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INTRODUCTION

In 1967 Hauser, Mao, and Milesl

described in a com-
munication the successful preparation of several ketone
derived dianions that hitherto had not been reported. In-
cluded in this communication was the preparation of the
dianion of l-phenyl-2-propanone (3). Previously, it had
been shown that potassium amide in liquid ammonia readily
converted l-phenyl-2-propanone (1) to the enolate salt 2
@f" = K*) but failed to effect dimetalation to form 3.2

It was found, however, that 3 was readily obtained by se- -
quential metalation of 1-phenyl-2-propanone with an alkali

amide and n-butyllithium according to the route shown in

Scheme'I.l

Scheme 1
0 oMt
[ wm,
PhCHZCCH3 NH3(1iq.) PhCH—CCH3
L 2
1
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n-C 4H9Li
THF

_
> (PhCHCCHp) M', Li'
3

Mt = Lit, mat, &t

Although several reactions of 3 with electrophiles were
described, no reactions with alkylating agents were re-
ported nor have such reports describing the alkylation of
3 or related dianion systems appeared in the more recent
literature.> Because of this lack of information, a study

of the monoalkylation of the l-phenyl-2-propanone dianion

was initiated.
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HISTORICAL

Substituted acetones of the general type 4, where G
is a methylene activating and anion stabilizing substitu-
ent, are converted with high regioselectivity to the cor-
responding enolate anions 5 on reaction with one equiva-
lent of strong base.4 Conceptually, removal of the less
acidic proton from the methyl group (C3) of 5 should re-
sult in the formation of the 1,3-dianion g} As this spe-
cies possesses two reactive carbon centers, reaction at
these centers with a limited amount of an electrophile E

may lead to three possible products as shown in Scheme II.

Scheme II

0 oM™
" M+B' |

GCH,CCH, ———> GCH=CCH

2°~43 _BH 3
4 3

MB" - +
6
3
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oM™ 0

E H I
—E——s  GeH=CCH,E > GCH,CCH,E
6a _ 5
I
6 2E > GCH(E)CCH,E
9
4
E
oM 0
] | o+ n
—E > GceH(E)C=CH, > GCH(E)CCH,
6b 8

Reaction exclusively at the terminal position (C3) would
lead to the formation of gamma substituted derivatives 7;
reaction exclusively at C; would lead to the formation of
alpha substituted derivatives 8; and reaction at both Cl
and C4 either simultaneously or sequentially via the two
possible enolate anions, 6a and 6b would lead to the for-
mation of 1,3-disubstituted derivatives 9.

One of the first examples of a dianion of the general
type 6 to appear in the literature was reported by Hauser
and Harris in 1958.° It was shown that 1-phenyl-1, 3-

butanedione (10) could be converted to the corresponding
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1,3-dianion 11 by the action of two equivalents of potas-
sium amide in liquid ammonia. Subsequently, an extensive
study of the reactions of this dianion with a large number

of electrophiles was made.

Scheme III
0 0 0 0
PthH gCH e N PhgﬁHgCH' oMt
20083 N Ty ¢ 2)
10 !
Mt = nat, KT
0 0

Nl

12
1. PhCH,Cl ol
11 " > PhCCHCCH,
2. H
CH,Ph

13

I
— PHOGHOCH,CH Pl
CH,Ph

14
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Alkylation of 11 with benzyl chloride led to the ex-
clusive formation of 1,5-diphenyl-1,3-pentanedione (12) the
product of Cj substitution.® Neither the C, substitution
product, l-phenyl-2-(phenylmethyl)-1,3-butanedione (13), nor
the product of 1,3-disubstitution, 1,5-diphenyl-2-(phenyl-
methyl)-1,3-pentanedione (14) were observed. Previously,

13 was obtained by reacting the sodium enolate of l-phenyl-
1,3-butanedione with benzyl chloride.®

Acylation of the dipotassium salt of 11 was effected

> and other aromatic esters7

with ethyl benzoate to give
1,5~diaryl-1,3,5-pentanetriones 15. The 5-alkyl analogues
16 were obtained on reaction of alkanoic acid ethyl esters

with the dilithium salt.® Reaction of 1l with methyl

0 0 0 0 0 0
- fog b 1
hCCH,CCH,CAT PhCCH,CCH,CALkyl
15 16

cinnamate gave a mixture of the triketone 1,7-diphenyl-1-
hepten-3,5,7-trione (17), and methyl 5,7-dioxo-3;7-diphenyl-
heptanoate (1§§).9 The mode of reaction proved to be sen-
sitive to the ease of displacement of the alcohol moiety as
17 was obtained in high yield from phenyl cinnamate while

18b was the only product obtained from t-butyl cinnamate.
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0 0
o 1 .
.hCCHZCCHZCCH=CHPh PhCCHZCCHZ?HCHZCOZR
17 Ph
18 a) R = CHy
b) R = t-C,Hg
Benzaldehyde5 and p-methoxybenzaldehyde10 reacted with

11 to give the hydroxydiones 19a and 19b. Similarly, ben-
zophenone reacted with the disodium salt and acetophenone
reacted with the dilithium salt of 11 to give the hydroxy-
diones 19c and ;gg.lo The reaction of 11 with 1,3-
diphenyl-2-propen-l-one also proceeded via 1,2-addition to
give the unsaturated hydroxydione 19e. However, the reac-
tion of 11 with 3-phenyl-1-(2,4,6-trimethylphenyl)-2-
propen-l-one gave only the triketone 20, the product of

1,4-addition. It

0 0 OoH

PthHngHZ%Ar

R
19 a) R =H, Ar = Ph

b) R=H, Ar = p—(CH3O)C6H4
¢) R = Ar = Ph
d) R = CHy, Ar = Ph
e) R = PhCH=CH,, Ar = Ph
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0 ﬂ CH3

PhCCHZCCHZ?HCHZC CH3

Ph
CH3

A second substituted acetone of the general type 4
shown to be readily converted to a 1,3-dianion of the gen-
eral type 6 by two equivalents of an alkali amide in liquid
ammonia is 2,4-pentanedi6ne (g;).s Several 2,4-pentane-
dione homologues also have been converted to the corres-
ponding 1,3-dianions by this method and the synthetic

applications of these dianions have been reviewed. 2

Scheme TV
i1
[ 2 MNH, . [ +
CH4CCH,CCH, N, (liq) (CH,CCHCCH3) 2M
21 22
0 0
1. PhCH,Cl I

5 H20 > PhCHzCHZCCHZCCH3

23
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Reaction of 22 with one equivalent of benzyl chloride

gave l-phenyl-3,5-hexanedione

This in turn was converted to

zylation gave 1,7-diphenyl-3,5-heptanedione (25).

other alkylation products were detected.

'(23) as the sole product.5

the dianion 24 which on ben-
13 No

Reaction of the

Scheme V
0 0
23 NH3 (liq.)" ( hCHZCHZC HCCHZ) M
_?:_lt
1. PhCH2C1 Il I
» PhCH,CH,CCH,CCH,CH,Ph
9. H+ 2512 2 2772

dianion 22 with several alkyl
alkyl-2,4-pentanediones which
by other methods.14 These in
1,5-dialkyl-2, 4-pentanediones
corresponding l,3-diam‘.ons.12

1,3,5-Triketones 26 were

22 on reaction with esters of

acids.

25

halides gave a series of 1-
are less readily accessible
turn have been converted to

through alkylation of the

obtained from the dianion

aryl6 and alkyls'carboxylic

Reaction with benzophenone led to the formation of

1,1-diphenyl-1-hydroxy-3,5-hexanedione (27).°
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10
OH 0

R!CH gCH éCH Ph éCH ﬁCH gCH

27272773 27022

26 27

Where two different sites with similar relative

basicities could be developed, it was found that more than
one dimetalated species could arise from the parent ketone.
Dimetalation of 2,4-hexanedione (28) with sodium amide
followed by addition of one equivalent of iodomethane gave
89% 3,5-heptanedione (29) and 117 5-methyl-2,4-hexanedione
(39)15 (Scheme VI). These products were shown to arise
from two distinct dianions which under the reaction condi-
tions were not interconverted, so that the product ratio

is not representative of a mixture of 28a and 28b at equi-

librium but rather is representative of the relative
basicities of the two sites of secondary ionization. As
shown in Scheme VII, repetition of this reaction with the
disodium salt of 30 gave 997 6-methyl-3,5-hexanedione (31)
and 1% 5,5-dimethyl-2,4~-hexanedione (gg)ls which reflected
the increased basicity of the Cg carbon induced by the
methyl substituen.t.16 The disodium salt of l-phenyl-2, 4~
pentanedione (33), when reacted with one equivalent of
iodomethane, l-iodobutane, or benzyl chloride, gave only
the corresponding l-alkyl-l—phenyl-B,4—pentanedione3.gé;

the C; position being activated by the phenyl substituent.
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Scheme VI

0 0
i
CHCH,CCH,CCHj

28

2 NeNH,, NHj (liq.)

l l

0 0 0 0
o + | +
(CH4CH,CCHCCH,) 2Na (CH,CHCCHCCH,) 2Na
282 28b
1. CHyI 1. CH,yI
2. HT 2. HF
\r wr
0 0 0 0
I ||
CH4CH,CCH,CCH,CH, (CHy) 5CHCCH,CCH,
29  (89%) 30 (11%)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

Scheme VII

0

(.
(CH3) ,CHCCH,CCH,

0 0
o,
((CH3) ZCHCCHCCHZ) 2Na

302
1. CHyI
2. H'
Y

il
(CHg) 5CHCCH,CCH,CH

31 (99%)

l

0
N +
((CHy) ,CCTHCCH,) 2Na

30b
1. CHyl
2. Ht
Y
0 0
c ol
(CHg) 4CCCH,CCH,
32 (%)
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Scheme VIII

0 0 0 0
I 2 NaNH, i +
PhCHZCCHZCCH3 NH3 1ig.) > (PhCHCCHCCHg) 2Na
33
0
1. RX o
——— PhCHCCHZCCHB
2. H'
R
34

—

But if the phenyl substituent is on the carbon beta to the
carbonyl, the alpha position is not activated, since benzy-
lation of the dipotassium salt of l-phenyl-3,5-hexanedione
(24) gave exclusively the symmetrical diketone 1,7-diphenyl-
3, 5-heptanedione (22)13 (Scheme V).

