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ABSTRACT
The synthetic utility of delocalized dicarbanions
containing no heteroatoms is explored by examining the
reactions of the dianions from isobutylene (I) and cis- or
trans-2-butene (II) with electrophiles.

Dianion I reacts

with carbonyl compounds, such as benzaldehyde, benzophenone, acetone, and acetophenone, to give diols in high
yield; enolization in the case of reaction with acetone and
acetophenone is not a serious problem.

The preparation of

a cyclic diol is accomplished by reaction of I with ophthalic dicarboxaldehyde, although yields are low.
Dianions I and II are reacted with allyl chloride
and ethylene oxide.

Dianion I gives products resulting from

reaction with 2 moles of these electrophiles in good yield,
but II forms products from reaction with only one equivalent
indicating the greater reactivity of the dianion II compared
with the monoanion.

Reaction of I with epichlorohydrin

gives the product resulting from abstraction of the proton
a to the epoxide, followed by ring opening, rather than
nucleophilic attack on either the epoxide or the halide.
Reaction of I with nitriles possessing no acidic
hydrogens, such as benzonitrile and trimethylacetonitrile,
leads to formation of 4-methyl-2,6-diphenyl or di-frbutylpyridines in moderate to excellent yields.
ix

X

The oxidative dimerization of I and II is explored
by reaction with cyanogen bromide, iodine, and 1,2dibromoethane.

Dianion I couples to give 2,5-dimethyl 1,5-

hexadiene in 10% yield, while the reaction of II with 1,2dibromoethane gives butadiene in 33% yield from oxidation
of the dianion.
Sequential reaction of I with ethylene oxide (1
mole) followed by benzaldehyde (1 mole) gives mixed diadduct
in a disappointing 27% yield.

INTRODUCTION
The synthetic utility of delocalized carbanions is
well known (1),

Traditionally, delocalization of negative

charge has involved stabilization of the anion by an
electronegative element in the ir-framework.

The use of

sufficiently strong bases such as ii-butyllithium, resulting
in the abstraction of a proton a to a double bond, has
allowed preparation of hydrocarbanions, stabilized only by
delocalization through the Tr-system of a carbon frame
work (2).
Recently, the use of stronger metalating systems,
such as n-butyllithium/tetramethylethylenediamine (TMEDA),
has allowed access to polycarbananions.

Bates and co

workers (3) have reported the preparation of six delocalized
dicarbanions, along with alkylation studies.

1
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Because the reactions of organolithium reagents with
electrophiles such as ketones, aldehydes, epoxides, nitriles,
and alkyl halides are so facile, it was expected that
polylithiated alkenes would prove useful synthons.

In

addition to homoaddition reactions, the reactions of polyfunctional anions with polyfunctional electrophiles to
produce cyclic products could prove useful.

For simplicity

of product mixtures, only reactions of dianion I and II were
examined.

Reactions of dianion I are of special interest

because of its predicted stability.

It is isoelectronic

with guanidinium cation VII, one of the most stable

VII

"carbonium" ions (4).

It is suggested that the filled

orbitals of the 67r-electron guanidinium ion resemble those
of benzene, with the derealization energy of guanidinium
ion, 0,33£3 per pi-center, comparable with that of benzene,
0.403 per pi-center (.4).
Finally, the dianions chosen would be expected to
lie between alkyllithium monoanions and allyllithium
monoanions in basicity.

Comparison of products from

reactions involving competition between nucleophilic attack

3

and proton abstraction might serve to establish the relative
*

position of these anions on a continuum of basicity.
Reactions of Organometallic Compounds with
Aldehydes and Ketones
The considerations responsible for the choice of a
given metal alkyl in a synthetic step are usually reactivity
and selectivity.

The alkali alkyls, such as NaR and KR,

are more reactive in a nucleophilic sense, but also are more
basic than the more common organometallics, the Grignard
reagents.

Organolithiums are intermediate in nucleo-

philicity and basicity and are often the reagents of choice
in the preparation of alcohols from ketones and aldehydes.
In addition, lithium alkyls are less sensitive to steric
effects than Grignard reagents, thereby suppressing side
reactions such as reduction via metal hydrides (5, 6),
enolization C7), and 1,4-addition (8).
The R group of an organometallic compound also
affects its reactivity and side reactions.

Waack and Doran

C9) found the order of reactivity of organolithiums toward
initiation of the anionic polymerization of styrene to be
alkyl>benzyl>allyl>phenyl>vinyl.

This order of reactivity

appears to be consistent with data on the addition of
organolithiums to carbonyls.
Some organolithiums give more side reactions than
others.

In the addition of allyllithium to benzaldehyde,

l-phenyl-3-buten-l-ol was formed in 80% yield (10) while the

addition of n-butyllithium to benzaldehyde gave 1-phenyl1-pentanol in quantitative yield (11).
Several mechanisms have been proposed for the addi
tion of allyllithiums to carbonyl-containing compounds (12).
One involves the sequential exchange of a solvent molecule
of the solvation shell of, in the case depicted below, the
prenyl anion, with a molecule of the carbonyl compound.
The directed pair then collapses via a cyclic, perhaps
aromatic, transition state.

Another suggested mechanism involves S„2-like
£

antarafacial attack by the carbonyl C-atom at the side of
the allyl anion opposite the complexed lithium atom.

This

mechanism would be inoperative in the case of dianions I and
II whose solvated lithium atoms would lie above and below
the plane of the anion, preventing antarafacial attack.

The

author also mentions a number of mechanisms which proceed by
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one-electron transfer to give a caged radical-radical anion
pair, which would collapse to give products.
The reaction of allylmagnesium compounds with
ketones and aldehydes appears to be reversible with the
thermodynamically more stable adduct accumulating with
increased reaction time.

The reaction with allyllithium

reagents is unaffected by temperature or length of reaction
time and so does not seem to be reversible (13).

According

to Miginiac, the cation Li seems to be too weak a Lewis
acid to assure the reversibility of the condensation
reaction with carbonyl compounds.
Reactions of Organometallic Compounds by
Nucleophilic Substitution"
The reaction of alkyl halides with organometallic
compounds has occupied an important place in studies of the
chemistry of these compounds.

Alkylation of delocalized

carbanions has been used to establish the positions of
greatest electron density in the delocalized system, as well
as being one of the most facile methods of preparing C-C
bonds.

Wurtz type coupling, in fact, is often a serious

side reaction in the preparation of Grignard reagents and
alkyllithium compounds from alkyl halides.

Under appro

priate conditions (excess of halide, long reaction time),
1,5-hexadiene can be made the principal product of the
reaction between allyl chloride and magnesium (14).

The

problem is compounded if one is trying to make difunctional

6

organolithium or Grignard reagents from dihalides.
Yvernault, Costeignau, and Estrade (15), investigating the
preparation of Grignard reagents from dihalides of the form,
Br(CH2)nBr, n=4-10, found that as n became smaller, the
amount of product due to coupling increased; with n=4, 20%
of the halide was involved in a cyclic product.
Millar and Hearney (16) reported that the reaction
of 1,3-dibromopropane with magnesium gave primarily
cyclopropane and propene, while 1,2-dibromoethane gave
ethylene.

Thus, the preparation of 1,2- and 1,3-dianions

is best not attempted via Grignard synthesis.
Organolithium compounds often undergo facile
coupling with alkyl halides; e.g., dianion I gave a 37%
yield of coupled product when reacted with ethyl bromide
(3), 96% of methylenecyclohexane when reacted with 1,3dibromopropane, and 15% of methylenecycloheptane with 1,4dibromobutane (17).

The reaction is considerably smoother

and more rapid when the halide is allylic or benzylic rather
than simple alkyl, e.g., allyllithium and methallyllithium
couple with benzyl chloride to give 4-phenylbutenes in 75%
and 80% yields, respectively (12).
The Sn2* mechanism has been proposed for the
reaction of other organolithium reagents with allyl
chloride (18-21).

Labelling experiments in the reaction of

allyl chloride with phenyllithium, which gives allylbenzene
(25%), cyclopropylbenzene (7%), and 3-phenyl-l,5-hexadiene

7

(5%), appear to establish the S^2' mechanism.

When allyl

chloride deuterated at C-l was reacted with phenyllithium,
the resulting allylbenzenes contained 76% of the deuterium
on C-3 and 24% on C-l.

D
0

CI

0Li^
0^

0''

Alternative explanations for the distribution of
label include SNi' attack followed by rapid S^2 reaction
or formation of an ion-pair followed by rapid attack by a
nucleophile.

The authors suggest that an SNi' mechanism

to give equilibration of the two isomeric allyl chlorides
VIII and IX would favor VIII, and since both chlorides
should undergo SN2 attack at the same rate, the main
product should be the one resulting from direct substitution.

° CI

n

XI

D
VIII

~

ix

Alternatively, if ionization were to occur, attack
would occur at the more positive carbon.

Deuterium's

electron-releasing inductive effect should produce an
unequal distribution such that more than 50% of the charge
is on the deuterated carbon.

Attack would be at that carbon
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giving primarily the product from direct displacement.

They

also mention the general observation that collapse of an
ion-pair in an aprotic solvent is fast compared to inter
ception by a nucleophile.
Epoxides are also susceptible to nucleophilic
attack.

Both organolithium and Grignard reagents are

effective in opening the epoxide.

With Grignard reagents,

the product distribution may be complicated by ring opening
of the epoxide prior to attack.

The magnesium halide, a

Lewis acid, is able to complex with the oxygen of the ring,
giving a ring-opened carbonyl, which is then attacked by
the Grignard reagent.

The use of lithium alkyls avoids this

difficulty but may result in metalation as a side reaction
(.22) .

Other cyclic ethers respond well to attack by
alkyllithium reagents.

Oxetane, although a less strained

ring system, gave an 85% yield of ring-opened product
following nucleophilic attack by phenyllithium C23).
Finally, paraformaldehyde is receptive to nucleophilic
attack by alkyllithium reagents.

Reaction of 1-lithiohexyne

with this polyether followed by hydrolysis gave an 80% yield
of primary alcohol (24).

