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ABSTRACT

The reaction of a-halocarbonyl compounds with iron in
dipolar aprotic solvents to form Reformatsky-type inter-
mediates was'investigatea. Methods for making the reaction
of these intermediates with carbonyl acceptor compounds a
useful variation of the Reformatsky reaction were explored.

The reaction wasbshown to give conversions of the
precursors comparable to the classical Reformatsky reaction.
The problems enéountered in isolating product could not be
solved and prevented the development of a useful synthetic
method. Organometallic intermediate-dipolar aprotic sol-
vent complex formation and the wide solubility range of
polar solvents were central experimental problems.

A possible solution to the solvent problem, using a
co-solvent system, is described. A tentative investigation

of furan formation from c-haloketones Was made.
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INTRODUCTION

-The condensation reaction of an a-haloester and a
carbgnyl’compouna.in the presence of zinc was first re-
ported in 1887 by Fittig and Daimlerl and Reformatsky.2
The products of these first reactions were isolated as B-
hydroxyesters.

In his first publication on the subject, Reformatsky
suggested the following steps and intermediate for his
reaction (Scheme I).

SCHEME I

7nI
R + Zn-—> (CH,) ,CCH,CO,R (1)

2
[
H

ZnIOH + (CH3)2 CH2C02R (2)

,CO

_(CH3)2c=o + ICH,

2

‘In 1891 he extended the reaction to include other
ketones3 and in 18954 made the first report on the dehydra-
tion product, an o,B8-unsaturated ester,.and néted that
aldehydes do not react with a-chloroesters, but that o-
bromoesters will give a élbw reaction.

A three-step pathway was proposed by Reformatsky5 in

1896 (Scheme II; X may be Br or I).
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SCHEME II

1 F1

XCCO,R + Zn —> XZnCCOzR (3)
2 I 2
T3 31
I + ?=O-—-———>XZnOi—iC02R (4)
Ry 11 RaR
%31
II + H,0 —->HOé—iC02R + XZnOH (5)

472

Dain6 obtained a zinc and bromine analysis on an
intermediate of Type I that was in fair agreement with the
formula. Dippy and Parkins7 obtained zinc and bromine
analyses on intermediates of Type II. Their values agreed
closely with theoretical values for several carbonyl ac-
ceptors which had been reacted with ethyl bromoacetate and
ethyl o-bromopropionate.

Although Reformatsky proposed a pathway for the reac-
tion in 1896, actual mechanistic studies were not under-
taken until 1942. Newman,8 working with acetomesitylene,
methyl bromoacetate (MBrAc), and zinc, found that methyl
acetate could be distilled from the reaqtion mixture
before hydrolysis or following hydrolysis mesitylene and
methyl acetate could be recovered. When no ketone was
present a negligible amount of methyl acetate was iso-

lated before hydrolysis. This led to a proposition in which

the ketone dehalogenates the ester through an enolization
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process:

co,CH, + Zn ——> BrZnCH,,CO,CH

2

)
e )
+ (R)ZCH@R-—%>Ban[(R)ZC;;@R] + CH,CO,CH

BrZnCH 3CO,CH, (7)

CO,CH

2772773

Subsequéntly, Hussey and Newman9 found that other o-
bromoesters react with zinc when no carbonyl acceptor is

present to give reduced esters upon hydrolysis. A second

R
R + BanéBrCO R (8)

R + BriHCO 2 2

R R
Ban('.‘_HCO R—> Hzéco

2 2
dehalogenation mechanism, in which the necessary proton is
taken from a mOlecule-of unreacted oa-bromoester, was pro-
posed (Formula 8).

Using mono- and poly-halogenated ethyl acetic esters,

10 showed the ease of reaction of a-.

Miller and Nord
haloesters to be:

BrCHZCOZR >> ClCH2C02R > C12CHC02R > C13CC02R

They concluded,the halogen leaves the ester as an anion.

In a better proof of this, McBee, et gi.,ll used ethyl

bromofluoroacetate in reaction with carbonyl compohnds to

give o-fluoro-f-hydroxy esters. They proéosed the follow-

ing mechanism to form an enolate anion. -
Znt

<)

ROﬁ§CH2—/;\NMClz———---—>an(B 5] } =CH2 + XMCl2 (9)
R

The yields obtained by varying the ester group have

been studied by Fuson and Thomas12 and Newman and Evans.13
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Using substituted pheny1 esters on straight-chain and
braﬁched alkyl systems, both research groups reached the
same conclusion; i.e., the ester group has little electronic
effect on reaction but the reaction is highly sensitive to
steric effects from substituents in the ester position.

