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In a previous paper', we have reported a novel lead(IV) ace-
tate-promoted Favorskii-type rearrangement of a ketone or an
enol ether to give ring contraction products. In continuation
of our research we have found that treatment of enol ethers or
enol esters with lead(IV) acetate in the presence of metal hal-
ides gives the corresponding e-haloketones, while the reaction
of enol ethers with lead(IV) acetate/boron trifluoride etherate
mainly affords ring contraction products.

In this communication, we describe a new method for the re-
giospecific synthesis of a-haloketones by application of the
halogenation reaction of enol ethers or enol esters using the
lead(1V) acetate/metal halide reagent. The results summarized
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in Table 1 indicate that (1) a-haloketones are produced regio-
specifically in good yields under mild reaction conditions, (2)
the halogen atom to be introduced can be selected freely by
exchange of the metal halide, (3) the applicable metal halides
are not restricted to sodium and potassium halides, but cal-
cium and zinc halides are also suitable as halogen sources.

3
OR Pb(OACII. /MX]J

[
R!'—CH—C—R2

7
R'—C H—C\Rz —_—
1,3,5,7,9 2,4,6,8,10

o]

il
R3 = CHj,CoHs, —C—CHs , —SilCH3)3
M =Na, K,6Ca,Zn
X :Cl Br,J

The lead(IV) acetate/metal halide reagents supplement the es-
tablished halogenation methods such as bromine™*, N-halo-
succinimides**>°, silver acetate/iodine’, and thalium(I) ace-
tate/iodine® for the conversion of enol ethers and esters to a-
haloketones.

a-Haloketones; General Procedure:

To a stirred suspension of the metal halide (2.2 equiv) in methanol (10
ml), 90% lead(1V) acetate (3.3 equiv) and the enolate (2.2 mmol) in me-
thanol (3 ml) are added successively at 0-25 °C, and stirring is contin-

Table 1. Reactions of Enol Ethers and Acetates with Lead(I'V) Acetate/Metal Halides

Substrate Product® R’ Metal Halide/ Temperature [°C)/ Yield
Solvent Time [min] [%]
OR3 [¢]
é é/c' C.H, CaCl,/CH,OH rt/10 99
1 2a CO—CH, NaCl/CH,OH 0°/10 77
Q C,H; NaBr/CH,;0H 0°/10 90
6/5' CO—CH;, NaBr/CH,OH 0°/10 82
2b Si(CHs)s NaBr/CH;OH 0°/10 47
Q , C,H; Nal/CH;OH r.t./10 85
é/ CO—CH, Nal/CH,OH r.t./10 85
2c Si(CHs); Nal/CH,OH rt./10 87
CH, CaCl,/CH,0OH 0°/15 76
oR? CH, NaCl/CH;0H r.t./10 74
0 ol CO—CH, NaCl/CH,OH 0°/120 91
@/ Si(CHa)s NaCl/CH,OH rt./10 58
3 4a Si(CHs)s KCl/CH,0H r.t./10 88
Q 5 CH, NaBr/CH;OH 0°/10 93
@/ ' CO—CH;, NaBr/CH;OH 0°/120 95
4b Si(CH3); NaBr/CH,OH 0°/10 9
CH, Znl,/CH:OH r.t./10 67
9 , CH, NaJ/CH.OH /10 79
@:‘5/ CO—CH, Nal/CH,0H rt./10 75
o 4c Si(CHa)s Nal/CH;0H rt./10 68
/0—(l:l—CH3
n-CLHg—CH:C\ n-C4Hg—CH—C—CHj
Lo 5 &t 0 6a CaCl,/CH,OH r.t./10 93b-c
I}
0—C—CHy *
n-CLHg—CHz—C\ , n'CLHs—CHz—(I:—CHZCl
CH: 5 0 6a
n'Cz.Hg—?H—ﬁ—'CHg
Br 0 6b NaBr/CH;0H 0°/10 82
+
n'CLHg—CHz—ﬁ—-CHzBr
0 6'b
n'CLHs—(IIH—ﬁ—CHa
J 0 6¢ Nal/CH,OH r.t./10 92h-c