Preparation of primary alcohols

from formaldehyde and Grignard reagents customarily requires
the thermal decomposition of paraformaldehyde to formaldehyde
before reaction is successful.

9

Incorporation of both the epoxide and chloride
functionalities in a single compound such as epichlorohydrin
might provide an interesting difunctional reagent for
reaciton with alkyllithiums.

The reaction of alkali metal

organic reagents with epihalohydrins is well known (25, 26).
The course of the reaction with organolithium reagents is
quite dependent on the structure of the anion.

Aryllithiums,

such as phenyl- and p-toluyllithium, upon reaction with
epichlorohydrin give the ring opened product by attack on
the less substituted carbon of the epoxide, in 42-67%
yield (27).

However, treatment of a stoichiometric amount

+

RLi

HO,
CI

HO

OH
R =
R :

0n-Bu-

R =

major
major
48%

43%

of epichlorohydrin in ether at -50° with n-butyllithium
resulted in a mixture of cis- and trans-B-chlorallyl
alcohols isolated in 75% yield, along with 15% of propargyl
alcohol (28).

The less basic allyllithium takes a position

between aryllithium and n-butyllithium in its reactivity
toward epichlorohydrin.

When treated at -5° to 0° in

ether/hexane, l-chloro-5-hexen-2-ol (.48%) , the ring-opened
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product, was isolated as well as 43% of a mixture of the
geometrical isomers of 3-chloroalkyl alcohols (28).
The reaction of epichlorohydrin with the lithium
salt of 1,3-butadiyne (29) takes a slightly different course.
Two products resulting from addition of the acetylide were
isolated, 3-octen-5,7-diyne-l-ol (26%) and 2-allenylfuran
(11%).

The mechanism probably involves attack on the

epoxide followed by displacement of the halide.

Abstraction

of the proton a to both the epoxide and the conjugated
system followed by ring-opening would yield the acyclic
product.
Reactions of Organometallic Reagents
with Nitriles
Reaction of a nitrile with an organometallic
reagent is a widely applicable synthetic route to ketimines,
which readily hydrolyze to ketones (30, 31).

Investigations

of the reactivities of various substrates toward phenylmagnesium bromide have shown nitriles to be relatively
unreactive (32).

Therefore, long reaction times and

relatively high temperatures are often required, although
excellent yields are common in uncomplicated cases.

When

the Grignard reagent is used with an aliphatic nitrile, a
serious complication analogous to the enolization of ketones
arises due to the acidity of the ct-hydrogen atoms.

The

Grignard reagent acts as a base rather than a nucleophile
to generate the nitrile anion which can lead to dimerization

and trimerization of the nitrile.

The effects can be seen

in a comparison of the products from the reaction of crotyl
Grignard reagent with acetonitrile and benzonitrile (33).
Reaction with acetonitrile gave a 47% yield of the product
resulting from nucleophilic attack on the cyano group,
while reaction with benzonitrile gave a 78% yield of the
phenyl ketone.
Alkyl- and aryllithium reagents closely resemble
Grignard reagents in their reactivity but exhibit subtle
differences.

Because of the greater reactivity of

alkyllithium reagents, they are often able to effect addi
tion where Grignard reagents are inert or significantly
less reactive (3 4).

Some of the problems with Grignard

readents are amplified in the reactions using organolithium
compounds, primarily because of their increased basicity.
The products from reaction of allylic organollithium
compounds and nitriles were 3,y-unsaturated ketones, but
the product isomerized to an a,S-unsaturated ketone if
reaction time was increased (35).

For example, reaction of

the allyllithium below the acetonitrile gave a 20% yield of
the a,B-unsaturated ketone while benzonitrile gave a 37%
yield of 3,y-unsaturated ketone and a,^-unsaturated ketone,
in a ratio of 1:13.
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Li

RCN

O E<
R-C-CH-CH=CH,

0

P

R - C -C=CH-CH 3

+

Overall Yield
R •- CH3
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3 7%

100
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Because the behavior of alkyllithium reagents is so
strongly affected by solvent changes, the products of a
reaction can often be altered by a solvent change.

Examina

tion of the reaction of phenylacetonitrile and n-butyllithium
in ether showed no products resulting from addition of the
alkyl carbanion to the nitrile while in benzene, the reac
tion gave a 49% yield of the ketone resulting from the
ketimine from addition C35, 36).
The addition vs. proton abstraction of the
organolithium reagent is also responsive to steric
factors.

The reaction of phenyllithium in ether with

phenylacetonitrile gave 9% of the ketone resulting from
addition while reaction with the hindered mesitylacetonitrile
gave an 80% yield of phenyl ketone (36).
also prevent a desired reaction.

Steric bulk can

Methyllithium reacts with

benzonitrile to give 10% methyl phenyl ketone, but is
unable to react with t-butyl cyanide (37).
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The primary side reactions, as mentioned previously,
involve anionic dimerization or trimerization or anionically
induced polymerization.

The products of trimerization of

simple aliphatic nitriles are substituted pyrimidines (38),
but with the proper choice of catalyst, relatively acidic
nitriles can be converted to diaminopyridine derivatives
(39).
Cyclic products are also formed by the anionic
polymerization of nitriles possessing no acidic hydrogens.
The major products of reaction of methyl-, ethyl-, n-butyl-,
and phenyllithium with excess benzonitrile were 1-alkyl2,4,6-triphenyl-l,2-dihydrotriazines, which formed 2,4,6triphenyltriazines upon heating (40).

The authors note

that the dihydrotriazine is formed even when the alkali
compound was added to benzonitrile in equimolar proportion.
Triphenyltriazine can be formed by a series of electron
transfers from an alkyllithium reagent to benzonitrile.
Dilithium cyclooctatetraenide upon treatment with
benzonitrile gave only 2,4,6-triphenyltriazine (.41),

The

authors suggest a 1 electron transfer to form the radical
anion of benzonitrile which could react with 2 equivalents
of benzonitrile to form the 2,4,6-triphenyltriazine radical
anion.

The radical anion would then form triphenyltriazine

X by electron transfer to an acceptor such as benzonitrile
and/or cyclooctatetraene and its radical anion.

14

0CN

1 e"

2 0CN,

0C = N

X

Oxidative Coupling of Organometallics
Products resulting from coupling or organometallic
compounds are often side products in reactions of those
species.

The coupled product can be rationalized as

resulting from a transfer of electrons followed by dimerization of the anion radical.

Electron transfer reactions in

organometallic chemistry are so prevalent (42) that some
workers have proposed that all reactions, including
apparent addition of the anion to an electrophile, go via
electron transfer.

Russell, Janzen, and Strom (43) have

suggested that the addition of an anion to a carbonyl
involves initial electron transfer to the carbonyl to give
a radical and anion radical.

Because the solvent cage

insures their proximity, the radical and anion radical
dimerize, giving the product expected from addition to the

15

D-

+

A"

-» D-A
Solvent Cage

carbonyl.

Sauer and Craig (44) suggest that the structure

of the organometallic compound may affect its mode of
reaction.

They propose that the reaction of simple alkyl

organometallic reagents with alkyl halides occurs via
electron transfer, while organometallic compounds with
allylic or benzylic groups act with alkyl halides by an
S^2 mechanism.
Electron transfer from organometallic reagents can
result in two types of coupled products, those resulting
from coupling of the radicals formed by electron transfer
to the acceptor and those resulting from oxidative coupling
of the organometallic compound.

Transfer of an electron

from cyclooctatetraene dianion to tropylium ion and to
2r4,6-pyrylium ion, respectively, has resulted in reductive
dimerization, giving 7,7'-ditropyl (72%) (45) and the pyran
dimer (54%) (46).

Even organolithium compounds which seem

less electron rich than cyclooctatetraene dianion are
capable of facile electron transfer.

Addition of t-

butyllithium to diphenylacetylene was retarded due to steric
hindrance, allowing formation of 1,2,3,4-tetraphenylbutadiene
by reductive dimerization (47),
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Oxidative dimerization of the organometallic species
is far more common.

The most thoroughly investigated aspect

of oxidative dimerization is the reaction of the organo
metallic compound with oxygen.

Pacevits and Gilman (48)

found that aryllithiums with oxygen gave coupled products
from oxidative dimerization.

The reaction of phenyllithium

with oxygen gave 25% biphenyl and 23% phenol.

More

recently, Italian workers (.49) obtained 1,5-hexadiene in 22%
yield from the reaction of allyllithium with molecular
oxygen.

They also observed the oxidative dimerization of

pentadienyllithium to give a 47% yield of 1,3,7,9decatetraene and 3-vinyl-l,5,7-octatriene in addition to
35% of the pentadienols resulting from addition to oxygen
to form the hydroperoxide intermediate (50).

Oxidative

dimerization may be effected by electron transfer to
Copper I and II salts (.51, 52), by transfer to cyclooctatetraene (53), and via a photochemical reaction (54).
Oxidative dimerization can also occur when an
organometallic compound is treated with bromine or iodine
or with 1,2-dihaloethanes.

Oxidative coupling by iodine

of sodium cyclopentadienide gives dihydrofulvalene (55)
while the action of iodine on the lithium salt of
tris(organothio)methanes gives hexakis(organothio)ethanes
in high yields (56).

Reaction of 1-neopentylallyllithium

gave a mixture of coupled products when treated with 1,2dibromoethane (57).
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Although reactions with iodine and 1,2-dibromoethane
give products resulting' from an oxidation of the anion, they
may not be due to one-electron transfer.

The mechanism

could involve attack on the halogen followed by intermolecular Wurtz reaction in the case of monoanions, with
the possibility of intramolecular cyclization in the case
of dianions.

The 1,2-dihaloethane may function as a masked

halogen, as shown below.

R"
R-l

+
+

|~|
R"

>

R-l

+

I"

»

R-R

+

I"

We became interested in the oxidation of
dicarbanions when the reaction of I with cyanogen bromide
gave no product resulting from nucleophilic attack on
CNBr to give either the dicyano- or dibromoalkene.

CNBr
or
Br

Br

CN

CN
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The product appeared to be 1,4-dimethylenecyclohexane, from
oxidative dimerization of I.