Through competitive metalation of mixtures of certain
1,3~diketones and analysis of the products obtained on
alkylation, it was determined that the relative basicities
of the sites of secondary ionization increased according to

the following order of substituents on the parent acetone:

0

| | I
PhCHZC- < Ch3C- < CH4CHyC- < (CH3)2CHC-.«
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Competitive alkylétion of mixtures of the corresponding 1;3-
dianions of 1,3-diketones incorporating these groups estab-
lished that the relative reactivities of the secondary sites
towards alkylation also increased according to the same se~-
quence, with the relative reactivity of propionyl and iso-
butyryl being of the same order of magnitude.l7

The extensive studies by Hauser and coworkers of the
reactions of 1,3-dianions derived from 1,3-diketones es-
tablished that the site of secondary ionization is also the
more reactive center giving on reaction with electrophiles
products of the general type 7 rather than products of the
general type 8. These findings prompted investigations of
other stabilized 1,3-dianion systems of type 6. Thus; sub-
stituted acetones 4, where G is either an aldehyde, ester;
sulfone, sulfoxide, sulfide, or dialkylphosphonate have
been converted to corresponding 1,3-dianions and reacted
with various electrophiles.

The 3-oxobutanal dianion (36) was obtained on reaction
of the sodium enolate of 3-oxobutanal with an alkali amide
in liquid ammonia.® Reaction with several alkyl halides
gave a series of 4-alkyl-3-oxobutanals gz.ls‘ Alkylation of
the 2-(phenylmethyl)-3-oxobutanal dianion also occurred at

the terminal carbon (C4) as benzyl chloride and iodomethane
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Scheme IX
i L
(HCCHCCH,) oMt 1. RX HCCH,CCH,R
2. HT
36 37

gave the respective 4-alkyl derivatives 38a and’§§h.18

Scheme X
0 0 00
HgCHgCH i S HgCgCCH- oNat
3 NH, (lig.) * ( | p) 2Na
CH,Ph CH,Ph
i
1. 3§ > HCCHCGH,R
2. H |
CH,Ph
38 a) R = CH,Ph

Evidence for alkylation at C, was not found. Reaction of
36 with methyl benzoate gave 5-phenyl-3,5-dioxopentanal
(39) and the 1,2-addition product, 5,5-diphenyl-5-hydroxy-
3-oxopentanal (40) was obtained from the reaction of’§§

with ben’zophen‘.one.19
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0 0 O 0 0 OH

[ 1|

HCCH,CCH,CPh HCCH,CCH,CPh,
39 40

Ethyl 3-oxobutanoate (41), as well as other 3-oxobu-
tanoate esters have been converted to their corresponding
1,3-dianions either on reaction with potassium amide in

20

liquid ammonia™" or in tetrahydrofuran by sequential

metalation with sodium hydride followed by n-butyllithium.21
Alkylation was found to occur exclusively at the terminal
carbon (C,) giving 4-alkyl-3-oxobutanoate esters 43 with
higher yields obtained by the latter method. %1122 The
1,3-dianions of 3-ketoesters bearing on alkyl substituent
at either C, or C, also reacted with alkyl halides at the

terminal position.22

Scheme XI

0 0

0
[ a) KNH,, NH; (liq.) I

ol
— (H,CCCHCOC Hs) o
b) 1. NaH, THF
2. n-C4H9Li

41 42

0
1. RX I

43
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The dianion 42 reacted with esters to give 3,5-diketo-

esters ~ﬁ?3 and with ketones and aldehydes to give hydroxy-

ketoesters (éi).24’25

ﬁ ﬁ OH 0
RCCHZCCHZCOZR' RZCCHZCCHZCOZR'
m 45

Pheﬁyl (2-oxopropyl)-sulfoxide (46) when reacted in
tetrahydrofuran with sodium hydride followed by n-butyl
lithium gave the corresponding 1,3-dianion 51.26’27 Alkyl-
ation of 47 occurred exclusively at the terminal position

(C3) to give 48 and evidence for alkylation at C; or

Scheme XII

i A

PhSCH,CCHy 1. NaH, THF _ (PhSCHCCHS) ot
2. n-C,H,Li
4Hg

46 47

1. RX -
> PhSCH,CCH,R
2. HT

48
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1,3-dialkylation was not found.26 Analogues of 46 bearing

28 26

an alkyl substituent at either Cq when converted

or Cq
to their corresponding 1,3-dianions also reacted at the
terminal position with alkyl halides to give products of C3
substitution. Reaction of 47 with benzophenone and aceto-

phenone gave the 1,2-addition products, 49a and 49b. Cyclo-

hexene oxide gave the hydroxyketosulfoxide §Q.26
OH
0O 0 OH 0 0
[ N
PhSCH,CCH,CPhR PhSCH,CCH,
49 a) R =Ph 30
b) R = CHq

o, B-Unsaturated esters were found to react with 47

to yield solely 4-ketoesters 51, whereas a,B-unsaturated

ketones gave exclusively the 1,2-addition products 42.27
Scheme XIII
0
1. R'CH=CHCO,R !
5 H+ - ” PhSCHZC?HCHZCOZR
RI
47 — 51
0
I 0 O OH
1. R'CH=CHCR  _ hl |
7> PhSCH,CCH,CCH=CHR
2. H 272
R
52
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The phenyl (2-oxopropyl)-sulfone dianion'(ég) was
obtained on readction of the parent ketone with potassium
amide in liquid ammonia.28 It was also shown that dimeta-
lation could be effected with sodium hydride followed by
n-butyllithium in tetrahydrofuran or by lithium diisopro-

pylamide.30

Addition of benzyl chloride resulted in alkyl-
ation at the terminal carbon (03) to give the ketosulfone

Qﬁ.zg Alkylation of the monoanion with benzyl chloride

Scheme XIV

i1 = o
a) 2KNH,, NH, (lig.)

2, NHg o
PhSCH.,CCH > (PhSCHCCHY) 2M
I 2 3 b) 1. NaH, THF ( I 2)

2. n-C,HoLi 0
419
53

¢) 2 LiDPA, THF =

0
1. PhCHZC]. ||
» PhSCH,CCH,CH,Ph
2. H+ “ 2 2772
0

54

gave only the isomeric C; substitution product‘§_5_.29 Acyl-

ation at C45 was realized with methyl benzoate giving the
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diketosulfone 56, while the reaction of the monoanion with

benzoyl chloride gave only the O-acylation product 22.29

[
PhSCHCCH,4

0 CH,Ph
55

I
Q0  OCPh

[ o
PhSCH,CCH,CPh PhSCH=CCH,
I R

56 57

——— ————

The phenyl (2-oxopropyl)-thiane dianion (58), gener-
ated by sequential metalation with sodium hydride and n-
butyl lithium reacted with alkyl halides at the terminal

carbon (C3) to give a series of chain extended derivatives

22.31
Scheme XV
0
N + + L. RX, Et,0
(PhSCHCCHZ) Li , Na T >~ PhSCHZCCHZR
2. H
58 59
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Dimethyl (2-oxopropyl)-phosphonate (60) was conver-
ted to the corresponding 1,3-dianion in a similar manner'.32

Reaction with alkyl halides gave exclusively products of

C5 substitution 61.

Scheme XVI
. ﬁ I '
1. NaH, THF N - - A+ +
(CH3O)2PCH2CCH3 5 n-CaHgLi > ((CHBO)ZPCHCCHZ) Li, Na
60 60a
0 0
1. RX [
; H#_.r» (CH3O)2PCHZCCH2R

61
A second alkyl group was introduced at C4 by reacting the
1,3-dianion generated from 61 with a second alkyl halide

to give disubstituted derivatives 3.32’33

———
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Scheme XVII

1. NaH, THF I_ I + 1
61 —> ((CH40),PCHCCHR) Li", Na
2. n—C4H9L1
62
0 0
1. R'X Il '
S (CH40) ,PCH,CCHRR
63

In addition to l-phenyl-2-propanone (1), other aryl-
acetones have been converted to their respective dianions.
Thus, 1,3-diphenyl-2-propanone was converted to the dianion
64 with potassium amide in liquid ammonia which on reac-
tion with either one or two equivalents of benzyl chloride
give, respectively, the products of mono- and dibenzyla-
tion 1,2,4-triphenyl-3-butanone (65) and 1,2,4,5-tetra-

phenyl-3-pentanone (§§).5
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Scheme XVIIIL

ﬂ
PhCH,CCH,Ph

l 2 KNH,, NHy (liq.)

0
1. PhCHZCl _ Il + 2 PhCH2C1
(PhCHCCHPh) 2K
+
2. H
6_4.
Y
0 PhCH,CHCCHCHA-Ph
I 2172
PhCHZ?HCCHZPh Ph Ph
Ph 66
65

1,1-Diphenyl-2-propanone was converted to the corres-
"ponding 1,3-dianion 67 by sequential metalation with potas-
sium amide in liquid ammonia followed by n-butyllithium in
tetrahydrofuran but was not reacted with alkylating agents.1
A study of the reactions of this dianion with limited
amounts of alkylating agents, since completed,34 was under-
taken by another member of our research group after the
findings of the study to be discussed forthwith were ob-

tained by this author.
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Scheme XIX
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RESULTS AND DISCUSSION

The published procedure of Hauser, Mao and Miles for
the conversion of l-phenyl-2-propanone (1) to the corres-
ponding dianion §l is a two step reaction involving for-
mation of the alkali enolate with an alkali amide in
liquid ammonia followed by the reaction of this inter-
mediate with n-butyllithium in tetrahydrofuran (THF) as

shown in Scheme I. GriffithsSt

modified this procedure
by using sodium hydride with THF as the solvent to form
the enolate salt, thus eliminating the need to change
solvent systems. A limitation of sodium hydride in this
type of reaction is its low reactivity, principally due

to its low solubility in most organic solvents.3” Because
of this, attempts to form sodium enolates from readily
enolizable ketones often is severely impeded by competing

self-condensation.36

Although the alkali enolates of 1
are stable towards self-condensation, it was anticipated
that ketones which do form reactive enolate salts would
be converted to their respective dianions and their reac-
tions studied. For a generally applicable method to
achieve this conversion, the reagent required to form the
intermediate enolate anion was one that was readily

handled and possessed sufficient reactivity to readily

ionize the ketone without competing side reactions. The
25
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reagent of choice proved to be potassium hydride which was

recently shown by Brown>’

to readily convert enolizable
ketones, including acetone, to potassium enolates without

competitive side reactioms.

Formation and Reactions of the Potassium Enolate
of 1-Phenyl-2-Propanone (2)

Following the procedure of Brown,38

1-phenyl-2-
propanone was added to a stirred suspension of potassium
hydride in THF under a nitrogen atmosphere to give an
orange-red solution of the potassium enolate 2. The reac-
tion was vigorous and exothermic but could be regulated by
controlling the rate of addition and with cooling. 1In
several instances the reaction was monitored by collection
of the hydrogen evolved. The reaction ceased once the
theoretical amount of gas was collected indicating that
the ketone had completely reacted. Neutralization with
Hy,0 gave only l-phenyl-2-propanone. Analysis of the reac-
tion mixture by gas chromatography (gc) failed to show
evidence of any side reaction products.