In working out the stereochemistry of the Reformatsky
and Ivanov reactiqns, Zimmerman and Traxler14 assumed both
reactions to have similar intermediate organometallic
structures:

R'  0OZnBr OMgBr

L= and ArCH=<;
" Et 111 MgBr

They gave a convincing proof of the configurations of the
erythro-threo isomers (which are possible if the carbonyl
acceptor is properly substituted at the carbonyl group and
the o-haloester is properly substituted at the a-carbon
atom so that upon reaction the two adjacent asymmetric
centers are established). Working with the Ivanov reaction,
they isolated both isomers in different yiélds. They pro-
posed a:six-memberea ring transition state which would also

apply to theAReformatsky reaction15 (drawn in the chair

R'—'J} S _-ZnBr
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form) .

bThat Zimmerman and Traxler were correct in assuming
that the initial ester intermediate is a bromozinc enolate
has been borne out by further work. Vaughn, et gl.,l6 cite
infrared studies and comment on differences of reactivities
of zinc alkyls versus Reformatsky reagents toward carbonyl

18,19 concur

substrates. Gaudemar17 and Gaudemar and Cure
in this; however, they point out that metal enolates cannot
be characterized simply by infrared studies.

In a generalization, House20

refers to the Reformatsky
reaction as a type of aldol condensation. He is correct in
that enolate anions are formed in both reactions and these
anions will react with an electrophilic carbonyl-carbon
atom.y However, the anions differ in their mechanism of for-
mation and in their subsequent reaction.

Shriner21 and House20 give brief discussions of the
synthetic usefulness of the Reformatsky reaction. In re-
cent years the definition of what constitutes a Reformatsky
reaction has been greatly expanded to include, for example,
oa-halo amides?? and nitriles.23 It would be impractical in
this introduction to mention all the work which has been
done on the Reformatsky reaction. The remaining portion of
the introduction is devoted to various studies and observa-

tions that apply or are pertinent in a direct manner to the

development of the present work.

When synthesizing B-hydroxy amides, Cure and
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Gaudemarlg’22

found they could obtain satisfactory yields
only if hexamethylphosphoramide (HMPA) was used as solvent
in place of methylal.

While studying the reaction of organocadmium reagents
with a-halocesters, Jones and Young24 found increased yields
when tetrahydrofuran (THF) was used as solvent in place of
diethyl ether (ether).

.In studying the formation of bromozinc enolates
Vaughan, et gl.,IG recognized that the solvent system may
be of great importance in obtaining a good yield of enolate.
They referred to experiments being conducted in their lab-
oratory, using THF in place of benzene, which have not yet
been reported.

In their'study of the Reformatsky reaction, Miller and

Nordlo'25

observed the catalytic effect of metals and metal
salts. They found no éerovalent metal that would help pro¥
mote the reaction, but mercuric chloride and cuprous and
cupric chloride, to a lesser eXtent, would speed up the
reaction and give better yields. Other inorganic salts
tested were SnClz, SnCl

SbBr3, MnClz, CrCl CoClz, and

4’ 3
halides of iron and nickel. They noted;that éuprous, cupric
mercuric and presumably silver ions are substances which
effectively activate reactions involving separation of a
halide ion from an organic radical by complex formation.

They explain the inactivity of iron and nickel halides by

comments about the significance of relative sizes of donor
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and acceptor centers and steric factors.
In the course of studying the methylation of o-bromo
ketones using methyl iodide and zinc, Spencer, et él.,26

found furan formation with some a-bromocarbonyl compounas:

By ﬁ CH 4CH, CH,
2 chbu-t-ca cn,=2Br / \ + H,0  (10)
3 2593 - 2
CH CH.,CH
3o 273

A 10% dimethylsulfoxide (DMSO)—benzehe cosolvent system
was used.

. . . . 27,28
This reaction has also been run with magnesium;
but in addition to the furan (Formula 10) a B-hydroxy
ketone was obtained and the reaction was not quantitative,

based on a-halocarbonyl, as was the zinc reaction. In a

review on metal carbonyls, Ryang28 suggests the mechanism

SCHEME III
1 1
va I F o i
RCCH + Ni(CO)4——-——9iR H or RG © NiBr (11)
\
\Br iBr CHR'

Jg

r

N
R' R '
(/ \5 '<;————~——-REng;;H<%~——-R@CH dﬁ?r (12)
R R f R'ONiBr

0

is similar to a nickel carbonyl reaction (Scheme III).
Isolated intermediates have shown the epoxide structure and

the reaction proceeds better in polar media.
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During research on the transition metal promoted Wurtz
coupiing reaction of allylic and other potentially re-
active halides, Hall and Hurley29 observed that chloro-
acetone gave an unexpectedly low yield of 2,5-hexanedione,
even though the conversion of chloroacetone was essentially
complete. Hall and DePuy30 showed that the reaction of iron
metal in N,N-dimethylformamide (DMF) or N-methyl-2-pyrol-
idone (NMP) solvents leads to a Reformatsky-type organo-
metallic intermediate. When the intermediate was allowed to
react with benzaldehyde it gave 4-phenyl-4-hydroxy-2-buta-
none and the dehydratéd product 4—phenyl—3—butene—2—one.

In contrast to the above, bromoacetone has been reported
not to react with zinc in traditionally used solvents to
give Reformatsky products;31

Kim32 found that usiﬁg DMF in place of toluene or
cyclohexane gave markedly increased yields when oa-chloro
acids and esters were allowed to react with zinc. He attri-
buted the increased reactivity to increased solvation of
the’ihtermediate complex. With DMF as solvent no pretreat-
ment of the zinc is required as in the usual prccedures.

