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Certain nitriles, sulfones, and related compounds have been rapidly and conveniently converted to their

The relative ease of

formation of the gem-dialkali salts of nitriles is attributed to a sesquiazacetylene type of structure while those of

sulfones and related compounds are ascribed to d.-p, resonance interactions.

Despite resonance stabilization,

the subsequent reactions with electrophiles like deuterium oxide, alkyl halides, and esters were observed to occur

only on the a-carbon atoms of such reagents.

The condensation reactions of these polyalkali derivatives not only

illustrate their usefulness in synthesis, but also are taken as evidence for their existence.

Athough few in number, gem-dialkali and -dialkal-
ine earth derivatives have generally been pre-
pared by reductions of appropriate halides or by metala-
tions of certain active hydrogen compounds. For ex-
ample, those prepared by reduction include the fol-
lowing. Methylenedimagnesium diiodide and dibro-
mide have been formed in poor to good yields;"" how-
ever, solubility problems precluded reaction of these
reagents with any electrophile other than water.'™
Methylenedilithium has been proposed as a product in
the pyrolysis of methyllithium, and as an intermediate
in the reaction of methylene bromide with lithium and
chlorotrimethylsilane to give bistrimethylsilylmethane
in low yield.” The dimagnesium dibromide derivative
of bisphenylsulfonylmethane has been prepared from
the corresponding dibromide as evidenced by a correct
elemental analysis, but only single condensation reac-
tions were realized with benzoyl chloride and bromodi-
phenylmethane® More recently, dipotassiodiphenyl-
methane, prepared in good yield by a Wolff-Kishner type
of reduction performed on dipotassiobenzophenone
hydrazone, has been formed as demonstrated by deu-
teration experiments.®

The second method of preparing gem-dialkali organo-
metallics, via metalation, appears to be more versatile
than the reductions described above. For example, di-
potassiodiphenylmethane was apparently prepared by
the action of potassium on the parent hydrocarbon
since a twofold aroylation was subsequently realized
with benzoyl chloride to give 1-benzoyloxy-1,2,2-tri-
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phenylethene.!® Multiple metalations of acetylenes to
afford organometallics with more than one metal atom
on a given carbon atom have been reported,!** al-
though one research group described inconvenient
reaction periods and yields which were poor or not re-
ported.""™*  Functionally substituted organic com-
pounds like phenylacetonitrile,” acetonitrile,!* aceto-
mesitylene,”® and benzyl phenyl sulfone® have been
geminate dimetalated as evidenced by deuterations and
alkylations. Finally, toluene has been polymetalated
and subsequently trimethylsilyated to afford interesting
intermediates.!?

Two other types of gem-dialkali derivatives deserve
brief mention. Various monofunctional organoni-
trogen compounds have been geminate dimetalated,
then diaroylated to conveniently give triaroylamines.'*
Certain gem-diorganoboranes and -alanes, prepared by
hydroboration or hydroalumination of acetylenes, have
been converted to l-alkali-l-boron (or aluminum)
derivatives or ate complexes by means of n-butyl-
lithium and other strong bases.'*»d  Such species have
been carbonated,'®4 alkylated,'”™¢ and caused to react
with various carbonyl compounds.'©¥

Our interest in this area, described in preliminary
form,? originally stemmed from the observation that a
tetrahydrofuran (THF) solution of phenylacetonitrile,
upon treatment with #-butyllithium in hexane, under-
went a color change from yellow to brown as the solu-
tion was treated with a second equivalent of the base.
This report describes the results of the subsequent in-
vestigation illustrating that not only can various func-
tional groups facilitate the formation of gem-dialkali
compounds, but also that such geminate diorganome-
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tallics are synthetically useful intermediates in the syn-
thesis of other organic molecules.

The results obtained with nitriles will be reported
first. Thus, phenylacetonitrile (1) is rapidly and con-
veniently converted to its gem-dialkali salt 1’7 !5 by
means of excess n-butyllithium in THF-hexane as evi-
denced by deuterations, certain condensations, and in-
frared spectroscopy. For example, stirring nitrile 1 in
THF with 2.3 equiv of x#-butyllithium in hexane at 25°
for 1 hr followed by addition of excess deuterium oxide
afforded nitrile 1 containing 1.78 benzylic deuterium
atoms per molecule in 90% yield (eq 1). Similar
metalations effected at 0° or upon heating (64°) like-
wise gave 1’/ since subsequent deuterations gave 1-d,
containing 1.60 and 1.65 benzylic deuterium atoms per
molecule, respectively.

Li
2.3 n-CyHsli | DO
C6H5CH2CN _— C(,H,,CCN e CsHOCDQCN (1)
T1il-hexane ‘
Li
1 1 1-ds

Dialkali salt 1’7 also readily entered into twofold con-
densations with certain alkyl halides. Thus, treatment
of 1’7 with 2.25 equiv of n-butyl bromide and with
benzyl chloride gave dialkyl derivatives 2 and 3 in
yields of 68 and 819, respectively, after 3 hr reaction
periods at 25°. The corresponding monoalkyl deriva-
tives 4 and 5 were side products in the above reactions
and were present in yields of 17 and 12 %], respectively.
That such alkylations occur rapidly was demonstrated
by achieving a 67 9 yield of dibutyl derivative 2 after
only a 10-min alkylation period at 0°.

