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Summary : 0orontrifluoride ethmrata/iodide ion rapidly deoxygenatem d-ketooxiranaa, 

1, to the corresponding cr,p -unsaturated carbonyl compounds, Q, in near quantitative . 
yieldm. In contrast, the reaction of 1 with borontrifluoride etherate/brcmide ion, 

2, yielded the corresponding 2-bromo-2-enone derivatives, 1, in excellent yields. 

The reagent 1, also dehalogenatms a variety of 2-bromc-P-enones, 2, to the correm- 

ponding 2-en-l-one dariustivem, 4, in high yields. 

We have recently raported that a combination of borontrifluoride ethmrate/halide 

ions (X=1, 1; X-8r. 2) performa number of useful sy;thetic transformstions, e.g., 

cleavage oP alkyl ethers to the halides and alcohols , non-aqueous convormion of 

mcetals and kmtals to the carbonyl compoundm3, and conversion of activated alcohols 

to the halidema. Vankar et al have also reparted independently the deoxygenation -- 
of sulfoxidee to mulPide5 and the’selective cleavage of benzyl ethera with the 

reagent, 1. In continuation of our work, we report hereinm et’Picient deoxygenation 

of tit-ketooxiranes, 1 (eqn.1) and dehalogenation of 2-brorno-2-enona, 2 (eqn.2) to 

the corresponding oc,B-unsaturated carbonyl camF)oundm. A, with the reagent, 1. 

Decxygenation of DC-ketooxiranms 2 

Deoxygenation of oxirmnem to olmfin ham been the focus oP current interest and a 

recent review’ ham listed various reagents that can be employed for this purpose. 

On the other hand, very few systemic studies have been reported on the deoxygen’a- 

tion of Oc -ketooxirsnem, 2, to the oc, p-unsaturated carbonyl-compounds, 3. We'hsve 

now found that m variety of a-ketooxiranes 2 cmn be cleanly converted to the 

corresponding oc,/-unsaturated carbonyl compounds 4 with 1 am the daoxygenation 

reagent. The results are mummarired in Table 1. 
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Trrble - 1 : DEOXYCENATION OF oC-KETOOXIRANES, 2 TO a,)# -UNSATURATED 

CARBONYL COMPOUNDS, Q, BY 1” 

Entry Substrateb Reaction Condition 
Temp. OC Time 

Product= Yi=lddne 

-- 

1. D 0 3a -10, 1 min. 
0 \ 02 f35(95) 

2. -do- 4a - 82(94 ) 

3. 3a -25, 1 min. 48 63(94 1 

4. 

5. 

6. 

7. 

a. 

9. 

0 a 
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0 3e - 

-10, 1 min. 

-do- 

-do- 

-do- 

-do- 

P H 

Y4 
H cHo3 *do- 

I30( 92) 

75(90) 

Rl(94) 

RO(3.I) 

lU(92) 

SO(92) 

a The reactions were carried out using 1 (10 mmol), BF3.0 (C2H5)2 (23 mmol) 

and NaI (25 mmol) in acetonitrile (25 ml); bThe oxiranes mere prepared 

Pollowing literature procedurea; ‘Purity 95-98% as analysed by CC; dIsolated 

yields by distillation; 

yields; 
P 

‘Figures in parenthesis represent’ crude isolated 

Totraothylammonium iodide as the source OP iodide ion CH2C12 as 

the reirc tion medium. 
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As can be seen ?rom the Table 1, high yields of the products were obtained in all 

the cases (entries 1-9) and most remarkably the reaction proceeded rapidly even 

under mild conditions. Thus, while the reported raactiona ware carried out at -lO°C 

(ice-salt bath), we have Pound that the reactions were complete within 1 min even 

when the temperature wea ao low ss -25OC (entry 5) ! Uee of l qulmolar amounta 
oP 1 and 1 in the reaction produced one-hall mole OP iodine (as astirnoted by iodo- 

metric titration) and a 1 : 1 mixture of 2 and unraactad 1. Uith two moles OP ‘I, 

however, one mole oP iodine was liberated with concommitant Pormation oP 4 in near 

quantitative yields. 

It is noteworthy that while the reaction OP J_ with 1 is Pacila and yielded 5, in 

excellent yiolds, the reaction of J_ with oxiranas, such as cyclohaxane oxid&, and 

cycloheptona oxide* and I-phanyl-1-cyclohexene oxide6 yielded the corresponding 

trans-iodohydrin in almost quantitative yields. In no case, however, wara the 

corresponding olafins detected. 

Table - 2 : REACTION OFOC-KETOOXIRANES, 1, WITH BF3.0(C2HS)2/13re , 2, at 25OC” 

Entry Substrate Reaction 
Time 

Productb Yialdc’ d 

1. 22 0.5 h 0 \ 2 es(92) 

Br 

2. 

3. 

4. 

a 0.5 h 

2h 

S min. 