The dimerization of the

dianion was explored by reaction with iodine and dibromoethane, in addition to cyanogen bromide, as will be
described below.
Sequential Alkylation of Polyanionic Compounds
Polyanions of sufficiently different stabilities
can often be sequentially alkylated with the first
alkylation occurring at the most nucleophilic carbon atom.
For example, reaction of the dipotassium salt of 1-phenyl1,3-butanedione with benzyl chloride followed by
hydrolysis gave a 77% yield of a-(g-phenylpropionyl)acetophenone (58).

o

O

1 1
0

^^^- .

o
1) 0CH 2 CI
2)

H,0

>

(ff

^

~

^0

To date, no studies investigating the reactivity
of hydrocarbon polyanions have been concerned with the
utility of sequential alkylation of the anions.

Dianion

I was chosen for study in this way in the present work.

RESULTS AND DISCUSSION
Reactions of Dianion I with Ketones
and Aldehydes
The reactions of benzaldehyde, benzophenone,
acetone, acetaldehyde, and phthalaldehyde (o-phthalicdicarboxaldehyde) with dianion I were explored and total
yields of addition products, followed by product distribu
tions, are listed in Table 1.

Table 2 shows for comparison

purposes the reactions of the same carbonyl compounds with
alkyllithiums (n-butyl- and t-butyllithium), allyllithium,
cyclooctatetraene dianion, dianion I, and allylmagnesium
bromide.
Benzaldehyde reacts with dianion I to give 3methylene-1,5-diphenyl-l,5-pentanediol (XI, 76%) and
2-methyl'-4-phenyl-l-buten-4-ol (XII, 17%).

XI

XII

Monoadduct is assumed to arise from reaction with solvent
either prior to or after addition to the carbonyl.
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Table 1.

Carbonyl

A

A

Reactions of I with ketones and aldehydes.

Yield, %

Diadduct

Monoadduct

93

90

o

A

72

H

5 -°

86

HO
18

HO

Q

Q
XX

Table 2.

Additions of organometallics to carbonyls.

Carbonyl compounds

iooa

t-butyllithium

63a

—

—

—

—

—

3.6e

81b

92e

96e

—

93

90

72

86

70f

l- M
OL
-*r

41°

—

—

52a

o
OC

Ig

80a

OC
ni

C~

Li

73a

CHO

CO

ri-butyllithium

A ^ A.

o
cr

0CHO

00

Organometallic

.CHO
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Buhler (11).
Akiyama and Hooz (10).
c
H^rbrandson and Mooeny (59).
Girard and Miginiac (60).
eCantrell

and Shechter (61).

^Heinze, Allen, and Leslie (62).
^Percentage yields include both mono- and diadducts.
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Another route to formation of monoadduct would be electron
transfer by the dianion or monoanion adduct to a suitable
acceptor, such as the carbonyl compound.

Hydrogen atom

abstraction by the newly formed radical would give mono
adduct or monoanion which could react with the carbonyl to
give monoadduct.

Because of careful removal of supernatant

and liquid monoanion from the solid dianion complex, it is
assumed that contamination by monoanion is not responsible
for the yield of monoadduct.
Reaction of dianion I in THF/pentane with benzophenone gave 3-methylene-l,1,5,5-tetraphenyl-l,5-pentanediol
(XIII, 69%) and 4-methyl-l,1-diphenylpentan-l-ol (XIV, 28%).

<t>

OH

0
XIV

The amount of monoadduct XIV may be increased over
the amount formed in the benzaldehyde reaction because of
the slower reaction of this ketone.

Buhler (11) observed

the formation of 23% diphenylcarbinol, which he attributed
to the significantly slower reaction of benzophenone.

If

nucleophilic attack were slow, perhaps for steric reasons,
the monoadduct formed by the addition of dianion I to the

ketone would be longer-lived, allowing proton abstraction to
compete successfully with the second nucleophilic attack.
In addition, Japanese workers exploring the reaction
of benzophenone with n-butyllithium (63) found that
diphenylcarbinol formed by reduction of the carbonyl
predominated at low temperatures (-130°) while the addition
product, 1,2-diphenyl-l-pentanol, predominated at 25°.

Li
)H

OH

+

•130°
25°

minor
major

major
minor

The reactions of acetone and acetophenone with
dianion I were examined to determine the competition of
proton abstraction with nucleophilic attack.

As can be

seen from Table 1, the amount of product resulting from
addition to the carbonyl has diminished.

A rapid metalation

reaction leading to the enolate anion of the carbonyl
compound along with isobutylene appears to compete with
addition.

This is in accordance with the work of Buhler

Ul) who found 16-18% of residual ketone from the enolization of acetone and 20-27% from the enolization of
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O"
+

R

R

Products

acetophenone.

Assuming a normal yield of 90% of addition

product as in cases where enolization is not possible
(i.e., reaction with benzaldehyde and benzophenone), the
reaction of dianion I with acetone has resulted in 18% of
the enolized ketone and acetophenone in 40% enolization.

An

attempt was made to independently determine the degree of
enolization by using a slight excess of dianion I in the
reaction mixture, followed by deuteration of the enolate
anion with D20.

By this method, 21% deuterated ketone was

observed in the reaction mixture from the reaction with
acetone, and 11% from the reaction with acetophenone.
Another method of evaluating the importance of enolization
on the reaction course is to compare the ratios of monoadduct to diadduct.

It was stated previously that the

proton abstraction necessary for the production of the
product resulting from the addition of one molecule of
carbonyl compound to the anion could occur prior to or
after the nucleophilic attack on the carbonyl.

In the first
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case, the base with respect to the proton is dianion I; in
the second it is a g-substituted allyl anion.

Pafh A

r

H+

X,

Path B

An evaluation of product distribution for the
reaction of acetone with dianion I shows that path B, the
only route to the diadduct, must be operating more
effectively than path A, i.e., addition to the carbonyl
occurs more readily than abstraction of the proton.

The

product data for the reaction with acetophenone is less
obvious.

Aqueous solutions of acetophenone show 200 times

as much enol tautomer as do aqueous solutions of acetone,
as shown by their respective K. values, (K, =
. ,
t
t
[ketone]'
Kt

acetone " 1"5 *

10"6' Kt

acetophenone =

3'5

*

10"4>

<64>

Qualitatively, then, the overall yield of addition product

from the reaction of acetophenone with dianion I might be
expected to be lower than yield of addition product from
the reaction of acetone, and the ratio of monoadduct to
diadduct should be higher in the acetophenone reaction.
The effect of enolization was explored by Buhler (11) who
obtained essentially the same yield of addition product
from the reaction of n-butyllithium with acetophenone and
acetone, although he noted recovery of a smaller percentage
of product from enolization from the reaction of acetone
(16%) than from the reaction of acetophenone (20%).

Our

results show a slightly greater product yield with aceto
phenone than with acetone.
The ratio of mono- to diadduct in the reaction of
acetophenone seems to reflect its greater enolic character.
It is surprising that the difference is so pronounced, but
if a combination of steric and electronic effects are
involved in the attack, as appears to be the case with
benzophenone, the reaction may be slower, allowing for
an increased yield of protonated product,
Dianion I reacted with phthalaldehyde to give
5,9-dihydroxy-5,6,8,9-tetrahydro-7-methylenebenzocycloheptane (XIX, 9%) and l-methallyl-3-hydroxy-l,3-dihydroiso-benzofuran (XX, 9%).

Attempts to separate the mixture

by distillation or chromatography were unsuccessful.

An

attempt was made to oxidize the hemiacetal to the lactone
by the use of Ag+, but although formation of a silver mirror
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HO
+

CHO
OH
XIX

XX

indicated successful oxidation, the reaction never removed
more than 50% of XX.
Precedent for the low yield of cyclized product
exists in both the reaction of I with a 1,4-disubstituted
electrophile and in the reaction of phthalaldehyde with a
delocalized dicarbanion.

Bahl and coworkers (17) found

that methylenecycloheptane was formed in 15% from the
reaction of I with 1,4-dibromobutane.

They theorized that

the total yield was low because of side reactions involving
two intermolecular alkylations rather than an intermolecular
alkylation followed by an intramolecular one.
Cantrell and Shechter (61) found that phthalaldehyde
added to dilithium cyclooctatetraenide in ethyl ether to
form 4,5-benzotricycloI6.4.0.0.J dodeca-9,ll-diene-3,6-diol
(XXII) in 3.6% yield, presumably arising from val-ence

OH
,CHO

HO
XXI

o
XXII

isomerization of the initially formed 7,8-disubstituted
1,3,5-cyclooctatriene XXI.

No explanation was offered for

the low yield of diadduct nor were other products isolated
from the reaction mentioned.
Dianion I was reacted with benzoquinone and benzil
with less success.

Benzoquinone acted as an electron

sink yielding hydroquinone and an intractible product.
Benzil in reactions with other organolithium compounds has
been observed to act as an electron acceptor, yielding
benzoin rather than the diol adduct (61),

Evidently two

electrons are transferred to give an enediolate which upon
protonation yields benzoin.

Although some benzoin (^20%)

was produced, the remainder of the product mixture was
oligomeric in nature.
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Reactions of Dianions I and II with Allyl Chloride,
Ethylene Oxide, and Epichlorohydnn
Dianion I reacts with allyl chloride to give 5methylene-1,8-nonadiene (XXIII, 50%) and 2-methyl-l,5hexadiene (XXIV, 11%).

XXIII

XXIV

The mode of attack may well be similar to the first
mechanism proposed by Rautenstrauch (12) for the attack of
prenyllithium on benzaldehyde.

Complexation of the

chloride XXV, followed by collapse of the oriented pair
XXVI via a cyclic transition state, would allow C-C bond
formation by an SN2' mechanism.

The SN21 mechanism has

been proposed previously for reaction of organolithiums and
allyl chloride.
The ability of alkyllithiums to attack double bonds
is well documented (65, 66).

The product from the initial

displacement, XXVII, could undergo an intramolecular
cyclization by attack on the isolated double bond.

Such

an intramolecular attack would give after protonation either
methylenecyclohexane or 3-methylene-l-methylcyclopentane.

