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Reactions Involving Electron Transfer. VIII. The Reaction of
Trityllithium with Enones!
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Abstract: The reaction of a DME solution of Ph3CLi with several unsaturated ketones 9-13 has been studied. With the easily
reduced enone 9, a product of the general structure 19 was formed rapidly while with the difficultly reduced ketone 10, a
product of the general structure 18 was formed slowly. With the enones 11 and 12 having intermediate reduction potentials,
the product structure 18 or 19 appeared to be determined by the steric environment at the 3 carbon. The difficultly reduced
cis enone 13 reacted rapidly with PhyCLi to form a stable vinyl enolate anion 28 that reacted with D2O to form a mixture of

this cis enone 30 and the trans enone 29.

In two accompanying papers? we have considered some
of the possible consequences of a change in mechanism
from the direct addition of a nucleophile, N:~, to an enone 1
to a two-step process proceeding by way of the ion radical
intermediates 2 and 3. The possibility that a given reaction

N
direct
nucleophille
RCH=CHCOBu-¢{ + N~ - CH=CH—C—Bu-¢
addition
1
o
4a
electron
transfer a.nd/or
N
RCHCH==CBu-t + N+ —2%, JRCH—CH=C—Bu-¢
2
(e (o
3 4b

could proceed by the initial transfer of only an electron
from N:~ to the enone 1 can be estimated from consider-
ation of the electrode potential, Eeq, of the enone 1 (eq 1)
and the electrode potential, Eo, of the nucleophile (eq 2), If
the value of Eox (eq 2) equals or is more negative than E eq
(eq 1, typical values —1.4 to —2.5 V vs. SCE),? the initial
electron transfer from N:~ to the enone 1 is energetically
favorable. As the reduction potential of the enone 1 (Ereq)
becomes more negative than the electrode potential for the
nucleophile (Eqx), the transfer of an electron rapidly be-

RCH-=CHCOBu-t %» RéHCH=c|Bu-t (1)

Ered)
1 o-
3
Ny —— N @)
(Eox) 9

comes unfavorable. For example, if the two redox reactions
(eq 1 and 2) are reversible and E.q is 0.3 V more negative
than Eo, a solution containing 1 M enone 1 and 1 M nu-
cleophile N:~ would produce the radical intermediates 2
and 3 in concentrations no higher than 1073 M. If the po-
tential difference Ejeq — Eox becomes more negative than
—0.4 V, the concentrations of 2 and 3 will become so low
(107% or less) that the rate of the bimolecular reaction 2 +
3 — 4 will become insignificant.*

Consequently, in any example where the potential values
Ereq and Eyy are known, one can predict that a reaction of
the type 1 + N:™ — 2 4+ 3 — 4 is energetically reasonable
only in cases where the potential difference Ereq — Eoy is
less negative than —0.4 V., However, it must be noted that
this prediction is only reliable for reactions where the initial
transfer of an electron is not accompanied by transfer of an
associated atom.®

At least part of the data needed for the foregoing predic-
tion is available since the reduction potentials (E eq) for
most enones and related unsaturated carbonyl compounds
can be estimated with reasonable accuracy.? Normally, the
reduction potentials for these compounds, determined in

House, Weeks | Reaction of Trityllithium with Enones



2786

Table 1.

Electrode Potential Values Obtained by Cyclic Voltammetry for the Oxidation of Some Representative Carbanionic Intermediates

Supporting electrolyte Estimated half-life

Compd (concn, M) Solvent (concn, M) Ey,, Vvs. SCE of radical, sec
Ph,CLi (0.034) (5) DME LiClO, (0.17) -1.32 ~5
Ph,CHLi (0.03-0.06) (6) DME LiC10, (0.15-0.17) -1.1 <1b
Ph(H)C=C(0ONa®)CH, (0:09-0.15) (7)¢ DMF n-Bu,NBF, (0.5) -0.2 <0.1b
(Et0,0),CH™Na* (0.034-0.055) (8) DMF n-Bu,NBF, (0.5) +0.4 <0.1b

@A second oxidative current peak was observed at ca. +0.4 V vs. SCE. The reported values (ref 6) vs. an Ag|AgCl (sat) reference electrode
are —1.335 Vand +0.31 V, corresponding to —1.38 V vs. SCE and +0.27 V vs. SCE. ®No reduction peak was observed during the reverse

scan. ¢ The stereoisomer with the Ph and CH, groups trans.

aprotic solvents, lie within the range —1.4 V to —2.5 V (vs.
SCE).