Ionization was found to proceed smoothly in bis-
(methoxy)-ethane but was substantially slower in diethyl
ether (Et,0). Addition of small amounts of THF to diethyl
ether had a significant catalytic effect and red-orange

solutions of 2 (M+ = K" were readily obtained. This
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apparently is not due to increased solubilization of the
solid hydride as potassium hydride is reportedly "com-
pletely insoluble" in TR, 37 Rather, this may be due to
complexation of potassium hydride by THF in a manner much
like the complexation of alkali salts by macrocyclic

39

polyethers. Several reactions were run in diethyl ether

containing by volume 157 THF as the cosolvent. This mixed
solvent system will subsequently be referred to as THF-
Et,0.

Ionization of 1 can give two possible geometric
isomers of the enolate salt 2, one possessing the Z con-
figuration (2a) and the other possessing the E configura-
tion (2b) which differ in the spatial relationship be-
tween the phenyl group and oxygen around the C1-Cy bond.
The isomer rations of 2a and 2b generated under various
conditions have been determined by trapping with chloro-
trimeth.ylsilane.“o’41 Reaction of the potassium enolate
generated from 1 with potassium hydride in both THF and
THF-Et,0 gave as the only product Z-1-phenyl-2-(trimethyl-
siloxy)~1l-propene (68a) indicating that the enolate anion
obtained under these conditions possessed only the Z con-
figuration. This is consistent with the results reported
for the ionization of 1 with sodium hydride as trimethyl-
silyation gave 98% 68a and 2% §§§.40

Structure assigmment of this product was made through

the NMR spectrum which in deuteriochloroform showed a broad
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multiplet centered at 8 7.33 that integrated for five pro-
tons and assigned to the phenyl group and a singlet at §
5.38 that integrated for one proton and assigned to the
vinylic proton. This compared closely with the published
spectrum of the Z-isomer 68a in carbon tetrachloride>>
which showed a similar broad multiplet for the absorptions
of the phenyl protons and a singlet at 8 5.32 for the
absorption of the vinylic proton. The NMR spectrum of the
E isomer 68b in CCl, was also published and was character-
ized by a slightly broadened singlet absorption for the
phenyl protons and a sharp singlet absorption at § 5.77
for the vinylic proton.35 From this it was concluded that
the enolate anion formed on metalation of 1 with potassium

hydride was largely, if not exclusively, the Z-isomer
2a.40’41
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The potassium enolate 2a was reacted with several
alkyl halides in both THF and THF-Et,0 to give a series of

l1-alkyl-1-phenyl-2-propanones 69. The results are sum-

i
PhCHCCH
| 3
R
69

marized in Table I. Reaction with iodomethane preceeded
rapidly and smoothly to give in good yield 3-phenyl-2-
butanone. The other alkyl halides reacted less rapidly,
often requiring reaction periods of eighteen to twenty-
four hours. The long reaction times were feasible due to
the stability of the enolate anion towards condensation
with the reaction product and also because of the de-
creased acidity of the remaining benzylic proton of the
product. Thus, proton exchange equilibria commonly ob-
served between more reactive enolate anions, such as that
of cyclohexanone and its alkylation products,36 were not
observed in this case as analysis by gc of the crude reac-
tion products did not reveal evidence for 1,l-dialkylation
or condensation.

A large difference in reactivity was observed between
benzyl chloride and benzyl bromide. Benzyl chloride failed
to react with 2a after 1.5 hours whereas 3,4-diphenyl-2-

butanone was isolated in 607 yield from the reaction
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TABLE I
ALKYLATION OF THE POTASSIUM ENOLATE 2a WITH ALKYL HALIDES

RX Solvent Time (hrs) Product Yield (%)2 Reference
CH4I THF 2.0 3-Phenyl-2-butanone 69 58
CH,1 THF-Et ,0P 1.0 3-Phenyl-2-butanone 76 58
CoHsI THF-Et ,0° 18.0 3-Phenyl-2-pentanone 87 58
n-C,HgI THF 18.0 3-Phenyl-2-heptanone 77 58
n-C,Hgl  THF-Et,0°  20.0  3-Phenyl-2-heptanone 76 58
(CH,) ,CHBr THF 24.0 4-Methyl-3-phenyl-2-

372 butanone (60)€
b
(CH,) ,CHBr THF-Et,0 36.0 4-Methyl-3-phenyl-2-
372 2 butanone (15)€
PhCHzBr THF 1.5 3,4-Diphenyl-2-butanone 60 58
PhCHZCl THF 1.5 3,4-Diphenyl-2-butanone (n.r.)c
81solated. 5159 THF by volume in diethyl ether. CNormalized yields as

determined by gas chromatography.
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of 2a with benzyl bromide over the same period. This was
of some interest as benzyl chloride is commonly used as a
benzylating agent often with enolate anions. A comparison
of the relative reactivities of several alkyl halides was

made by Conia42

and benzyl bromide was found to be approxi-
mately thirty-seven times as reactive as benzyl chloride.
The greater polarizability of bromine may well account for
the difference in relative reactivities of these benzyl
halides.

The effects of solvent on the rate of alkylation of
2a were qualitatively demonstrated in the reactions of 2a
with 2-bromopropane in both THF and THF-Et,0. Although
this reaction proceeded slowly in both solvents at room
temperature, product formation, as determined by gas
chromatography, was approximately 607 complete after
twenty-four hours in THF and about 157 complete after
thirty-six hours in THF-Et,0. The only other component
present was l-phenyl-2-propanone. The slow rate of reac-
tion can be partially attributed to the low relative reac-
tivity of 2-bromopropane and also to the difference in
solvation of the potassium salt of 2a by the two solvent
systems. Zook and Relahan have examined the reactions of
alkyl halides with sodium enolates of primary and second-

16

ary alkyl ketones™ and found that the rate of alkylation

increased with increasing solvation power of the ether

43

solvent. In addition, House and coworkers reported that
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the lithium and sodium salts of 2a exist as solvent sepa-
rated ions in THF and primarily as contact ion pairs in

diethyl ether>>

reflecting the significantly higher solva-
tion power of THF. The difference in rates of product
formation in 2-propylation of 2a with 2-bromopropane
found suggests that 2a ot = may also exist as sol-
vent separated ions in THF and primarily as contact ion

pairs in THF-Et,O0.

Formation and Reactions of the l-Phenyl-
2-Propanone Dianion (3)

Addition of a slight excess over one equivalent of
n-butyllithium in hexane to a solution of 2a (M+ = K+) in
either THF or THF-Et,0 at -78° resulted in immediate for-
mation of the l-phenyl-2-propanone dianion (3) obtained
as an intensely dark red solution. The reported procedure
called for addition to take place at ambient temperature,l
however, cleavage of THF is minimized by lowering the reac-

tion temperature.44

The dianion 3 appeared to be quite
stable over long periods and did not undergo loss or

change of color on warming.

Scheme XXI
-+ 0
Ph 0°K
n-C H_Li |
\c-——-c/ 49 —>  (PhCHCCH}) kT it
// \\ THF -hexane, -78
H CH,
2a 3
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Reaction of 3 with p-methoxybenzaldehyde gave the un-
reported beta~hydroxyketone 70 in 447 yield which in turn
was dehydrated to the unsaturated ketone Zl.l

Attempts to obtain 1,3,7-triphenyl-1,6-heptanedione,
the reported product isolated from the reaction of 3 with
l,3-diphenyl-2-propen-l-one,1 were unsuccessful. The un-
identified product was obtained as a white solid with a
melting point of 183-185°; the reported melting point of
the Michael addition product was 1140.l

7 ﬁ
PhCHzCCHZCHC6H4(OCH3)-p PhCHZCCH=CHC6H4(OCH3)-p
70 71

P ————

The main part of this investigation involved the
reactions of the dianion 3 with alkyl halides. When a
slight excess of one equivalent of iodomethane was added
to a solution of 3 in THF at 0°, the intense red color of
the dianion soon disappeared and a white precipitate
formed. After neutralization and workup, analysis of the
crude product by gc revealed the presence of a two com-
ponent mixture consisting of 3-phenyl-2-butanone, the
product of C; alkylation identified by comparison of the
retention time with that of an authentic sample, and a
component tentatively identified as l~phenyl-2-butanone

the product of alkylation at C5, in a ratio of 3 to 2.
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Alkylation under similar conditions with iodoethane and
l1-iodobutane again led to the formation of two component
product mixtures with only traces of l-phenyl-2-propanone

detected by gc. Unexpectedly (vide supra), the amount of

C; alkylation increased. TIodoethane gave a product mix-
ture where the C; alkylation product predominated by a
ratio of approximately 5.7 to 1, and l-iodobutane gave a
product mixture where the C; alkylation product predomi-
nated by a ratio of approximately 19 to 1. These Cq
alkylation products, 3-phenyl-2-pentanone and 3-phenyl-1l-
heptanone were also identified by comparison of the reten-
tion times with those of authentic samples. Since the
completion of this study the minor products obtained have
been conclusively established as being the products of Cq
alkylation by other members of this research group.34
These initial results indicated that unlike other acetone
derived dianions (6), alkylation of 3 was governed by
other factors.

The dianion 3 was next reacted with a series of alkyl
halides, both primary and secondary, that varied widely in
relative reactivities. A solution of 3 in either THF or
THF-Et,0 was treated with a slight excess of one equiva-
lent of alkyl halide under conditions similar to those des-
cribed above, and after allowing the reaction to proceed for
a prescribed period, usually four hours, it was quenched

with H,0. When feasible, the products obtained were
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purified by distillation under reduced pressure and char-
acterized by physical and chemical means. The results are
summarized in Table II. Attempts to maximize yields were
not made and with one exception, 4-methyl-3-phenyl-2-hexa-
none, all compounds prepared by this method have been des-
cribed in the literature.

With the exception of the highly reactive alkyl hal-
ides, alkylation generally occurred preferentially and
often with high regiospecificity at C;. TIodomethane and
benzyl bromide gave a mixture of products in which the Cq
substitution product predominated only slightly. It was
found that alkylation of C, increased with increasing
length of the alkyl chain. Regioselectivity also in-
creased as the number of substituents on the halogen bear-
ing carbon was increased. A representative example is 2-
bromopropane which gave almost exclusively 4-methyl-3-
phenyl-2-pentanone (687 isolated yield). Those alkyl hal-
ides which are prone to base catalysed elimination such as
2-bromobutane and bromocyclohexane gave good yields of Cq
substitution products which suggests that under these con-
ditions elimination occurred only to a limited extent.