C‘AHE) CH2C6H5 ]T
| \
CsH:;CCN CsH.CCN CeH:CHCN
|
C4Hg CH2C5H3
2 3 4 R = n-CH,

5, R = CH,C¢H;

Since the above deuteration and alkylation products
could also be explained by sequential monometala-
tions-monocondensations, thereby resulting only in the
intermediacy of monocarbanions (eq 2), certain experi-
ments were performed to demonstrate that dianion 1*’
was indeed formed in these metalation reactions. First,
the infrared spectrum of 1’/ contained a band at 1905
cm~! but none at 2160 or 2130 cm~!. On the other
hand, the spectrum of the corresponding monolithio
salt 1/, prepared as above in THF-hexane using only 1
equiv of n-butyllithium, possessed the latter bands, but
not the former one. Such spectra are comparable to
those recently reported for lithio- and dilithioaceto-
nitrile and related compounds.'? Second, in those

Li
n=-CalisLi, [ | ]
1 —> | CeH;CHCN _]— [C;H;CHDCN] —>
then 130
1’

C:H,CHDCN_| —> 1-d, (2)

cases where 1’” was prepared at 64°, no base sufficiently
strong to ionize 1 was present when the electrophilic co-

(16) Although compounds like 1’7 would be expected to possess
delocalized charges (see Discussion), for convenience, only the canonical
forms which lead to observed products will be shown in the Results.

reagents like alkyl halides were added. Thus, when a so-
lution of 2.3 equiv of n-butyllithium in THF-hexane was
refluxed for 1 hr and the resulting solution then treated
with 1, followed after 1 hr by deuterium oxide, 1 was re-
covered which contained only a trace of benzylic deu-
terium. Third, correct theoretical amounts of butane
gas were evolved within 30 min when xn-butyllithium was
added either to THF alone or to THF containing 1 and
the mixtures were then heated. Incidentally, the ben-
zylic hydrogens of 1 do not undergo exchange with deu-
terium oxide under the conditions employed for deute-
ration of 1,

Certain other condensations were also performed on
gem-dialkali salt 1’7 including cyclizations effected on
dihaloalkanes. Thus, slow addition of ethylene chlo-
ride to 1’7 followed by 4- or 16-hr reaction periods
afforded 1-cyano-1-phenylcyclopropane (6) in yields of
50 and 659, respectively. Also, the use of 1,3-dichlo-
ropropane and 1,4-dibromobutane gave the corre-
sponding cyclobutyl and cyclopentyl derivatives 7 and 8
in yields of 41 and 47 97, respectively.

CH. CH; C:H,
>< [] :CN CN
6 7

CN
8

Dilithiophenylacetonitrile (1’’) was also monoacyl-
ated with 1.25 equiv of diethyl carbonate to afford
cyano ester 9 in 7977 yield (based on 1’’); an identical
carbethoxylation on monolithiophenylacetonitrile (1’)
gave compound 9 in only 39% yield. Similarly, ben-
zoylations with methyl benzoate on the di- and mono-
alkali salts of this nitrile afforded ketonitrile 10 in yields
of 71 and 357, respectively. It is interesting, but not
surprising, that such acylations on 1’ proceed in yields
that are over twice as great as those realized on1’. 1tis
well known? that acylations on monocarbanions pro-
ceed only to the extent of 50 97 reaction (based on carb-
anion) since the acylated product undergoes further
ionization by the original carbanion to afford an anion
like 9 and the conjugate acid of the original carbanion.
The lattice species, of course, is incapable of undergoing
acylation. Such a loss of carbanion is avoided with
reagents like 1’/ since monoacylation leads directly to
anions like 9’.

0 Li O (I)\
I | ]
CH.CHCOC:H;  CH.C—COC:H;  CaH:CHCCiH
| |
CN CN N
9 9/ 10

Two other nitriles were briefly investigated as potential
sources of geminate dianions. Thus, 8-naphthylaceto-
nitrile (11) was converted to 11’’ by means of n-butyl-
lithium. Subsequent treatment of 11’/ with deuterium
oxide gave the deuterated nitrile which contained 1.45
benzylic deuterium atoms per molecule. Interestingly,
attempts to prepare the geminate dianion of p-tolunitrile
(12’") by means of n-butyllithium resulted in addition of
the base across the nitrile linkage. Thus, the only prod-
uct obtained from this reaction was p-toluvalero-
phenone (13) which probably arose from hydrolysis of
the corresponding imine (14).

(17) For example, see C. R. Hauser, F. W. Swamer, and J. T. Adams,
Org. React., 8, 113 (1954).
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Ilj CHLi, CH,
Qo
Li
CN X=CC,H,
11 127 13,X=0
14X =NH

Next, certain sulfur-containing compounds pos-
sessing labile a-hydrogens were also treated with n-
butyllithium in THF-hexane to afford gem-dialkali
derivatives. For example, benzyl phenyl sulfone (15)
has been converted to dilithio salt 15’ as evidenced by
infrared spectroscopy and condensation reactions.
Thus, while the infrared spectrum of the yellow THF-
hexane solution of the monoanion 15’ showed only a
broadening of the S-O stretching frequencies at 1325
and 1150 cm~!, that of the orange solution of 15’’
contained no bands at the above frequencies. Instead,
two broad bands were present at lower energies, namely
at 1275 and 1100 cm—".

As expected, 15’ underwent deuteration with deu-
terium oxide to afford the dideuterated derivative 15-d;
in 959 yield. Similarly, dialkylations were realized on
15’ with n-butyl bromide and benzyl chloride to give
derivatives 16 and 17 in yields of 72 and 839, respec-
tively. An acylation on 15’/ was also realized with 1
equiv of methyl benzoate to afford §8-ketosulfone 18 in
63 %7 yield.