IIAXX

AX

No cyclized product was seen from such a nucleophilic
attack, apparently because the displacement on the allylic
halide was more facile than attack at the double bond.
The low mass balance could be explained by intramolecular
attack of the monoanion on the isolated double bond to
give oligomeric material.

Interestingly, no cyclopropyl

derivatives were seen, in contrast to the reaction of
phenyllithium with allyl chloride.
Ethylene oxide reacted smoothly with dianion I to
give 4-methylene-l,7-heptanediol (XXVIII, 80%) and 2-methyll-penten-5-ol (XXIX, <5%), which were separated by vacuum
distillation (70°, 1 mm).

XXVIII

XXIX

Other reactions of delocalized organolithium
reagents with ethylene oxide include the formation of
3-vinyl-l-pentanol in 32% yield from the reaction with
pentadienyllithium (67) and the formation of XXIX (.72%)
(68) from the reaction of 2-methylallyllithium.

The

similarity of product yields from the reactions of ethylene
oxide with the mono- and dianions of isobutylene is
interesting in light of the predicted stability of I.
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Because of the ease of reaction of I with alkyl
halides and with epoxides, it was of interest to investigate
the reaction of I with compounds containing both functional
groups in an attempt to prepare a cyclized adduct.

Attack

of I on epichlorohydrin could occur on any of the three
carbons of the latter, eventually giving two cyclized
products.

The reaction of I and epichlorohydrin in THF/
pentane at -78° gave E-3-chloro-2-propen-l-ol XXX as the
major product (>80%).

The increased yield of product from

proton abstraction implies closer similarity in basicity
and nucleophilicity of I with alkyllithium reagents than
with allyllithium.

33

L>^°
XXX

Dianion II was also reacted with allyl chloride
and ethylene oxide.

Reaction of II with two equivalents of

electrophile can result in three diadducts (XXXI-XXXIII)
and four monoadducts (XXXIV-XXXVJII).

Reaction of II with

II

XXXIIl

.-T\

*

E
XXXIV

XXXV

E-/~l

E

XXXVI

* V\

XXXVII

ethyl iodide gave an 11% yield of alkylated products, 53%
of the products resulted from monoalkylation and 47% from
dialkylation (3).

The dialkylation products were formed

in approximately equal amounts.

II
EiBr
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Examination of the monoadducts can provide insight
into the relative rates of protonation versus electrophilic
attack on the dianion.

Initial attack on dianion II must

occur at the end of the carbon framework in order to
generate the more stable carbanion.

If attack were to

occur at C-2, the anion produced would not be stabilized
through delocalization.

Therefore, product XXXVII must

"

-

r{_

arise from initial protonation, followed by electrophilic
addition.
Dianion II with allyl chloride gave cis- and trans1,5-heptadiene XXVIII and XXXIX, 75% and 1,6-heptadiene, XL,
10%.

There was no evidence of triene produced by reaction

with two equivalents of halide.

Formation of these dienes

XXXVIII

XXXIX

presumably occurs via initial attack of II on the allylic
halide.

While products XXXVIII and XXXII could be formed

by either initial protonation or attack on the halide, the

absence of 3-methyl-l,5-hexadiene, formed only by initial
protonation, implies that attack on the halide predominates.
The third product, XL, present as 10% of the product
mixture, can be formed only by initial alkylation.

The

absence of products from reaction with two moles of allyl
chloride once more suggests the greater reactivity of the
dianion II relative to monoanion.

The alkylation reactions

might be pushed to completion by the use of higher tempera
tures and more electrophilic reagents, such as bromides,
iodides, or tosylates.

The ability of organolithium reagents to attack
isolated double bonds has been discussed.

The geometry of

the allyllic anion resulting from reaction with one equiva
lent of allyl chloride should allow facile cyclization to a
six-membered ring.

The reaction of II with two equivalents

II

of allyl chloride gave no cyclized product, so the reaction
of II with one equivalent of allyl chloride was examined.
Acyclic products XXXVIII and XXXIX (28%) and XL
(22%), were the only hydrocarbons isolated from the reac
tion mixture.
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The nucleophilic attack of II on ethylene oxide
gives three products, XLI, 45%, XLII, 20%, and XLIII, 14%.

No diol resulting from diattack on the epoxides was seen.
All products can be obtained by reaction of the crotyl anion
with ethylene oxide, which suggests that the initial
reaction of II was protonation to give the stabilized
allylic monoanion.

The product distribution shows that

slightly more than half of the subsequent alkylation
occurred at the internal carbon of the allylic system,
implying slightly more nucleophilic character at that
carbon.

Rautenstrauch (12), investigating the reaction of

crotyllithium in THF with carbonyl compounds, obtained
products from addition primarily at the internal carbon,
while Bates and Beavers (69) observed slightly more alkyla
tion at the external carbon of the allylic system in the
reaction of butyl bromide with crotyllithium.

The formation

of slightly more cis-alkene than trans agrees with the
trend found by Bates and Beavers.
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Reactions of Dianion I with Nitriles
Benzonitrile and I were reacted in THF/pentane at
-78° followed by hydrolysis with ammonium chloride solution.
The major product (85%) was not diketone XLIV but instead
4-methyl-2,6-diphenylpyridine (XLV) accompanied by small
amounts of 2-methyl-4-phenyl-2-butene-4-one (XLVI).

XLVI

XLV

The mechanism of this new pyridine synthesis is very
likely related to the long-known synthetic route to
pyridines which involves the reaction of ammonia with 1,5dicarbonyl compounds to give a dihydropyridine,
oxidation results in the pyridine (70).

Mild

In the present

case, hydrolysis of the imine from addition of I to the
nitrile to form XLVII followed by reaction with ammonia
could result in formation of the dihydropyridine, followed
by dehydration and isomerization to the pyridine deriva
tives.

c.
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HaO

0CN
XLVII

NH3

^ N>

1
XLV

This mechanism was shown to be invalid when
hydrolysis by water followed by dilute acetic acid instead
of ammonium chloride solution also gave large yields of
the pyridine derivative.
The initial method of hydrolysis of the reaction
mixture involved quenching with a small amount of water,
followed by the more vigorous hydrolysis with ammonium
chloride or acetic acid solutions.

Because this method did

not allow differentiation between condensation between a
partially hydrolyzed diimine and between the diimine dianion
itself, the hydrolysis was altered to promote rapid
hydrolysis to the diketone.

If the condensation occurred

with the diimine dianion XLVII, a change in the method of
hydrolysis should not alter the amount of substituted
pyridine formed.
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The red solution resulting from addition of the
dianion to benzonitrile was vigorously quenched by addition
of small aliquots of the reaction mixture to a vigorously
stirred solution of acetic acid in ice water.

Again, XLV

was the major product, indicating that cyclization probably
occurred prior to hydrolysis.

A possible mechanism involves

proton tautomerism of XLVII to XLVIII, which could then
cyclize to XLIX.

Protonation in the slightly acidic medium,

would allow deamination to the pyridine system of XLV.

v "

XLVII

—>

XLVII

;[

I .NH ^ [

> x LV
.NH —>alv

XLIX

The a,3-unsaturated ketone XLVI, resulting from monoaddition
to the nitrile, presumably forms during the acid workup by
hydrolysis of the imine to the ketone, followed by isomerization of the double bond.

It is interesting to note that no

2,4,6^-triphenyltriazine, the product of initial electron
transfer from the anion, was formed.
Reaction of I with trimethylacetonitrile gave
2,6-di-t-butyl-4-methylpyridine (L, 30%).

No other
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products were isolated from the reaction mixture, which
contained a large amount of unreacted starting material.
The reaction of trimethylacetonitrile with organolithium reagents is not facile.

Pattison, Wade, and Wyatt

(37) were unable to achieve addition to the nitrile with
methyllithium.
The low yield of L may be due to a combination of
effects; the steric bulk of the electrophile probably
retards the approach of the dianion, and elimination of
HCN to form isobutylene may compete with addition.
The other preparation of L involves nucleophilic
substitution by t-butyllithium with picoline.

The diadduct

L is produced in 44% yield (71).
Acetonitrile when reacted with I showed no forma
tion of 2,4,6-trimethylpyridine, corresponding to the major
product of the reaction with benzonitrile,

The major

product was undoubtedly isobutylene formed by the abstrac
tion of the acidic hydrogen, though it was not isolated
under the conditions of the workup.

Also formed in <5%

yield were a mixture of a,3- and 0,y-unsaturated monoketones
formed by addition of the dianion to the nitrile.

Pattison

and coworkers (37) reported that reaction occurred with
methyllithium and acetonitrile to give products which were
insoluble, nonvolatile, and seemingly polymeric.

Failure

to observe much polymeric material in the reaction of I with
acetonitrile is probably a result of the solution of
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acetonitrile in THF/pentane being considerably more dilute
than in the studies by Pattison et al.
Reaction of I with acrylonitrile gave predominantly
polymeric material, which became more viscous upon standing.
The reaction probably involved polymerization to form the
vinyl polymer backbone, followed by ionic polymerization of
the cyano groups to give structures such as LI.

Poly-

acrylonitrile, upon treatment with alkaline reagents,

LI
develops a yellow or red coloration, probably caused by the
development to a greater or lesser extent of a structure
such as LI (72).
Reactions of Dianions I and II with Cyanogen
Bromide, Iodine, and 1,2-Dibromoethane
Dianion I reacted with cyanogen bromide at -78°
in THF/pentane to give after workup a small yield (^10%)
of products resulting from dimerization of the dianion.
The products were identified as 1,4-dimethylenecyclohexane
(LII) and 2,5-dimethyl-l,5-hexadiene (LIII), (3:1), by NMR

CNBr

LI

Lll

42

and by the comparison of the IR spectrum with that reported
by Lautenschlage and Wright (73).

The oxidation of I to

form methylenecyclopropane by reaction with 1,2-dibromoethane
had been reported (17).

We were interested in the potential

use of cyanogen bromide as a reagent to promote cyclic
oxidative dimerization of these delocalized dianions.
Unfortunately subsequent reactions with cyanogen bromide
gave only LI in low (<10%) yield.