Electrode potential data derived from the electrochemi-
cal oxidation of carbon nucleophiles (e.g., eq 2) are much
less readily available; to our knowledge the only available
values related to a standard reference electrode are those
derived from a study of the electrochemical oxidation of the
trityl anion, the cyclopentadienyl anion, and several deriva-
tives of the cyclopentadienyl anion.% In order to gain a bet-
ter idea of the electrode potentials involved in the oxidation
of various typical carbanionic intermediates, we have exam-
ined the electrochemical oxidation of DME solutions of
Ph;CLi (5) and PhoCHLI (6) as well as the corresponding
oxidations of DMF solutions of the enolate anions 7 and 8.7
Among these four compounds (see Table I), only the oxida-
tion of Ph3CLi formed a radical of sufficient stability to be
detected during the reverse cyclic voltammetry scan. The
E1/2 value obtained for Ph3CLi which corresponded reason-
ably well to the value previously reported,® was the most
negative of the four values measured and was more than 1.0
V more negative than either of the enolate anions 7 or 8.
Consideration of these and related® data suggests that the
stabilized carbanions with the most negative electrode po-
tentials (i.e., the best reducing agents) are those anions
which can be oxidized to form relatively stable free radicals
(e.g., Ph3C. from Ph3C™). In keeping with this idea, a study
of the electrochemical oxidation of the malonate anion 8
indicated the formation of a rather reactive radical, (Et-
0,C),CH., that rapidly abstracted a hydrogen atom from
the solvent (EtOH, HMP, N,N-dimethylacetamide). Thus
far, our efforts to obtain E; values for the reactive, cova-
lent organometallic compounds CHiLi and (CHj),CulLi
have been thwarted by the fact that both of these com-
pounds are rapidly decomposed upon addition to a DME so-
lution of LiClO4 or n-BusNBF4.

The foregoing data indicate that reactions of the type 1 +
N:” — 2 4+ 3 — 4 are not likely to be observed when the
nucleophile, N:~, is an alkali metal enoclate anion because
the electrode potential, E,x, will be more than 1.0 V less
negative than the value of E.q for a typical enone. In fact,
nucleophiles with sufficiently negative electrode potentials
to transfer an electron to a typical enone’ would appear to
be limited to rather special stabilized carbanions such as §
and 6 and to various organic derivatives of transition metals
that have electrode potentials more negative than —1.0 V
vs. SCE.1®

Since the electrode potential of Ph3CLi in DME solution
was sufficiently negative (ca. —1.3 V vs. SCE) that it
should be capable of reducing certain unsaturated carbonyl,
we undertook an investigation of the reaction of a DME so-
lution of Ph3CLi with a group of unsaturated carbonyl com-
pounds 9-14. This group of carbonyl compounds has a
range of reduction potentials (given below the structures
9-14 as volts vs. SCE) from —1.4 to —2.2 V., Since Ph3CLi
reacts rapidly with enolizable ketones to form enolate an-
ions,!! each of the «,8-unsaturated ketones 9-14 selected
contained no hydrogen at either the X carbon or the o car-
bon. Our selection of Ph3CLi as a nucleophile was prompt-

ed both by the relatively negative electrode potential (—1.3
V vs. SCE) of the compound and by earlier publications
suggesting that electron distribution in the 7 system of the
anion 15 and the radical 16 may differ.

o8
o4, O

15 16

NMR studies of Ph3CLi7%4 as well as the crystal struc-
ture of a derivative!? indicate that a substantial fraction of
the negative change in this carbanion is distributed in the
phenyl rings. The estimated distribution,”®d 13% at each
para position and 8% at each meta position, would suggest
that in the anion 15, the electron densities at the central
carbon atom and at each para position are similar. Conse-
quently, one might expect reactions of the anion 15 with nu-
cleophiles to occur both at the central carbon and at the
para position of one of the phenyl rings. Some indication
that this expectation is correct is derived from the fact that
Ph3CLi reacts with CO, to form triphenylacetic acid (at-
tack at the central carbon) but this reagent in tetrahydropy-
ran solution reacts with benzophenone (14) to yield the al-
cohol 17 (attack at a para position).}32.b

Epr studies of the trityl radical 16, including study of the
radical 16 with excess 13C at the central carbon atom,!4
suggest that about 65% of the spin density in the radical re-
sides at the central carbon atom. Thus, one might anticipate
that, in the absence of serious steric interference, coupling
of the trityl radical 16 with a second radical should show a
preference for attack at the central carbon atom. Consider-
ation of the foregoing data suggested that although reac-
tions involving direct nucleophilic addition of Ph3C~ (eq 3)
could be expected to form products of either general struc-
ture 18 or 19, reactions proceeding by initial electron trans-
fer (eq 4) should favor products of the general structure 19.

R R
p~ Ph,CCHCH==CR 2O, ph,CCHCH,COR (3a)
19
.
23a
H H,0
->Ph2C=<:>< - PhZCH—Q—CHCHZCOR
CHCH==CR 1’1 3b)
Ph,C & o "
23b
RCH==CHCOR R
Eh‘c- : H,0
Ph,C' + RCHCH=CR —> —2» Ph,CCHCH,COR (4)
16 | 19
27 O™
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Ph
Ph H Ph,CLi H,0
>c=c< Sy~ —— PhyCCHCH,COPh
H COPh 20
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u\C==C Ve Ph,CLi H,0
/ \ DME
H COBu-t +-Bu
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+
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t-Bu
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>c-——-c< 2, 20 PnjOCHCH,COBu+t
H COBu-t 24
1L (E,, = =170 V)
t-Bu

t-Bu H . l
0
>c==c< i, 20, PhZCH—Q—CHCHZCOPh
H coph”

