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To illustrate this transformation, we have prepared dihyd-
rojasmone by a simple four-step procedure from 2-cyclopen-
tenone. First, addition of trimethylstannyllithium in 1:2
THF-NH; and n-pentyl iodide gave (—33 °C, 6 h) the alkyl-
ated stannyl ketone 13 (IR (neat) 1740, 770 cm~!) in 90%
yield. Methyllithium (Et,0, =78 °C) added to the carbonyl
and chromic anhydride/pyridine (15 equiv, 23 °C, 16 h) oxi-
dized the trimethyltin moiety to yield a hydroxy cyclopenta-
none. Basic dehydration'” then gave dihydrojasmone!8 14 in
71% overall yield from 13 (89% conversion).
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Unusual Mode of Alkylation of
Certain Ketone Dianions
Sir:

It has been amply demonstrated! that dianions of the general
formula 1 react with a variety of electrophiles to give products
of structure 2, resulting from exclusive attack at the terminal
methylene position. These results have been explained by
arguing that the methylene position should bear a higher
electron density than the methine site and therefore it should
be more reactive.!:?

GEH% CHM+ Lt GCH,CCH,E
1 2

In the present communication, we wish to report the first
examples of electrophilic reactions of ketone dianions which
lead to carbon-carbon bond formation at the methine rather
than the methylene site. Thus, we have observed that reaction
of the 1-phenyl-2-propanone dianion 5, generated as shown in
Scheme I, with a variety of alkyl halides led predominately,
and in many cases exclusively, to alkylation products at C,
(structure 8) rather than at C; (structure 9).
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Similar results were observed during the alkylation reactions
of the 1,1-diphenyl-2-propanone dianion, although generally
larger quantities of terminal (C;) alkylation products were
obtained in this case.

Dianion § was generated by sequentially treating 1-phe-
nyl-2-propanone with potassium hydride and n-butyllithium
as shown in Scheme 1.> The presence of enolate 4 was ascer-
tained by treating the reaction mixture with a number of alkyl
halides to produce the expected C; alkylation products in good
yield. Enolate 4 was considered to possess the trans rather than
the cis geometry on the basis of its 'TH NMR spectrum (in
THF), which displayed, in addition to the aromatic absorp-
tions, a sharp singlet at 6 4.5 ppm for the proton at C,. The cis
isomer has been shown to display 'H NMR absorption for H;
at a considerably lower field.*

The presence of dianion § was confirmed in a number of
ways. First, treatment of the reaction mixture with 2.5 equiv
of methyl iodide afforded the expected dimethylation product
2-phenyl-3-pentanone.® Second, dianion 5 was reacted with
1 equiv of p-anisaldehyde to produce the terminal aldol con-
densation product 10, in 44% yield, mp 78-79 °C from ben-
zene-ligroin.® Upon dehydration alcohol 10 gave the corre-
sponding «,B-unsaturated ketone, previously reported by
Hauser.!¢

0 OH OSi(CH ),
I
CI,H-,CH;,CCHZCHO&()CH; C.H,CHC=CH,
" CH(CH ).
1

Finally dianion 5 was generated in THF-dg-hexane and its
'"H NMR spectrum was recorded on a 60-MHz instrument,
using tetramethylsilane (TMS) as an external standard. The
absorptions displayed in the NMR spectrum of 5 and their
corresponding assignments were as follows: broad multiplet
at 6 6.33 (4 H), assigned to the ortho and meta protons of the
benzene ring; broad multiplet at 5.47 (1 H), assigned to the
para proton; broad singlet at 3.82 (1 H), assigned to the proton
at Cy; partially resolved doublet centered at 2.60 (2 H), as-
signed to the protons at C;.

In addition to lending additional support for the presence
of dianion 5, the NMR spectrum provides substantial infor-
mation about the structure and charge distribution of this in-
termediate. The most important observation, in our view, is
that the overall appearance of the spectrum of dianion 5 is
remarkably similar to that of the allylbenzene anion, reported
earlier by Freedman and his coworkers.” The close resemblance
of their NMR spectra strongly implies a close structural sim-
ilarity between the two systems. Indeed, if one of the negative
charges in dianion 5 is considered to be largely localized on
oxygen,® the lower portion of the intermediate would constitute
a system essentially identical with the allylbenzene anion, with
the second negative charge highly delocalized over C;, C,, C3,
and the benzene ring.

