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Abstract Fluoro chlorides are major products 1n the reaction of methyl hypochlorite
with certain olefins in the presence of boron trifluoride

We would T1ke to report an unexpected reaction of methyl hypochlorite (CH3OC1,1) with
certain olefins 1n methylene chloride containing a small amount of boron trifluoride, BF3
We observed that 1 reacted with methyl acrylate (2), methy] crotonate (3}, and methyl 1socro-
tonate (4) to produce fluoro chlorides by the addition of the elements of C1, F The expected
methoxychloro regioisomers were also formed

1,2

1,BF 1} (|)| il
2 - c13 : CHy=CH-C-OCH;  +  CH,-CH-C-OCH; + CHy-CH-C-OCH,
2Ll Foal CHy0  C1 C1 OCH,
5 - 36% 6a - 26% 6b - 21%
0
3,4 LBF CH.CH-CH-C-OCH, +  CH,CH-CH-C-0CH CH..CH-CH-C-0CH
31 3 gbH-GH-C-0tr, 3§ H-GH-C-0CH, gy-ir-L-Oti,
2L1s FoCl CHy0 C1 C1 OcH,
From 3 7{erythro)-59% 8a(erythro)-22% 8b(erythro)-9%
From 4 9(threo)-53% 10a(threo)-14% 10b{threo)-3%

We suspect that the mechanism 1nvolves formation of intermediate ton-pair 11 which col-
lapses to products elther by release of fluoride or methoxide 1on from the methoxytrifluoro-
borate anion
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There 1s Tittle 1nformation 1n the Titerature on the stability or reactivity of an amon
such as 1n 11, and we can only speculate on 1ts ex1stence3

The completely stereospecific, ant1 ring-opening of the chloronium 1on 1n 11 by both
methoxide 10on and fluoride von 13 understandable from the standpoint of bonding 1n the chlorenium
1on  Because of the electron-withdrawing ability of the carbonyl group, the bridging in the
chloronium 1on should be quite symmetr1ca1,4’5 thereby necessitating backside (ant1) attack on
the qor gcarbons of 11

The d1fference 1n regiospecificity between the methoxide and fluoride 1ons 15 difficult to
explain Perhaps fluoride does attack the o-carbon, but the resulting a-fiuoro, B-chloro
product 1s unstable to the reaction conditions and loses HF. Small amounts of unidentified com-
pounds were present 1n the vpc analyses Also, the B-chloroolefins resulting from elimination
may polymerize 1n the presence of BF3 Perhaps the same explanation can be used to account for
the results with styrene Reaction of 1 and styrene under the same conditions as for 2, 3 and
4 produced only a low yield of B-chlorostyrene and Fchloro-a -methoxy addition product Con-
c e 1vably 1-phenyl-1-fluoro-2-chloroethane 1s unstable to the reaction cond1t1ons6

We also considered the possibiiity that methyl hypochlorite (1) s not the actual chlori-
nating agent. Another possibility 1s a boron trifluoride-methyl hypochlorite compiex such as
12 To 1nvestigate this possibility, we saturated a solution of 1 1n CH2C12 wi1th gaseous BF3
and observed the methyl proton singlet 1n the nmr  We speculated that 1f 12 were formed, the
absorption for 1 should decrease and a new absorption should appear downfield for 12 When

?1
CH:,’—()—BF3

12
BF3 was passed 1nto a solution of 1, no new peak appeared Only the absorption for 1 at 3 93
ppm was observed These data cast doubt on the 1nvolvement of 12, but do not prove that a
trace of 1t, 1n equiTibrium with 1, 1s not the chlorinating agent
Chlorine monofluoride, C1F, formed as shown below, 1s another possible halogenating agent

1+8F, —— CIF + BF,0CH,

The formation of CI1F, however, cannet occur to any sigmficant extent since 1 on the basis of
the nmr studies 1s apparently unreactive towards BF37
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We plan to extend the mechanistic and synthetic implications of these reactions by study-
1ng other alkenes where loss of HF 1s impossible or at Teast less likely, substituting other
triflunrides for BF3(A1F3,InF3), examining the reactions of other hypochlorites (bulky t-buty)
hypochlorite may give only fluoro chloride), extending the study to hypcbromites, hypoiodites,
and positive halo-mitrogen systems (NCS,NBS,NIS)

