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B-HALOVINYL KETONES: SYNTHESIS FROM ACETYLENIC KETONES
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Abstract: The reaction of terminal acetylenic ketones with Nal or LiBr gave almost
exclusively E-g-iodo- or E-g-bromovinyl ketones in trifluoroacetic acid, while Z-8-
jodo- or Z-g-bromovinyl ketones were the major products in acetic acid. Trimethyl-
silyl iodide and promide reacted smoothly with acetylenic ketones at -78°C to give
TMS-allenolates which were readily converted to g-iodo- and g-bromovinyl ketones,
respectively.

B-Halovinyl ketones have proved to be versatile and valuable materials in organic synthe-
sis.l However, the synthesis of g-halovinyl ketones, especially g-iodovinyl ketones, often
poses a difficult synthetic problem.2 g-Iodovinyl ketones should, we hoped, be obtained via a
Michael addition of iodide anion or its equivalent to acetylenic ketones in the presence of the
reagent activating the carbonyl group, and it was found that trimethylsilyl jodide gave satis-
factory results.3 We have further studied the Michael reaction of iodide and bromide anions,
or their equivalents, with acetylenic ketones in acidic media.
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Table 1
[o] o) X [o]
"‘°5"11/u\§ B "'%”nv + “‘Cs“n/lk/\x
la 3a ta
Reagents/Solvents Conditions 3a (%) 4a (%) X
Nal/TFA RT, 30 min - 95 I
NaI/AcOH RT, 30 min 70 17 I
Nal/AcOH RT, 21 hr -- 94 1
n-BugNI/TFA (2 eq)/CHpCly 0°C, 2 hr -- 84 I
TMSI/CHyC12 -78°C, 10 min -- 91 1
LiBr/TFA RT, 30 min 1 89 Br
LiBr/AcOH RT, overnight 68 12 Br
TMSBr/CH,C12 -78°C, 10 min 22 64 Br
TMSCT/CHCT3 reflux, 6 hr 16 6 C1
Table 2
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Substrates
R RZ  Method® Conditions 3 (%) 4 (%)
1b: i-Pr H A RT, 30 min - 85
B RT, 30 min 65 9
1c:  Ph H A RT, 30 min -- 78
B RT, 2 hr 66 23
1d: n-Pen Me A RT, 2 hr 28 59
B RT, 80 hr 21 17
le:  n-Pen n-Bu A RT, 30 min 27 67
B RT, 24 hr 11 16
1f:  n-Pen Ph A RT, 1.5 hr 73 19
B RT, 40 hr 26 -
1g: OMe n-Bu A,C RT, 6 hr <20
1h:  AcO(CHz)g n-Bu ( -78°C, 5 min 33 56
1i: (t-Bu){(Me)2Si0(CH2)4 n-Bu C -78°C, 5 min 33 52
13: THPO(CH2)4 n-Bu C -78°C, 5 min 42 31
dMethod A: Nal/TFA B: Nal/AcOH C: TMSI/CHaCl2
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We first examined the reaction of l-octyn-3-one (la: R1=n-C5H11, R2=H) with various iodi-
nating reagents (Table 1). The reaction of la with Nal (1 eq) in trifluorcacetic acid (TFA),
(n-Bu)gNI (1 eq) in CHyClo containing 2 equivalents of TFA, or trimethylsilyl iodide (TMSI) 1in
methylene chloride gave exclusively the E-g-iodovinyl ketone 4a (R1=n-C5H11, R2=H; mp 38°C,
Tit. mp 36-37°C23) in high yield.4s5 The Z-isomer 3a (Rl=n-CgH11, R2=H) was obtained as the
major product with Nal in AcOH at room temperature for 30 min. It seems reasonable to
interpret this stereochemical outcome in terms of the steric hindrance exerted by the iodine
atom for protonation at the a-position. As anticipated, upon thermodynamic equilibration the
E-isomer was found to be the sole product under the conditions of Nal/AcOH/21 hr. It was
interesting to note that two equivalents of Nal in TFA yielded the diiodide 5a (Rl=n-CgHyy,
RZ=H), which was converted to 4a in good yield upon treatment with diisopropylethylamine in
CHyCly at room temperature. As reported in the preceding paper,3 TMSI smoothly reacted with la
at -78°C to yield the unstable but spectroscopically detectable TMS-allenolate gg_(R1=n-C5H11,
RZ2=H, M=TMS), from which the E-iodovinyl ketone 4a was obtained in high yield.

The reactivity of la towards LiBr/TFA, LiBr/AcOH or trimethylsilyl bromide was found paral-
lel to the iodo series. However, the current method is not highly effective for the prepara-
tion of g-chlorovinyl ketones; trimethylsilyl chloride reacted sluggishly with la even under
reflux in CHCl3.

We next applied these reaction conditions to a variety of substituted acetylenic ketones
(Table 2). Terminal acetylenic ketones such as lb,c gave results similar to la; the E-isomer
was formed as the sole product in TFA containing Nal, whereas the Z-isomer was the major pro-
duct in AcOH containing Nal. As might be expected, the behavior of inner acetylenic ketones
was different from that of terminal acetylenic ketones. The conditions of Nal/TFA and of
TMSI/CHpC1o were as effective for inner cases as for terminal cases, but the conditions of
Nal/AcOH were less effective for inner cases. The E versus Z selectivity for inner cases was
lower than for terminal cases, which shows the fine balance of thermodynamical stability of the
E- and Z-isomers, dependent on the electronic as well as steric effects of the substituents.

We have also tested these conditions for acetylenic ester 1g with Timited success.®

In general, E- and Z-isomers show a large difference in mobility on silica gel, and they
are easily separable by conventional silica gel column chromatography. In addition, since base
treatments of E- and Z-g-iodovinyl ketones regenerate acetylenic ketones, either isomer can be
recycled.3
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