No products resulting

from halogenation of the dianion to give 2-bromomethyl-3bromo-l<-propene LIII or cyanation to give 3-methyleneglutaronitrile LIV were observed.

CNBr

!

»
or

Although cyanogen bromide has been reported to
react with organolithium compounds to give both nitriles
(74) and bromides (75), the more reasonable mechanism for
formation of the dimers involves reaction to give the
halogenated monoanion followed by Wurtz coupling to give a
dianionic species which could form the halide and cyclize
or be protonated in the aqueous workup.

If the initial

attack were to form the nitrile, intra- or intermolecular
attack by an anionic species would give an imine anion,
rather than displacement of cyanide.

No imines or ketones

were isolated from the reaction mixture.
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CNBr
CNBr

CNBr
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A consideration of the geometry of the halogenated
intermediate LV indicates intramolecular cyclization to
form methylenecyclopropane to be a favored mode of reaction.
Methylenecyclopropane was not isolated under the conditions
of the workup, but the low yield of product isolated makes
it the most likely product.

Although oligomer formation by

intermolecular displacement on the halogenated anion could
account for some mass loss, the low concentration of
reactants should minimize intermolecular attack.

This

is supported by the failure to isolate polymeric material.
The von Braun reaction of cyanogen bromide with
tertiary amines, in this case, the TMEDA chelated to
lithium cation, should be considered when explaining the
low yield of product isolated, but it is highly unlikely
that it is involved in any appreciable extent.

The

mechanism of the von Braun reaction involves initial attack
by the tertiary amine on cyanogen bromide to give a
cyanoammonium salt with displacement of bromide.

Nucleo-

philic attack, by bromide on the ammonium ion then allows
the formation of an alkyl halide and cyanoamine.

1) N=CBr

+

R,N

2) NCNR 3

+

Br"

J

*
—»

R+
NC"N*R

i
R
NCNR 2

+
+

Br"
RBr

Because the nucleophilicity of TMEDA has been
reduced by chelation, it would not be expected to participate
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strongly in a nucleophilic attack.

Indirect confirmation

of this conclusion can be inferred from the mild reaction
upon addition of water to the reaction mixture at the
conclusion of the reaction.

If an appreciable amount of

cyanogen bromide were removed as the cyanoamine, there
would have been an equivalent amount of unreacted dianion
left in the reactions run with 2:1 ratios of cyanogen
bromide and I, which would react vigorously with water.

In

addition, no cyanoamine was isolated.
Oxidative dimerization was also attempted with
iodine and 1,2-dibromoethane.

No attempt was made to

isolate products resulting from intramolecular oxidation
such as methylenecyclopropane.

Dianion I reacted with

iodine to give LII in 10% yield, identified by comparison
of gc retention times with a known sample of LII.

Again,

no polymeric material nor halogenated product was seen,
implying that the major product was methylenecyclopropane.
The reaction of I with dibromoethane was run under
conditions analogous to those used for the oxidations with
cyanogen bromide and iodine, and slightly altered from the
conditions reported previously (17).
product isolated was LII, 8%.

Again, the only

The major product was

undoubtedly methylenecyclopropane.
Reaction of a difunctional substrate under
sufficiently dilute conditions should lead to ring forma
tion by intermolecular attack followed by intramolecular
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cyclization.

Such a process with II and 1,2-dibromoethane

could lead to either cyclohexene or less likely, allylcyclobutane.

Instead, the only product isolated from the reac

tion mixture was butadiene in 35% yield.

All other products

were oligomeric in nature, resulting from several intermolecular attacks.

Reaction appears to proceed by displace

ment on bromide followed by elimination of the halide.

+

Br"

Oxidation by dibromoethane was also observed with dianions
I, III, and V (17).
Sequential Alkylation Studies
Dianion I was chosen for initial studies involving
sequential attack by electrophiles.

Before the study, very

little was known about the differing reactivities of I and
the monoanion resulting from reaction with electrophiles.
Klein and Medlik (76) suggested that dimetalation proceeded
faster than monometalation in spite of the introduction of

the second charge.
stability of I (4).

This they attributed to the predicted
Because of this stability, one might

expect nucleophilic attack by the dianion to be less facile
than attack by the monoanion; i.e., attack by the raonoanion
should follow rapidly attack by the dianion.

In the extreme

case, reaction with one equivalent of alkylating agent could
lead to 50% dialkylated material and 50% unreacted I.

The

electrophilicity of the alkylating agent might alter the
product distribution although a priori estimations of the
effect are difficult.

Steric bulk in the mono-reacted

monoanion might reduce its ability to approach the
electrophile to a sufficient degree to make sequential
addition of electrophiles synthetically feasible.

Steric

factors, however, would probably not assume too great a
role for the steric bulk would be reasonably distant from
the site of reaction.
Benzaldehyde and ethylene oxide were chosen as
alkylating agents for the sequential alkylation of I
because they gave high yields of diadduct with few side
reactions and because their different functionalities might
lead to greater selectivity.

The reactions were run in

three sets: (I) addition of both electrophiles to the '
dianion to investigate competition of the electrophiles
for the dianion; (II) addition of benzaldehyde to the
dianion, followed by addition of ethylene oxide after
a predetermined length of time; and (III) addition of
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ethylene oxide, followed by addition of benzaldehyde.

The

product ratios from all sets of reactions are shown in
Table 3 along with reaction conditions; total product
yields were ^90% by NMR, although isolated yields were
lower.
The product data are hard to interpret because
there are a variety of intermediates whose relative
reactivities are unknown competing for the same electrophiles.
with

The possible courses of reaction are shown below,
and E2 representing the two electrophiles.
I
Ei

[

E2

X

X

The ratios from the reactions of Set I imply that
reaction of I with ethylene oxide is slightly more facile
than that with benzaldehyde, since XXVIII predominates in
the reaction mixture.

Data under the other reaction

conditions are difficult to interpret.

The most valid
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Table 3.

Polyalkylation of dianion I.
OH

/ \

+

OH

0CHO

XXVIII

Product Ratios
Set
I

XI/LVI

XII/LVI

XXXVIII/LVI

XXIX/LVI

1.1
0.7

0.77
0.7

1.4
1.27

0.7
0.95

II

7.03a
6.2b

3.28
3.02

1.76
2.74

1.04
2.32

III

°-38S
0.27

°-47
0.61

°-7
0.8

°-91
1.4

aEthylene oxide added 15 min after completion of
benzaldehyde addition.

Ethylene oxide added 10 min after completion of
benzaldehyde addition,
Benzaldehyde added 45 min after completion of
ethylene oxide addition.
"^Benzaldehyde added 15 min after completion of
ethylene oxide addition.
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conclusion that can be drawn from this set of reactions is
that I is a poor dianion for synthetically successful
sequential alkylation.

The highest yield in which the

desired diadduct LVI was obtained (Set hi) was only 27%.
The monoanion from reactions of dianion II with electrophiles appears to be much less reactive than the dianion and
would probably be a better dianion for successful sequential
alkylation.

EXPERIMENTAL
Nuclear magnetic resonance (NMR) spectra of all
compounts were measured on a Varian T-60 spectrometer.
Chemical shifts are reported in 6-values using tetramethylsilane (TMS) as an internal standard. Infrared (IR) spectra
V
were recorded on solutions in CHCl^z using a Perkin-Elmer
Infracord Spectrometer.

Mass spectra were recorded on a

Hitachi Perkin-Elmer Model RMU-6E double focusing mass
spectrometer.

Melting points were obtained with a Thomas-

Hoover melting point apparatus and are uncorrected.
Thin layer chromatography was used for isolation and
purification of non-volatile products.

Silica gel Gr type

60, and basic alumina, activity grade 1, were used for the
preparative plates and columns.

Visualization was achieved

by spraying with 50% sulfuric acid/ethanol and heating
except in those cases noted below.

Volatile products were

isolated and purified by gas chromatography with a Varian
aerograph, model 90-P chromatograph equipped with a 15 ft x
.25 in column, packed with 20% Carbowax 20M on Chromosorb P.
Tetramethylethylenediamine (TMEDA) and THF were
distilled from LiAlH^.

TMEDA, the less hygroscopic solvent,

remained anhydrous for several months when stored under
argon over molecular sieves.
prior to use.

THF and pentane were distilled

n-Butyllithium solution in hexane (2.4 M)
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was used as received from Alfa Inorganics.

Phthaladehyde,

cyanogen bromide, benzonitrile, and trimethylacetonitrile
were used as received from Aldrich Chemical Company.

All

other reagents were purified by standard methods.
Preparation of Dianions
Dianion I was prepared and crystallized in 18 x 150
mm test tubes filled with argon and tightly capped with a
rubber septum.

To these tubes was added 22 mmol (8.8 ml)

of 2.4 M n-butyllithium in hexane, followed by cooling in an
ice bath and addition of 22 mmol (3.2 ml) of tetramethylethylenediamine (TMEDA).

Heat was evolved upon addition and

a white precipitate formed which dissolved upon shaking.

To

this cooled solution was added 11 mmol (1 ml) of condensed
isobutylene by syringe cooled in a dry ice/acetone bath.
The solution was set aside until crystallization was
complete, ^3-7 days.

Just prior to use, the crystallized

dianion was purified by removal of the supernatant by
forcing the liquid through an 18 gauge needle under a posi
tive pressure of argon.

The precipitate was washed with dry

pentane, the pentane removed, and the precipitate dried in a
stream of dry argon.

The yield, necessary for determining

the weight of electrophile to be used, was determined by
weighing the dried anion.

It was assumed that the pre

cipitate consisted of a 1:2:2 complex of isobutylene
dianion:TMEDA:Li, molecular weight 300.386 g/mole, by
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analogy with the dianion from 1,5-hexadiene whose composi
tion was established by an X-ray study (77).

The dianion

was then dissolved in THF and added to the reaction mixture
by syringe or dropping funnel.

Yields of the dianion

ranged from 30 to 70%.
Dianion II was prepared analogously from either cisor trans-2-butene.