Li Li
| |
C¢H:SO.CHC¢H, CaHssozC‘CsHa CsH:SO,CD,CeH;
Li
15’ 157/ 15-d,
C‘4Hg CH.C¢H; CsH;
| |
CSHE)SO?(‘stHS C5H5502|CC5H5 C¢H;SO,CHCC¢H;
i
C:Hs CH,C¢H; O
16 17 18

Similar treatment of N,N-dimethyl-a-toluenesulfon-
amide (19) with 2.2 equiv of n-butyllithium in THF-
hexane gave the corresponding «,a-dilithio derivative
19’’.  Deuteration of 19’/ gave recovered sulfonamide
containing 1.6 benzylic deuterium atoms per molecule
in 812 yield. Similarly, treatment of 19’’ with methyl
iodide and with 1,4-dibromobutane gave compounds 20
and 21 in yields of 75 and 90 7, respectively,

Iri CH; SO.N(CH,),
CsHsclsozN(CH3)2 CsH:\(lJSOzN(CHa)z CeH;
Li CH;
19” 20 21

Surprisingly, attempted diionization of bissulfone 22
with n-butyllithium in THF-hexane apparently afforded
only monolithio salt 22’ since subsequent deuteration
with deuterium oxide gave 22 which contained only 0.8
deuterium atom on the methylene carbon. Alkyla-
tion with benzyl chloride also afforded only the mono-
benzyl derivative 23. The failure of bissulfone 22 to af-
ford a geminate dianion can be attributed to the very low
solubility of the monoanion 22’ since a very voluminous
white suspension was formed upon reaction of 22 and 1
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equiv of n-butyllithium. The suspension did not ap-
pear to change upon addition of more base.

(CH:S0.).CH, (CeH;80,),CHLi (C¢H:SO,).CHCH,C¢H;
22 22/ 23

Next, interaction of benzyl phenyl sulfoxide (24) with
excess n-butyllithium in THF-hexane afforded di-
lithio salt 24’’ since subsequent treatment with deu-
terium oxide afforded sulfoxide 24 containing 1.51
methylene deuterium atoms per molecule. No deu-
terium exchange on 24 was realized with lithium deu-
teroxide and deuterium oxide under conditions similar
to those employed for the deuteration of 247".

CsH;SOCH.C¢H; C¢H;SOCLIi,CsH;
24 2477

Finally, acetomesitylene (25) was apparently con-
verted toits geminate dianion since subsequent treatment
with deuterium oxide afforded 25 which contained 2.02
acetylmethyl deuterium atoms. In a blank experiment
of 25 with lithium deuteroxide and deuterium oxide, no
exchange was observed to occur.

CH, 0
CHy CCH,

CH,
25

Discussion

The gem-polyalkali derivatives reported above repre-
sent the first examples of a presumably general class of
unique organometallic reagents arising from ionization
of two hydrogen atoms from the same carbon atom «
to a single nonhydrocarbon functional group. Previ-
ously, the small number of related compounds had been
obtained only from hydrogen compounds activated by
adjacent aromatic or acetylenic functional groups.

Although all of the active hydrogen compounds in
this study have previously been converted to their
monoalkali salts, one would anticipate at first glance
that ionization of a second geminate type of hydrogen
atom would be both thermodynamically and kinetically
unfeasible. Inthecase of phenyl- and B-naphthylaceto-
nitriles, though, geminate diionization leads to the first
examples of sesquiazacetylenes,'' systems whose poten-
tial syntheses were predicted after the appearance of our
initial disclosure.*® Such compounds, pictured as con-
sisting of sp-hybridized atoms (see 26 blow), are thought
to impart special stabilization to these multiple anions
because of their relatively high degree of s character.®

ArCC=N

!

ArC=C=N,; =

) 2

ArC=CN

In the case of benzyl phenyl sulfone (15) and N,I\{-di-
methyl-a-toluenesulfonamide (19),the geminate dianions
are capable of stabilization by d,—p, interactions'® re-

(18) D. J. Cram, “Fundamentals of Carbanion Chemistry,” Aca-

demic Press, New York, N. Y., 1965, pp 48-50.
(19) Seeref 18, pp 71-84.
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sulting in a resonance hybrid which could be drawn as
in 27. As above, 27 contains an sp-hybridized carbon
atom. The infrared spectrum of 15’/ (G = CgH;) is
consistent with 27 since the positive charges on sulfur
are diminished resulting in reduced force constants for
the S-O bonds, thereby causing a shift in the stretching
frequencies to lower energies.

o
|
Ar(_]T—G
0-
o o
~ s
Arc=s|—-G = Ar—0==8—G
0~ 0
3 ~ 27
1
ArC=S5—G

Such polymetalations and subsequent condensations
should be capable of extension to many other active hy-
drogen compounds, particularly those which contain
hydrogen atoms « to atoms possessing vacant d or-
bitals. The recently reported two-base technique of
Mao, Hauser, and Miles?® should be of particular in-
terest for the ionization of those compounds containing
functional groups which have a propensity for under-
going addition reactions with strong bases like n-butyl-
lithium.

Experimental Section?!