Further experiments by Hall and Hurley using chloro-
acetone, methyl chloroacetate (MClAc) and benzaldehyde over
iron brought out the following facts and observations.
Chloroacetone reacts much more rapidly than MClAc, which
requires sodium iodide or lithium bromide catalysis. This

holds true whether or not the carbonyl acceptor is present.
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If iron is not present, the reagents are stable under reac-
tioﬁ conditions (DMF or NMP solvent, 120°C, 16 hrs). The
reaction run in benzene shows no conversion of a-halo-
carbonyl. The consumption of iron is not related to con-
sumption of a-halocarbonyl by a simple stoichiometric fac-
tor. There were varying amounts of by-products, e.g., in
the chloroacetonelcase; 2,5-hexanedione (Wurtz coupling), a
matefial tentatively identified as 5-chloro-4-methyl-4-
hydroxy-2-pentanone (self condensation) and acetone. The
previous literature contains no report of a Wurtz‘coupling
product of an a-haloketone. In all cases the final reac-
'tion mixture either contained, or was, a dark tarry viscous
liquid. This tar prevented isolation of the products in a
yield comparable to that indicated by gas liquid chroma-
tography (GLC), by which method most of the analyses were
done. No effective wofk4up procedure was found, though Hall
was slightly more successful than Kim, in his zinc activated
reactions. The best yields obtained with the iron reaction
were in the 50% range, compared to 50 to 80% for the classi-

cal reaction.-21

Until the work of Hall and DePuy30.and Kim32 the
Reformatsky reaction was limited to zinc, hydrocarbon or
ether solvents, and almost exclusively o-bromo esters and.

amides. Because of the greater availability of a-chloro-

carbonyl compounds it would be desirable to use them in
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place of a-bromocarbonyls; To use iron in.place of zinc
and.to not have to pretreat the metal would also offer
attractive synthetic possibilities.

It was the objective of the research described herein
to develop a useful synthetic procedure based on the back-
ground knowledge presented above. It was also hoped to
delineate the mechanism of the Reformatsky reaction and
espeéially the mechanism of the dipolar aprotic solvent-

iron modification of the reaction.
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EXPERIMENTAL WORK

The experimental work required in this investigation
consisted of the preparation and purification of reagents
and solvents, the running of reactions, and analysis of

these reactions during and after the reaction.

Reagents and Solvents

N,N-Dimethylformamide

DMF, reagent grade, from Eastman Kodak Company, was
distilled, at atmospheric pressure, through a 40-cm
Vigreux column into a receiving flask containing 5A molecu-
ler sieves (Linde Company). A center cut (143 to 145°) was
taken and the material stored in the stoppered flask until

use.

N-Methyl-2-pyrrolidone

NMP, practical grade, from Eastman Kodak Company, was
treated as in the DMF procedure (78 to 80° at about 15

torr).

11



T 1341 12

Dimethylsulfoxide

DMSO, analytical reagent grade, from Mallinckrodt

Chemical Works, was used as received.

Chloroacetone

Chloroacetone, technical grade, from Matheson Coleman
and Bell Company was used. Upon distillation at atmo-
spheric pressure, the material was shown to be decomposing
in the Vigreux column. It was then distilled at 40° at a
pressure of about 25 torr. This material became discolored
upon standing. (No comment was found in the literature on
chloroacetone decomposition.) A fresh distillation was

made before each use.

Methylchloroacetate

MClAc, technical grade, from Matheson Coleman and Bell
Company, was stirred over anhydrous magnesium sulfate, for

2 hr, filtered and distilled (41 to 42° at about 15 torr).

Methyl bromoacetate

MBrAc, reagent grade, from Eastman Kodak Company, was
treated in the same manner as was MClAc (38 to 39° at about

10 torr).

Benzaldehyde

Benzaldehyde, reagent grade, from Eastman Kodak
Company, was distilled at 73 to 75° at about 15 torr. A

constant boiling point fraction was taken for use.
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Iron

Iron, technical grade, from Baker and Adamson Company,
100 mesh, was used as received or treated by the method of
Afanasyev and Tsyganova.33 When treated,_an amount
slightly greater than needed was placed in a sintered glass
Buchner funnel, washed consecutively with 10% hydrochloric
acid, water, acetone, and ether. The iron was placed under

a vacuum, at room temperature, until needed.

Zinc
Zinc, technical grade, from Baker and Adamson Company,
20 mesh, was treated by a procedure adapted from Shriner's

21 The zinc is heated in concentrated sul-

review article.
furic acid, to which a few drops of concentrated nitric
acid have been added, at 110° for 15 min. The acid is
decanted from the zinc and washed consecutively with water,

acetone, and ether and then placed under a vacuum until

used.