25
12 (Ey, = =169 V) +
higher molecular weight products
CH,
CH)Cali, B9, 4 Bu—CHCH,COPh
DME
26
t-Bu COBu-t pyp; tBu Bu-t
ol B el
H H H 0~ Lit
13 (E,, =—221V) 28
t-Bu\C= /D t-Bu\C=C/COBu-t
H/ \COBu-t H/ \D
29 30
Ph—ﬁ)—Ph thCH—O—?th
OH
14 (E,,;, = —180V) 17

To explore this idea, solutions of Ph3CLi in DME were
initially allowed to react with the ketones 9 and 10. In the
reaction with ketone 9, where Eyeq — Eox ~ —0.1 V so that
initial electron transfer is energetically reasonable, the red
color of the Ph3C~ anion was discharged rapidly when the
Ph3CLi solution was added to the enone 9 until approxi-
mately 0.75 equiv of Ph3CLi had been added. After the ad-
dition of excess PhisCLi and reaction for 10 min at 25°,
H,O was added and the product 20 was isolated in 80%
yield. That the product had structure 20 (analogous to 19),
and not a structure of the type 18, was apparent both from
the absence of NMR absorption in the region § 5.5 (charac-
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teristic of Ar3CH) and from the presence of an abundant
fragment ion at m/e 243 (Ph3C*) in the mass spectrum of
20,

By contrast, when a solution of Ph3CLi was added to the
enone 10, where E;eq — Eox ~ —0.9 V and initial electron
transfer is very unlikely, the red color of the PhzC™ anion
was not discharged even in the early stages of the addition
and the bulk of the unchanged enone 10 was recovered
when the reaction mixture was quenched with H,O after 10
min at 25°. Even after a reaction period of 3 hr followed by
quenching with DO, 19% of the unchanged (and nondeu-
terated) enone 10 was recovered. After reaction for 3-4 hr
at 25°, the principal products were the ketone 21 (23%
yield) and a mixture of higher molecular weight materials
believed to be one of the structures 22 formed by the rela-
tively slow Michael addition of an intermediate such as 23
to the unchanged enone 10.!* Neither the cis enone 13 or
the dihydro dimers!® derived from enones 10 and 13 were
detected (GLC) among the reaction products. In keeping
with the assignment of structure 21 to the monomeric prod-
uct, the material exhibited an NMR singlet at 6 5.52 and
exhibited only a very low intensity fragment peak at m/e
243 in its mass spectrum. In an analogous experiment, in
which the reaction solution was quenched with D,O, the
isolated ketone 21 was found to contain a mixture of di, d,,
and dj species as might be expected if an intermediate such
as 23b had been formed initially.

We then examined reactions with several ketones 11, 12,
and 14 where the values Freq — Eox Were in the range —0.4
to —0.5 V. In DME solution we observed no evidence for
reaction of PhsCLi with PhCOPh (14, E;eq — Eox = —0.5
V); after 4 hr at 25° when the solution was hydrolyzed we
recovered only PhsCH and the unchanged PhCOPh (14).
Consequently, use of the tetrahydropyran (expected’ to be
less effective than DME in solvating Li*) as a solvent is evi-
dently an important feature in the previously described!3®
formation of alcohol 17 from Ph3;CLi and PhCOPh (14).
The reaction of the enone 11 (E;eq — Eox = —0.4 V) with
PhiCLi was very similar to reaction with the enone 9. After
a reaction period of 5 min at 25°, the adduct 24 (analogous
to 19) was isolated in 95% yield. We then examined the
reaction with the enone 12 (E;eq — Eox = —0.4 V), a com-
pound having essentially the same reduction potential as
enone 11 but with a sterically larger substituent (z-Bu rath-
er than Ph) at the 8 carbon. The red color of the Ph;C~
anion persisted after approximately 0.5 equiv of Ph3CLi
had been added to a solution of the enone 12; after a reac-
tion period of 15 min at 25°, the mixture was hydrolyzed to
give a mixture of Ph3CH, the starting enone 12 (22% recov-
ery), the ketone 25 (23% yield), and a mixture of higher
molecular weight products believed analogous to structures
22. Thus, although enone 12 reacts with Ph3CLi much more
rapidly than the enone 10, the product structures are simi-
lar. To establish that the enone 12 was capable of undergo-
ing conjugate addition with a reagent thought? to react by
initial electron transfer, the enone 12 was treated with
Me,Culi to form the normal adduct 26 in 89% yield. These
data suggest that enones 11 and 12 represent borderline
cases in which the value Eyeq — Eox (—0.4 V) can allow the
formation of low concentrations of intermediates such as 16
and 27. However, subsequent coupling of these reagents
may be retarded sufficiently by steric hindrance so that the
rate of competitive direct nucleophilic addition is the more
rapid process.