When the leaving group was changed from either bromide
to chloride or iodide to chloride the increased regioselec-
tivity towards alkylation at C; was observable experimen-
tally only when a large change in relative reactivities

was elicited. Thus, in benzylation, benzyl bromide gave
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TABLE II

ALKYLATION OF 1-PHENYL-2-PROPANONE DIANION
WITH ALKYL HALIDES

&)

RX Solvent Time (hrs) Product Yield ()2 Reference
CH4I THF 2 3-Phenyl-2-butanone (65)b
1-Phenyl-2-butanone (35)
CH4CHpI THF 4 3-Phenyl-2-pentanone 79 58
CH4CHy 1 THF-Et 50 4 3-Phenyl-2-pentanone 54 58
n-C,HgI THF 4 3-Phenyl-2-heptanone 58 58
n-C,Hgl THF-Et 50 1 3-Phenyl-2-heptanone 54 58
n-C,HqgC1 THF 8 3-Phenyl-2-heptancne 82 58
(CH,) ,CHBr THF 4 4-Phenyl-3-phenyl-2-
372 pentanone 68 58
(CH3) ,CHBr THF-Et,0 6 4-Phenyl-3-phenyl-2-
pentanone 59 58
(CH,) ,CHCH,Br THF 4 5-Methyl-3-phenyl-2-
372 2 pentanone 72 58
CH,CH,CHBr THF 4 4-Methyl-3-phenyl-2-
3772 hexanone Y 65

CHq
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TABLE II (CONTINUED)

ALKYLATION OF 1-PHENYL-2-PROPANONE DIANION (3)
WITH ALKYL HALIDES -

RX Solvent  Time (hrs) Product Yield (%)2 Reference
cyclo-CcHqoBr THF 3 1-Cyclopentyl-1l-phenyl-

579 ' 2-propanone 62 60
cyclo-C.H,¢Br THF 4 1-Cyclohexyl-1l-phenyl-

v 6711 2-propanone 61 61
cyclo-C H,,CH,Br THF 4 4-Cyclohexyl-3-phenyl-

v 671172 2-butanone 71 62
PhCH,C1 THF 3 3,4-Diphenyl-2-butanone 47 58
PhCH, Br THF 3 MixtureP>d
o-tolyl-CH,Br THF 3 MixtureP:d
@Isolated. bas determined by gas chromatography. d CSatisfactory physical and
analytical data were obtained for this compound. Products were not identified.
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a product mixture which contained in only slight excess
the product of Cl alkylation 3,4-diphenyl-2-butanone whereas
benzyl chloride showed high selectivity for alkylation at
Cl and 3,4-diphenyl-2-butanone (477) was isolated on puri-
fication. When l-chlorobutane was used in place of 1-
iodobutane little increase in selectivity was observed
experimentally as l-iodobutane already demonstrated a high
regioselectivity for alkylation at C;. It should be noted
that l-iodobutane has a much lower relative reactivity
than benzyl bromide.42

Whether regioselective alkylation at C4 could be
achieved by using extremely reactive alkylating agents was
not determined. Such reagents, for example Meerwein's
reagent, may instead give products of O—alkylation45 or
even 0,C-dialkylation.

The solvent media which was found to greatly influ-
ence the rate of alkylation of the potassium enolate 2a
appeared to have little effect on the rate of alkylation
of the dianion 3. Isolated yields of C; substituted prod-
ucts from iodoethane, l-iodobutane, and 2-bromopropane in
THF-Et,0 ranged from 50-607% over reaction times of under
six hours. These product yields are comparable to those
_obtained with the same reagents in THF. Determination of
the role of THF in solvation of the dianion 3 has yet to
be made, so it is not known whether the reactivity of the

dianion is for the most part independent of general
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solvent effects or whether in THF-Et,0 this dianion is
selectively solvated by THF perhaps increasing the solu-
bility and leading to enhanced reactivity.

The formation of the dianion 3 was reasonably well

established by Hauser and coworkers.

They offered sub-
stantiating evidence of dianion formation by deuteration
of the reaction intermediate obtained after addition of
n-butyllithium to a solution of 2 in THF. The amount of
deuterium incorporated as calculated from the NMR spec-
trum was reported to be 0.95-0,98D at Cy and 1.00D at C;.
This was repeated in this study to determine the extent
of conversion of 2a to 3 but it was found that the deu-
terium content at C; and C5 varied and was caused by deu-
teriumhydrogen exchange during workup.

Regiospecific alkylation of a stabilized acetone de-
rived dianion 6 at C; has not been observed previously.

Only exclusive alkylation at C4 of 6 has been found to

occur (vide supra). Since alkylation at Cl is the expected

mode for the enolate anion 2a, it remained to be estab-
lished beyond doubt that the reactive intermediate being
alkylated was indeed the dianion 3 rather than a different
reactive intermediate such as one similar to the enolate
anions 2a or 2b.

To obtain the required information NMR spectroscopy
was employed. The NMR spectrum of the potassium enolate

2a was recorded in THF with tetramethylsilane as the
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external standard. The absorptions of the ortho, meta and
para ring protons, centered at § 6.73 were clearly distin-
guishable, each split into a complex multiplet. The ab-
sorption signal of the vinyl proton was a sharp singlet at
8§ 4.50 (Table III). This spectrum is comparable to the

35 of the Z-isomer

spectrum published by House and coworkers
2a (M+ = Na+) recorded in THF which also shows the very
complex splitting pattern of the phenyl protons centered
at 8 7.10 and the sharp singlet of the vinyl proton at

8§ 4.93. The upfield shift of the vinyl proton when the
counter ion is changed from Na+ to K" is indicative of an
increase in negative charge at 01.35 The spectrum lends
added support to the assigmment of the Z configuration to
the potassium enolate by trimethylsilylation.

Following this, the NMR spectrum of the solution ob-
tained from the reaction of 2a with n-butyllithium was
recorded in THF-hexane. In this spectrum, the region up-
field from & 3.80 was almost completely obscured by reso-
nance absorptions of THF and hexane. The absorptions of
the phenyl ring protons were not obscured and showed a
marked upfield shift from the positions of the signals of
the ring protons of 2a. Absorptions that could be attri-
buted to the presence of 2a or 2b were not found in this
spectrum as neither the complex splitting pattern of the
phenyl protons characteristic of 2a nor the slightly

broadened singlet exhibited by the phenyl protons of'2b35
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CARBANION H NMR CHEMICAL SHIFT DATA (&)
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Absorptions
Counter- Recording H a1 1
ion Solvent Phenyl 1 2 3 Ref.
gt THF 6.27 (1H, m, para) 4.50 (s)  -- --2 --
6.73 (2H, m, meta)
7.32 (2H, m, ortho)
Nat THF 6.70 (m, para) 4.93 (s)  -- --a 35
7.lb (m, meta)
7.5 (m, ortho)
Kt NHy (1iq.) 6.57 (para) 4.67 (s)  -- 1.72 (3H) 55
7.01 (meta)
7.64 (ortho)
c +f a
2a- M THF /hexane  6.25 (m, para) 4.50 (s) -- -~ --
6.72 (m, meta)
c 7.30 (m, ortho)
géﬁ M% THF-d./ 6.25 (m, para) 4.50 (s) -- .02 64
hexang 6.70 (m, meta)
7.28 (m, ortho)
2 Lit DME® 6.8P (s) 5.25 (s)  -- -- 35
3a K+,Li+ THF /hexane 5.43 (brd m, para) --(a - --2 -
6.30 (brd m, ortho

and meta)

I
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TABLE III (CONTINUED)

CARBANION H NMR CHEMICAL SHIFT DATA (3)

Absorptions
Counter- Recording q q q
Anion ion Solvent Phenyl 1 2 3 Ref.
3a  x',Lit  THF-d./  5.47 (1H, brd m, 3.82 (1H, -- 2.60 (2H, --
hexané ara) brd s) brd d)
6.33 (ZH, brd m,
ortho and
meta)
24 .+ b b b
74a Li THF-dg 5.70 (m, para) 4.1 (d) 6.7 (m) 2.9 (m) 56
6.3% (m, para)
6.6 (m, meta)
T4c THF-dg 6.70 (para) - -- -- 56
74a NH4 (liq.) 5.48 (Eara) 4.22 (1H) 6.63 (1H) 2.93 (1H) 55
5.90 (1H, ortho) 3.39 (1H)
6.2-6.5 (3H, ortho,
c meta)
72 Mt THF /hexane 6.73 (brd m) - -- -- -

@Proton absorptions obscured by solvunt absorptions.

bEstimated from the published

spectrum. CFrom titration with D,0. dFrom titration with H,0.
eDimethoxyethane. fihether the counterion is either Lit or X' is not known.
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were found. In addition, signals assignable to the vinylic
protons which should also be observable were not found.
From this it was concluded that the conversion of 2a to
the dianion 3 was complete, and, as the NMR spectrum did
not change with time, reprotonation at C3 was not taking
place.

A complete spectrum of the dianion 3 was recorded in
THF-dg/hexane at a temperature of 43° and with tetramethyl-
silane as an external standard. The following absorptions
were observed: a multiplet, somewhat broadened and poorly
resolved, centered at § 6.33(4H), assigned to the ortho
and meta ring protons; a broad multiplet centered at §
5.47(1H) assigned to the para ring proton; a broad singlet
at & 3.82(1H) assigned to H;; and a partially resolved
doublet centered at § 2.60(2H) assigned to Hy, and Hgy.

- _2_

H3a

Q—O

C C
P
LN

Hy B, 1 "3

3

With the evidence for complete dianion formation and
lack of reprotonation obtained by MMR, the possibility
that the C,; alkylation products originated by alkylation

of an enolate anion was discounted. Supporting evidence
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that these products originated by alkylation of the dianion
3 was also obtained through the use of NMR.