-ca \ 22 

6? 

eo(90) 

E2(92) 

ca 2s 
\ 7S(B9) 

Br 

5. 0.5 h 

‘The reactions wara carried out using 2 (10 mmol), BF,.O(C2GS)2 (23 mmol) and 

tatraathylammonium bromide (25 mmol), in CH2Cl2 (25 ml) axcaPt antrY 2. 

bPurity 93-969, ‘pdSea footnotes d, a OP Table-l; ‘NaBr as source of bromide ion 

in acatonitrilo (40 ml). 

We have also axplorod the reaction oP 2 with a combinntion OP borontriPluorida 

rtharato and bromide ion, 2 (Table 2). In this case, however, the reaction oP 

3a-d with 2 yielded high amounts of the corresponding 2-bromo-2-anona derivatives 

5a_d (entries l-5, Table-2), arising possibly Prom the acid catalysad d;bhydration 

OP the intermediate bromohydrin derivatives’. Indeed, the bromohydrin a was 

isolated as the sole product in the case oP 2 where dehydration is prevented due 

to the absence oP hydrogrn at the P-position. It is noteworthy that thr. I)r>mida 

ion displays an ovarwhalmir~g preference Por the P-position, even when this place is 

storicolly hindered (entry 5, Table 2). 
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Tho probablu muchaniam for the daoxyqanetiun of 2 to 2 ia ahown in Schumu 1. rJu 

speculate that this reaction proceeds through Pormation OP iodo-hydrin 8 via the 

hydrolysis OP the intermediate 1 by the moisture present in the reaction medium 

(vida - inPra ). -- The iodo-hydrin, 8 would then react with 1 to yield the thermo- 

dynamically stable en-one derivatives 2. This hypothesis is Purthor supportso by 

4d 

our observation that the bromohydrin 5 
11 reacts instantaneously with a mole oP !, at 

-1OOC to yield the carvone G in quantitative yield. 

Oohaloqenation OP 2-bromo-2-enone, 2. 

The reaction OP 2-bromo-2-enone, 2, with 1 proceeded smoothly to yield the corres- 

pondinq 2-en-l-one derivatives, 4, in excellent yields (eqn.2). As bePore the 

roact.4on also proceeds with the concommitant Pormation OP a mole OP iodine. The 

results are summarized in Table 3. 
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As can be seen Prom the Table 3, while 5b_d reacts rapidly with J_ to Purnish 3-d 

in quantitative yields, the corresponding reaction with etarfcally hindered 

Table 3 : DEHALOCENATION OF 2-BAOMO-2-ENONC 2 WITH 1 

Entry Substrate Reaction Condition Product Yielda’b 
Temp(aC), Time 

1. 58 

2. 5a 

3. a 

4. SC 

2S”,24 h or f32O,2 h 48 62(73) . 

8So, 2 h 4a tlo(95) 

O”, 5 min 4b as(97) 

‘O”, 5 min c (98) 

5. 

0 

Q 

Br 

I 

Sd’ 

25a, 0.5 h 

0 

I (96) 

4d’ 

aIsolated yield, CC purity 95-9t3$; bFiqurea in the paranthesis indicated CC yields 

using an internal standard. ‘The reaction was carried out in 1,2-dichloroethane 

using tatrabutyl ammonium iodide and borontrilluoride etherate. 
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substrate a was slow and required Ported condition for completion of the reaction 
(entries 1,2). This diPPerence in the rata or reaction permitted a selective 
dehalogenation of 5b_c over 2 (eqn.3). 

S_b.R=H 

S_c,R=CHs 

lh 

sa 4b,R=H _ 4a 

I_c , R=CHj 

>B6% 90-@8X (4% 

(3) 

The probable mechanism of the above dehalogenation reaction (Schema-2) appears to 

involve borontriPluoride assieted 1,4-addition of iodide ion to 2 to yield the 

dihalo-derivative, 2, which is then hydrolysed to the keto-derivetive, l0, by the 

moisture present in the reaction medium. Subsequent reaction of c with l, as 

shown in Scheme-P, yieltind the 2-en-l-one, 4 with concurrent formation of a mole -: 

iodine. This is further supported by ($) deuteration studies which showed the 

incorporation of deuterum in & (%I$)‘*end (ii) * reaction of 2,3-dibromb-%methyl- 

cyclohexan-l-one with J_ which yielded s in good yielda. 

Scheme-2 

+ 

1 [N -- Ik H(D) 

‘! 

In conclusion, we have shown that a combination of borontrifluoride etherete and 

iodide ion, l+deoxygonates undor exceptionally mild condition p variety of or-keto- 

oxiranes 2 to the corresponding P-en-l-one derivatives a in quantitative yields. 

On the other hand the reaction of 1 ruith a combination of borontriPluoride-etharate 

and bromide ion, 2 provided, in high yields, the corresponding 2-bromo-2-enone 

derivatives, 2. Finally, the reaction of 2 with 1 again yielded the dehalogenated 

products, 9, in excellent yields. 