1,1-Dilithiophenylacetonitrile (1’/). A. Preparation. To 70.3
ml (0.11 mol) of 1.6 M n-butyllithium in hexane, at room temper-
ature or at 0°, was added rapidly 70.0 ml of anhydrous THF fol-
fowed by a solution of 5.85 g (0.05 mol) of phenylacetonitrile in
50 ml of THF added during 5 min. The solution refluxed spon-
taneously. After | hr, the brown solution was assumed to contain
0.05 mol of 1,1-dilithiophenylacetonitrile (1’7). As evidenced by
certain of the deuteration and alkylation reactions described below,
compound 1’/ was similarly prepared by adding the n-butyllithium
during 5 min to a THF solution of phenylacetonitrile, or by running
the metalation reactions from 0 to 65° for 1-12 hr; however, the
longer reaction periods resulted in diminished yields of 17/,

B. Deuterations. To 0.05 mol of 1’7, prepared as in part A,
at 0°, was added all at once 5.4 ml (0.3 mol) of deuterium oxide
in 20 ml of THF. The resulting suspension was filtered by suction,
the filtrate was dried (MgSOy) and concentrated, and the residue
was distilled to afford 5.28 g (90 %) of deuterated phenylacetonitrile:
bp 77-78° (3.8 mm) (lit.2% bp 234° (760 mm)); nmr (neat) §7.1 6
(s, 5, ArH), 3.47 (m, 0.22, ArCH). Thus, the nitrile contained
1.78 benzylic deuterium atoms per molecule.

(20) C. Mao, C. R. Hauser, and M. L. Miles, J. Amer, Chem. Soc.,
89, 5303 (1967).

(21) All lithiations were performed under nitrogen in 500-ml round-
bottomed three-necked flasks fitted with a mechanical stirrer and a re-
flux condenser. The THF employed was freshly distilled from lithium
aluminum hydride. The s-butyllithium, supplied by the Foote Mineral
Co., Exton, Pa., was introduced directly into the reaction mixtures via a
hypodermic syringe. Melting points were taken on a Thomas-Hoover
capillary melting point apparatus and are uncorrected. Infrared
spectra were determined on Perkin-Elmer spectrometers, Models 137
or 237. Nmr spectra were obtained with a Varian Associates A-60
spectrometer using tetramethylsilane as internal standard. Analyses
were performed by Galbraith Laboratories, Knoxville, Tenn.

(22) “Tables for Identification of Organic Compounds,’” The Chemi-
cal Rubber Co., Cleveland, Ohio, 1964, p 266.

Similar deuterations were effected on 1’/ prepared under dif-
ferent conditions as follows (time, temperature of preparation,
amount of benzylic deuterium atoms, per cent yield of phenyl-
acetonitrile): 12 hr at 65°, 1.5, 78%; 1 hr at 65°, 1.65, 79%;
1 hr at 0°, 1.6, 80%%.

In a blank experiment, a solution of 70.3 ml (0.11 mol) of 1.6 M
n-butyllithium in hexane and 70 ml of THF was refluxed for 1 hr
causing the correct amount of butane to be evolved within 30 min.
Upon cooling to 25°, the solution was treated with 5.85 g (0.05 mol)
of phenylacetonitrile (1) in 50 ml of THF. After stirring for 1 hr,
this solution was cooled to 0°, then deuterated as above to give
5.5 g (94%;,) of nitrile 1 whose nmr indicated the presence of no
more than 0.1 benzylic deuterium atom per molecule.

Finally, a solution of 5.85 g (0.05 mol) of nitrile 1 in 120 ml of
THF and 70 ml of hexane at 0° was treated with 1.25 g (0.05 mol)
of lithium deuteroxide and 0.91 ml (0.05 mol) of deuterium oxide.
The mixture was allowed to warm to 25° during the next 30 min,
filtered, and worked up as above to afford 4.36 g (75%) of nitrile
1, bp 92-93° (6 mm). The nmr spectrum of the product suggested
that no deuterium had been incorporated into 1.

C. Butylation. To 0.05 mol of 1’7 at 25° was added during
5 min a solution of 15.4 g (0.11 mol) of n-butyl bromide in 50 ml
of THF. After 3 hr, the suspension was hydrolyzed by 100 ml of
water, the layers were separated, and the aqueous layer was ex-
tracted with three 50-ml portions of ethyl ether., The combined
extracts were dried (CaSO,) and concentrated and the residue
was distilled to give 1.5 g (17%) of a-n-butylphenylacetonitrile
(4), bp 105-106° (4.5 mm) (lit.23 bp 152-155° (20 mm)), and 7.8
g (68%) of a,a-di-n-butylphenylacetonitrile (2), bp 139-141°
(4.5 mm) (lit.24 bp 135-140° (1.5 mm)). The infrared spectrd and
vpe retention times of 2 and 4 were identical with those of authentic
samples.

D. Benzylation. To 0.05 mol of 1’/ at 25° was added during
10 min a solution of 14.2 g (0.11 mol) of benzyl chloride in 50 ml
of THF. After 3 hr, the mixture was hydrolyzed and worked up
as above to give 1.4 g (12%) of 2,3-diphenylpropionitrile (5),
bp 150-152° (2 mm) (lit. bp 134-150° (0.6 mm)), and 11.0 g
(81%) of 1,2,3-triphenyl-2-cyanopropane (3), bp 207-209° (2 mm)
(lit.? bp 185-186° (0.6 mm)). The infrared spectra of 3 and 5
were identical with those of authentic samples.

E. Cyclizations. To 0.05 mol of 1’7 at 25° was added during
40 min a solution of 4,95 g (0.05 mol) of ethylene chloride in 100
ml of THF. After 16 hr, the mixture was hydrolyzed by 100 ml
of 3 N hydrochloric acid and worked up as above to afford 4.61 g
(65%) of I1-phenyl-1-cyanocyclopropane (6): bp 89-90.5° (2.5
mm) (lit.26 bp 98-100° (1 mm)); ir (neat) 2220 (CN), 685 and 748
cm~! (ArH); nmr (neat) § 7.2 (s, 5, ArH), 1.3 (m, 4, cyclopropyl);
mass spectrum (70 eV) m/e 143 (molecular ion). When the reac-
tion was repeated for 4 hr instead of 16 hr, 3.50 g (50%) of cyclo-
propane 6 was obtained.