In an effort to study an example of addition to an enone
analogous to 10 but with less steric hindrance to 3 addition,
we examined the reaction of the cis enone 13 with PhyCLi.
Surprisingly, this cis enone 13!7 reacted rapidly to dis-
charge the red color of 1.0 equiv of PhsCLi. However, after
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hydrolysis with H;O no adduct was detected; instead, a
mixture of the cis enone 13 (17% of the enone product) and
the trans enone 10 (83% of the enone product) was formed,
This observation suggested that PhyCLi reacted as a base
with the enone 13 to form the vinyl enolate anion 28. Verifi-
cation of this idea was readily obtained by quenching the
reaction mixture with D2O to form a mixture of the mono-
deuterated enones 29 and 30.

Although a number of examples are known of the base-
catalyzed exchange of an o hydrogen for deuterium in «,3-
unsaturated ketones,'® in many of the earlier cases it is pos-
sible that exchange occurred by conjugate addition of ROD
and subsequent elimination of ROH. Some recent examples
of analogous H-D exchanges with retention of configura-
tion are suggested to involve vinyl enolate anions rather
than an addition-elimination sequence.!® The iron tricar-
bonyl complex with a dienone also was found to undergo an
H-D exchange.?® More recently, examples of stable vinyl
enolate anions have been obtained from certain conjugate
additions to a,B-acetylenic esters,?! and from the reaction
of a-bromocinnamic acid with n-BuLi.2? The presently de-
scribed reaction of enone 13 with Ph3CLi to form 28 repre-
sents the first example of which we are aware in which the
a proton of an a,B-unsaturated ketone has been removed by
direct reaction with a strong base to form a stable vinyl eno-
late anion. Although this proton abstraction is of interest,
the fact that it occurs rapidly precludes study of the addi-
tion of Ph3CLi to the enone 13.

Experimental Section??

Preparation of Starting Materials. The preparation and/or char-
acterization of the enones 9, 10, 11, 12, and 13 has been described
in previous publications.®!6 All anhydrous ethereal solvents were
distilled from LiAlH4 immediately before use and commercial ha-
lide-free ethereal solutions of MeLi were standardized as previous-
ly described.?* Solutions of Ph;CLi in DME were obtained by re-
moving the solvent from known amounts of ethereal MeLi under
reduced pressure,?4 redissolving the MeLi in anhydrous DME, and
adding either an equivalent amount or an excess of Ph3CH. Since
the concentrations of stock solutions of Ph3CLi in DME slowly di-
minished with time,25 the actual Ph3sCLi concentration was deter-
mined immediately before use by titration with a standard solution
of sec-BuOH in xylene?* until the red color of the Ph3C~ anion
was just discharged.

Reaction of Ph3CLi with the Trans Enone 10. To a solution of
500 mg (2.98 mmol) of the enone 10 in 10 ml of DME was added,
dropwise with stirring during 5 min, 27 ml of a DME solution con-
taining 6.08 mmol of Ph3CLi (excess Ph3CH was also present).
Even in the early stages of this addition there was no indication
that the red color of the Ph3C~ anion was being discharged.2® The
resulting red solution was stirred at 25° for 4 hr and then parti-
tioned between Et,O and aqueous NH4Cl. The ethereal layer was
washed with aqueous NaCl, dried, and concentrated. The residue
was subjected to preparative TLC on silica gel (E. Merck, No. GF
254) employing an Et;O-hexane mixture (1:20 v/v) as the eluent.
The most rapidly eluted component (R 0.86), identified as PhsCH
by comparison of Ry values and ir spectra, amounted to 1.12 g
(66% recovery based on the total amount of PhsCLi + PhsCH
present). The next component (Rf 0.55-0.65) contained (NMR
analysis) 283 mg (23%) of the crude solid ketone 21. The final
TLC band eluted (Rf 0.25-0.4) was 532 mg of a mixture of semi-
solid materials believed to contain a mixture of small polymers
having the general structure of 22a and/or 22b, A 188-mg portion
of the crude ketone 21 was recrystallized twice from Et;O to sepa-
rate 130 mg of the ketone 21 as colorless needles, mp 148-149°
Subsequent recrystallization from hexane separated the pure ke-
tone 21 as colorless needles: mp 148.5-150.5°; ir (CCls) 1710
cm™! (C=0); uv maximum (hexane) 224 myu (¢ 19,400) with a se-
ries of weak maxima (e 890 or less) in the region 255-273 my;
NMR (CDCl3) & 6.8-7.5 (14 H, m, aryl CH), 5.52 (1 H, s, trityl
CH), 2.5-3.7 (3 H, m, benzylic CH and CH,CO), 0.98 (9 H, s, ¢-
Bu), and 0.87 (9 H, s, t-Bu); mass spectrum, my/e (rel intensity)
412 (M, 34), 357 (16), 356 (51), 256 (18), 243 (3), 207 (22), 167

(55), 141 (22), 108 (24), 107 (20), 85 (38), 79 (27), 77 (21), 57
(100), and 41 (26). Anal. Calcd for C3oH360: M*, 412.2766.
Found: M+, 412.2789.