A solution of the dianion 3 was prepared as before in
THF-hexane and the NMR spectrum recorded. The expected
resonance absorption pattern of the phenyl protons was ob-
served. Benzyl chloride was added to the stirred solution
until the intense red color of the dianion had permanently
disappeared. The NMR spectrum of the resulting solution
was then recorded (Table III). It was expected that ben-
zylation at C5 would give rise to an enolate anion, either
73a or 73b whose NMR spectrum would resemble the NMR spec-
trum of either 2a or 2b. Such a spectrum would be readily
identifiable by the presence of a signal due to the ab-
sorption of the vinylic proton on C; and should be located
close to the positions of the vinylic proton signals of
either 2a or 2b as it is not expected that the isolated
benzyl group would have an extensive influence on the en-
vironment of the C; proton. If, however, alkylation took
place at C; to give 72 the enviromment around C; would be
greatly altered. The absorptions of the phenyl protons
should collapse into a singlet reflecting the loss of
charge delocalized into the ring. The absorption of the
C, proton, now a methine hydrogen, should be located con-
siderably upfield from the region of the C; vinylic proton

- absorptions. The signals of the two Cj vinylic protons

should also be located further upfiel’d;46 The NMR spectrum
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Scheme XXII
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/
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73b

of the solution did display resonance absorptions that were
expected for the enolate anion formed on benzylation at Cy.
Other than the resonance absorptions of THF and hexane that
obscured the region of the spectrum upfield from § 3.8, the
only signals observed were a broad absorption at § 6.73 and
a broad singlet at § 6.81 and are clearly attributable to
the protons of the two phenyl rings. The NMR spectrum of
the E-isomer 73b would be expected to have singlets for

the phenyl proton absorptions, as in the spectrum of 2b
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only a slightly broadened singlet for the phenyl proton
absorptions was observed. 1In addition, an observable
absorption due to the vinylic proton should also have been
observed in the spectrum of 73b. As it was not, benzyla-
tion at Cq giving rise to 72 must have occurred and with
very high regiospecificity.

Additional support for the formation of 72 has been
obtained since by other members of this research group by
trapping with chlorotrimethylsilane the intermediate ob-
tained on the reaction of 3 with 2-bromopropane to yield
4-meth.y1-3-phenyl-2-(trimeth.ylsiloxy)—l-pentene.34

The site of initial protonation of the dianion 3 was
determined also by NMR in a manner similar to the deter-
mination of the site of alkylation. A solution of 3 was
prepared in THF-hexane and D)0 was then added until the
intense red color was completely discharged giving a light
red solution. The NMR spectrum of this solution compared
very closely with the spectrum of 2a (M* = K*) with the
distinctive multiplets of the ortho, meta and para ring
protons and the singlet of the vinylic proton located at
§ 4.50 (Table III). From this spectrum it was determined
that initial protonation of the dianion 3 occurred exclu-
sively at C4 to give only the Z-isomer of the enolate anion
2a. This is in keeping with the principle of microscopic
reversibility since the dianion 3 has been shown to arise

from the deprotonation of 2a at Cj.
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In general, various studies have shown that a ketone
of the general type 4 when converted to its corresponding
dianion 6 via the enolate anion 5 reacts with alkylating
agents, carbonyl compounds, esters, conjugated systems and

epoxides at the site of secondary ionization. In none

Scheme XXIII

i
Ph 0™M
H CH,D
2a
ﬁ 2a
D.0
(PrCHCCH;) KH,LiT —2
3 M+O"\ /H
s C=C
/7 \
Ph(|:H H
D

of the systems previously studied was alkylation of the
methine carboh observed. The high reactivity of the sec-
ondary site indicates that the initial charge formed on
secondary ionization remains largely localized at this
site maintaining the high basicity of this position.

As with other dianions derived from ketones of the
general type 4, the dianion of l-phenyl-2-propanone (3)
underwent 1,2-addition at the terminal position.1 Also,

it was established that the initial site of protonation
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was at the terminal position. Reaction with alkyl halides,
however, led to preferential alkylation at C, whereas alky-
lation of all other ketone dianion systems is at the posi-
tion analogous to Cg. Tt must be concluded, then, that the
dianion 3 is a type of reactive intermediate different from
other dianion systems derived from ketones of the general
type 4, and is, in fact, representative of a heretofore
unrecognized class of stabilized ketone dianions.

The unusual chemistry displayed by the dianion 3 is
not without analogous precedent as the chemistry of the
propenylbenzene anion (74) on comparison proves to be quite

47

similar. Campbell and Young~ ' showed that quenching of 74

Ph===CH===CH=== CHE

74

<l

= Na+) in liquid ammonia with the proton donors ammo-
nium chloride, methanol, and phenylethyne gave approxi-
mately 85% l-propenylbenzene and 15% 2-propenylbenzene.
Quenching of the sodium salt of 74 in pentane with methanol
gave 747 2-propenylbenzene and 267 1-propen.y1benzene48 sug-
gesting that in less polar solvents protonation occurred
preferentially at C; rather than C5. As excess sodium amide

was present in the reaction mixture, the possibility that

equilibration occurred could not be discounted. Herbrandson
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and M.ooney49

observed similar results on quenching of the
lithium salt of 71 in liquid ammonia with ammonium chlor-
ide and in diethyl ether with methanol. In the former
case, 80% l-propenylbenzene and 20% 2-propenylbenzene was
obtained and in the latter case approximately 54%
l-propenylbenzene and 487 2-propenylbenzene were obtained.

Acetophenone reacted with the sodium salt of 74 in
liquid ammonia,’? as did benzophenone with the lithium
salt of 74 in diethyl ether,49 at Cq to give, respectively,
1,4-diphenyl-4~-hydroxy-l-pentene and 4-hydroxy-1l,4,4-
triphenyl-1l-butene.

Reaction of Zﬁ.(M% = Na') in liquid ammonia with
benzyl chloride gave 3,4-dipheny1-l-butene,51 the
product of alkylation at C;. Methylation with several
methylating agents, including iodomethane was shown to

52

occur almost exclusively at C;. In addition, alkylation

of 74 (M" = Na*) in liquid ammonia with allylic halides

53,54

gave mainly products of C, substitution without re-

arrangement of the allylic moiety indicating that alkyla-

54

tion proceeded by an Sn2 mechanism. The same reactions

when run in pentane did yield products of both C; and Cg
substitution and with some rearrangement of the allylic

moiety and it was suggested that this reaction in a less

polar solvent was partially Snl in character.48

The NMR spectrum of the carbanion 74 has been recorded

55 56

in both liquid ammonia~”~ and tetrahydrofuran™ with lithium,
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sodium and potassium as the counterions. The resonance
absorptions of the ortho and meta ring protons were found
between 8 5.90 and § 6.70, the ortho proton absorptions
being slightly upfield from the absorptions of the meta
protons. The absorption of the para ring proton was found
approximately 0.5 ppm upfield from the signals of the other
ring protons (Table III). In liquid ammonia, with potas-
sium as the counterion, the absorption of the para proton
appeared at § 5.48.55 In THF, with lithium or sodium as
the counterions, this absorption appeared at § 5.7056 and
with potassium as the counterion, this absorption was
found at § 5.63.56 The large upfield shift of the phenyl
proton absorptions when compared with the phenyl proton
absorptions of the neutral molecule (§ 7.10 for 1l-propenyl-
benzene and 2-propenylbenzene)57 is attributed to exten-
sive delocalization of the negative charge into the ring.
The large upfield shift of the para proton absorption is
an indication of the degree of charge delocalization and
consequently the degree of association of the carbanion
and its counterion which is dependent on both the nature
of the counterion and the solvation power of the solvent.

The structure of the propenylbenzene anion in solu-
tion as deduced from the NMR spectra was reported to be
planar with the Cq and C, hydrogens oriented trans (Zﬁg}?5’56

A planar structure with the C, and C, hydrogens oriented
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cis (74b) was considered to be subject to steric crowd-

ing.55 The relationship of l-phenyl-2-propanone and

74a 74b

l-propenylbenzene is readily apparent as the tautomeric
enol of this ketone is 2-hydroxy-l-propenylbenzene. Eno-
late anion formation can be considered simply as conver-
sion of the alcohol to the alkoxide salt, with 2a being
analogous to trans-l-propenylbenzene. Secondary ioniza-
tion by removal of a proton at C5 from 2a is comparable to
ionization of l-propenylbenzene to the propenylbenzene
anion (74a). Both the l-phenyl-2-propanone dianion (3)
and the propenylbenzene anion (74a) have been shown to
react with carbonyl compounds at the terminal carbon (Cj3)

34 was shown to

via 1,2-addition. Reaction of 3 with H,0
occur exclusively at C5. Reaction of 74a with proton
donors, occurred preferentially at Cq in liquid ammonia
while in less polar solvents C; protonation increased.
Also, both 3 and 74a were found to react with alkyl hal-

ides preferentially at C; with the propenylbenzene anion
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giving neutral products l-alkyl-l-phenyl-2-propenes (75)

<::>>—CHCH=CH2

75

b;d_

and 3 on monoalkylation giving the enolate anion 76. The
formation of this intermediate was substantiated by trap-
ping 76 R = CH(CH3)2) with chlorotrimethylsilane to give
the trimethylsiloxypropene 11.34 The NMR spectrum of the

oM 0Si(CHz)4
| (CHj) 35iC1
PhCHC=CH, > PhCHC=CH,
| |
R R
76 77

e —

intermediate obtained on titration of 3 with benzyl chlor-
ide did not have the C; vinylic proton absorption expected
for the analogous enolate anion of 2a bearing the benzyl
substituent at C4. Alkylation of the propenylbenzene anio
is thought to proceed via an Sn2 mechanism. Although not
proven, alkylation of the dianion 3 should}proceed via a

similar mechanism.
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In the NMR spectra of 3 and 74a similarities are also
found. In both spectra the absorptions of the ortho and
meta protons are found together although the chemical
shifts vary, with the absorption of the para proton found
approximately 0.5 ppm upfield. The absorptions of the Cy
and C4 protons also have comparable chemical shifts (Table
III). As the solution structure of the propenylbenzene
anion is planar with the C; and C, hydrogens oriented
trans, along with the close similarities of the NMR spec-
tra of 3 and 74a, it is probable that the solution struc-
ture of 3 is also planar with the C; hydrogen and the C,
oxygen oriented trans across the Cl-CZ bond (3a). It is
also probable that the solution structure 3b with the

phenyl ring and the C, oxygen oriented trans across the

o~ —12_ - -12-

Cy1-C, bond would be subject to steric crowding as is
74b and would not be a favored conformation. Only re-

cently has the unstable Z,E-1,3-diphenylpropenyl anion
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(78) been observed and only at temperatures below -45° as

rapid rearrangement to the more stable E,E-isomer (79)

occurs at higher temperatures.57

Scheme XXIV
H H H i
N S < ap L 2
c=C LINR Ry Heo N\ —Ph—9>Ph_A_-Ph
e’ cmpn THE, -45°
2 Ph H H H
78 79

—— —

Two major resonance reference structures are sug-

gested for the l-phenyl-2-propanone dianion, 3c and 3d.