2-Bromo-3-pentanone

A method adapted from two previous preparations by
Pauly34 and‘Rappe and Kumar35 was used for the preparation
of 2-bromo-3-pentanone. The method was basically that of
Pauly (addition of bromine to a hydrobromic acid solution
of 3-pentanone). However, the work-up procedure was that

of Rappe and Kumar, which used carbon tetrachloride extrac-

tion of the reaction mixture and product isolation by
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distillation. The N-bromosuccinimide synthesis of Rappe
ahd Kumar gave an impurity, which was not separable with
the distiilation apparatus at hand. The product was iden-
tified by infrared analysis and the purity was determined
by GLC analysis. The 2—bromo—3—pentanone decomposed rap-
idly upoh standing in the nearly pure form and, therefore,
was freshly distilled before use. A distillation cut of
greater than 98% purity could be obtained if a careful dis-
tillation procedure was followed, using a 40-cm Vigreux
column and reduced pressure. The final fraction was taken

at 58° at 15 torr.

2,4-Diethyl-3,5-dimethylfuran

The method of Spencer, Britton, and Watt26 was used to

prepare 2,4-diethyl-3,5-dimethylfuran. Fifty ml of benzene,
5 ml DMSO, 16.5 g 2-bromo-3-pentanone (0.100 mole), and
6.59 g zinc (0.100 g-atom) were placed in a 250 ml three-
necked flask, under a nitrogen atmosphere. The mixture was
stirred at room temperature for 24 hr with a magnetic
stirrer. At this time GLC analysis showed the disappear-
ance of 2-bromo-3-pentanone and appearance of a compensat-
ing product peak. This material was isolated by repeated
fractionation (46°, 1 to 4 torr). An infrared spectrum of
this material showed nothing contrary to the expected
structure and a proton magnetic resonance (PMR) spectrum

was in complete agreement with the data given by Dubois
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and ItzkoWitch27 for this compound.
The remaining materials used, such as acids, drying
agents, inert solvents, etc., were analytical grade

reagents and used as received unless otherwise noted.

Instrumentation

Infrared

Infrared spectra were obﬁained on a Perkin-Elmer 521
Grating Infrared Spectrophotometer. Solution analyses were
made using sodium chloride or Irtran-4 matched cells of
-0.2-mm path length. Carbon tetrachloride was used as the
reference solvent. Spectra of liquid smears were obtained
using sodium chloride plates for some of the non-

lachrymatory compounds.

Proton Magnetic Resonance

PMR spectra were obtained on a Varian model A-60A
instrument. Carbon tetrachloride was used as a solvent and

tetramethylsilane as an internal standard.

Gas Liquid Chromatography

Chromatographic analyses were done on an F & M model
720 dual column instrument. The columns used were made of
0.25-in. stainless steel (12 ft). The solid support was
Chromosorb-P (Hewlett-Packard no. 8501-6119). The station-

ary phase was either 15% Silicone Fluid SF-96 (Hewlett-
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Packard no. 8501-3420) or 10% Bentone 34 (organic substi-
tutea bentonite clay) (Hewlett-Packard no. 8501-0360).

All GLC analyses were done with the injection block
and thermoconductivity detector at 250°.

Extensive use was made of the programmed column temper-
ature feature of the instrument, with column temperatures

varying from room temperature to 180°.

Apparatus and Techniqué

In general, the reaction apparatus was a 3-necked,
-round-bottomed flask fitted with a condenser, nitrogen in-
let, and thermometer. To the top of the condenser was
attached eifher a drying tube packed with Drierite, or a
dry ice trap. In cases where temperature control was re-
quired, a Therm+*O-*Watch ,(IZR Corporation, model L-6) was
connected to the thermometer. Stirring was accomplished by
a Teflon blade overhead electric motor in the reactions in
which iron was used. A water-cooled ground glass stirrer
bushing was employea. A magnetic stirring bar was employed
when iron was not present. If addition of a reagent at an
elevated temperature was required, a pressure equalizing
addition funnel was added to the top of the condenser.
Heating was done by a heating mantle connected to a vari-
able transformer, which could be controlled by the

Therm+O*Watch.



T 1341 17

A generalized reaction procedure follows: The
required apparatus was set up and flame dried with a rapid
flow of nitrogen sweeping the flask. The solvent, metal,
and carbonyl acceptor, if used, were added at room tempera-
ture and heated to the reaction temperature. The oa-halo-
carbonyl compound was added rapidly from the addition funnel.
The reaction temperature was carefully observed to check
for exothermic reaction. Samples for GLC analyses were
taken initially and throughout the reaction as required by
means of an eyedropper. These samples were stored in 5-ml
vials. After the reaction was terminated, the reaction mix-
ture was allowed to cool with enough time given for the
solids to settle. The reaction mixture was decanted from
the metal into an erlenmeyer flask or filtered through a
sintered glass Buchner funnel and collected. When iron was
used, a magnet was held on the outside of the flask to
retain the iron. The metal was then rinsed with a weighed
amount of the same solvent used in the reaction and added
to the reaction mixture. The metal was washed with acetone
and ether and then dried.under vacuum and weighed.

The GLC analyses gave, to this poipt in the procedure,
the relative amounts of solvent, non-metallic reactants,
and non-organometallic products. Many of the experiments
were taken no further than this, either because no reaction
had taken place or the desired information had been ob-

tained. Where reaction mixtures were worked up or where
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various work-up procedures were tried they will be

described with the particular experiment.

a—Halocarbonyl—Metal Reactivity Experiments

A series of reactions, using no carbonyl acceptor, was
made to test for reaction of-different o-halocarbonyl com-
pounds with iron in DMF and NMP solvents. The reactions
were run for 300 minutes and contained 0.200 * 0.002 gram
atoms iron and 0.100 * 0.005 moles a-halocarbonyl.