Anal. Caled for C3oH360: C, 87.33; H, 8.80. Found: C, 87.08;
H, 8.66.

The crude mixture that was eluted last in the chromatographic
separation exhibited ir absorption (CCly) at 1708 cm™! (nonconju-
gated C=0) with NMR absorption (CDCl;) qualitatively similar
to the NMR absorption of ketone 21. However, the absorption at-
tributable to aryl and trityl CH groups (8 6.7-7.6 and 5.3-5.5) was
substantially less intense than aliphatic CH absorption in the re-
gion § 2.6-3.4 and 0.8-1.2 suggesting the presence of several ali-
phatic ketone residues for each trityl group.

In another experiment a solution of 327 mg (1.52 mmol) of the
enone 10 in 19 ml of DME was added to 3 ml of a DME solution
containing 0.75 mmol of Ph3CLi. After the red solution had been
stirred at 25° for 30 min, the reaction solution was quenched by
the addition of 3 ml of DO and the crude product was separated
as previously described. GLC analysis (silicone SE-52 on Chromo-
sorb P, temperature varied from 90 to 280° at 4°/min) indicated
the presence of the trans enone 10 (ret time 7.8 min) and Phy;CH
(42.4 min) and lacked GLC peaks corresponding to the cis enone
13 (9.0 min) and the dihydro dimers derived!® from enones 10 and
13 (37.2 min). The ketone 21 and higher molecular weight materi-
als were not eluted from this column. The NMR spectrum of a col-
lected (GLC) sample of the enone 10 from this reaction corre-
sponded in all respects to the NMR spectrum of an authentic sam-
ple indicating no substantial incorporation of deuterium into the
enone 10 recovered from the reaction. The experiment was repeat-
ed with a solution of 300 mg (1.79 mmol) of the enone 10 and 1.79
mmol of Ph3CLi in 11 ml of DME that was stirred at 25° for 3 hr
and then quenched with D,O. After the crude product had been
mixed with a known weight of n-C;2H2¢, analysis (GLC, silicone
SE-52 on Chromosorb P, temperature varied from 90 to 290° at
4° /min, apparatus calibrated with a known mixture of authentic
samples) indicated the presence of the trans enone 10 (ret time 9.8
min, 19% recovery), n-Ci2H6 (13.7 min), and Ph3;CH (47.0 min).
A collected (GLC) sample of the enone 10 was subjected to mass
spectrometric analysis and found to contain nondeuterated materi-
al with less than 2% d; species. From a comparable experiment in
which a solution of 2.55 mmol of Ph3CLi and 372 mg (2.21 mmol)
of the enone 10 in 35 ml of DME was stirred for 30 min at 25° and
then quenched with DO, GLC analysis of the crude product
(n-C12H26 added) indicated a 6% recovery of the enone 10. The re-
maining crude product was subjected to preparative TLC separa-
tion and appropriate fractions were recrystallized from Et,O to
separate 65 mg (10% yield) of the ketone 21 (mp 141-143°). Mass
spectrometric analysis of this product indicated the presence of
20% do, 46% d;, 29% d, and 5% d3 species. The NMR spectrum of
this sample indicated that the bulk of the deuterium is located at
the carbon « to the carbonyl group. The remaining fractions sepa-
rated by this TLC system were eluted and their NMR spectra were
examined to determine the ratio of aryl protons (6 6.8-7.5) to t-Bu
protons (8 0.8-1.1). Since only the fraction containing ketone 21
exhibited a ratio (ca. 14 aryl H’s/18 ¢-Bu H’s) corresponding to a
1:1 adduct from the enone 10 and Ph;CLi, we believe that no other
1:1 adduct was present in substantial amount.

Reaction of PhsCLi with the Cis Enone 13. To a cold (0°) solu-
tion of 231 mg (1.38 mmol) of the enone 13 in 10 ml of DME was
added, dropwise and with stirring, 3 ml of a DME solution con-
taining 0.66 mmol of PhyCLi. As the resulting solution was stirred
at 0°, the red color of the PhsC~ anion faded so that the solution
was colorless after 15 min. The reaction mixture was partitioned
between Et,O and aqueous NH4Cl and the Et2O layer was washed
with aqueous NaCl, dried, concentrated, and mixed with a known
weight of n-Ci2Hag (an internal standard). Subsequent GLC anal-
ysis was performed on two different columns; each was calibrated
with appropriate known mixtures of authentic samples. On one col-
umn (Carbowax 20M on Chromosorb P), the mixture was found to
contain n-C2Hag (ret time 8.4 min), the cis enone 13 (10.8 min,
76% yield), and the trans enone 10 (12.4 min, 18% yield). On the
second column (silicone SE-52 on Chromosorb P, temperature var-
ied from 90-280° at 4°/min), the mixture was found to contain
the trans enone 10 (ret time 8.8 min), the cis enone 13 (10.0 min),
n-C12Hae (13.7 min), and Ph;CH (41.4 min, 93% recovery); the
mixture exhibited no GLC peak corresponding to the retention
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time (36.1 min) of the dihydro dimers derived'é from enones 10
and 13. When 1.5-ml aliquots of a DME solution, each containing
0.255 mmol of Ph3CLi, were treated, dropwise and with stirring
with a 0.064 M solution of the cis enone 13 in DME until the red
color was just discharged, 0.256-0.26% mmol (1.00-1.05 equiv) of
the enone 13 was required.