Crystallization was complete in 3-5 we

weeks and yields of the dianion ranged from 25-35%.
Reactions of Dianions I and II
The reactions, unless otherwise noted, were run in
an argon filled, septum capped 250 ml round bottomed flask
equipped with a magnetic stirrer, to which 100 ml of dry
pentane and 50 ml of dry THF had been added.

Reactions were

conducted with rapid stirring by adding the dianion solution
dropwise through the rubber septum by a syringe equipped
with an 18 gauge needle.

Although workups varied, in all

cases the removal of low boiling solvents, ether and/or
pentane, was accomplished by fractional distillation through
a 3-foot tantalum wire column.
Reaction of I with Benzaldehyde
To 3.03 mmol (0.660 ml) of benzaldehyde in 125 ml of
dry pentane in a dried, argon filled 250 ml round bottomed
flask equipped with a magnetic stirrer and tightly capped
with a rubber septum was added 1.52 mmol of dianion I
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complex in 2 ml of THF.

The yellow mixture was stirred

for 1 hr and then quenched with 0.5 ml of water.
The mixture was decanted, the residue washed with
ether, and the layers combined, dried over magnesium
sulfate,' and low boiling solvents removed.

Higher boiling

solvents, THF and some TMEDA, were removed by vacuum
distillation (0°, 1 mm).
The mixture was purified by two methods.

Initially,

the components were separated by tic on basic alumina using
chlorobenzene as eluent.

Three compounds isolated were

3-methyl-l-phenyl-2-buten-l-one (XLVI, Rf 0.7), 3-methyll-phenyl-3-buten-l-ol (XII, Rf 0.5), and the desired
diadduct, 3-methylene-l,5-diphenyl-l,5-pentanediol (XI,
Rf 0.35).

Identification of the first two products were

made on the basis of spectral data reported for a previous
synthesis.
Compound XII, NMR (Figure 1, CC14):61.71 is, 3H),
2.1 (b, 1H), 2.35 (d, J = 7 Hz, 2H), 4.67 (t, J = 7 Hz, 1H),
4.78 (m, 2H), 7.20 ppm (s, 5H).

Lit. (78) 61.61 (d, 3H),

2.29 (d, 2H), 3.78 (s, 1H), 4.61 (t, 1H), 4.7 (m, 2H),
7.15 ppm (m, 5H).
Compound XLVI: (CD3COCD3) 61.86 (s, 3H), 2.07 (s,
3H), 6.54 (m, 1H), 7.05 -8.00 ppm (2m, 5H).

Lit. (78)

61.83 (d, 3H), 2.12 (d, 3H), 6.7 (m, 1H), 7.1-8.0 ppm
(2m, 5H).

0 Hi

Figure 1.

NMR spectrum of XII — 6 4.52, impurity.
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Compound XI, a mixture of diiasteromers, was
identified by NMR (Figure 2, CACl^): 52.5 (d, J = 7 Hz, 4H),
3.16 (b, 2H), 4.8 (t, J = 7 Hz, .5H), 4.92 (t, J = 7 Hz,
.5H), 4.98 (s, 2H), 7.2 ppm (s, 5H).
C18H20°2: C' 80-35'' H' 7-51-

Anal. Calculated for

Found: C, 80.35; H, 7.34.

Chromatography on silica gel with diethyl ether as
eluent separated the diadduct XI (76%) into two fractions,
Rf. 0.8 and 0.75 respectively, presumably due to the dl and
meso diastereomers.
in 17% yield.

The monoadduct XII, Rf 0.95 was formed

Yields were calculated by NMR using 1,4-

dioxane as an internal standard.
Note: Yields by NMR were previously attempted using
a dihalomethane as internal standard.

This proved

inaccurate when traces of TMEDA were present, for the
halide formed a quaternary ammonium salt with the tertiary
amine and dropped out of solution, thereby allowing calcula
tion of inordinately high yields.
Reaction of I with Benzophenone
To the flask prepared as previously described was
added 5.83 mmol (7.39 g) of benzophenone followed by the
dropwise addition of 2.94 mmol of dianion I complex in 4 ml
of THF.

The reaction was stirred for 30 min and then

quenched with 1 ml of water.

The pentane layer was

decanted, the residue washed with ether, the organic phases

200
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Figure 2.

NMR spectrum of XI.
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combined and dried with magnesium sulfate, and the solvent
removed by rotary-evaporation.
The bulk of the monoadduct, 3-methyl-l,1-diphenyl3-buten-l-ol (XIV, 28%) was separated from the reaction
mixture by distillation in a Kugelrohr distillation
apparatus (180°, 1 mm, 5 hr).

Preparative tic on basic

alumina with carbon tetrachloride as eluent allowed separa
tion of 1,1,5,5-tetraphenyl-3-methylene-l,5-pentanediol
(XIII, 69%, Rf 0,21) from the remaining monoadduct XIV
(Rf 0.3) and unreacted benzophenone (Rf 0.65).

The

diadduct XIII was isolated as a yellow oil which crystalized
upon chilling.

It was recrystalized from benzene/petroleum

ether, mp 122-124° and identified by NMR (Figure 3, CDCl^):
67.2 (s, 20H), 4.65 (s, 2H), 3.15, variable (b, 2H), 2.78
(s, 4H),

The monoadduct XIV previously unprepared, was

identified by NMR (CDCl^): 67.2 (s, 10H), 4.65 (s, 2H),
3,2 variable (b, 1H), 2.78 (s, 2H), 1.3 ppm (s, 3H),
Reaction of I with Acetone
To a flask prepared as previously described was
added 5.42 mmol (0.397 ml) of freshly dried acetone
followed by dropwise addition of 2.71 mmol of dianion I
complex in 4 ml of THF.

The solution was stirred for 30

min and quenched with 0.5 ml of water.

The pentane was

decanted, the residue washed with ether, the organic
layers combined and dried over magnesium sulfate, and the

200

400

0 Hi
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Figure 3.

NMR spectrum of XIII.
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low boiling solvents removed.

The THF was removed by vacuum

distillation (20°, 1 mm).
Two products were isolated from the reaction mixture
by preparative tic on silica gel with 10% ether/methylene
chloride as eluent, 2,6-dimethyl-4-methylene-2,6-heptanediol
(XV, 60%, Rf 0.3) and 4-methylene-2-methyl-2-pentanol
(XVI, 12%, Rf 0.6).

The alcohols were identified by NMR,

XV (Figure 4, CDCl^): <54.82 (s, 2H), 3.2, variable (b, 2H),
2.38 (s, 4H), 1.1 ppm (s, 12H).

XVI (CDC13): 64.8 (s, 2H),

4.1, variable (b, 1H), 2.4 (s, 2H), 2.15 (s, 3H), 1.1 ppm
(s, 6H).
mp 78°.

Diadduct XV was recrystallized from benzene,
Anal. Calculated for

IQH2202: C' 69.72; H, 11,70.

c

Found: C, 69.59; H, 11.80.
Reaction of I with Acetophenone
To a flask prepared as previously mentioned and
chilled to -78° was added 4,67 mmol (0.545 ml) of
acetophenone followed by dropwise addition of 2.34 mmol
of dianion I complex in 5 ml of THF.

The solution was

stirred for 60 min at -78", allowed to warm gradually to
room temperature, and quenched with 0.5 ml of water.

The

pentane layer was decanted, the residue washed with ether,
the organic layers combined, dried over magnesium sulfate,
and the low boiling solvents removed.

The remaining THF

was removed by vacuum distillation (0°, 1 mm).

0 Hi
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Figure 4.
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Preparative tic on silica gel with methylene
chloride as eluent allowed separation of two products,
2-methyl-4-phenyl-l-penten-4-ol (XVIII, 38%, Rf 0.8) and
4-methylene-2,6-diphenyl-2,6-heptanediol (XVII, 48%, Rf 0.
The products were identified by NMR.

XVIII (CDCl^): 67.2-

7.6 (m, 5H), 5.5 variable (b, 1H), 4.68 (s, 2H), 2.61 (s,
2H), 1.52 ppm (s, 3H).

XVII (Figure 5, CDC13): 67.2-7.6

Cs, 10H), 3.36, variable (b, 1H), 4.8 (s, 1H), 4.7 (s, 1H)
2.5 (m, 4H), 1.51 (s, 3H), 1.49 ppm (s, 3H).

XVII was

isolated as a yellow oil which crystalized upon standing.
It was recrystalized from benzene/petroleum ether, mp
88.5-90°.
8.16.

Anal. Calculated for

C20H24°2: C'

Found: C, 80.75; H, 8.12.
Reaction of I with Phthalaldehyde
A 250 ml round bottomed flask was equipped with a

25 ml dropping funnel containing 3.06 mmol (0.556 g) of
phthalaldehyde in 2 ml of THF and 2 0 ml of pentane, and
filled with 125 ml pentane.

Dianion I (3.06 mmol) in 4 ml

of THF and the solution of the dialdehyde were simultane
ously added and the solution stirred for 60 min and
quenched with 2 ml of water.

The solvents were removed

by vacuum distillation (50°, .03 mm).

50
Figure 5.
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Preparative tic on alumina with benzene allowed
isolation of 5,9-dihydroxy-5,6,8,9-tetrahydro-7-methylenebenzocycloheptane (XIX, 9%, Rf 0.5) and l-methyallyl-3hydroxy-1,3--dihydro-2-benzofuran (XX, 9%, Rf 0.5).

The

two compounds could not be separated by tic but were
identified by NMR (Figure 6, CCl^), XIX: 67.4-7.1 (m, 4H),
5.16 (m, 2H), 4.8 (s, 2H), 3.84, variable (b, 2H), 2.4
(d, J = 7, 4H),

XX: 67.4-7.1 (m, 4H), 6.3 (m, 1H), 5.16

Cm, 1H), 4.8 (s, 2H), 3.84, variable (b, 1H), 2.4 (d, J =
7, 2H), 1.8 ppm (s, 3H).
C, 75.76; H, 7.42.

Anal. Calculated for cx2H14°2:

Found: C, 76.31; H, 7.92.