+

n-C4Hg—CHy—C—CHaJ
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Table 1. (Continued)
Substrate Product® R? Metal Halide/ Temperature [°C}/ Yield
Solvent Time [min] [%]
cl.,
oji} 8a CaCl,/CH;0H 0°/60 73¢
Br:]/::
0 } 8b NaBr/CH;0H 0°/10 66"
) ! 8¢ NaJ/AcOH r.t./30 59¢
HiC  CgHiy Br:]:/}
Hhe o] 10b CO—CH; ZnBr,/ether 0°/10 73¢
J,
R30 j /]/i:
H 9 0 } 10¢ CH, ZnJ,/ether rt./10 55¢
CO—CH; NaJ/AcOH r.t./ 10 58¢

“ Products 2a-¢ are > 98% pure by G.L.C. (silicone XE-60, 2%, 3 mm x 2 m).

Products 4a, b, and 10b are purified by column chromatography on silica gel eluting with chloroform or 1:1 hexane/chloroform.

Substrate is a 38 :62 mixture, see Ref.®.

¢ Product is a 4:6 mixture as determined by G.L.C. and 'H-N.M.R.

4 Substrate is prepared from 3-0xo-5(H),4,6,118(H)-eudesman-6,13-olide and isopropenyl acetate according to general method of Ref*: see
also Ref.”.
C7H240, calc.
(292.4) found

¢ See Ref.* for substrate.

' See Ref."” for substrate.

b

C6982 HB829
69.66 8.01

Table 2. Characterization of a-Haloketones

Prod- m.p. [°C] or Molecular Formula  LR. (KBr or neat) 'H-N.M.R. (CDCl,/TMS) M.S.
uct b.p. [°C}/torr or Lit. Data Vemo fem™'] & [ppm] m/e
2a 59-61°/3 81-83°/9" 1725 4.4 (m, | H) 134, 132 (M), 55 (100%)
2b 70-72°/3 82-85°/9" 1720 4.5 (m, 1H) 178, 176 (M ™), 55 (100%)
2c 55-56°/1 54°/1% 1710 4.7 (m, 1H) 224 (M, 100%)
4a 103-105°/1 e 1685 4.6 (dd, J=5 Hz, 7 Hz, 1 H) 182, 180 (M *), 118 (100%)
4b 113-115°/1 —" 1685 4.7 (t, J=4 Hz, 1 H) 226, 224 (M), 118 (100%)
4c 76-78° (hexane) 75-78°% 1675 5.1(t,J=4 Hz, 1H) 272 (M™), 145 (100%)
6a+6'a  60-72°/18 —_ 1720 4.1(s,2H); 42 J=6 Hz, 1H) —
6b+6b  71-82°/13 _—— 1720 39 (s, 2H); 43 (t, J=8 Hz, IH) —
6c+6'c — 3 1710 3.8 (s, 2H); 45 (t, J=7 Hz, 1H) —
8a 180° (dec) (ethanol)  178-179°° 1765, 1730 4.7 (dd, J=6 Hz, 13 Hz, | H) 286, 284 (M ™), 187 (100%)
8b 150° (dec) (ethanol)  145-147°° 1765, 1725 4.9 (dd, J=8 Hz, 13 Hz, 1 H) 330, 328 (M *), 233 (100%)
8¢ 120° (dec) (ethanol)  C,sH,JO;" (376.3) 1765, 1720 5.1(dd, J=8 Hz, 13 Hz, | H) 376 (M *, 100%)
10b 165-168° (ethanol) 170¢% 1720 48 (dd, /=7 Hz, 14 Hz, | H) 466, 464 (M ™), 311 (100%)
10¢ 125-128° (ethanol) 126-130°" 1715 5.0 (dd, /=7 Hz, 14 Hz, 1 H) 512 (M™, 100%)
¢ Calc. C 47.88 H 5.64
found 47.76 5.50

ued for 10-120 min (Table 1). The reaction mixture is poured into a
solution of ice-cold water (50 ml) and 10% hydrochloric acid (10 ml),
and extracted with ether (3 x 50 ml). The combined ether extract is
washed successively with saturated sodium hydrogen carbonate solu-
tion (20 ml), sodium thiosulfate solution (5 ml), brine (10 ml), and
dried with sodium sulfate. Evaporation of the solvent leaves crude a-
haloketones which are purified by column chromatography on silica
gel, by recrystallization, or by distillation under reduced pressure (Ta-
bles 1 and 2).
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