A solution of 480 mg (2.86 mmol) of the cis enone 13 in 20 ml of
DME was treated, dropwise and with stirring during 2 min, with
25 ml of a DME solution containing, 5.0 mmol of Ph3CLi. The re-
sulting red solution was stirred for 5 min and then quenched with 5
ml of D,0 and subjected to the previously described work-up pro-
cedure. A portion of the crude residual product was separated by
preparative TLC [silica gel, E. Merck GF-254, with EtoO-pentane
(2:98 v/v) as the eluent]. Samples of PhsCH (Rr 0.7), the cis
enone 30 (R; 0.5), and the trans enone 29 (Rr 0.3) were obtained
for NMR analysis. Analysis of another aliquot of the crude prod-
uct indicated that the enone mixture contained (GLC, Carbowax
20 M on Chromosorb P) 17% of the cis enone 30 (retention time
7.6 min) and 83% of the trans enone 29 (12.6 min). Collected
(GLC) samples of these enones 29 and 30 were used for mass spec-
tral and ir analyses. The cis enone 30 was obtained as a colorless
liquid: NMR (CCly) 6 5.79 (1 H, 3 lines, Ju.p = 2.0 Hz, 8-vinyl
CH) and 1,08 (18 H, s, t-Bu); mass spectrum, 3% dg species and
97% d; species. The trans enone 29 was obtained as a colorless
solid, mp 41.5-43.5°, with ir and mass spectra corresponding to
those of the previously described!® sample: mass spectrum, 3%
species, 95% d; species, and 2% d; species.

Reaction of Ph3CLi with the Enone 11. To a solution of 300 mg
(1.60 mmol) of the enone 11 in 20 ml of DME was added, drop-
wise and with stirring at 25°, a solution of 1.71 mmol of Ph3CLi in
10.5 ml of DME. This was the minimum amount of Ph3CLi solu-
tion required in order to maintain the red color of the Ph3C~ anion
in the reaction solution. The resulting red solution was stirred at
25° for 5 min and then partitioned between Et;O and aqueous
NH,CL. After the ethereal solution had been washed with aqueous
NaCl, dried, and concentrated, the residue was subjected to pre-
parative TLC separation on a plate coated with silica gel (E.
Merck, No. GF-254) employing an Et;O-hexane mixture (1:20
v/v) as the eluent. The more rapidly eluted band (Rf 0.5) con-
tained 197 mg of PhsCH (identified By comparison of TLC Ry
values and ir spectra) and the slower moving band (Ry 0.25) con-
tained (NMR analysis) the crude ketone 24. This latter fraction
was recrystallized from hexane to separate 671 mg (97%) of frac-
tions of the ketone 24, mp 134-139°. Recrystallization from hex-
ane separated the pure ketone 24 as white plates: mp 137-139°; ir
(CCly) 1705 cm™! (C=0); uv (95% EtOH) shoulder at 238 myu (e
6110) with a series of weak maxima (e less than 1000) in the range
258-273 mu; NMR (CDCly) 6 6.5-7.6 (20 H, m, aryl CH), 5.38
(1 H, t, J = 6 Hz, benzylic CH), 2.95 (2 H, d, J = 6 Hz, CH,CO),
and 0.76 (9 H, s, z-Bu); mass spectrum, m/e (rel intensity) 245
(10), 244 (46), 243 (13), 167 (36), 166 (20), 165 (34), 131 (100),
105 (25), 103 (33), 77 (30), 45 (22), and 41 (26).

Anal. Caled for C32H3,0; C, 88.85; H, 7.46. Found: C, 88.85;
H, 7.48.

A CClgsolution of the ketone 24 was treated with a series of ali-
quots of the NMR shift reagent, Eu(fod)s. The relative rates at
which various of the NMR proton signals were shifted downfield
are indicated in the following structure with the proton labeled No.
| undergoing the greatest shift and the protons labeled No. 5
undergoing the smallest shift. The mother liquors from recrystalli-
zation of the ketone 24 were examined by NMR [both with and
without added Eu(fod)s;]. We could find no evidence for the pres-
ence of a second product structurally isomeric with the ketone 24,

No. 1 _l l_ No. 2
H H
(CH;1,C—C——C—CO— C(CH,);

