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ABSTRACT - Heterocyclic dithiaorganolithium reagents react with cyclic a-enones
in THF to yield only products of carbonyl (1,2) addition; in the presence of 2.0
equivalents of hexamethylphosphoric triamide, the addition proceeds to give'\nearly

éxclusively the products of conjugate (1,4) addition in good yield.

Conjugate addition of a,a-dithiaorfanolithium reagents to a-enones has been sought as a route to synthetically
important 1,4-dicarbonyl systems.
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Unfortunately, such systems in which the carbanion is not further activated (e.g. by aryl3) have been observed
to yield products of carbonyl attack.

Recently we? ‘and others® have independently reported that 2-h'thio-1,3-dithianes - which™ react with cyclic
a-enones exclusively by carbonyl addition - can be induced to undergo conjugate additions by the addition of at
least 1.0 equivalent of hexamethylphosphoric triamide (HMPTA). This method has been employed by Thomas
and Heathcock in a novel annelation sequence.

We now report that conjugate addition to cyclic a-enones induced by HMPTA is a general reaction of anions of
cyclic dithiahéterocycles, including systems with five, six, and seven membered rings as well as additional
heteroatoms examples are shown below
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Carbanions were generated by published procedures, using n-BuLi in THF-hexane.” Treatment of the anions
with 2.5M 2-cyclohexen-1-one in 1:1 hexane-THF, dropwise at -80°, followed by hydrolysis after one hour
with methanol and then saturated agueous NH,Cl yielded only the carbonyl addition products. However,
addition of HMPTA to the anion solution, followed by stirring for 30-60 min, at -80°, addition of cyclohexe-
none, and workup® yielded products of conjugate addition. Addition of HMPTA to solutions of the anionic
products of carbonyl addition (Va) produced no rearrangement to IVa, even after warming to room tempera-
ture, as shown in the scheme below. The results of the conjugate addition experiments with 1, I, and IIl (R =
H, CH;, (CH,)45i) are shown in the Table.
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TABLE: Conjugate Addition in the Presence of HMPTA

Anion From Ketone Yield'%b 1,4/1,2¢
1 R=H cyclohexenone 79 81:19
1 R=Me cyclohexenone 81 93:7
Ila R=H cyclohexenone 77-87 92:8
Ila R=H cyclopentenone 84 96:4
Ila R=H cycloheptenone 69 72:28
Ila R=H 3-me-c’hexencne ) 55 10:90
IIa R=H 5,5-dime-c’hexenone 79 93:7
Ila R=Me cyclohexenone 82 96:4
Ila R=Me,5i cyclohexenone 82 96:4
IIb R=H cyclohexenone 75 94:6
IIc R=H cyclohexenone 73 93:7
I R=H cyclohexenone 699 96:4
CH,SCH,SCH;4 cyclohexenone 77 94:6

32 5mmole anion, 5.0 mmol HMPTA, 2.Smmol ketone, -80°, 10ml 3:1 THF:hexane.

PIsolated, distilled yield of isomer mixture.

®By glpc analysis of sample of reaction mixture before distillation. Analyses essentially the same after
distillation. Approx. 5-15% starting material observed in glpc analyses before distillation.

dChrDmatographed yield,
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The products of IVb contained minor amounts of Vb9, which proved laborious to separate chromatographically,
especially when R=H. However, treatment of (CCly,, 60°, 2-3 hrs)of the crude products with N-trimethylsilyl
imidizole followed by chromatography (8iO,, 20-30% ethyl acetate/hexane) allowed facile separation.

Conjugate addition of Tla to cyclopentenone and cycloheptenone have been described earlier.? Preliminary
results indicate that these, as well as various methylated cyclohexenones, react similarly with apions of I-III;
however, 3-methylcyclohexenone and 4,4-dimethylcyclohexenone yield mainly carbony? addition products, even
in the presence of HMPTA, presumably for steric reasons. Although beyond the general scope of this study,
some acyclic dithiacarbanions were also examined and found to behave similarly. Thus anions of ZSCHRSZ
(R=H, CH,y, C;Hs, Z=CH;, CcHs) were found to undergo conjugate addition to cyclohexenone and
cyclopentenone in the presence of HMPTA.

These observations establish the use of HMPTA-coordination as a valuable technique for affecting the mode of

addition of heterocyclic acyl anion equivalents to enones; however, elucidation of the mechanism by which such
coordination is effective (chelating diamines are completely ineffective) awaits further work.
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