts

of 3 and 1 in the reaction produced ona-=half mole of iodine (as estimated by iodo-
metric titration) and a2 1 ¢ 1 mixture of 4 and unreacted 3. With two molas of 1,
however, aons mole of iodine was liberatad with concommitant formation of 4 in near
quantitative yields.

It is noteworthy that while the reaction of 1 with 3 is facile and yielded 4 in
excellent yields, the reaction of 1 with oxiranaes, such as cyclohexene 0x1dez, and
cycloheptene oxide2 and 1-phenyl-1-cyclohexens oxida8 yielded the corrsesponding
trans-iodohydrin in almost quantitative yields. In no case, however, were the

corresponding olefins detected.

Table - 2 3 REACTION OF X-KETOOXIRANES, 3, WITH BF 3.0(C,Hg),/Br ® , 2, at 25ec®

Entry Substrate Reaction Produc;E Yialdc'a
Time
1. 3a 0.5 h Q‘J 5a 85(92)
Br
2, 3a° 2 h Sa 80(90)
3. 3b 0.5 h Ji\:\l‘b 5b 82(92)
Br
4. 3c S min. @D 2L 75(89)
Br
r
o OH
5. 3d 0.5 h 3 (94)

8The reactions were carried out using 3 (10 mmol), BFB'D(CZHS)Z (23 mmol) and
tetraethylammonium bromide (25 mmol), in CHyCl, (25 ml) except entry 2.

bPurity 93-96%, c'dSea footnotes d, e of Table-1; ®NaBr as source of bromide ion
in scetonitrile (40 ml),

We have also explcred the reaction of 3 with a combination of barontrifluoride
etherate and bromide ion, 2 (Table 2). In this case, however, ths reaction of
3a-d with 2 yielded high amounts of the corresponding 2-bromo-2-enone derivatives
5a-d (entries 1-5, Table-2), arising possibly from the acid catalysed dehydration
of the intermediate bromohydrin darivatlves9. Indend, the bromohydrin g_owas
isolated as the sole product in tha cass of 3d where dehydration is prevented due
to the absence of hydrogen at the 2-pusition., It is noteworthy that the bromide
ion displays an overwhelming preference Por the 2-pusition, even when this place is

storically hindered (entry 5, Table 2).
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The probable mechanism for the deoxygenatiun uf 3 to 4 is shown in Schums 1, We
speculate that this reaction proceeds through formation of iodo-hydrin 8 via the
hydrolysis of the intermediate 7 by the moisture present in the reaction medium

(vide - infra ). The iodo-hydrin, 8 would then react with 1 to yield the therma-
dynamically stable en-one derivatives 4. This hypothesis is further supportev by

o\

=]
.| U ) :BFS (]
3d 1 O-8FR| Hy0 OH 1 ~OH i e
4 = —— ~=- ® [ + [BFOH]
A \ N >

1 8 4d
1

Scheme =~ 1

our observation that the bromohydrin § ' reacts instantaneously with a mole of 1 at
-10°C to yield thes carvone 4d in quantitative yield.

Dehalogenation of 2-bromo-2-enone, 5.

The reaction of 2-bromo-2-enone, 5, with 1 proceeded smoothly to yisld the corres-
ponding 2~en~1-one derivatives, 4, in aexcellent yields (eqn.2). As before the
reactfon also proceeds with tha concommitant formation of a mole of iodine. The
results are summarized in Table 3.

5 ) R,
n1>:_<E° _1__> '> S \ko
(2)

Ry Br 95-98% Ry H

As can be seen from the Table 3, while Sb=d reacts rapidly with 1 to fPurnish 4b-d
in quantitative yields, the corresponding reaction with sterically hindered

Table 3 : DEHALOGENATION OF 2-BROMO-2-ENONE 5 WITH 1

Entry Substrate Reaction Condition Product Yielda'b
Temp(°C), Time
1. Sa 25°,24 h or 82°,2 h 48 62(73)
2, Sa 85°, 2 h T 4s 80(95)
3. 5b 0°, 5 min 4b 85(97)
4, 5S¢ -0°, 5 min 4c (98)
o]
B
5, d 250, 0.5 h (96)
5d” 4d’

81solated yield, GC purity 95-98%; bFigures in the paranthesis indicated GC yields
using an internal standard. ®The reaction was carried out in 1,2-dichlorcethana
using tetrabutyl ammonium iodide and borontrifluoride etherate.
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substrate 5a was slow and required Porced condition for completion of the raaction
(entries 1,2). This difference in ths rate of reaction permitted a selective
dehalogenation of 5b-c over 5a {eqn.3).

R
e iy oo Rye)
oc Smin 0
Br
5_9 5b.R=H Sa 4b,R=H 4a
5¢,R=CHj 4c ,R=CH,
>e8% 96-987% 4%

The probable mechanism of the abova dehalogenation reaction (Schema-2) appeara to
involve borontrifluoride assisted 1,4-addition of lodide ion ta 5 to yield the
dihalo-devrivative, 9, which is then hydrolysed to the keto-derivative, 10, by the
moisture present in the reaction medium. Subsequent reaction of 10 with 1, as
shown in Scheme-2, yielded the 2-en-1-one, 4 with concurrent formation of a mole ..
iodine. This is further supported by (i) deuteration studies which showad the
incorporation of deuterum in 4a (50%)2and (ii) ‘reaction of 2,3-dibromo~3-methyl~
cyclohexan~1-one with 1 which yleldad 4b in good yields.