\ CH; H LNo. 4
No. 5—T L No. 3

Reaction of Ph3CLi with the Enone 9.27 To a solution of 250 mg
(1.20 mmol) of the enone 9 in 15 ml of DME was added, dropwise
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and with stirring during 3 min at 25°, a solution of 1.30 mmol of
Ph3;CLi in 10 ml of DME. After approximately 75% of the Ph3CLi
solution had been added, the red color of the Ph3C~ anion persist-
ed in the reaction solution for the remainder of the addition. The
resulting red solution was stirred at 25° for 10 min and then parti-
tioned between EtoO and aqueous NH4Cl. The solution was
washed with aqueous NaCl, dried, and concentrated to leave a re-
sidual crude product that contained (TLC, E. Merck silica gel,
GF-254, with an EtyO-hexane mixture, 1:4 v/v, as the eluent)
Ph3CH (R 0.63) and the ketone 20 (Ry 0.36) with no starting ma-
terial (R 0.45) being detected. The mixture was separated on
comparable preparative TLC plates to give 365 mg of Ph;CH
(identified by comparison of TLC Ry values and ir spectra) and
435 mg (80%) of the crude ketone 20, mp 158-164°. Recrystalli-
zation from an Et;O-hexane mixture afforded the pure ketone 20
as white needles: mp 167-168.5°; ir (CHCl3) 1686 cm™! (conju-
gated C=0); uv maximum (95% EtOH) 241 mu (e 19,000);
NMR (CDCl;) 8 6.6-7.8 (25 H, m, aryl CH), 5.64 (l H,t,J =6
Hz, benzylic CH), and 3.48 (2 H, d, J = 6 Hz, CH,CO); mass
spectrum, my/e (rel intensity) 281 (3), 244 (22), 243 (100), 242
(25), 208 (40), 207 (44), 182 (20), 167 (62), 166 (30), 165 (68),
104 (20), 103 (98), 94 (30), 78 (25), 77 (81), 51 (34), and 43 (23).

Anal. Caled for C34H»30: C, 90.23; H, 6.24. Found: C, 90.01;
H, 6.30.

Reaction of Ph3CLi with the Enone 12. To a solution of 363 mg
(1.93 mmol) of the enone 12 in 10 ml of DME was added, drop-
wise and with stirring during 3 min, 8.8 ml of a DME solution con-
taining 1.94 mmol of PhyCLi. During this addition the red color of
Ph3C- persisted in the solution after approximately 50% (0.5
equiv) of the PhyCLi had been added. The resulting red solution
was stirred for |5 min and then partitioned between Et;O and
aqueous NH4Cl. The organic solution was washed with aqueous
NaCl, dried, and concentrated to leave a crude residual product
that was subjected to preparative TLC [silica gel, E. Merck GF-
254, with an Et;O-hexane mixture (1:20 v/v) as eluent]. The com-
ponents separated were 310 mg of Ph3CH (R 0.9, identified by ir
analysis), 79 mg (22% recovery) of the starting enone 12 (Rf 0.75,
identified by NMR analysis), 188 mg (23%) of the crude mono-
meric product 25 (Rr 0.7), and 556 mg of a series of more slowly
eluted components (R¢ 0.1-0.4) that appeared (ir and NMR anal-
yses) to be low molecular weight polymeric materials similar to
structures 22a and/or 22b. The crude monomeric product 25 (con-
taminated with the starting enone 12, NMR analysis) was recrys-
tallized repeatedly from hexane to separate 30 mg of the pure ke-
tone 25 as white needles: mp 131-133°; ir (CHCI3), 1685 cm™!
(conjugated C=0); uv maximum (hexane) 224 mu (e 24,900)
with a shoulder at 241 mu (¢ 8600); NMR (CDCl3) § 6.8-7.9 (19
H, m, aryl CH), 5.48 (1 H, s, Ar;CH), 3.1-3.6 (3 H, m, CH,CO
and benzylic CH), and 0.93 (9 H, s, z-Bu); mass spectrum, m/e
(rel intensity) 279 (7), 243 (1), 167 (17), 150 (16), 149 (100), 138
(17), 71 (23), 70 (27), 57-(40), 56 (24), 55 (29), 43 (29), and 41
(40).

Anal. Caled for C3oH30: C, 88.85; H, 7.46. Found: C, 89.02;
H, 7.49.

A solution of 200 mg (1.1 mmol) of PhCOPh in 5 ml of DME
was treated with 10 ml of a DME solution containing 2.0 mmol of
Ph3CLi. The red color of the Ph3C™ anion persisted after the addi-
tion of several drops of the Ph3yCLi solution and remained while
the solution was stirred for 4 hr at 25°. The resulting red solution
was partitioned between Et2O and aqueous NH4Cl and the organic
layer was washed with aqueous NaCl and then dried and concen-
trated. Analysis (NMR and TLC) of the crude product indicated
the presence of only PhCOPh and Ph;CH. Separation by prepara-
tive TLC (silica gel, E. Merck PF-254, with an Et,O-hexane el-
uent, 1:20 afforded 403 mg (83%) of PhyCH (R 0.5) and (v/v)
185 mg (93%) of PhCOPh (R 0.2). Both products were identified
by ir analysis.