The resonance reference structure 3c is similar to 74a with
one negative charge localized on oxygen and the other nega-
tive charge highly delocalized over Cy, Cy and C4 and the
phenyl ring. This is in keeping with the observed simi-

larities in the chemistry and the NMR spectra of’Zﬁg and 3.
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Subtle differences in the product distribution on protona-
tion of 74a and 3 and on methylation with iodomethane in
polar solvents are observed. The former carbanion under-
goes almost exclusive C, methylation and gives a mixture
of 1- and 2-propenyibenzene and the latter carbanion under-
goes exclusive protonation at Cq and gives a mixture of Cq
and C5 methylation products which suggests not a signifi-
cant difference in the charge density at Cl’ but rather,
reflects a difference in the charge density at C5. An in-
creased charge density at Cq may be indicative of the im-
portance of 3d as a resonance reference structure. The
charge density on Cq must still be considerably less than
the charge density on the terminal carbon of the dianions
of 1,3-diketones §Q§6 as in these systems alkylation and
other reactions with electrophiles occur exclusively at

the terminal position.

The mode of protonation of 3a is as yet not well de-
fined. Initial protonation at C; followed by rapid equil-

ibration to 2a is not considered likely in view of the
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+

3a —FH—+ PhCH,C=CH, === 2a

results of alkylation—silylation.34

Such a proton shift
may also lead to formation of 2b which should be detec-
table by NMR and by trapping with chlorotrimethylsilane.

49 and it

Protonation of 74a is not well understood either
appears that the position of protonation under kinetically
controlled conditions is dependent on the reaction sol-

vent. In liquid ammonia the carbanion 74a on protonation
with a variety of proton donors afforded l-propenylbenzene

%,48,49

in excess of 90 whereas, protonation in less polar

solvents gave largely 2-propenylbenzene.48’49

In summary, it has been found that limited amounts of
alkyl halides reacted with the potassium, lithium salt of
the l-phenyl-2-propanone dianion (3) preferentially and
often with high regiospecificity at C; in both THF and
THF-Et,0. The relative amount of C; alkylation was found
to depend upon the ease of displacement of the leaving
group. 1,2-Addition at C5 by p-methoxybenzaldehyde, first

reported by Hauser and coworkers !

was confirmed by isola-
tion of 4-hydroxy-4-(p-methoxyphenyl)-1l-phenyl-2-butanone
(70) which was dehydrated to the reported alkenone 71.

Reaction with H,0 and D,0 occurred exclusively at C3 to
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give the enolate anion 2a which possesses the Z-configura-
tion. It was concluded that the chemistry of the dianion
3 was best explained in terms of the chemistry of the pro-
penylbenzene anion rather than in terms of the chemistry
shown by other stabilized ketone dianion systems and is
representative of a hitherto unrecognized class of sta-

bilized ketone dianions.
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TABLE IV

TRIMETHYLSILOXYPROPENE H NMR CHEMICAL SHIFT DATA (§)

Absorptions
Compound Solvent Phenyl H1 H3 Si(CH3)3 Reference
68a CDCly 6.95-7.57 (m) 5.38 (1H, s) 1.90 (3H, s) 0.15 --
68a ccl, 6.9 - 7.6%(m) 5.32 (1H, s) - - 35
68b cci,  7.2% () 5.77 (1H, s) -- -- 35
77° - 7.12 (m) 2.77 (WH, d) 4.03 (2H, d) - 65
4Estimated from the published spectrum. bp = CH(CH,),.

8¢



EXPERIMENTAL

General

Potassium hydride was obtained as either a 22.5% or
a 35% suspension by weight in light mineral oil from Alfa
Inorganics, Inc. n-Butyllithium was obtained as either a
2.20 molar or a 2.45 molar solution in hexane from the
Ventron Corporation. 1-Phenyl-2-propanone was obtained
from Matheson, Coleman and Bell and distilled before use.
The alkyl halides were obtained from various commercial
sources and used without further purifiéation. Diethyl
ether and tetrahydrofuran were dried by refluxing over
sodium hydride followed by distillation. Hexane was dried
similarly over sodium.

All preparative reactions were carried out in a 250
mL three-neck Morton flask fitted with a pressure equal-
izing addition funnel, condenser, septum, and magnetic
stirrer under a nitrogen atmosphere. All glassware used
was oven dried. The mineral oil was removed from potas-
sium hydride by washing the suspension with two 20 mL por-
tions of hexane as described by Brown,38 then the reaction
solvent was added. The amounts of KH used in each experi-
ment are recorded as dry weights. All products prepared;

with the exception of 4-methyl-3-phenyl-2-hexanone are

59
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described in the literature and their derivatives prepared
by standard methods.

All boiling points and melting points are uncorrected.
The melting points were obtained with a Thomas-Hoover melt-
ing point apparatus. The infrared spectra were recorded
with a Beckman IR-8 infrared spectrophotometer. The NMR
spectra were recorded with a Varian A-60A nuclear magnetic
resonance spectrophotometer in chloroform with tetra-
methylsilane as the internal standard. The NMR spectra of
the carbanions were recorded in the reaction solvent with
tetramethylsilane as the external standard. Gas chromato-
graphic analysis of the crude reaction mixtures was done

using a Varian Aerograph 2700 gas chromatograph.

Procedures

Preparation and Alkylation of the Potassium Enolate of
1-Phenyl-2-propanone (2a). 3-Phenyl-2-butanone. Method A.

38

Following the procedure df Brown, a solution of 1-
phenyl-2-propanone (2.68 g, 20 mM) in 20 mL of dry THF was
added dropwise to a stirred suspension of potassium hydride
(1.04 g, 26 mM) in 20 mL of dry THF which gave after gas
evolution ceased a clear orange-red solution of the potas-
sium salt of 2a. After stirring for an additional 10 min-
utes, the solution was cooled to 0-5° (ice-H,0) and iodo-

methane (3.88 g, 27 mM) dissolved in 20 mL of dry THF was

added. Stirring was continued for two hours during which
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time a heavy white precipitate (KI) formed as the red

color disappeared. To this solution 100 mL of diethyl

ether was added along with 20 mL of H,0 and the layers

were separated after stirring 5 minutes. The organic

layer was washed successively with dilute HCl and satur-
ated NaHCO; solution and dried (Na2504). Concentration
under reduced pressure and distillation gave 2.04 g (69%)

of 3-phenyl-2-butanone: bp 68-70° (1.8 torr), (1it>° bp

106-110° (22 torr)); IR 1704 cm™l; MR (CDCly) § 1.35 (4,
0

}
3, PhCHCH;), 1.98 (s, 3, CCHy), 3.74 (q, 1, PhCH) 7.24 (s,
5, Ph); semicarbazone: mp 173-174° (1it°? mp 170-1729).

3-Phenyl-2-butanone. Method B.

1-Phenyl-2-propanone (2.68 g, 20 mM) was added drop-
wise from a syringe to a stirred suspension of potassium
hydride (1.04 g, 26 mM) in 90 mL of THF-diethyl ether
(15% THF by volume). After gas evolution ceased, a clear
reddish-orange solution of the potassium salt of 2a was
obtained. After cooling to -78° (dry ice-2-propanol) iodo-
methane (3.88 g, 27 mM) was added from a syringe. After
5 minutes, the temperature was brought to 0-5° (ice-HZO).
The solution was stirred for one hour. The color soon
dissipated and a heavy white precipitate (KI) formed. To
this was added 20 mL H,0, the layers separated and the

organic layer washed with H,O until the washes were neutral
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to litmus. The solution was dried (Na2804) and concen-
trated under reduced pressure to an aromatic oil. Distil-
lation gave 2.96 g (76%) of 3-phenyl-2-butanone: bp 78-79°
(3.6 torr), (1it>8 bp 106-110° (22 torr)); IR 1704 em™L;

il
NMR (CDCls) § 1.35 (4, 3, PhCHCE3), 1.97 (s, 3, CCH3),
3.74 (q, 1, PhCH), 7.24 (s, 5, Ph); semicarbazone: mp
169-171°, (1it>° 170-172°).

3-Phenyl-2-pentanone

The potassium salt of 2a, prepared according to
method B, was reacted with iodoethane (4.20 g, 27 mM) for
18 hours to give 2.82 (87%) of 3-phenyl-2-pentanone: bp
74-76° (2.2 torr), (1it>° 116-119° (23 torr)); IR 1710
em™l; NR (CDC13) § 0.8L (¢, 3, CH,CHy), 2.00 (s, 3, CCHy),
1.50-2.38 (m, 2, CHCH,CHs), 3.55 (t, 1, PhCHCH,), 7.25 (s,
5, Ph); semicarbazone: mp 186-188°, (1it°® mp 190-191°).

3-Phenyl-2-heptanone

The potassium salt of 2a, prepared according to
method A, was reacted with l-iodobutane (4.60 g, 25 mM) for
18 hours to give 2.95 g (77%) of 3-phenyl-2-heptanone: bp
74-75° (0.7 torr), (1it’® bp 131-135° (16 torr)); IR 1707
Sm'l; NR (CDCly) § 0.61-2.61 (m, 9, n-C/Hg), 2.02 (s, 3,

f
CCHg), 3.62 (q, 1, PhCH), 7.25 (s, 5, Ph); semicarbazone:
mp 156-157°, (1it>3 mp 156-157°).
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The potassium salt of 2a, prepared according to method
B, was reacted with l-iodobutane (5.00 g, 27 mM) for 20
hours to give 2.88 g (76%) of 3-phenyl-2-butanone: bp
100-102° (3.6 torr); semicarbazone: mp 156-158°.

3,4-Diphenyl-2-butanone

The potassium salt of 2a, prepared according to meth-
od A, was reacted with benzyl bromide (4.00 g, 23 mM) for
1.5 hours to give 2.68 g (60%) of 3,4-diphenyl-2-butanone:
bp 110-112° (0.4 torr), (lit S bp 11951220 (1 torr)); IR

1705 cm™L; NR (CDCly) 6 1.85 (s, 3, CCHy), 3.12 (m, 2,
PhCH,CH), 3.95 (t, 1, PhCHCH,), 7.05 (s, 5, Ph), 7.15 (s,
5, Ph); oxime: mp 134-135°, (1it>% mp 133-134°).

Reaction of 2a (M% = K+), prepared according to meth-
od A, with benzyl chloride (2.86 g, 24 mM) for 1.5 hours
gave an oil as the crude product. Gas chromatographic
analysis showed that this o0il contained benzyl chloride,
and l-phenyl-2-propanone as the sole components. Evidence
for the expected product 3,4-diphenyl-2-butanone was not

found.

Reaction of 2a G%+ = K+) with 2-bromopropane

The potassium salt of 2a, prepared according to method
A, was reacted with 2-bromopropane (3.60 g, 30 mM) for 24

hours at ambient temperature. The oil isolated from this
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reaction was analyzed by GC and was found to contain two
major components. In order of elution, these were iden-
tified as l-phenyl-2-propanone (40%) and 4-methyl-3-
phenyl-2-butanone (60%).