The results are outlined in table I.

A similar reaction using zinc and MClAc, at 100°,
showed a consumption of 0.084 gram atoms of zinc.

The final reaction mixtures of the reactions in which
there was a measurable loss of iron were darkly colored and

viscous and could be filtered only with difficulty.

By-Product and'Work-Up Experiments

30 for the chloro-

Three by-products were reported
acetone reaction (pg 9). The identification of 2,5-
hexanedione and acetone was definite; hqwever, the struc-
ture of what was called 5-chloro-4-hydroxy-4-methyl-2-
pentanone was not proved conclusively. In the chloroacetone

reactivity experiments above, a trace amount of 2,5-

hexanedione and a small amount of acetone were identified

by GLC analysis of reaction mixture samples containing



6T

€T Bd uO PaUTTINO Se pPo3edI] Ody

€S°0 L60°0 Zs0°0 0€T Quou ANa Clételakole} %8
-QIO0TYD

0s°0 8¢0°0 6T0°0 00T auou AWAa Quojade %L
~-0I0TYD

$5°0 '990°0 9€0°0 00T 0°T AWa ovIgN %9

00°0 8T0"0 000°0 00T 0°T JWa OV IgN g

96°Q 9%0°0 9Z0°0 00T auou. dWN OV IdR 17

Zv o LY0°0 020°0 00T 0°T JINa OYTONW *€

R— 000°0 000°0 00T 0°'T dWN OVIDN Z

_— 0000 000°0 00T auou dIN OYTON T

TAuogqaeo - - (9Tow) TAUOq (wo3e-b) (Do) (b) JUSATOS TAuogaeo *ou

OTeH-© + o4 -IEeDOTRH-D uoxx ‘dus g 3si1eard ~-OTeH-0 uny

uoT3dunsuo) uot3zdunsuo) uoT3dWnsuo) uotT3oeay IeN
\ﬁu...n\r..nu.o.mom GOHHIH%QOQHMUOH BH-0 °I m..HmA.NH



T 1341 20

authentic samples of these materials (spiking). The
chromatograms contained an unknown peak which could pos-
sibly be 5-chloro-4-hydroxy-4-methyl-2-pentanone.

If an effective work-up procedure could be found,
these by-products could be isolated and the structure of
5-chloro-4-hydroxy-4-methyl-2-pentanone could be proved
conclusively.

The reactions were made using 200 ml DMF or NMP,

46.3 g chloroacetone (0.500 mole) and 27.9 g untreated iron
(0.500 g-atom) and were run at 130° for 5 hours.

After the first reaction run in DMF was shut off, the
GLC showed less than 3% of the chloroacetone remaining.

The iron consumed amounted to 0.267 gram atoms. About 90%
of the DMF and the low-boiling material was stripped off
using a rotary evaporator. A total of 3.8 g (0.07 mole) of
acetone was recovered from the dry ice trap and rotary dis-
tillation. GLC analysis of the distillate showed three
peaks. The first (<1%) was identified as 2,5-hexanedione
by spiking. Judging from GLC elution times, one of the un-
knowns (unknown A) would have a molecular weight similar to
'thaé of 2,5-hexanedione and the other (unknown B) would be
a much higher molecular weight compound. Together they
constituted less than 4% of the distillate. These two un-
knowns were left unidentified since it was assumed at that
point the bulk of the chloroacetone reaction products were

in the residue; this could not be proved as it was
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impossible to obtain a chromatograph of this tarry material
and the unhydrolyzed organometallic compounds would not
elute from the GC if a chromatogram were possible.

The residue was poured into 300 ml of 10% H2804 and
stirred for 22 hr to hydrolyze the intermediate. The solu-
tion was neutralized by slow addition of 37.4 g of sodium
carbonate.

The entire mixture was placed in a continuous extrac-
tor and extracted with ether for a total of 7 days. During
this period the ether extractant was changed twice. These
extractant fractions Qere dried ¢ 7er sodium sulfate and let
stand to allow the ether to evaporate.

After the first three days of extraction, NaCl was
added to the extraction vessel. This caused a third tarry
phase to settle to the bottom.

The beaker containing the first two evaporated ether
extraction fractions (still over sodium sulfate) was ex-
tracted with benzene and filtered. A chromatograph of this
material showed only benzene and DMF, although the benzene
extractant was darkly colored.

\A chromatograph of the final ether‘fraction was
obtained and showed only ether, DMF, and H20. The experi-
ment was discontinued at this point.

A second experiment, run in an identical manner except

that NMP was substituted for DMF, was carried out. The

consumption of iron was 0.162 gram atoms and GLC analysis
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showed less than 6% of the chloroacetone remaining. GLC
analysis of the reaction mixture showed no 2,5-hexanedione
or unknown A. A small peak, which eluted between unknowns
A and B, was present, but amounted to only a trace of
material.