A typical reaction 1s 11lustrated with methyl acrylate (2) i To a stirred solution of 6 63
mmol of 2 1n 5 mL of CH2612 n the dark was added approximately 6 drops of BFs—etherate followed
by 1.28 mmol of 1 {a 1 28 M solution of 1 n CHZC]Z) The reaction was completed 1n approximately
5 min , and the products were analyzed by vpc. 12' x 0 125" ss column packed with 1 5% DNP  Al]
products were 1solated by preparative vpc, and their structures were established by nmr  Nmr
spectra were obtained for 5, 7, and 9 5 1H, 83 B0 (s,3H), 4 006-5,41 (m,3H-complex multiplet,
neither H,H or H,F coupling constants are interpretable). lgF, §3 66 (triplet of doublets,
J=45.6Hz and 15.5Hz,1H) Z 1H, 81 50(dd,J=22 5Hz and 6 8Hz,3H). 3,83 {s,3H), 4 22 (t,d=
6 8Hz,1H), 4 90{doublet of quintets, J=46 5Hz and 6 8Hz,1H), 19F, &6 20{doublet of gquartets of
doublets, J3=46 SHz, 22 SHz, 6 BHz,1F) 9. 1H, 81 45(d,d,1H), J=22 QHz and 6 OHz,3H), 3 81(s,3H},
4 24(dd,J=17 0OHz and 6 OHz,1H), 4 98(doublet of auintets, J=45 QHz and 6 OHz,1H)

We suggest that the additions of C1,F are ant1r, giving erythro from 3 and threo from 4,
because {a) a completely stereospecific syn addition would be unprecedented, and (b) the most
stable conformer from ant1 addition to 3 would have the F and H on C#2 1n a gauche configuration-
the smaller H,F coupling, whereas the most stable conformer from ant1 addition to 4 would have
the F and H on C#2 1n an ant1 configuration - the larger H,F coupling The structures of 6ab,
8ab, and 10ab are confirmed by nmr, these data will be presented elsewhere
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1. Without BF3, alkyl hypochlorites react with olefins 1n aprotic solvents by a radical
mechanism, and 1f the radical reaction 1s inhibited, they do not react at all. G E Heasley,
V M McCully, R T. Wiegman, V L Heasley, and R,A. Skidgel, J_ Orq. Chem , 41. 644 (1976).

2 Both boron trifluoride etherate, BFg O(CZHS)Z and gaseous BF3 were used without apparent
difference in the product ratios

3. Oxytrifluoroborates have been prepared and are reported to be fairly stable In general,
the B-F bond 1s stronger than the B-X bond (BFSX").

lon pairs analogous to 11 have been postulated for the following BP3 catalyzed re-

actions: Addition of HZS to olefins, 1n alkylations of aromatics with alkyl chlorides,
polymerizations, addition of cyanogen halides to olefins, and nitrations with nitryl chloride
Fluoride formation was not reported in any of these studies, See: "Advances 1n Fluorine
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Chemistry", M Stacey, J C Tatlow, and A G Sharpe, Academic Press, Vol 1, 1960, p 1ll2-
118, and other references therein

We have recently observed that the brominations of methyl crotonate and methyl 1socrotonate
are highly stereospecific V L Heasley, D W Spaite, D F Shellhamer, and G E Heasley,

J Org Chem., 44, 2608 (1979)

T1ightly bridged chloronium 1ons are known to be 1nvolved 1n the chlorinations of cyclo-
pentene V.L Heasley, G E Heasley, P D Davis, DM Ingle, and KD Rold , J. Org Chem ,
39, 736 (1974) and 1n the chlorination of di-t-butylethylene R C fahey, J Am Chem Soc ,
88, 4681 (1967)

As far as we can determine, this compound has not been reported 1n the Titerature

It seems doubtful that molecular CIF 1s involved 1n the reactions since 1t 15 known to
react explosively with hydrocarbons  Furthermore, C1F should replace all of the hydrogens,
as well as add to the double bond, resulting i1n many products This was not observed

For a discussion of the reactions and properties of C1F see reference 3, p 18-19

A manuscript 15 1n preparation on the reactions of 1 with 2, 3, and 4 1n methanol to give
6ab, 8ab, and 10ab
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