Scheme-2

s, 1 MO O !
a ———- —e
- { 0-8F [ —BF;0H"
r Br H(D)

0o - /;L
g H(D) Bﬁﬂr
4a

-

iaraﬁ

In conclusion, we have shown that a combination of borontrifluoride estherate and
iodide ion, _’deoxyganates under exceptionally mild condition g variety of oc-keto-
oxiranes 3 to the corresponding 2~sn-1-one derivatives 4 in quantitative yialds.
On the other hand the reaction of 3 with a combination of borontrifluoride-stherate
and bromide ion, 2 provided, in high yields, the corresponding 2-bromo-2-enone

derivatives, 5. Finally, the reaction of 5 with ] again yieslded the dehalogenated
products, 4, in excellent yields.

Experimental :

N#R spectra were recorded in CDC13 on a Bruker CW-80 and Brukaer AC-80 spectrometers,
with chemical shift reparted in ppm downfield of intarnal standard tetramethyl-
silans. IR spectra waers recorded on a8 Parkin-Elmer 781 spectrophotometer. GLC
analyses were carried out on a HP 5890 gas chromatograph using cepillary column

4P 101 (methyl silicone), 25 m x 0.2 mm x 0.2Am Pilm thickness.
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Preparation of o -ketooxiranes, 3 :

The ketoaxirane 3a was prepared following litcou.ure procedure13. Similarly

& -ketooxiranes 3b-38 were prepared following essentially tha above litaerature
procedure. Compounds §f14 and 2915 were prepared following literature procedures.
The products were purified by distillation,

38; b.p 51-539/0.5 mm of Hg; IR (CHCl;),»cm '; 1710; 'H amr, §, 3.05 (s, 1H, CH-0)
2.50 - 1,50 (m, 6H, BCﬁz), 1.45 (s, 3H, cg,).
3c; b.p 92-96°/30 mm of Hg; IR (CHC13), Y cm-1, 17103 Tw nmr, &, 3,70-3,50 (m, 1H,

o

-CH-C=0), 3,10 - 3,30 (m, 1H, 0-CH-C), 2.80 - 1.48 (m, 6H, 3c52).

3d; b.p 72-75°/ 1 mm of Hg; IR (CHCl4), ¥ cm™', 1710; "W nmr, &, 4.87-4.6 (m, 2H,
-cgz), 3,52 - 3,35 (m, 1H, CH-0), 2,95 - 1,80 (m, SH, 2CH,, 1 CH), 1.75 (s, 3H,
=C-CH3), 1.45 (s, 3H, CHy-C-0).

3@; b.p B85-86°/30 mm of Hg; IR (CHc13),:)cm'1, 1745; W nmr, &, 3.13 (s, 1H, CH-0),

2.50 - 1.75 (m, 4H, 2cg2), 1.60 (s, 3H, cgs).

General procedure for the deoxygenation of o -ketooxiranes, 3 :

To a stirred solution of 3 (10 mmol), sodium iodide (3.75 g, 25 mmol) in aceto-
nitrile (25 ml) at =-10°C was addsed, freshly distilled borontrifluoride atherate
(2.9 ml, 23 mmol) yia a syringe. After ome minute the dark reaction mixture was
quenched with 10% aqueous sodium thiocsulphate sclution. Dichloromethane (50 ml)
was added and the organic layer separated, washad with saturated brine solution
and dried., Removal of solvent yislded 4 which was further purified by distillation

under vacuum,

General procedure for the preparation of 2-bromo-2-enone, 5 :

To a stirred solution of 3 (10 mmol), tetraathyl ammonium bromide (5.78 g, 27.5

mmol) in dry dichloromethane (40 ml) at 25°C was added freshly distilled boron-

trifluoride etherate (1.6 ml, 12.5 mmol) via a syringe. Usual work up as before
yieldac 5, which was further purified by distillatien under vacuum.

5a 3 b.p 90-92°/1 mm of Hg, IR (neat),x)cm-1, 1680, 1610; Th nmr, &, 2.42 (s, 2H,
CH,-C=0), 2,38 (s, 2H, CH,-C=), 2.15 (s, 3H, cg,-c=). 1.05 (s, 6H, 2cg3).

5b ;3 Kugelrohr distillation (oven temp. 150°C, vacuum D.8 mm of Hg); IR (CHCIB),
Y cn”', 1680, 1610; "W nmr, , 2.70 - 2.30 (m, 4H, CH,=C=0, CH,=Cx), 2.15 (g, 3H,
J=1.0 Hz, CHy-), 2.20 - 1.85 (m, 2H, CH,-).

5¢c ; m.p 74-76°C; IR (CHC13),))cm-1, 1690, 1610; Ty amr, &, 7.42 (t, 1H, J=6.0 Hz,
CH-C=), 2.71 - 2.30 (m, 4H, CH,-C=0, CH,-C=), 2.25 - 1.90 (m, 2H, CH,-C-).

Zd ; Kugelrohr distillation (oven temp. 150°C, vacuum 1 mm of Hg): IR (neat), Jcm'1,
1700, 1605; Y nme, 8, 7.12 (s, 1H, CH=), 2.66 (dd, 2H, J=9.0 Hz, J=1,0 Hz, -CH,"
c=n), 1,90 {dd, 21, JI=B.0 Hz, J=1.0 Hz, cgz-c-), 1.2% (s, 6H, 2cg3).

General procedure for the dehalogenation of 5 to 4 :

To a solution of 5 (5 wmol), sodium iodide (2.06 g, 13.75 mmol) in dry acetonitrile
(10 ml) at 0°C or 25°C was added freshly distilled borontrifluoride etherate (1.6
ml, 12.5 mmol) as before. Usual workup as hefore sielded 4 in excellent yields.
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