A further observation of interest in connection with the
NMR spectra of the two intermediates is that, at comparable
temperatures, the spectrum of dianion 5 displayed less sharply
defined absorptions than the allylbenzene anion, indicating that
the barrier of rotation around the C¢Hs-C;, C;-C,, and C»-C3
bonds in the former intermediate is lower than in the latter.

The course of the alkylation reactions of dianion 5 was found
to depend substantially on the reactivity of the alkyl halide
used. For example, reaction of 5§ with a variety of secondary
alkyl halides afforded essentially exclusively C, alkylation
products, while reaction of dianion § with a number of primary
alkyl and allyl halides afforded mixtures of C; and Cj alkyl-
ation products (Table ).
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Table I. Alkylations of Dianions

1-Phenyl-2- 1,1-Diphenyl-2-
propanone propanone
dianion,? C:C; dianion,® C:C;
alkylation® alkylation
Alkyl halide (% overall yield) (% overall yield)
(CH3),CHCI 4.3:1.04 (60)
(CH3)>CHBr Only C; alkylation® (63) 1.8:1.04 (54)
(CHj;),CHCH,Br Only C, alkylation® (57)
Cyclohexyl bromide Only C; alkylation/ (61)
Cyclopentyl bromide Only C; alkylation# (65)
)1-C4HQBF 19:1 h (72)
n-C4Hol 9:1% (57)
n-C3;H,Cl 0.9:1.07 (87)
C,H;sBr >99% C, alkylation® 0.64:1.07 (87)
(55)
C,Hsl S:1% (65) 0.1:1.07 (76)
CH;,l 5.5:4.5% (62)
CH,=CHCH,CI R:1% (66)

@ Alkylations were performed by treating the 1-phenyl-2-propanone
dianjon with 1.2-1.5 equiv of the alkyl halide at ~5 °C. The reaction
mixture was then allowed to reach room temperature and stirring was
continued for 2-4 h. Water was then added, the organic layer collected
and dried, and the alkylation product(s) isolated by vacuum distilla-
tion, # Alkylations were performed by treating the 1,1-diphenyl-2-
propanone dianion with 1.5 equiv of the alkyl halideat ~10 °C. The
reaction mixture was then allowed to stir at room temperature for 24
h. Water was then added, the organic layer was collected and dried,
and the alkylation products were isolated by means of high pressure
liquid chromatography using methylene chloride as the eluting solvent.
< The C; alkylation products were identified by comparing their
physical and spectral properties with those resulting from corre-
sponding alkylations of the enolate monoanion 4, The latter products
were all known compounds. Identification of the products resulting
from terminal alkylation (C;) was accomplished by preparing au-
thentic samples of these compounds as described in the litera-
ture. 4 The C, alkylation product, mp 92.5-94.0 °C from ethanol-
water, was a new compound; satisfactory C, H analysis and spectra
were obtained. The Cs alkylation product displayed properties iden-
tical with those reported in the literature: R. Huisgen and L. Feiler,
Chem. Ber., 102, 3391 (1969). ¢ E. M. Schultz, J. B. Bicking, S.
Mickey, and F. S. Crossley, J. Am. Chem. Soc., 75,1072 (1953)./ C.
A. Buehler, H. A. Smith, K. V. Nayak, and T. A. Magee, J. Org.
Chem., 26, 1573 (1961). £ G. N. Walker and D. Alkalay, ibid., 36,
491 (1971). # For C) alkylation product, see ref e; for C; alkylation
product see E. H. Sund and H. R. Henze, J. Chem. Eng. Daia, 15, 200
(1970). ? Both the C; and Cj alkylation products were known com-
pounds; see E. M. Schuitz, J. B. Bicking, S. Mickey, and F. S. Brossley,
J. Am. Chem. Soc., 75,1072 (1953), and F. Billiard, Buil. Soc. Chim.
Fr., 29,429 (1921)./ In addition to monoalkylation at Cy and Cj this
reaction afforded a sizable amount of the 1,3-dialkylation product
3,3-diphenyl-4-heptanone. The latter was characterized on the basis
of its "H NMR spectrum and its high resolution mass spectrum: caled
for C1gH270, m/e 266.1671; found, nije 266.1651. ¥ The C; alkylation
product was identified as described earlier in ref ¢ and e; the minor
(C3) product was identified on the basis of its mass spectrum which
displayed diagnostic peaks at m/e 174 (M*), 119,91, 83, and 55.