Similarly, treatment of 0.05 mol of 1’7 with a solution of 5.65 g
(0.05 mol) of 1,3-dichloropropane in 100 ml of THF during 1 hr
followed by stirring for 4-22 hr gave, upon work-up, 2.85-3.2 g
(36-419) of I-phenyl-l-cyanocyclobutane (7): bp 113-115°
(3 mm) (lit.# bp 90-128° (4 mm)); nmr (neat) § 7.62 (m, 5, ArH),
1.75 (m, 6, cyclobutyl).

Likewise, addition of a solution of 12.8 g (0.05 mol) of 1,4-di-
bromobutane in 100 ml of THF during 10-12 min to 1’/ followed
by stirring for 9 hr gave, upon work-up, 4.1 g (47%) of 1-phenyl-1-
cyanocyclopentane (8): bp 157-160° (24 mm) (lit.?8 bp 148-153°
(20 mm)); nmr (neat)§ 7.33 (m, 5, ArH), 1.96 (m, 8, CH.).

F. Acylations. Treatment of 0.05 mol of 1’/ during 6 min
with a solution of 5.9 g (0.05 mol) of diethyl carbonate in 50 ml
of THF afforded a yellow solution which was refluxed for 2 hr.
Upon cooling, the resulting suspension was treated with 100 ml of
3 N hydrochloric acid and worked up to give 7.45 g (799%) of
ethyl 2-cyano-2-phenylacetate (9): bp 106-107° (1.5 mm) (lit.*®
bp 165.5° (20 mm)); ir (neat) 2250 (CN), 1745 (C=0), 1245 (CO
stretch), 735 and 696 cm~! (aromatic).

(23) L. H. Baldinger and J. A. Nieuwland, J. Amer. Chem. Soc., 58,
2851 (1933).

(24) N. Sperber, D. Papa, and E. Schwenk, ibid., 70, 3091 (1948).

(25) C. R. Hauser and W. R, Brasen, ibid., 78, 494 (1956).

(26) E. C. Knowles and J. B. Cloke, ibid., 54, 2028 (1932).

(27) F. H. Case, ibid., 55, 2927 (1933).

(28) C. H. Tilford, M. G. van Campen, Jr., and R. S. Shelton, ibid.,
69, 2902 (1947).

(29) J. C. Hessler, Amer. Chem. J., 32, 122 (1904).
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When the reaction was repeated on 0.05 mol of monolithiophenyl-
acetonitrile employing 5.9 g (0.05 mol) of diethyl carbonate in THF,
cyano ester 9 was obtained in only 397 yield.

In a similar reaction, 0.05 mol of 1’/ was treated during 5 min with
a solution of 6.80 g (0.05 mol) of methyl benzoate in 50 ml of
THF. After stirring at reflux for 2 hr, the solution was worked up
to give 7.85 g (71%) of benzoylphenylacetonitrile (18): mp 93-
95.5° (lit.* mp 94-95°); ir (mull) 2250 (CN), 1678 (C=0), 750 and
695 cm~! (ArH); nmr (CF,CO:H) § 7.75 (m, 10, ArH), 6.08 (s, 1,
ArCH).

When the reaction was repeated on 0.05 mol of monolithio-
phenylacetonitrile employing 6.80 g (0.05 mol) of methyl benzoate,
ketonitrile 10 was obtained in 359 yield.

1,1-Dilithio-3-naphthylacetonitrile. Preparation and Deuteration.
To 70.3 ml (0.11 mol) of 1.6 M su-butyllithium in hexane and 70
ml of THF, mixed as in part A above, was added during 5 min a
solution of 8.36 g (0.05 mol) of B-naphthylacetonitrile (11) in 50
ml of THF. After 1 hr, the deep red-brown solution was cooled
to 0° and deuterated by the addition of 5.4 ml (0.3 mol) of deuterium
oxide as above. Work-up gave 6.6 g (799;) of nitrile 11: bp
160-164° (3.5 mm) (lit.3! mp 79-81°); nmr (neat) § 6.91 (m, 7,
ArH), 3.0 (broad s, 0.56, benzylic). Thus, the nitrile possessed
1.44 benzylic deuterium atoms per molecule.

Attempted Polylithiation of p-Tolunitrile. This reaction was
effected essentially as described for B-naphthylacetonitrile above
using 70.3 ml (0.11 mol) of s-butyllithium, 5.85 g (0.05 mol) of
p-tolunitrile (12), and 4 ml (0.2 mol) of deuterium oxide. The
resulting yellow solution was then treated with 100 ml of 3 N
hydrochloric acid and heat was applied for 2 hr. Upon cooling,
the mixture was worked up in the usual fashion to give 7.1 g (81°97)
of p-toluvalerophenone (13): bp 100-102° (2.5 mm) (lit.?? bp
266-267°; nmr (neat) 6§ 7.46 (d, 2, ArH), 6.75 (d, 2, ArH), 2.36
(t, 2, ArCOCH.), 1.83 (s, 3, ArCHy), 0.87 (m, 7, CH,, CH,).

1,1-Dilithiobenzyl Phenyl Sulfone (15). A. Preparation. To a
suspension of 11.6 g (0.05 mol) of benzyl phenyl sulfone (15) in
78 ml of THF was added, during 14 min, 78 ml (0.125 mol) of 1.6
M n-butyllithium in hexane to afford a yellow mixture which turned
orange as the second equiv of the base was added. After 1 hr,
the resulting solution was assumed to contain 0.05 mol of dilithio-
benzyl phenyl sulfone (1577).

