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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 uiamide, the addition proceeds to give',nearly 

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

Conjugate addition of a,a-dithiaor anolithium reagents to a-enones has been sought as a route to synthetically 
important 1,Cdicarbonyl systems. f 

.. , . .  . . . 
Unfortunately, such systems in which the carbanion is not further activated (e.g. by ary13), have beep observed 
to yield products of carbonyl attack. 

Recently we4'and others5 have independently repoRed that 2-lithio-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 ~equence .~  

. . 

We now report that conjugate addition to cyclic a-enones induced by HMPTA is a general reaction of anions of 
cyclic dithiaheteroeycles, including systems with five, six, and seven membered rings as well as additional . . i  beteroatoms; examples are shown below. 

IIa Z=CH2 
IIb Z=S 
IIc Z=NCH3 



Carbanions were generated by published procedures, using n-BuLi in THFhexane.' Treatment of the anions 
with 2.5M 2-cyclobexen-1-one in 1:l hexane-THE, dropwise at -80°, followed by hydrolysis after one hour 
with methanol and then saturated aqueous NH4CI 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 workupS 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 I. Il, and IU (R - 
H. CH,, (CH3I3Si) are shown in the Table. 

SCHEME 

TABLE: Conjugate Addition in the Presence of HMPTA 

Anion From -- Ketone 

I R-H 
I R-Me 
Ila R-H 
na  R-H 
Ila R-H 
IIa R-H 
IIa R-H 
Ila R-Me 
Ila R-Me3Si 
Ilb R-H 
Ilc R-H 

cyclohexenone 
cyclohexenone 
cyclobexenone 
cyclopentenone 
cyclobeptenone 
3-me-c'hexenone 
5,5-dime-c'hexenone 
cyclohexenone 
cyclohexeuone 
cyclohexenone 
cyclohexenone 
cyclobexenone 
cyclohexenone 

a2.5mmole anion, 5.0 mmol HMPTA, 2.5mmol ketone. -80°, lOml3:l THF:bexane. 

blsolated, 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. 

d~hromatographed yield. 
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The products of IVb contained minor amounts of vb9, which proved laborious to separate chromatographically. 
especially when RPH. However, treatment of (CCI.,, 60'. 2-3 hrs)of the crude products with N-trimethylsilyl 
imidizole followed by chromatography (SiOZ. 20-30% ethyl acetate/hexane) allowed facile separation. 

Conjugate addition of Ua to cyclopentenone and cycloheptenone have been described earlier.., Preliminary 
results indicate that these, as well as various methylated cyclohexenones, react similarly with anions of I-III, 
however, 3-methylcyclohexenone and 4,4-dimethylcyclohexenone yield mainly carhonyl addition products, even 
in the presence of HMPTA, presumably for steric reasons. Although beyond the general scope of this study, 
some acyclic dithiacarhanions were also examined and found to behave similarly. Thus anions of ZSCHRSZ 
(R=H, CH3, CZH5. Z=CH3, C6H5) 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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Workup: Reaction mixtures were hydrolyzed by addition of methanol and then saturated NH4CI. The 
organic layers were diluted with 1:l ether-hexane (ether-ethyl acetate with 111). HMPTA was removed 
by extraction six times with 15% aqueous NaCl (each portion = lml/mmol HMPTA). After drying 
with anhydrous NaZC03, the mixture was evaporated and evaporatively distilled (110-115°/3pHg). 

Analyses of the product ratios was accomplished using highly deactivated glc columns packed with 3% 
OVlOl or Carbowax 20M on Gas Chrom Q. 
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