To ascertain that alkylation at C; did indeed occur through
the dianion intermediate § to give the enolate monoanion 6 as
shown in Scheme [, an experiment was performed where di-
anion § was treated with 1.2 equiv of isopropyl bromide, the
reaction mixture was allowed to stir at room temperature for
1 h, and 1.5 equiv of trimethylchlorosilane was then added. Gas
chromatographic analysis of the crude reaction mixture
showed the presence of a single product. This product was
subsequently isolated by vacuum distillation (78% yield) and
characterized as the trimethylsilyl enol ether 11.°

In addition to the alkylations of dianion §, we have also ex-
amined its protonation by means of water and deuterium oxide.
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Thus, dianion 5 was titrated with 1 equiv of water in THF-
hexane and the 'H NMR of the resulting reaction mixture was
recorded on a 60-MHz spectrometer using TMS as an external
standard. Interestingly, the resulting spectrum was found to
be identical with that of the enolate monoanion 4 (Scheme 1)
described earlier. These results strongly suggest that, while
alkylations of the 1-phenyl-2-propanone dianion 5 occur pre-
dominately at the methine site, protonation occurs exclusively
at the terminal methylene position.

The alkylation reactions of the 1,1-diphenyl-2-propanone
dianion were next examined. This dianion was generated from
the corresponding ketone by the method described earlier in
connection with the 1-phenyl-2-propanone dianion 5 (Scheme
D).

Treatment of the 1,1-diphenyl-2-propanone dianion with
a variety of alkyl halides again showed that the site of elec-
trophilic attack was substantially dependent upon the reactivity
of the alkylating agent (Table I).

The mode of alkylation of the 1-phenyl-2-propanone dianion
5 outlined in the present communication closely parallels that
described in the literature for the allylbenzene anion. Thus,
numerous studies!'% have shown that alkylations of this anion,
under a variety of experimental conditions, occurred largely
at the carbon adjacent to the benzene ring. Terminal alkylation
products were also formed during these reactions, but in
smaller quantities.!%0< |t was further shown that the amount
of terminal alkylation products formed was largely dependent
upon the reactivity of the alkyl halide used, the more reactive
halides producing larger quantities of terminal alkylation
products,10¢

The close similarity in the alkylation patterns of dianion §
and the allylbenzene anion is very much in line with the close
structural similarity of these two intermediates suggested
earlier on the basis of their NMR spectra.

The higher reactivity of the carbon atom adjacent to the
benzene ring in both intermediates can be best explained by
recognizing that the presence of the benzene ring will cause
the accumulation of a higher electron density on C; relative
to C3.10d.11-13 A 4 result of this, even though C; is more
sterically hindered than Cj, alkyl halides of low reactivity (high
selectivity) will preferentially react at the more reactive
methine site. On the other hand as the reactivity of the alkyl
halides is made increasingly higher, their selectivity will be
lowered, and steric effects will begin to favor alkylation at the
less hindered terminal site.

Reaction of dianion 5 with p-anisaldehyde at the terminal
position rather than the site adjacent to the benzene ring also
parallels the reaction patterns observed earlier in connection
with the allylbenzene anion and related systems. Steric effects
have been considered to be at least partly responsible for the
observed regioselectivity of these reactions,'* although a
number of alternative mechanisms have also been proposed
to explain the reactions of allylic anions with carbonyl com-
pounds.!?

The mode of protonation of dianion 5 is not entirely under-
stood at this point. Initial proton attack at C to give the less
stable terminal enolate intermediate, followed by fast equili-
bration of the latter to the more stable enolate 4, seems unlikely
in view of the results of the alkylation-silylation experiment
described earlier. It is noteworthy to mention that protonation
of the allylbenzene anion is also not entirely understood.!% In
the latter case the site of proton attack appears to be highly
dependent on the reaction solvent. Thus, protonation under
kinetically controlled conditions with a variety of proton do-
nors in liquid ammonia, afforded propenylbenzene in excess
of 90%,'%4 while protonation in less polar solvents gave largely
allylbenzene,10¢d

Inspection of Table I clearly shows that the alkylation re-
actions of the 1,1-diphenyl-2-propanone dianion follow a

pattern quite similar to that observed in the case of dianion 5.
In the former case, however, more severe steric crowding
around C; has caused an increase in terminal alkylation.

A more detailed investigation of the two dianions described
herein and related systems is currently underway.
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An Approach to Biradical-like Species.
Spectroscopy of o-Xylylene in Argon Matrix

Sir:

The reactive intermediate, o-xylylene (1), and its simple
derivatives have been the subject of considerable interest.!
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