In an attempt to accomplish hydrolysis of the organo-
metallic intermediate and the product separation in one
step the reaction mixture was steam distilled. The distil-
lation was done using a l-liter, 3-necked flask fitted with
distillation head, condenser and an addition funnel, to add
make-up water. ' The distillate contéined water, acetone,
chloroacetone and NMP. No unknown was present in large
enough quantity‘to isolate and identify.

To a third run, done in NMP solvent, was also added
53.1 g (0.500 mole) of benzaldehyde. After 393 minutes at
130° less than 2% of the chloroacetone remained. The con-
version of benzaldehyde was 34%. A chromatogram showed a
peak identified‘as 4-phenyl-3-butene-2-one, by spiking.

The reaction mixture was steam distilled. Upon phase
separation the organic layer weighed 12.3 g and contained
62% of 4-phenyl-3-butene~2-one (an 8% yield). The material
left in the steam distillation pot was acidified with

100 ml of 10% H,.SO, and then stirred for 90 min. Continued

2774

steam distillation gave no more product.
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Reaction of 2-Bromo-3-pentanone with Iron

The reaction of 2-bromo-3-pentanone with zinc in DMSO-
benzene solvent to give 2,4-diethyl-3,5-dimethylfuran is
contrary to what Hall and Hurley29 found for the reaction
of o-haloketones with iron, in DMF or NMP.

Experiments were run to determine whether iron does
give a different product than zinc or whether lcager chain
length o~haloketones give the furan but chloroacetone does
not.

A reaction identical with the preparation of 2,4-
diethyl-3,5-dimethylfuran (see Reagents and Solvents) with
the exception that 5.58 g (0.100 g-atom) of treated iron
was substituted for zinc, was conducted.

The reaction was run at room temperature for 19 hr, at
which time GLC analysis showed no change in composition of
the reaction mixture. The reaction was refluxed (81°) for
3 hr. After this treatment no 2-bromo-3-pentanone or 2,4-
diethyl-3,5-dimethylfuran could be found by GLC. The iron
recovered was 5.27Vg, which is a quantitative recovery
within the limits of expérimental technique. The disappear-
ance of 2-bromo-3-pentanone was attributed to decomposition,
to which, as noted in Reagents and Solvents, this compound
is prone. |

A second reaction using 120 ml of NMP solvent, 16.5 g

(0.100 mole) of 2-bromo-3-pentanone and 11.2 g (0.200 g-atom)
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of treated iron was run at 130°,

'After 2 hr the reaction was terminated; GLC analysis
showed complete conversion of 2-bromo-3-pentanone. A trace
(<0.5%) of material eluted identically with a spike of
authentic 2,4-diethyl-3,5-dimethylfuran. The amount of
iron consumed was 3.19 g (0.057 mole).

A third reaction, set up as the second, was run at 75°
for 150 min. GLC analysis showed more than 98% of the 2-
bromo-3-pentanone had disappeared and no formation of 2,4-
diethyl-3,5-dimethylfuran. A qguantitative recovery of iron

was made.

Furan Formation from Chloroacetone

Al

Because of furan formation from 2-bromo-3-pentanone,.
and considering Ryang's mechanism, it would seem possible
to obtain 2,4-dimethylfuran from chloroacetone.

A reaction identical with the preparation of 2,4-
diethyl-3,5-dimethylfuran, with the exception of substitu-
tion of 9.25 g (0.100 mole) of chloroacetone for the 2-
bromo-3-pentanone, was sét up. The reaction was stirred at
room temperature for 24 hr. At this time, no product peak
was evident in the GLC analysis. The benzene and chloro-
acetone could not be sepérated by the GLC technique then
being used. A few drops of CH;I were added and after 5 hr

the reaction mixture had the cloudy appearance noted in the
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case of the'2;bromo-3-pen£anone reaction with zinc. After
17 hr a new peak was present on the reaction mixture chrom-
atogram; however, it could not account for more than about
20% of the original chloroacetone. By visual observation,
it seemed very little of the zinc had reacted. An addi-
tional 8.97 g of chloroacetone was added and the mixture
taken to reflux (80°). After a few minutes, a white,
powdery precipiﬁate was observed in the flask which was no
longer present after 2 hr; howeVer, a brown viscous layer
was now present on the bottom of the reaction flaék, along
with only a few grains of zinc.

After decantation of the upper layer a vacuum (<1 torr)
was applied to the residue in the reaction flask, as it was
warmed in water at about 55°. Infrared spectra of this res-
idue were obtained as a smear and as reference spectra inv
carbon tetrachloride aﬁd'DMSO. A spectrum of DMSO in car-
bon tetrachloride was also obtained. The smear and DMSO
reference spectra show a stroné wide band at 1700 cm—l not
present in the DMSO- in carbon tetrachloride spectrum. The
DMSO in carbon tetrachloride and smear spectra show narrow
medium bands at 2950 cm™® and 3,000 cm © not present in the
residue in DMSO spectrum. The residue when placed in H20
forms a white precipitate, which disappears upon addition
of a few drops of acid. An experiment set up as above, but

containing 50 ml of benzene, 5 ml DMSO, and 13.6 g (0.100 g-

atom) of zinc chloride, was run at reflux. The same brown
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viscous loweér layer formed. When this material was treated
as ﬁhe above, it gave similar infrared spectra and the same
gualitative tests. |

The upper layer, which had been decanted, was placed
in a micro-ware distillation apparatus and fractionated.
The GLC analyses of these fractions showed a product to be
present.. However, the product was extremely difficult to
separate from benzene and decomposed during the distilla-
tions and was lost.