The potassium salt of 2a, prepared according to method
B, was reacted with 2-bromopropane (3.32 g, 27 mM) for 36
hours at ambient temperature. The oil isolated from this
reaction was analyzed by GC and found to contain two major
components. In order of elution, these were identified as
1-phenyl-2-propanone (85%) and 4-methyl-3-phenyl-2-buta-
none (15%).

Z-1-Phenyl-2-(trimethylsiloxy)-1-propene (67a)

According to method A, a solution of gg_(M* é_K+) was -
prepared in THF from potassium hydride (1.04 g, 26 mM) and
1-phenyl-2-propanone (2.68 g, 20 mM) and cooled to 0-5°
(ice-HZO). Triethylamine (2.63 g, 26 mM) followed by
chlorotrimethylsilane (3.26 g, 30 mM) was added directly
into the stirred solution by syringe, after which the
orange-red color of the solution was discharged and a white
precipitate immediately formed. After stirring for one
hour, the solvent was removed under reduced pressure and
the residue taken up in pentane. This was filtered through
celite, decolorized with activated charcoal and concen-

trated under reduced pressure to a colorless mobile liquid.
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Distillation gave 1.79 g (44%) of Z-l-phenyl-2-(trimethyl-
siloxy)-l-propene: bp 74-77° (1.4 torr), (liﬁ40 bp 81°
(2.0 torr)); IR 1660 cm™l; MR (CDC1;) § 0.19 (s, 9,
Si(CH3)3), 1.92 (s, 3, C-CH3), 5.38 (s, 1, PhCH=C), 7.00-
7.45 (m, 5, Ph).

The potassium salt of 2a was prepared according to
method B from potassium hydride (1.04 g, 26 mM) and 1-
phenyl-2-propanone (2.68 g, 20 mM) then cooled to 0-5°.
Triethylamine (2.63 g, 26 mM) followed by chlorotrimethyl-
silane (3.26 g, 30 mM) were then added directly into the
stirred solution by syringe. After stirring for one hour,
the solvent was removed under reduced pressure and the
residue taken up'in pentane. Filtration through celite
gave a pale yellow solution which was concentrated under
reduced pressure to a mobile liquid. Distillation gave
3.00 g (73%) of Z-l-phenyl-2-(trimethylsiloxy)-l-propene:
bp 89-94° (3.6 torr); NMR (CDCly) § 0.19 (s, 9, Si(CHg)q)
1.93 (s, 3, CHy), 5.38 (s, 1, PhCH=C), 7.02-7.45 (m, 5, Ph).

Preparation of the l-phenyl-2-propanone dianion (3) in THF.
Reaction with iodoethane.

The potassium salt of 2a was prepared in THF according
to method A by dropwise addition of a solution of l-phenyl-
2-propanone (3.36 g, 25 mM) in 20 mL of dry THF to a stirred
suspension of potassium hydride (1.20 g;.30.mM) in 25 mL of

THF. The resulting clear orange-red solution was stirred
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for 10 minutes, then cooled to -78° (dry ice-2-propanol).
n-Butyllithium in hexane (29 mM, 12 mL, 2.40 mM/mL) was
then added dropwise by syringe and immediately reacted to
give an intense dark red solution of the dianion 3. After
stirring for 20 minutes, the temperature was brought to
0-5° (ice-HZO) and a solution of iodoethane (4.68 g, 30 mM)
in 20 mL of dry THF was added dropwise. Reaction was al-
most immediate with discharge of the color and formation
of a heavy white precipitate. After stirring 4 hours, 15
ml. of Hy0 were added followed by 150 mL of diethyl ether.
After separation, the organic phase was washed repeatedly -
with H,0 until the washes were neutral to litmus. After
drying Gﬂg804), the solution was concentrated under re-
duced pressure to give the crude product. Gas chromota-
graphic analysis showed only a small trace of l-phenyl-2-
propanone and two major components in a ratio of 85 to 15.
The larger fraction was the first to elute and was identi-
fied as 3-phenyl-2-pentanone on comparison of retention
times with an authentic sample. The smaller fraction was
not identified. Distillation gave 3.80 g (79%) of purified
3-phenyl-2-pentanone: bp 86-90° (3.3 torr); (1it58 116-
119° (23 torr)); IR 1707 em™; MR (CDCLs) 8,082 (t, 3,

il
CHyCH3), 1.93 (m, 2, CHCH,CH3), 2.00 (s, 3, CCHy), 3.58 (t,
1, PHCHCH,), 7.25 (s, 5, Ph); semicarbazone: mp 185-186°,
(1it°% mp 190-191°).
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Preparation of the l-phenyl-2-propanone dianion (3) in
the THF-diethyl ether. Reaction with iodoethane.

The potassium salt of 2a was prepared in 90 mL of
THF-diethyl ether (15% THF by volume) according to method
B from potassium hydride (1.04 g, 26 mM) and 1l-phenyl-2-
propanone (2.68 g, 20 mM) as a clear orange solution. On
cooling to 0-5° (ice-HZO) n-butyllithium in hexane (22 mM,
10 mL, 2.25 mM/mL) was added dropwise by syringe which

- immediately reacted to give a dark red solution. After
stirring for 45 minutes, a solution of iodoethane (3.42 g»
22 mM) in 20 mL of dry diethyl ether was added dropwise.

As the color was discharged a heavy white precipitate
formed. After stirring for 1 hour, 10 mL of Hy0 was added,
the layers separated, and the organic layer washed with
HZO. Drying (Na2804) and concentration under reduced
pressure gave the crude product as a mobile liquid. Dis-
tillation gave 1.69 g (54%) of 3-phenyl-2-pentanone: bp
79-83°% (2.6 torr); NR (CDCl3)00.81.(t, 3, CH,CH,y), 1.93

il
(m, 2, CHCH,CH;), 2.01 (s, 3, CCH3), 3.58 (t, 1, PhCH),
7.25 (s, 5, Ph).

Reaction of 3 with l-iodobutane

The dianion 3 was prepared in THF as described pre-
viously and reacted with l-iodobutane (5.52 g; 30 mM) for
4 hours. The crude product was analyzed by gas chroma-

tography and was found to contain two,major components in a
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ratio of 95 to 5. The larger fraction which eluted first
was shown to be 3-phenyl-4-heptanone by comparison of the
retention time with that of an authentic sample. The
smaller fraction was not identified. Distillation gave
2.80 g (59%) of purified material. Bp 87-91° (1.3 torr)
(1it>8 bp 131-135° (16 torr)); IR 1707 c%_l; NR (CDCL,)

§ 0.60-2.61 (m, 9, n-C,Hg), 2.00 (s, 3, gCH3), 3.62 (q, 1,

PhCH), 7.25 (s, 5, Ph); semicarbazone: mp 151°, (lit58 mp

156-157°). |
The dianion 3 prepared in THF-Et,0 (15% THF by volume)

as described previously was reacted with l-iodobutane (4l10

g, 22 mM) to give 2.00 g (53%) of 3-phenyl-2-heptanone:

bp 94-97° (2.0 torr);ONMR (CDC1l,) & 0.59-2.60 (m, 9,

i
n-C,Hg), 2.01 (s, 3, CCH3), 3.64 (g, 1, PhCHCH-), 7.25 (s,
5, Ph).

Reaction of the dianion 3 with iodomethane

A solution of the dianion 3 prepared in THF—EtzO as
described previously was cooled to -78° (dry ice-isopropanol)
and reacted with iodomethane (2.84 g, 20 mM) for 1 hour then
at 0-5° (ice-H,0) for 3 hours. Anmalysis of the crude prod-
uct isolated from this reaction by gas chromatography
showed the presence of two major components in a ratio of
65 to 35. The major fraction which eluted first was shown

to be 3-phenyl-2-butanone by comparison of the retention
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time with that of an authentic sample. The other com-
ponent was not identified.

This reaction was repeated as described except that
iodomethane (3.12 g, 22 mM) was added at 0° and stirred
for 2.5 hours. Gas chromatographic analysis of the crude
product showed the presehce of two components in a ratio
of 68 to 32. The larger fraction was found to be 4-
methyl-3-butanone by comparison of the retention time with

that of an authentic sample.

Reaction of the dianion 3 with 2-bromopropane

A solution of the dianion 3 was prepared in THF as -
described previously and reacted with 2-bromopr0pane‘(3581
g, 30 mM) for 4 hours. From this was obtained 3;00'g (68%)
of 4-methyl-3-phenyl-2-pentanone: bp 78-82° (2.2 torr),
(1ie>® bp 109-114° ¢ )); IR 1703 em™; NR (CDC3) s

0.83 (q, 6, CH(CH3),), 2.02 (s, 3, gCH3), 2.48 (m, 1,
CHCH(CH3),), 3.58 (t, 1, PhCHCH), 7.25 (s, 5, Ph); semi-
carbazone: mp 148-149° (1it”® mp 153-154°).

A solution of the dianion 3 was prepared in THF-Et ,0
as described previously and reacted with 2-bromopropane
(2.46 g, 20 mM) for 6 hours. From this was obtained 2.08
g, (59%) of 4—methyl—3-pheny1—2-pentanonei bp 73-76° (1.6
torr); MR (CDC13) 6 0.83 (g, 6, CH(CHz)), 2.01 (s, 3

’

CCH3), 2.48 (m, 1, CHCH(CH4),), 3.58 (t, 1, PhCHCH), 7.25
(s, 5, Ph); semicarbazone: mp 147-149°,
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Reaction of the dianion 3 with l-chlorobutane

A solution of the dianion 3 was prepared in THF as
described previously and reacted with l-chlorobutane (2.78 g,
30 mM) for 8 hours. From this was obtained 3.39 g (70%)
of 3-phenyl-2-heptanone: bp 89-94° (1.6 torr), (1it>® bp
131-135° (16 torr)); IR 1707Ocm'1; NMR (CDCly) & 0.61-2.61

1]
(m, 9, n-C,Hg), 2.00 (s, 3, CCH3), 3.62 (g, 1, PhCHCH)),
7.25 (s, 5, Ph); semicarbazone: mp 154-155°, (lit58 mp
156-157°).