Reaction of Me;CuLi with the Enone 12. To a cold (0°) solution
of Me,CulLi, obtained from 350 mg (1.84 mmol) of Cul and 2.98
mmol of MeLi in 12 ml of Et,O, was added a solution of 194 mg
(1.03 mmol) of the enone 12 in 2 ml of Et;O. The resulting mix-
ture, which exhibited a transient red color followed by separation
of (MeCu), as a yellow solid, was stirred for 30 min at 0° and then
partitioned between Et>0 and aqueous NH4Cl. The ethereal solu-
tion was washed with aqueous NaCl, dried, and concentrated to
leave 188 mg (89%) of the crude ketone 14 (ir and NMR analysis)
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that exhibited a single GLC peak (Carbowax 20 M on Chromo-
sorb P), retention time 12.4 min. A collected (GLC) sample of the
pure ketone 26 was obtained as a colorless liquid: #2°D 1.5081; ir
(CCly), 1690 cm™~! (conjugated C=0); uv maxima (95% EtOH)
239.5 (e 11,700) and 277 mu (e 1090); NMR (CCly) 6 7.2-8.0 (5
H, m, aryl CH), 2.3-3.2 (2 H, m, CH,CO), 1.7-2.2 (1 H, m, CH),
0.92 (9 H, s, t-Bu), and 0.85 (3 H, d, J = 7 Hz, CHj3); mass spec-
trum, m/e (rel intensity) 204 (M™*, 16), 148 (31), 147 (78), 133
(28), 120 (53), 105 (100), 77 (56), 57 (32), 43 (34), and 41 (21).

Anal. Caled for C14H»00: C, 82.30; H, 9.87. Found: C, 82.28;
H, 9.92.

Electrochemical Measurements. The polarographic and cyclic
voltammetry measurements employed a custom-made polaro-
graphic module utilizing solid-state amplifiers that followed the
typical three-electrode design. Descriptions of the cells, working
electrodes, and reference electrodes were described previously?8
along with the purification procedures used for n-BusyNBF,4 and
DMF. The solvent, DME, was purified by distillation from LiAIH4
and commercial LiClO4 (Alfa Inorganics) was purified by recrys-
tallization from anhydrous DME (ca. 60 g of salt in 85 ml of sol-
vent) to separate the complex, LiClO4(CH3OCH,CH,0QCH3),, as
white needles. All polarographic measurements were determined at
a dropping Hg electrode with solution in DMF containing 0.5 M
n-BusNBF4. The cyclic voltammetry measurements were deter-
mined with a spherical bare Pt electrode in either DMF containing
0.5 M n-BusNBF4 or in DME containing 0.15-0.17 M LiClO,.
The measurements in the DME-LiClO4 solution with a Pt elec-
trode were limited to potentials less negative than the —2.0 V vs,
SCE because the background current became excessive at more
negative potentials.

Solutions of PhsCLi and Ph,CHLIi for use in these measure-
ments were obtained by reaction of DME solutions of MeLi with
an excess of either PhyCH or Ph,CH,. After these solutions had
been standardized by titration to a colorless end point with sec-
BuOH,2* aliquots were added to the DME-LiClOy solution in an
electrochemical cell. A solution of the sodium enolate 7 in DME
was obtained by reaction of PhCH,COCH3; with excess NaH in
DME2 and a solutjon of (EtO;C);CH~Na* in DMF was similar-
ly prepared by reaction of (EtO,C),CH, with excess NaH in
DMEF. These latter solutions of sodium enolates were standardized
by quenching aliquots in a known excess of standard aqueous HCl
followed by titration to a phenolphthalein end point with standard
aqueous NaOH.

The E,/> values and estimated half-lives of radical intermedi-
ates, summarized in Table I and Scheme I, were determined by
previously described procedures.!®28 In cyclic voltammetry studies
of the oxidation of carbanionic intermediates {Table I), for cases
where no reduction peak was observed during the reverse scan, the
E1/2 value was estimated by measuring the potential value where
the anodic current was 85% of its peak value.2® To obtain a com-
parison of E/2 values measured in the DMF-ammonium salt solu-
tion and in the DME-LiClOj4 solution, the E /3 value for enone 11
(0.011 M) (previously determined!® to be —1.698 V vs. SCE in
DMF containing #-PryNClO4) was measured at a spherical Pt
electrode in DME containing 0.2 M LiClO4 and found to be —1.72
V vs. SCE. Although the Ey/; values were comparable in the two
solutions of the enone 11, the half-life of the derived radical anion
was much shorter (<1072 sec) in the DME-LiClOy4 solution as
would be expected from previous observations of the effect of
added Li* cation.!¢

The electrochemical reduction of a solution of Ph,CO (14,
0.005-0.012 M) in DMF containing 0.5 M n-BusNBF, was exam-
ined by polarography and cyclic voltammetry. The solution exhib-
ited two reduction waves with £ > values of —1.80 V vs. SCE (n
=1.0,1iq = 27-54 uA) and —2.34 Vvs. SCE (n = 1.2, i4 = 21-34
#A);30 the first reduction wave was a reversible process (half-life >
10 sec) but the second wave was not.
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