B. Deuteration. To 0.05 mol of 15’/ at 0° was added all at
once a solution of 3 ml (0.15 mol) of deuterium oxide in 25 ml of
THF to give a voluminous white suspension. Solid product was
collected by suction, combined with that obtaired by concentrating
the organic phase, and washed thoroughly with water. Drying
afforded 11.0 g (95%) of benzyl phenyl sulfone: mp 145-146°;
nmr (CDCly) & 7.37 (m, 10, ArH), 4.3 (s, 0, ArCH,). Thus, the
recovered sulfone contained 2.0 benzylic deuterium atoms per
molecule.

C. Alkylations. Dilithio salt 15’/ (0.05 mol) was treated during
12 min with a solution of 17.2 g (0.125 mol) of #-butyl bromide in 50
ml of THF. After refluxing the resulting solution for 24 hr, the
mixture was hydrolyzed by 100 ml of water and worked up to give
an oil which crystallized from absolute ethanol to afford 12.25 g
(729) of a,a-di-n-butylbenzyl phenyl sulfone (16): mp 106-106.2°;
nmr {(CDCly) § 7.21 (m, 10, ArH). 1.58 (m, 18 aliphatic CH).

Anal. Caled for C5yHyS0,: C,73.22; H,8.19; S,9.29. Found:
C, 73.36; H, 8.35; §,9.50.

Similarly, 0.05 mol of 15’/ was treated during 5 min with a solu-
tion of 16.0 g (0.123 mol) of benzyl chloride in 50 ml of THF.
Heat was applied for 22 hr and the suspension was then worked
up to give 17.18 g (8397) of a,a-dibenzylbenzyl phenvl sulfone (17):
mp 182-184°; nmr (CDCl.) § 7.1 (im, 20, ArH), 3.93 (q, 4, ArCH,).

Anal. Caled for CyH,.SO,: C, 78.62; H, 5.86; S, 7.76.
Found: C,78.56: H, 5.78; S, 7.66.

D. Benzoylation, To 0.025 mol of 15’/ was added during 10
min a solution of 3.4 g (0.025 mol) of methyl benzoate in 50 ml of
THE. The resulting solution was refluxed for 4 hr, cooled, and
hydrolyzed by pouring it into ice-water-hydrochloric acid. The
mixture was worked up to give a solid which was recrystallized
from 9597 ethanol to afford 5.3 g (639]) of a-benzoylbenzyl phenyl
sulfone (18): mp 138-140°; nmr (CDCly) § 7.72 (m, 15, ArH),
5.87 (s, 1, ArCH).

Anal. Caled for C;HieSO3: C, 71.43;
Found: C,71.46; H, 4.84; S,9.37.

H, 4.75; S, 9.49.

(30) C.J. Eby and C. R. Hauser, J. Amer. Chem. Soc., 79, 723 (1957).
(31) O. Blank, Chem. Ber., 29, 2373 (1896).
(32) E. E. Blaisc, C. R. Acad. Sci., 133, 1217 (1901).
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When the reaction was repeated using a reflux period of only 1
hr, ketosulfone 18 was obtained in only 24 % yield.

Preparation of N,N-Dimethyl-a-toluenesulfonamide (19). Excess
gaseous dimethylamine was passed into a solution of 5.0 g (0.026
mol) of a-toluenesulfonyl chloride. After washing the solution
and drying (MgSO,), removal of the solvent gave, upon recrystal-
lization from aqueous ethanol, 4.40 g (84%) of N,N-dimethyl-a-
toluenesulfonamide (19), mp 99-100.5° (lit.3¢ mp 102-103°).

a,e-Dilithio-N,N-dimethyl-a-toluenesulfonamide  (1977). A.
Preparation. To a solution of 1.0 g (0.005 mol) of N,N-dimethyl-
a-toluenesulfonamide in 20 ml of THF at 0° was added, during
5 min, 6.7 ml (0.011 mol) of 1.6 M n-butyllithium in hexane. After
removing the ice bath and stirring for 45 min, the pale yellow solu-
tion was assumed to contain 0.005 mol of 1977,

B. Deuteration. To a solution of 0.005 mol of 19’/ was rapidly
added 0.25 ml (0.014 mol) of deuterium oxide in 10 ml of THF.
After stirring for 15 min, the mixture was treated with 20 ml of
water and worked up as usual to give 9.99 g of solid which, upon
recrystallization from chloroform-ligroin, afforded 0.81 g (819) of
deuterated NV,N-dimethyl-a-toluenesulfonamide, mp 101.5-103.0°,
The nmr indicated incorporation of 809 deuterium in the benzylic
position, using the N-methyl peak as an internal standard.

C. Methylation. A solution of 0.005 mol of 19’/ was treated
with a solution of 1,56 g (0.011 mol) of methyl iodide in 20 ml of
THF added dropwise. After stirring for 16 hr, the solution was
hydrolyzed by 20 ml of water. The usual work-up gave a powder
which was recrystallized from chloroform-ligroin to afford 0.85
g (759) of N,N-dimethyl-2-phenyl-2-propanesulfonamide (20):
mp 102-104°; ir (KBr) 3010 (arom CH), 2990, 2975, 2860 and
2820 (CHy), 1600, 1500 and 1450 (arom CH), 1300 and 1120 (SO:N),
and 780, 725, and 700 cm~! (arom); nmr (CDCly) 6 7.75-7.25
(m, 5, ArH), 2.54 (s, 5.8, NCH;), and 1.83 (s, 6.3, a-CH};).