Reaction of the dianion 3 with 2-methyl-1l-bromopropane

A solution of the dianion 3 was prepared in THF as
described previously and reacted with 2-methyl-1-bromopro-
pane (4.11 g, 30 mM) for 4 hours. From this was obtained
3.42 g (72%) of 5-methyl-3-phenyl-2-hexanone: bp 81-85°
(1.5 torr), (lit58 bp 119-124° (14 torr)); IR 1705 cm'l;
gMR (CDC1l4) & 0.73-2.55 (m, 9, -CH,CH(CH3),), 2.00 (s, 3,

d|
CC§3), 3.73 (q, 1, PhCﬂCHz), 7.25 (s, 5, Ph); semicarba-
zone: mp 115-116° (1it°® mp 116-118°).

Reaction of the dianion 3 with 2-bromobutane

A solution of the dianion 3 was prepared in THF as
described previously and reacted with 2-bromobutane (4.11 g,

30 mM) for 4 hours. From this was obtained 3.10 g (637%)
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of 4-methyl-3-phenyl-2-hexanone: bp 96-100° (3.6 torr);

IR 1712 em™l; MR (CDCLy) 6 0.57-1.74 (m, 8, CH(CHy)CH,CH,),
0

Il

2.03 (s, 3, CCHy), 2.33 (m, 1, CHCE(CH3)CH2), 3.52 (t, 1,
PhCHCH), 7.25 (s, 5, Ph).
Semicarbazone: mp 141-144°.

Anal. Calcd for Cl4H21N3O: C, 67.88; H, 8.56;

N, 16.99. Found: C, 67.88; H, 8.58; N, 17.15.
2,4-Dinitrophenylhydrazone: mp 87-90°.

Anal. Caled for 019H22N4O4, 0.5 Hy0: C, 60.15;

H, 5.84; N, 14.76. Found: C, 60.26; H, 5.85;

N, 14.62.

Reaction of the dianion 3 with bromocyclopentane

A solution of the dianion 3 was prepared in THF as
described previously and reacted with bromocyclopentane
(4.47 g, 30 mM) for 3 hours. From this was obtained 3.10 g
(62%) of l-cyclopentyl-l-phenyl-2-propanone: bp 100-105°
(1.1 torr), (1it®% bp 110-127° (2.5 torr)); IR 1703 cm L;
gMR (CDC15) & 0.63-2.89 (m, 9, cyclo-CgHg), 2.03 (s, 3,

il
CCHy), 3.50 (t, 1, PhCH), 7.26 (s, 5, Ph); 2,4-dinitro-
phenylhydrazone: mp 114-115° (1it®0 mp 116-118°).

Reaction of the dianion 3 with bromocyclohexane

A solution of the dianion 3 was prepared as described

previously and reacted with bromocyclohexane (4.90 g, 30 mM)
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for 4 hours. From this was obtained 3.30 g (61%) of 1-
cyclohexyl-1-phenyl-2-propanone: bp 110-113° (1.1 torr),

(1it52 bp 132-136° (2.5 torr)); IR 1712 cm l; MR (CDCL,)
0

I
§ 0.56-2.00 (m, 11, cyclo-CgHly;), 2.04 (s, 3, CCHy), 3.36
(d, 1, PhCH), 7.16 (s, 5, Ph); 2,4-dinitrophenylhydrazone:
mp 151-152°, (1it®l mp 155-156°).

Reaction of the dianion 3 with bromomethylcyclohexane

A solution of the dianion 3 was prepared in THF as
described previously and reacted with bromomethylcyclo-
hexane (5.31 g, 30 mM) for 4 hours. From this was ob-
tained 4.10 g (73%) of 4-cyclohexyl-3-phenyl-2-butanone:
bp 117-121° (1.0 torr);ONMR (CDCly) & 0.55-2.24 (m, 13,

]
CH)CcHy7), 2.00 (s, 3, CCHy), 3.79 (t, 1, PhCH), 7.27 (s,
5, Ph); 2,4-dinitrophenylhydrazone: mp 122-123°, (1it®?
mp 126-127°).

Reaction of the dianion 3 with benzyl chloride

A solution of the dianion 3 was prepared on THF as
described previously and reacted with benzyl chloride
(4.70 g, 30 mM) for 4 hours. From this was obtained 2.90 g
(52%) of 3,4-diphenyl-2-butanone: bp 115-120° (0.5 torr),
(1it°8 bp 119-%220 (1.0 torr)); IR 1704 cm™l; MR (CDCL,)

1
§ 1.89 (s, 3, CCHy), 3.12 (m, 2, PhCH,CH), 3.90 (t, 1,
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PhCHCH,), 7.04 (s, 5, Ph), 7.17 (s, 5, Ph); 2,4-dinitro-
phenylhydrazone: mp 113-113.5° (l:i.t63 mp 115-117°).

Reaction of the dianion 3 with benzyl bromide

A solution of the dianion 3 was prepared in THF as
described previously and reacted with benzyl bromide
(5.13 g, 30 mM) for 3 hours. From this the crude product
was obtained as a pungent oil. Gas chromatrographic analy-
sis of this o0il showed that three major components were
present in about equal amounts. The presence of 3,4-
diphenyl-2-butanone as one of the major components was
ascertained by comparison of retention times with an

authentic sample.

Reaction of the dianion 3 with p-methoxybenzaldehyde

A solution of the dianion 3 was prepared from potas-
sium hydride (2.04 g, 26 mM), l-phenyl-2-propanone (2.68 g,
20 mM) and n-butyllithium in hexane (24 mM, 10 mL, 2.40
mM/mL) in 100 mL of THF. A solution of p-methoxybenzalde-
hyde (2.72 g, 20 mM) in 30 mL of THF was added dropwise at
0-5° and stirred for 2 hours. After neutralizing with
H,0, the layers were separated and dried (Na,S0,). Concen-
tration under reduced pressure gave a red oil which crys-
talized on trituration with pentane to give 2.20 g (447) of

crude 4-hydroxy-4-(p-methoxyphenyl)-1-phenyl-2-butanone (70).
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Recrystalization from benzene-petroleum ether gave a cream
OH O

|
white solid: mp 78-79°%; MR (CDC13) § 2.73, (s, 1, CHCHzg),
OH O -

2.85 (d, 1, CcHyd), 3.23 (brd s, 1, OH), 3.67 (s, 2, PhCH)),
3.77 (s, 3, OCHg), 5.05 (t, 1, CH(OH)-CH,), 7.00 (m, 4,
p-(CH3O)-06§4), 7.23 (s, 5, Ph). Anal. Calcd for C17H1803:
C, 75.56; H, 6.71. Found: C, 75.27; H, 6.74.

The hydroxyketone 70 (1.50 g, 5.5 mM) and p-toluene-
sulfonic acid monohydrate (0.25 g, 1.3 mM) were dissolved
in 75 mL of benzene and heated at reflux for 4 hours. On
cooling, the solution was washed with two 10 mL portions
of sat. NaHCO3 and dried (NaZSOA). Concentration under
reduced pressure gave 0.90 g (657%) of 1-p-methoxyphenyl-
4-phenyl-1l-buten-3-one (71): mp 94-97° (1itl mp 99-101°);
NMR (CDClj3), & 3.79 (s, 3, OCHg), 3.90 (s, 2, PhCH,), 6.65-
7.83 (m, 6, p-CH40-CcH,CH=CH), 7.26 (s, 5, Ph).

Reaction of the dianion 3 with 1,3-diphenyl-l-propen-3-one

A solution of the dianion 3 was prepared in 40 mL of
THF from potassium hydride (1.66 g, 41 mM), l-phenyl-2-pro-
panone (5.36 g, 40 mM) and n-butyllithium in hexane (48 mM,
20 mL, 2.40 mM/mL). To this was added a solution of
1,3-diphenyl-1l-propen-3-one (8.32 g, 40 mM) in dry THF and
stirred for 1 hour. This was then neutralized with 20 mL

of Hy0, separated and washed with dilute HCl and saturated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



75
NaHCO5 ‘solution. Drying and concentrating under reduced
pressure gave a white crystalline solid. Mp 183-185°,
(1itl 113-114°). The product was not further character-

ized.

NMR Spectrum of the potassium enolate 2a

The potassium enolate 2a was prepared by addition by
syringe of l-phenyl-2-propanone (2.68 g, 20 mM) to a
stirred suspension of potassium hydride (1.04 g, 26 mM) in
20 mL of THF. 469 mL (volume uncorrected) of H, was col-
lected over H,0 with 448 mL being the calculated theoreti-
cal volume. The NMR spectrum of this solution was recorded
using tetramethylsilane as an external standard. The
absorptions were as follows: 6 4.50 (s, 1, Hl), 6.27 (m,
1, para), 6.73 (m, 2, meta), 7.32 (m, 2, ortho). The
region upfield from 6 4.0 was obscured by solvent absorp-
tions. The remainder of the solution was neutralized with
Hy0. Analysis by gas chromatography showed only one com-

ponent, that being l-phenyl-2-propanone.

NMR Spectrum of the dianion 3a

The potassium enolate 2a was prepared by addition by
syringe of l-phenyl-2-propanone (0.53 g, 4.0 mM) to a
stirred suspension of potassium hydride (0.21 g, 5.2 mM)
in 3 mL of THF. After stirring 10'minutes: the solution

was cooled to -78° (dry ice; isopropanol) and n-butyllithium
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in hexane (4.8 mM, 2 mL, 2.40 mM/mL) was added. The deep
red solution was stirred for 30 minutes then brought to
room temperature. The NMR spectrum of this solution was
recorded using tetramethylsilane as an external standard.
The absorptions were as follows: & 5.43 (brd m, 1, para),
6.30 (brd m, 4, ortho and meta).

This was repeated in THF-dS/hexane. The absorptions
were as follows: & 2.60 (bxrd d, 2, C-CEZ), 3.82 (brd s,
1, PhCH-), 5.47 (brd m, 1, para), 6.33 (brd m, 4, ortho

and para).

Titration of the dianion 3 with D,0

To the remainder of the solution in THF-hexane pre-
pared above D,0 was added dropwise from a syringe until the
intense red solution had permanently changed to a red-
orange solution. The NMR spectrum was recorded and the
absorptions were as follows: 6 4.50 (s, 1, PhCH=C), 6.25
(s, para), 6.70 (m, meta), 7.28 (m, ortho).

Titration of the dianion 3 with benzyl chloride

A solution of the dianion 3 was prepared from potas-
sium hydride (0.21 g, 5.2 mM), l-phenyl-2-propanone (0.53 g,
4.0 mM) and n-butyllithium in hexane (4.8 mM, 2 mL, 2.40
mM/mL) as described above. At 0° benzyl chloride was added

until the intense red color had permanently disappeared.
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The NMR spectrum of the resulting solution with tetra-
methylsilane as the external standard had the following
absorptions: 6 6.73 (brd m), 6.81 (brd m). The region

upfield from § 4.0 was obscured by solvent absorptions.
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