Experimental : 

NW spectra were recorded in CDC13 on a Bruker CW-80 and Bruker AC-80 spectrometers, 

ruith chemical shift reported in ppm dorunfield of internal standerd tetramethyl- 

silane. IA spectra were recorded on a Perkin-Elmer 781 apectrophotometer. CLC 

analyses wore carried out on a HP 5890 gas chromatogrsph using capillary column 

!1P 101 (methyl silicone), 25 m x 0.2 mm x 0.2bm film thickness. 
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Preparation of O(-ketooxiranea, 2 : 

The ketooxirane 2 was prepared following litcz..Lure procedure 13 . Similarly 

O(-ketooxiranes 3b-3s were prepared following essentially the above literature -- 
procedure. Compounds 3-f 14 and 32 15 were prepared following literature procedures. 

The products were purified by distillation. 

3b; b.p 51-530/0.5 mm of Hg; IR (CHC13),ticm 
-1 ; 1710; ‘H nmr, 6, 3.05 (s, lH, Cl-O) 

2.50 - 1.50 (m, 6H, 3Ctl2), 1.45 (s, SH, Cti3). 

-1 
3c; b.p 92-96O/30 mm of H9; IR (CHC13!, ti cm , 1710; ‘Ii nmr, b, 3.70-3.50 (m, lH, 

0-CH-CEO), 3.10 - 3.30 (m, lH, O-C&C), 2.80 - 1.48 (m, 6H, 3CH2). 

3d; b.p 72-75O/ 1 mm of Hg; IR (CHC13), J cm”, 1710; ‘H nmr, 6, 4.87-4.6 (& 2h, 

-Cti2), 3.52 - 3.35 (I?, lH, C&O), 2.95 - 1.80 (2, 5H, 2CH2, 1 Ci), 1.75 (5, 3h. 

=C-C13), 1.45 (s, PH, Ctl,-C-O). 

2; b.p ES-86O/30 mm of Hg; IR (CHC13),3cm-‘, 1745; ‘H nmr, 6, 3.13 (s, lh, C&D), 

2.50 - 1.75 (m, 4H, 2Cli2), 1.60 (5, 3H, Cli3). 

General procedure for the deoxygenation of oc-ketooxiranes, 1 : 

To a stirred solution of 2 (10 mmol), sodium iodide (3.75 g, 25 mmol) in aceto- 

nitrile (2s ml) at -lO°C was added, freshly distilled borontrifluoride otherate 

(2.9 ml, 23 mmol) via a syringe. After one minute the dark reaction mixture was 

quenched with 10% aqueous sodium thiosulphate solution. Dichloromethane (50 ml) 

was added and the organic layer separated, washed with saturated brine solution 

and dried. Removal of solvent yielded 2 which was further purified by distillation 

under vacuum. 

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

To a stirred solution of 1 (IO mmol), tetraethyl ammonium bromide (5.78 g, 27.5 

mmol) in dry dichloromethane (40 ml) at 2S°C was added freshly distilled boron- 

trifluoride etherate (1.6 ml, 12.5 mmol) 9 a syringe. Usual work up as before 

yielded 2, which was further purified by distillation under vacuum. 

Sa; b.p 90-92O/l mm of Hg, IR (neat), dcrn 
-1 

, 1600, 1610; ‘H nmr, 6, 2.42 (5, 2H, 

CH2-GO), 2.38 (9, 2H, Ct12-C=), 2.15 (s, 3H, CH3-C=), 1.05 (s, 6H, 2CH3). 

5b; Kugolrohr distillation (oven temp. 15OoC, vacuum 0.0 mm of Hg); IR (CHCL,), 

J 
-1 

cm , 1680, 1610; ‘H nmr, d , 2.70 

Jp1.0 Hz, Cfi3-), 2.20 - 1.85 (m, 2H, 

SC; m.p 74-76OC; IR (CHC13), gem-‘, 

C&-Ctj, 2.71 - 2.30 (m, 4H, Cti2-C=O, 

- 2.30 (m, 4H, Cli2-C=O, CH2-C=), 2.15 (d; 3H, 

CH2-). 

1690, 1610; ’ H nmr, 5, 7.42 (t, 1’4, Je6.0 Hz, 

c~~-c=), 2.25 - 1.90 (2, 2H, CH2-C-). 

sd’ ; Kugelrohr distillation (oven temp. 150°C, vacuum 1 mm of Hg): 1R (neat). Jcm -1 , 
1700, 1605; ‘H nmr, 6 , 7.12 (a, lH, Cl=), 2.66 (dd, 2H, J=S .O Hz, J-1 .U Hz, -Ci2- 

C=fJ), 1.90 (dd, 2H, ZM3.0 HZ, J=l .O Hz, CH2-C-), 1.21 (5, 6H, 2CH3). 

General procedure for the dehalogenation of 2 to 4 : 

To a solution of 2 (5 mmol), sodium iodide (2.fl6 g, 13.75 mmol) in dry acetonitrile 

(10 ml) at OOC or 25OC was added freshly distilled borontrifluoride etherate (1.6 

ml, 12.5 mmol) as before. Usual workup as hefore wielded 4 in excellent yields. 
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