Another similar experiment was run to attempﬁ to iso-
late and identify the product. A GLC technique that would
separate benzene and chloroacetone was developed. After
3 hr at reflux, no product or chlorocacetone was present.
Ancther 9.25 g of chloroacetone wés added and refluxing
continued for 3 hr more. Upon fractionation (38 to 39°, at
about 8 torr) the same'décomposition and separation problems
were encountered. Since the product could not be separated
from benzene, an infrared spectrum of the material was ob-
tainéd using benzene as the reference solvent. A compari-
son to the spectrum of pure 2,4-diethyl-3,5-dimethylfuran
indicates the product is 2,4—dimethylfu;an.

On further attempts at purification, it was noticed
that water was forming in £he distillation column. This
could be indicative of the dehydration step to form the
furan; however, the instability of the compound is not

indicative of a furan.
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An experiment was made to test the reactivity of iron
witﬁ the DMSO-benzene solvept mixture using chloroacetone.
After 24 hr of refluxing there was no reaction of chloro-
acetone, as shown by GLC analysis, and a quantitative recov-

ery of iron was made.

- Decomposition Under Reaction Conditions

In the previous work with the iron-dipolar aprotic
solvent system it was mentioned that decomposition or elim-
ination reactions are occurring. For example there was ace-
-tone formation in the chloroacetone work and disappearance
of 2-bromo-3-pentanone, with no visible product formation,
in the 2-bromo-3-pentanone reactions.

Hall and Hurley29 found the reacted iron to be Fe2+ in
their work in coupling.allylic halides. This series of ex-

periments was done to determine if Fe2+

will promote decom-
position or elimination reactions.
A reaction using 50.0 ml NMP, 9.25 g (0.100 mole) chlor-

oacetone and 19.9 g FeC12-4 H,0 (0.100 mole) was conducted.

2
(Ferrous chloride was available only in the hydrate form,
FeC12°4 H20.) The reaction was intended to be run at 130°;
however, a component refluxing in the condenser held the

temperature at 112°. The refluxing material was assumed to

be H20 formed from ligand displacement on the FeCl2'4 HZO'
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The FeC12~4 H20 dissolved in the NMP formed a greenish-
browﬁ syrupy mixture. GLC analysis showed no change in the
chloroacetone concentration after 5 hr of refluxing; ben-
zene was used as an internal GLC standard.

2-Bromo-3-pentanone can form an elimination product,
l-pentene-3-one, whereas chloroacetone cannot form an elim-
ination product. A reaction was set up as the previous one,
but with the substitution of 16.5 g (0.100 mole) of 2-bromo-
3-pentanone for the chlorocacetone. In following the reac-
tion by GLC, disappearance of 2-bromo-3-pentanone was
simultaneous with the appearance of an unknown peak. After
‘240 min at reflux (118°) both peaks had disappeared and no
other product peak could be found.

Running the reaction in the same manner at 130° but
with no FeCl,*4 H,0 gave the same results. A likely explan-
ation is that the unkndwh peak was due to l-pentene-3-one
and that this material polymerized after an extended reac-

tion time.
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RESULTS AND DISCUSSION

‘The reactivity experiments in Table I show that
bromoesters are more reactive than chloroesters towards
iron. However, neither ester is as reective towards iron
as the chloroester is towards zinc. The data indicate that
the presence of sodium iodide is a critical factor for
reaction of MClAc and that pretreatment of the iron is ben-
eficial, under the reaction conditions.

As the reaction products of the reactivity experiments
were not reacted with a carbonyl acceptor, it cannot be
stated that these reactivities apply to formation of the
Reformatsky intermediate; Bernstein36 developed a method,
using 9-fluorenone, for titrating the primary intermediate.
This method coﬁld not be applied here because it relied on
the yellow color of the ketone for an end point, which
would not have been visible in these mixtures.. He reported
that 69 to 74% of the consumed o-halocarbonyl could be
accounted for as the primary intermediate (bromozinc eno-
late), using his titration method. The validity of apply-
ing this to reactions involving iron has not been shown;

however, the low yield of Wurtz-type products indicates_a

29
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parallel situation. With an a-halocarbonyl that contains a
proton on a B-carbon atom, which makes elimination reactions
possible, the analogy would not be expected to hold.

The basic problem in working up a reaction that has
been run in a dipblar aprotic solvent, such as DMF or NMP,
is that these solvents are extremely soluble in both water
and the normal ofganic solvents. In the classical
Reformatsky work up the hydrolysis is accomplished by pour-
ing the reaction mixture into an acid solution and then
stirring. The product remains wiﬁh the organic phése and
is separated after hydrolysis. Any product remaining in
the water phase can be extracted with a low boiling immis-
cible solvent and added to the organic phase. The product
is obtained by evaporation and distillation.