Reaction of I with Allyl Chloride
To a flask prepared as previously mentioned and
chilled to -78° was added 7,39 mmol (0.603 ml) of allyl
chloride followed by dropwise addition of 3,70 mmol of
dianion I complex in 5 ml of THF.

The solution was stirred

at -78° for 1 hr and then allowed to gradually warm to room
temperature, followed by addition of 1 ml of water.

The

solution was extracted with 2 x 100 ml of NH^Cl solution
and 5 x 100 ml of water.

The aqueous layer was back

extracted with 1 x 50 ml of pentane, the organic layers
combined, dried with magnesium sulfate and the pentane
removed.

The components of the mixture were separated by

gc (140°, 30 ml/min) with the monoadduct, 2-methyl-l,5hexadiene, XXIV, having a shorter retention time (3,5

>H*

fuWitftrty!

5.0

Figure 6.
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min) than the diadduct, 5-methylene-l,8-nonadiene, XXIII
(8 min).
XXIV and XX were identified by NMR XIII (Figure 7,
neat): 65.6-6.24 (m, 2H), 5.0 (ddd, J = 2,6.5, 8, 4H), 4.8
(s, 2H), 2.14 ppm (s, 4H).
C, 88.16; H, 11.54.

Anal. Calculated for CinH^:
1U lb

Found: C, 87.94; H, 12.01.

NMR for

XXIV (neat): 65.52-6.2 Cm, 1H), 5.08 (dd, J = 1.5, 6, 2H),
4.82 (dd, J = 3,6, 2H), 4.69 (s, 2H), 2.1 (s, 4H), 1.71 ppm
(s, 3H).

Lit (79): 65.74 (1H), 4.93 (2H), 4.90 (2H),

4.60 (2H), 2.11 (4H), 1.71 ppm (3H).
Reaction of II with Allyl Chloride
Dianion II (6.60 mmol) in 16 ml of THF was added
to a flask prepared as previously mentioned containing
13.3 mmol (1.04 ml) of allyl chloride which had been cooled
to -78°,

The solution stirred at -78° for 1 hr, warmed to

room temperature, and was quenched with 1 ml of water.

The

solution was worked up as in the analogous reaction with I.
Two components were isolated by gc (60°, 30 ml/min), cisand trans-1,5-pentadiene (XXXVIII and XXXIX, 75%) and 1,6heptadiene (XL, 10%).

The dienes were identified by NMR,

XXXVIII and XXXIX (Figure 8, CDC13): 66.2-5.3 (m, 1H), 5.6
(m, 2H), 5.21 (dd, J = 1,6, 1H), 4.96 (d, J = 2, 1H), 2.3
Ct, J = 2, 4H), 1.78 ppm (d, J = 7, 3H).

XL (CDC13):

56,2-5.3 (m, 2H), 5.6 (m, 4H), 2.3 (t, J = 7, 4H), 1.8 ppm
(t, J = 7, 2H).
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Reaction of I with Ethylene Oxide
A flask prepared as previously mentioned was cooled
to -78° and to it was added 6.47 mmol (0.322 ml) of
condensed ethylene oxide by cooled syringe, followed by
3.22 mmol dianion I complex in 2 ml of THF.

The mixture

was allowed to stir at -78° for 30 min, at 0° for 30 min,
and was finally allowed to warm to room temperature.

At

this point it was quenched by 0.5 ml water, the pentane
layer decanted, the residue washed with ether, and the
organic layers combined and dried over magnesium sulfate.
The low boiling solvents were removed as described and THF
removed by vacuum distillation (0°, 1 mm).

The monoadduct,

2-methyl-l-penten-5-ol (XXIX, 5%), and TMEDA were removed
by vacuum distillation (70°, 1 mm).

The diadduct, 4-

methylene-1,7-heptanediol (SSVIII, 80%), was purified by
vacuum distillation in a micro-Hickman distillation
apparatus (120°, 1 mm).

XXVII was identified by NMR

(Figure 9, CD^COCD^): 64.78, variable (b, 2H), 4.31 (s, 2H),
3.6 (t, J = 6, 2H), 2,05 (m, J = 6,7, 2H) f 1.72 ppm (m,
J = 7, 2H).
11.18.

Anal, Calculated for CgH^gO: C, 66.63; H,

Found: C, 66.33; H, 10.88.
The monoadduct XXIX was also identified by NMR

(CD3COCD3): 65, variable (b, 2H), 4.21 (s, 2H), 3.5 (t,
J = 6, 2H), 1.95 Cm, 2H), 1.78 (s, 3H), 1,62 (m, 2H).
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Reaction with One Equivalent of Ethylene Oxide
To a flask prepared as previously mentioned and
chilled to -78° was added 7.65 mmol of dianion I complex in
4 ml of THF.

To this stirred, heterogeneous mixture was

added 6.88 mmol (0.344 ml) of ethylene oxide in 20 ml of
THF at -78°, by cooled syringe.

The mixture was stirred

for 15 min at -78°, quenched with 1.5 ml of water and
stirred for an additional 45 min, gradually warming to room
temperature.

The solution was decanted, dried over

magnesium sulfate; volatile solvents removed by distillation
and THF by vacuum distillation (0°, 1 mm).

Analysis of

the crude reaction mixture showed a 4:1 ratio of monoalcohol to diol.

The monoalcohol XXIX and TMEDA were

removed by vacuum distillation (70°, 1 mm).
The separation of XXVIII and XXIX can also be
effected by thin layer chromatography on silica gel with
ether as eluent, Rf 0.45 for XXVIII, Rf 0.2 for XXIX.

The

alcohols were difficult to visualize by sulfuric acid
charring and two alternative methods were investigated,
Ceric ammonium nitrate reagent [8g (NH4)£CeCNO^)^
in 20 ml of 2N HNO^J when sprayed on the eluted plates and
heated gave white spots on the otherwise yellow plate,
showing the presence of hydroxylic compounds.

Visualiza

tion, while improved, was still fairly difficult.
Use of 15 ml of diphenylpricrylhydrazyl in 3 0 ml
of chloroform as a spray for developing small molecular
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weight alcohols, followed by heating, was quite satis
factory.

To increase the lifetime of the DPPH spray, it

should be protected from light and refrigerated.
Reaction of II with Ethylene Oxide
To a flask prepared as previously mentioned and
chilled to -78° was added 14.0 mmol (0.703 ml) of ethylene
oxide with stirring followed by the dropwise addition of
7.03 mmol of dianion II complex in 15 ml of THF.

The

solution was stirred at -78° for 1 hr, warmed to room
temperature and quenched with 1 ml of water.

Workup

consisted of 2 x 100 ml extractions with NH^Cl solution,
followed by removal of volatile solvents.

The aqueous layer

was continuously extracted for 48 hr with ether.

The ether

layer was extracted with 1 x 100 ml of NH^Cl solution and
the solvents removed.

The organic layers were combined and

the remaining THF removed by vacuum distillation (-2°,
4 mm).

The products were separated by gc (150°, 60 ml/min)

were 3-methyl-l-penten-5-ol (XLI, 57%, retention time,
28 min), cis-4-hexen-l-ol (XLII, 18%, retention time, 33
min), and trans-4^-hexen-lT-ol (XLIII, 25%, retention time,
43 min).

The products were identified by NMR.

XLI (Figure

10, neat): 65.6 Cdddd, J - 2,3,6.5,7, 1H), 4.71 (dd, J =
2,6.5, 1H), 4.5 (dd, J = 2,3, 1H), 4.2 (b, 1H), 3.5 (t,
J = 6, 2H), 1,54 (m, J = 6,7, wH), .92 ppm (d, J = 7, 3H).
XLII (Figure 11, CDCl-j): 6 5.8-4.8 (m, 2H), 3.6 (t, J = 6.5,
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NMR spectrum of XLII, contaminated with XLI

2H), 3.0 (b, 1H), 2.38 (d, J = 1.5, t, J = 6.5, 2H), 1.75
ppm (m, 5H).

XLIII (Figure 12, CDCl^): 65.6-5.3 (m, 2H),

4.08 (b, 1H), 3.6 (t, J = 6.5, 2H), 2.4-2.0 (m, 2H), 1.58
(m, 5H).
Reaction of I with Epichlorohydrin
A 250 ml, 3-necked round-bottom flask was equipped
with 2 septa, a 2 4-ml dropping funnel and filled with
100 ml of pentane and 50 ml of THF.

To the flask, flushed

with argon and cooled to -78°, were added simultaneously
2.68 mmol (0.99 ml) of epichlorohydrin in 25 ml of THF via
dropping funnel and 2.6 8 mmol of dianion complex in 10 ml
of THF by syringe.

The mixture became blue and was stirred

at 0° for 30 min, becoming turquoise.

After stirring for

30 min, it became yellow and remained so even after
quenching with 1 ml of water.

The solution was decanted,

the residue washed with diethyl ether and the solvents
removed.

The major product was trans-3-chloro-2-penten-

l-ol, XXX, identified by NMR (CDC13): 66.2 (d, J = 13, 1H),
5.85 (dd, J = 5, 13, 1H), 5.58 (b, 1H), 3.95 ppm (d, J = 5,
2H).

Lit. (80) 66.24 (1H), 5.85 (1H), 3.96 (2H), 4.03 ppm

(1H).
Reaction of I with Benzonitrile
To a flask prepared as mentioned previously and
chilled to -78° was added 13.2 mmol (1.34 ml) of benzoni
trile, followed by the dropwise addition of 6.59 mmol of

/

Figure 12.

NMR spectrum of XLIII, contaminated with XLI and XLII.

dianion I complex in 10 ml of THF.

The reaction mixture

turned deep red and was allowed to stir for 45 min at 78°
and was then allowed to warm gradually to room temperature.
The reaction mixture was quenched with 2 ml of water, at
which time it turned yellow.

It was then added by 1 ml

aliquots to a vigorously stirred NH^Cl/ice-water solution.
The solution was allowed to warm to room temperature and
was then neutralized with sodium bicarbonate and extracted
with 100 ml of ether.

The organic phase was dried over

magnesium sulfate and the low boiling solvents removed.