Anal. Caled for CyHiNO.S: C, 58.12; H, 7.54; N, 6.16.
Found: C,57.99; H,7.85; N, 5.99,

D. Dialkylation with 1,4-Dibromobutane. To a stirred solution
of 0.01 mol of 19’/ in 50 ml of THF was added during 30 min a
solution of 2.16 g (0.01 mol) of 1,4-dibromobutane in 20 ml of THF.
The solution was stirred for S hr, treated with 20 ml of water, and
worked up as usual to give 2.29 g (90%) of crude 1-(N,N-dimethyl-
sulfamyl)-1-phenylcyclopentane  (21), mp 123-126°, Vacuum
sublimation of this material at 100° (0.15 mm) afforded 1.97 g
(86%) of pure 21: mp 126-128°; ir (KBr) 3060 (arom CH),
2950 and 2875 (aliph CH), 1600, 1500 and 1450 (arom C==C),
1300 and 1130 (SO.N), 770 and 710 cm™! (arom); nmr (CDCl,)
5 7.78-7.23 (m, 5, ArH), 2.49 (s), and 2.30-1.40 (m) (14.3, NCHj,
cyclopentane).

Anal. Caled for C3Hi NO.S: C, 61.62; H, 7.55; N, 5.52;
S,12.65. Found: C,61.86; H,7.49; N,S5.56; S, 12.67.

Attempted Preparation of geni-Dilithiobisphenylsulfonylmethane.
To a solution of 7.4 g (0.025 mol) of the disulfone 22 in 70 ml of
THF was added 35 ml (0.056 mol) of 1.6 M su-butyllithium in
hexane. After 1 hr, the resulting yellow suspension was cooled to
0° and treated with 5 ml (0.25 mol) of neat deuterium oxide added
all at once. The solution was stirred briefly, then it was treated
with 100 ml of 3 N hydrochloric acid. The mixture was worked up
as usual to give 6.23 g (84 %) of recovered disulfone 22: mp, mmp
114-116°; nmr (CDCly) & 7.63 (m, 10, ArH), 4.75 (s, 1.2 aliph
CH). Thus, only 0.8 atom of deuterium was incorporated per
molecule.

The above reaction was repeated except that the purported
dianion was treated during 5 min with a solution of 8.0 g (0.061
mol) of benzyl chloride in 50 ml of THF. After refluxing for 22
hr, the suspension was worked up to give, in addition to recovered
disulfone 22, 1.7 g (189;) of 1,1-diphenylsulfonyl-2-phenylethane
(23): mp 140-142"; nmr (CDCly) 6 7.13 (m, 15, ArH), 4.53
(t, 1, SO:CH), and 3.35(d, 2, CH:Ar).

Anal. Caled for C:3HsS:04: C, 62.17;
Found: C,62.27; H, 4.70; S, 16.38.

1,1-Dilithiobenzyl Phenyl Sulfoxide. Preparation and Deuter-
ation. To a solution of 5.4 g (0.025 mol) of benzyl phenyl sulfoxide
(24) in 100 cm? of THF at 0° was added 42 ml (0.065 mol) of n-butyl-
lithium in hexane, causing the mixture to become yellow, then
brown. After 15 min, the mixture was treated with 5 ml (0.25 mol)
of deuterium oxide causing the color to quickly change from brown
to white. Filtering the suspension and stripping the filtrate gave
5.6 g of a light yellow solid, mp 100-115°. Recrystallization of a

H, 4.66; S, 16.58.

(33) T. B. Johnson and J. A. Ambler, J. Amer. Chem. Soc., 36, 372
(1914).
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portion of the solid from carbon tetrachloride gave pure benzyl
phenyl sulfoxide (24): mp 123-125°; nmr (CCly) ¢ 7.11 (m, 10,
ArH) and 4.0 (s, 0.49, CHSO). Thus the compound contained
1.51 deuterium atoms per molecule.

In a blank run, a mixture of 40 ml (0.065 mol) of n-butyllithium
in hexane and 5 ml (0.25 mol) of deuterium oxide in 100 ml of
THF at 0° was treated with 5.4 g (0.025 mol) of benzyl phenyl
sulfoxide. The reaction was worked up as above to give starting
material, mp 123-125° after recrystallization from CCl,, in which
no detectable exchange had occurred.

Dilithioacetomesitylene. Preparation and Deuteratlon. To a
solution of 102 ml (0.163 mol) of 1.6 M n-butyllithium in hexane
was rapidly added 100 ml of THF followed by a solution of 8.1 g
(0.05 mol) of acetomesitylene (25) in 50 ml of THF, added during
5 min. After i hr, the solution was treated with 2.9 ml (0.16 mol)
of deuterium oxide in 22 ml of THF added all at once. The

High-Pressure Studies.

resulting suspension was filtered and the solid was washed thor-
oughly with anhydrous ether. After drying (CaSO,) and concen-
trating the filtrate, the residual liquid was distilled to give 5.36 g
(66%) of deuterated acetomesitylene (25): bp 75-76° (2 mm)
(lit.3¢ bp 237 (758 mm); nmr (neat) § 6,73 (s, 2, ArH), 2.25 (m, 0.95,
COCH5), 2.18 (s, 3, p-CH,), 2.10 (s, 6, 0-CH3).

In a blank experiment, a solution of 8.1 g (0.05 mol) of aceto-
mesitylene in 150 ml of THF and 100 ml of dry hexane was treated
with 4.0 g (0.16 mol) of lithium deuteroxide and 2.9 ml (0.16 mol)
of deuterium oxide. After stirring for several minutes, the mixture
was filtered and worked up as above to afford 7.72 g (96%) of
acetomesitylene, bp 82-84° (3.5 mm). The ir and nmr spectra
were identical with those of authentic undeuterated acetomesitylene.