In working up the ;eactions done in this work there
were other problems as well. Both the Reformatsky inter-
mediate hydrolysis product (reduced starting a-halocarbonyl)
and the Reformétskyvaddition reaction hydrolysis product
(B-hydroxy carbonyl) are very soluble in polar solvents.
Outwardly, distillation would seem to be the answer; how-
ever, by the time the tarry mixture has been poured into
dilute acid and the acid neutralized the mixture is
extremely difficult to work with. This is particularly
true because the mixture now has a high content of inorganic

salts in and out of solution.
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There is also a problem in the monitoring of these
reactions by GLC. The injection block of the chromatograph
is at a high temperature (250° for these analyses) and
reactions can take place here or on the columns. For the
analysis to be quantitative it is necessary to have a
direct relationship between the material placed on the in-
jection block and the response of the instrument to the com-
ponents of the material; i.e., the chromatogram. For
example, the fate of the unhydrolyzed organometallic inter-
mediates has not been determined and no GLC experiments
were done to determine the extent to which dehydration reac-
tions take place in the chromatograph.

Although Hall and DePuy30 report moderate success in
isolating a final product, 4-phenyl-3-butene-2-one, by
ether extraction of the hydrolysis mixture, this method
failed to give comparable results when applied to isolating
hydrolyzed intermediates in this work. Steam distillation
was slightly better than ether extraction for isolating
hydrolyzed intermediates but cannot be termed successful.
When steam distillation was used to isolate final product,
the results were disappointing.

Failure to find an effective work-up procedure was
central to not being ablée to investigate the thesis problem
more deeply; i.e., there was no effective way of determin-

ing yields of hydrolyzed intermediates and products so the
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solvent conditions, temperatures, reaction times, etc.
couid not be optimized.

The separation of complexed polar solvent from inert
solvent, as occurred in the furan reactions, was noted too
late in the work to allow investigation of iron reactions
in this medium. It is the author's opinion that if the
iron—polar solvent system is made into a feasible reaction,
it will be by this method.

The method seems ideal as the inert solvent, contain-
ing the product, can be decanted or distilled from the com-
plexed metal (tar). The decantatea material can then be
fractionated or treated as in the classical Reformatsky
work-up procedufe.

A trace of Reformatsky product, 2,4-diethyl-3,5-
diméthylfuran, in the reaction of 2-bromo-3-pentanone with
iron in DMSO-benzene solvent is not outstanding but is
enough to encourage further experimentation with the mixed
solvent systems. That decomposition, or an elimination
reaction followed by polymerization, is what is accounting
for the consumption of 2-bromo-3-pentanone is borne out by
the disappearance of this compound in a simple mixture of
dipolar aprotic solvent at 130° (Decomposition of a-
Halocarbonyl Experiments).

That 5-chloro-4-hydroxy-4-methyl-2-pentanone was

reported in the earlier chloroacetone-iron-dipolar aprotic
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solvent wOrk30 is interesting. This compound is the equiv—'
alent of what would be the hydrolyzed form of Ryang's inter-

mediate (formula 12) in furan formation. The unhydrolyzed

SCHEME IV
ﬁZnCl @ @ H,
CH,C=CH, + CH,CCH,Cl CH, CHzi—OZnCl
HoCCl 1y
| \H3
ZnCly + H0 +
3o

‘product (structure IV) is shown in the reaction outlined in
Scheme IV. It is possible that 5-chloro-4-hydroxy-4-
methyl-2-pentanone could also form the‘furan; the products
being 2,4-dimethylfuran, HZO and HC1. -

Another possible explanation of what is taking place
in this reaction is the reaction of the bromozinc enolate
with acetone. Acetone was a demonstrable by-product in the
earlier experimental work with chloroacetone. ‘The product
of this reaction would be 4—methy1-4—hydroxy-2—pentanone.
However, the electron withdrawing effect of the chlorine
atom of chloroacetone would be expected'to make chloro-
acetone the more reactive electrophile.

The paper that led to the furan work26 was found at a
late date in this project. This is uﬁfortunate since there

seems to be a great deal of interesting chemistry here and
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time did not allow even the proper completion of the few
experiments the investigator was able to make. Before any
further speculation is attempted, the reaction should be run
on a quantitative basis, which waé not done in these
experiments.

30 it is known that

From the earlier chloroacetone work
chloroacetone is stable in NMP (120° for 16 hr gave no
change in composition). Because chloroacetone has been
shown to be stable in a ferrous chloride solution of NMP,
in this work, the products and by-products of the chloro-
acetone reaction all seem to involve zerovalent iron. The
reaction should be run with anhydrous ferrous chloride to
prove this.

The decomposition, or elimination reaction, of 2-bromo-
3-pentanone appears to be autocatalytic as it decomposed
while standing in the pure state (Reagents and Solvents).

Parker37 mentions that higher homologues of a-halocarbonyl

compounds eliminate HX in dipolar aprotic solvents.
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