The

remaining THF was removed by vacuum distillation (0°, 1 mm).
The products, separated by tic on silica gel with methylene
chloride, were 2,6-diphenyl-4-methylpyridine (XLV, 85%,
Rf 0.9) and 2-methyl-4-phenyl-2-buten-4-one (XLVI, 5%,
Rf 0.6).

The pyridine XLV was identified by NMR (Figure 13,

CDC13): 68.1 (m, 4H), 7.33 (m, 8H), 2.34 (s, 3H).

Lit.

(81): 8.15 (4H), 7.4 (8H), 2,4 ppm (3H); IR: (Figure 14,
CHC13), 2990, 1601, 1570, 1380, 1210, 1050, 990 cm"1; and
Mass Spectrum: rn/3 245 (parent), 230 (P -CH^), 115, 102, 77.
The ketone, XLVI, isolated previously from the
reaction of I with benzaldehyde, was identified by NMR
(CDC13): 67.1 (m, 2H), 8.0 (m, 3H), 6.7 (m, J = 1,5, 1H),
2,12 (d, J = 5, 3H), 1.83 ppm (d, J = 1, 3H).

Figure 13.
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Reaction with Benzonitrile, Alternative Quench
A solution of benzonitrile and dianion complex was
prepared and reacted as previously described.

However,

instead of quenching with 2 ml of water, followed by
addition to an NH^Cl/ice-water solution, the anionic
solution itself was added by aliquots to a vigorously
stirred ice water solution made slightly acidic with
glacial acetic acid.

The solution was extracted after

10 hr with ether after neutralization with sodium bicarbo
nate.

The organic phase was dried over magnesium sulfate

and the low boiling solvents removed.
by vacuum distillation (0°, 1 mm).

The THF was removed

Analysis of the crude

reaction mixture gave as the major product, XLV.
Reaction of 1" with Trimethylacetonitrile
A flask was prepared, chilled to -78° and to it was
added 25 mmol (2.14 g) of trimethylacetonitrile followed by
the dropwise addition of 12.5 mmol of dianion I complex in
6 ml of THF.

Reaction did not appear to begin until the

solution was heated above 30°.

The solution was quenched

with 2 ml of water after refluxing 4 hr at 30°.

The solution

was dried and the solvents and unreacted trimethylacetoni
trile removed by distillation.

The remaining solution was

extracted with 2 N HC1, the pH of the aqueous solution
increased to 10 and extracted with ether.

The desired

product, 2,6-di-t-butyl-4-methylpyridine (L, 30%), was
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obtained after removal of the solvent by vacuum distilla
tion (90°, 1 mm).
point.

L was identified by NMR and by melting

NMR (Figure 15, CDCl^): 56.87 (s, 2H), 2.25 (s,

3H), 1.35 ppm (s, 18H);

mp. 40°-41°.

Reaction of I with Acetonitrile
To a flask prepared as described and chilled to -78°
was added 20.5 mmol (1.07 ml) of acetonitrile, followed by
dropwise addition of 10.24 mmol of dianion complex in 8 ml
of THF,

The yellow solution was stirred at -78° for 60

min, warmed gradually to room temperature, and quenched
with 2 ml of water, stirring for 10 min after quenching.
One ml aliquots of the reaction mixture were added to NH^Cl/
ice-wat^r solution with vigorous stirring.

After stirring

overnight, the solution was extracted with ether and the
solvents removed.

Analysis of the crude reaction mixture

(.1 g) showed the presence of 3,y- and a,3-unsaturated
ketones, which were not isolated.
Reaction of I with Cyanogen Bromide
To a flask prepared as previously mentioned was
added 30,7 mmol (3.24 g) of cyanogen bromide and the
solution chilled to -78°.

Dianion I complex (11.8 mmol)

in 5 ml of THF was added and the clear solution was allowed
to stir at -78° for 1 hr, becoming gradually an opaque
orange.

It was then allowed to warm to room temperature,

turning a deep brown.

The reaction was quenched with 1 ml

Figure 15.

NMR spectrum of L.
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of water, and excess cyanogen bromide destroyed by 2 x 100
ml of saturated potassium iodide solution and 2 x 100 ml of
saturated sodium thiosulfate solution.

The aqueous layers

were back extracted with pentane and the organic layers
combined, dried over magnesium sulfate, and the pentane
removed.

The reaction mixture purified by gc (60°, 40 ml/

min) contained only one product, 2,5-dimethyl-l,5-hexadiene
(LII, 15%).

The hexadiene was identified by NMR (neat):

<54.78 (s, 2H), 2.2 (s, 2H), 1.2 (s, 3H).

Lit. (82): 64.69

(s, 2H), 2.13 (s, 2H), 1.71 ppm (s, 2H), and by IR: 3000,
1148, 1440, 1470, 1060, 890 cm"1.
When the reaction was run using slightly less than
a 2:1 ratio of cyanogen bromide to the dianion complex and
was not followed by potassium iodide, sodium thiosulfate
washes,

gc of the mixture allowed separated of only one

product from the reaction.

This product, produced in low

yield, appeared by NMR and IR to be 1,4-dimethylenecyclohexane LI.
(s, 4H).

NMR LI (Figure 16, neat): 64.74 (s, 2H), 2,30 ppm

IR (Figure 17, CHC13): 2930, 1670, 1440, 1364,

1210, 1162, 1060, 893 cm"1.

Lit. (79): 2930, 1655, 1440,

1315, 1180, 1160, 895 cm"1.
Reaction of I with Iodine
To a flask prepared as previously mentioned was
added 23.7 mmol (.6 g) of iodine and the solution chilled to
-78°.

The solution was stirred vigorously and 8.48 mmol

5 0

Figure 16,

ppm ' V

40

NMR spectrum of LI — Peaks at 2,08-1, 3.7 ppm are due to impurities.
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of dianion I complex in 6 ml of THF was added in dropwise
fashion.
orange.

The dark solution gradually decolorized and became
It was allowed to stir at -78° for 1 hr and was

then allowed to warm gradually to room temperature.

The

solution was quenched with 2 ml of water and was extracted
with 2 x 100 ml of sodium thiosulfate solution, 2 x 100 ml
of NH^Cl solution and 9 x 100 ml of water to remove
remaining THF.
distillation.

The pentane was removed by fractional
The major product, isolated by gc (60°,

40 ml/min) was 2,5-hexadiene (LII, 10%), identified by
NMR and by comparison of gc retention times with an authen
tic sample.
Reaction of I with 1,2-Dibromoethane
To a flask prepared as previously mentioned and
chilled to -78° was added 17,9 mmol (1.54 ml) of 1,2dibromoethane followed by 6,89 mmol dianion I complex in
5 ml of THF.

The solution was stirred for 45 min at -78°,

warmed to room temperature and quenched with 2 ml of water.
The reaction mixture was extracted with 2 x 100 ml of NH^Cl
solution and 9 x 100 ml of water.

The organic layers were

combined, dried over magnesium sulfate, and the volatile
solvents removed.

The only product isolated by gc (60°,

40 ml/min) was LII, identified by comparison of its reten
tion time with that of an authentic sample.
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Reaction of II with 1,2-Dibromoethane
To an argon filled septum capped 250 ml roundbottomed flask was added 125 ml of n-butyl ether and 15
mmol (1.32 ml) of dibromoethane and the solution chilled to
-78°.

To this solution was added 7.5 mmol of dianion II

complex in 6 ml of TMEDA.

The solution was periodically

warmed to 0° to allow the dibromoethane to go back into
solution.

The reaction was allowed to stir for 3 0 min and

was then fractionally distilled into a chilled receiver.
The major product, isolated by gc (50°, 30 ml/min) was
butadiene, 33%.
Co-Reaction of I with Benzaldehyde and
Ethylene Oxide
'
To a flask prepared as previously mentioned and
chilled to -78° was added 1 equivalent of dianion complex
(usually 6 mmol) in 5-10 ml of THF.
1.

One equivalent of benzaldehyde in 2 5 ml of THF was
added dropwise and the solution stirred at -78° for
a set length of time (see Table 3 for conditions),
then one equivalent of ethylene oxide in 15 ml of
THF was added dropwise.

The solution was allowed

to stir at -78° for 45-60 min and was then allowed
to warm to room temperature, followed by quench
with 1 ml of water.
2.

One equivalent of ethylene oxide in 25 ml of THF
at -78° was added dropwise and the solution allowed
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to stir at -78° for a set length of time, then 1
equivalent of benzaldehyde in 25 ml of THF was
added dropwise.

The solution was allowed to stir

at -78° for 45 min and was then allowed to warm to
room temperature, followed by a quench with 1 ml of
water,
3.

One equivalent each of ethylene oxide and
benzaldehyde in 25 ml of THF at -78° were added
dropwise and the solution allowed to stir at -78°
for 45-6 0 min.

The solution was then allowed to

warm to room temperature and was quenched with 1 ml
of water.
The pentane layer was decanted, the residue washed
with ether and the organic phases combined, dried over
magnesium sulfate, and the solvents removed.
The products of the reaction were separated by tic
on silica gel with ether as eluent.

Rf's for the various

alcohols are:
2-methyl-4-phenyl-l-buten-4-ol

0.95

3-methylene-1,5-diphenyl-l,5-pentan-diol

0.8

3-methylene-l-phenyl-l,6-hexanediol

0.6

4-methylene-l,7-heptanediol

0.45

2-methyl-l-penten-5-ol

0.2

Product ratios were determined by partial separation of
the product mixtures by tic.

The mixtures were separated
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into two fractions, one with the larger Rf contained XI,
XII, and some LVI; the other contained the remaining LVI
and XXVIII and XXIX.

Product ratios and molar yields were

calculated from the NMR spectra.
The mixed diadduct, 3-methylene-l-phenyl-l,6hexanediol, LVI, was a yellow oil, identified by NMR
(Figure 18, CDC13): 67.2 (s, 5H), 4.8 (s, 2H), 4.75 (t,
J = 7, 1H), 3.5 (t, J = 6, 2H), 2.65 (b, 2H), 2.5 (d, J = 7,
2H), 1.95 (m, 2H), 1.62 ppm (m, 2H).
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