(34) A. Behal and V. Auger, Bull. Soc. Chim. Fr., 9, 703 (1893).

VIII. Thermal Decomposition

of Isomeric ter-Butyl Vinyl Peresters in Solution’
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Abstract: The effects of pressure on the rates and decomposition products of the cis and trans isomers of rert-butyl
2-propyl-2-peroxypentenoate were determined using the solvent cumene. The data indicate that both isomers de-
compose by one-bond O-O scission to yield geminate vinylcarboxy and rerz-butoxy radicals. The isomeric vinyl-
carboxy radicals appear to have different reactivities. The data indicate that the initially formed geminate pairs re-
combine to regenerate starting material in competition with disproportionation and separative diffusion. The
apparent activation volumes for the two isomers are different (cis, +6.8 = 0.4 cm3/mol; trans, +9.0 = 1.0
cm?/mol) and this suggests that recombination of the radical pair derived from the trans-perester is more com-
petitive with disproportionation and separative diffusion than that for the other isomer. Disproportionation to
form 3-heptyne and 3,4-heptadiene is more favorable from the cis-vinylcarboxy radical and it also appears that
this radical undergoes unimolecular decarboxylation more rapidly than the corresponding isomer. The isomeric
vinyl radicals ultimately formed from these peresters equilibrate rapidly at atmospheric pressure, but the data

suggest that application of pressure permits preequilibrium trapping.

ffects of pressure on decomposition rates and

products of free-radical initiators have been used
to probe their decomposition mechanisms.'*® Ob-
served activation volumes for one-bond scission in-
itiators are substantially larger than those for two-bond
initiators (Table I)'**! and this has been rationalized
as the kinetic result of cage return of the primary
radical products in the former systems.!*** We have

(1) (a) Parts VI and VII: R. C. Neuman, Jr., and J. V. Behar,
J. Org. Chem., 36, 634, 657 (1971). (b) Support by the National
Science Foundation (GP-8670) is gratefully acknowledged. (¢) Pre-
sented at the ACS-CIC Joint Meeting, Toronto, Canada, May 24-29,
1970, Abstracts, Phys 056.

(2) Acknowledgment is made to the donors of the Petroleum Research
Fund, administered by the American Chemical Society, for partial
support of this research through a graduate student fellowship to
G. D. H. (1969-1970).

(3) (a) R. C. Neuman, Jr., and R. J. Bussey, J. Amer. Chem. Soc., 92,
2440 (1970); (b) R. C. Neuman, Jr., Intra-Sci. Chem. Rep., 3, 269
(1969); (¢) R. C. Neuman, Jr., and J. V. Behar, J. Amer. Chem. Soc.,
91, 6024 (1969); (d) R. C. Neuman, Jr., and R. J. Bussey, Tetrahedron
Leit., 5859 (1968); (e) R. C. Neuman, Jr,, and J. V. Behar, ibid., 3281
(1968); (f) R. C. Neuman, Jr., and J. V. Behar, J. Amer. Cheni. Soc., 89,
4549 (1967).

(4) (a) A.E. Nicholson and R. G. W. Norrish, Discuss. Faraday Soc.,
22, 97 (1956); (b) A. E. Nicholson and R. G. W. Norrish, ibid., 22,
104 (1956); (c¢) C. Walling and J. Pellon, J. Amer. Chem. Soc., 79,
4786 (1957); (d) C. Walling, H. N. Moulden, J, H. Waters, and R. C.
Neuman, Jr., ibid., 87, 518 (1965); (¢) C. Walling and G. Metzger,
ibid., 81, 5365 (1959); (f) C. Walling and H. P. Walits, J. Phys. Chent.,
71, 2361 (1967); (g) A. H. Ewald, Discuss. Faraday Soc., 22, 138 (1965).

obtained the majority of the pressure data for two-bond
initiators, but our results for one-bond systems were
limited to a cursory study of rerz-butyl perbenzoate.™
We report here a more detailed pressure study of two
isomeric ters-butyl vinyl peresters which we presumed
would fall within this latter class of initiators.® The
kinetic and product data for cis- and trans-tert-butyl
2-propyl-2-peroxypentenoate (1 and 2)" in cumene:
(1) support the one-bond scission decomposition

(5) For the general homolytic scission mechanism below, AVgpen*

I3 1
initiator > cage radicals —>

< Cag

ko

equals AV\* + RT dIn (1 4+ k-1/k)/OP. Thelatter term should be posi-
tive since k includes kg which is greatly pressure retarded. For two-
bond scission, k-1 = 0; hence if values of AV\* are similar for one- and
two-bcl)nd scission, A Vonsa* for the former would be greater than for the
latter,las3

(6) See (a) L. A. Singer and J. Chen, Tetrahedron Lett., 4849 (1969);
(b) L. A. Singer and N. P. Kong, J. Amer. Chem. Soc., 89, 5251 (1967);
(¢) R. M. Fantazier and J. A. Kampmeier, ibid., 88, 5219 (1966); (d)
L. A. Singer and N. P. Kong, ibid., 88, 5213 (1966); (e) J. A. Kampmeier
and R. M. Fantazier, ibid., 88, 1959 (1966).

(7) (a) Structural assighments are consistent with nmr positions of
vinyl proton signalst® ¢ and independent syntheses of the carboxylic acid
precursors from the corresponding vinyl iodides;™ complete details are
outlined in G. D. H.s Ph.D. Dissertation, University of California,
Riverside, Calif,, 1970; (b) R. C. Neuman, Jr., and G. D. Holmes,
J. Org. Chem., 33, 4317 (1968).
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