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Reaction of Organic Halogen Compounds with Metals (Part I)
A Formation of Organometallic Complex in Dimethyl Formamide Solvent

By Yon Sun Kim

Atomic Energy Research Institute, Korea
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Abstract

-Reaction of organic chlorine containning ester, alcohol, and acids with metallic tin and zinc in dime-
thyl formamide solvent gave a good yield of organo metallic complex. The same reaction under a mixed
U.V. irradiation could not give an appreciable yield of the complex except in the case of an elevated
reaction temperature. The solvation effect of dimethyl formamide of the metallic complex formation
was markedetly increased as compared to the reaction in toluene and cyclohexane. In case of chlorine
containning carboxylic acid, the formation of organo chloro zinc complex of the salt was observed. The
reaction of organo zinc complex with a carbonyl] precursor gave the addition product together with a
dimerized product. Especially the aldehyde species enhanced the formation of zinc complex. The addition
reaction was simple and convenient, but the yield was not high.(30-40% for the acid, 73% for the

ester, 14.6% for alcohol). The result was discussed on basis of solvent effect and the procedures were
described.
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vation concerning on the solvent effect of the
reaction promotion and reaction intermediate sol-
vating was reported by other workerss 678, Their
observations stated that the organo metallic reac-
tion intermediates were solvated by a particular
solvent which subsequently assists or enhances

Introduction

Numerous reports have been appeared in the
recent publications concerning on the formation
and reactivity of the complex.!:2® The enhan-
cement of the reactivity of the formation of the
complex by the solvating effect of solvents was

the reaction path. In some cases the reaction was
already observed by Kornblum® and further obser-

remarkedetly promoted by the application of
*EFHAVRRE «BFRE salvent¥. The same observation was also reported
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in case of a free radical reaction by Walling®.
The organo halogen zinc complex, the wellknown
Reformasky reaction intermediate, was studied
classically by many workers'®, and the proce-
dures were already established by many work-
ers. However, the modification of the proce-
dure and solvent consideration for the intermedi-
ate organo metallic complex solvating was not
much investigated. The chlorine containning precur-
sor was only known to be the least reactive one
for the reaction. Various tin halogen complex were
studied by various workers'? and proved to form
a dimerized product instead of the organo metall-
ics in presence of toluene as the solvent for a reac-
tive chlorine compounds. However, the solvation
of the intermediate was not considered. Present
interest based on the recent developement of the
solvation theory of the reaction intermediate was
therefore concerned to the sutdy for the pro-
motion or enhancent of the reaction of compounds,
especially the least reactive chlorine species, by
the application of a particular solvent such as
dimethyl formamide, dimethyl sulfoxide, and etc.
Chlorine containning carboxylic acids, esters, and
alcohols were chosen and the degree of the sol-
vent effect of the formation of organometallic
complex was studied. The primary result for the
determination of the solvent effect will be extend-
ed to the reaction study of the intermediaie
formed in a particular selvent such as dimethyl
formamide. The additon reaction of the organo
zine complex with a carbonyl precursor, which is
the Reformasky reaction, might be interesting to
be subjected to a close investigation, if the solvation
of the intermediate can change the normal reacti-
on sequence. A comparative study for the formation
of the complex under various irradiation conditions
by the application of particular solvent may be
interesting to understand the mode of the sol
vent effect in a radical reaction. Present investi-
gation therfore cover the primary study for the
determination of the reactivity of the organo
chlorine compounds in dimethyl formamide, toluene,
and others, and the reaction study of the organo

zinc chlorine complex with bgnzaldehyde and
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acetophenone in the same solvent.
Experimental®

Starting Materiala

Chloro acids (Fisher certified), Ethylene chloro-
hydrin (Fisher np 1.4381, D? . 1.181), Dimethyl
formamide (Merck and Wako Chemical b. pt.
151-53° n¥ 1.4260, D* 0.942) Cyclohexane, Tol-
uene (Fisher) Benzaldehyde (Wako Chemical n%
1.5408, D% 1.012), and Acetophenone (Fisher n%
1.5305, D% 1.039) were obtained from commercial
sources as indicated. The metallic Zinc powder
(Merck) and Tin powder (Merck) were used with-
out further processing. Ethyl monochloro acetate
(b. pt. 143-45°, ‘n}¥ 1.4227) was prepared by
the standard procedure. 1,2, -Dichloro-3-phenyl
propionic acid (m.p. 163-4°) was prepared by a
photochlorination of cinnamic acid in carbon
disulfide’®. A Hanue Made Quartz High Pressure
Immersion Lamp PL-313, Q-81 (Qut put 70W)
was used as the irradiation source.

Identification of the products.

The products involved in this experimental are
all known compournds. Therefore the products were
identified by means of physical constants, qualita-
tive tests, gas chromatogaphy, and infrared spec-
trophotomotry, The recovery of the starting mater-
ials in the later part of this experimental was
measured using an integrator disc mounted on a
Bristrol recorder by means of gas chromatography.

Standard procedures of the reaction of organic
halogen containning acids, esters, and alcohol
with zinc in dimethyl formamide and toluene.

Into a 100 ml. round bottomed three necked flask
equipped with a stirrer, condenser, and thermometer
were placed 0.1 mole of metallic zine powder,
and 50.00 cc¢ of the solvent and the mixture was
refluxed under vigorous stirring. From a neck of the
flask 0.1 mole of the halogen compounds was added
in a several portions to the boiling mixture. The

* The infrared spectra and gas chromatography were
taken at this institute by means of Beckman IR-4
and GC~2 model, respectively. All melting points and
boiling points were not corrected. The melting points
were measured using a Fisher-Johns melting point
stead.
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reaction mixiure was then refluxed under vigorous
stirring during the course of 3-8 hours. The reac-
tion mixture was filtered aad the inorganic solid
mass was extracted with acetone by means of a
Soxhlet extractor in order to remove stannic chlo-
ride and other organics. The residuz from the
extraction, the recovered tin, was dried and wei-
ghed. The filtrate from the filtration of the reaction
mixture and the acetone extracts were distilled,
respectively, and the residie from the both distj)-
lations was combined together. The residue was
distilled under reduced pressire in case of liquid
products after acidification and extraction with

KB EEEE

ether, or was crystallized in case of solid product.
The product was identified by means of gas chrom-
etography and infrared spectrophotometry. In some
reaction run the filtrate was condensed to a small
volume and acidified with 20% sulfuric acid solution.
The aqueous solution was extracted with ether and
the ether extracts were dried and distilled. The
residue from the ether disillation was subjected to
further purification. The results which was con-
cerned to the determination of the reactivity of the
compounds with metals in the solvents are sum-
marized in the Tabie 1.

Table 1. Reactivity of organic halogen acids, esters and alcohol with tin.

Reactant Ammmts‘ Metal Amountg.‘ Solvent tiElleeac:lirosn Uﬁr;reactegc? Reacetsi_vity %«:‘?;‘:‘gts
CH:CICOOCH; 11.0 Sn 12.0 | Toluene 8 11.0 8.3 (a)
CICHCHOH 8.1 Sn 12.0 | Toluene 3 101 11.7 )
CsF,COOH 13.5 Sn 65 | D.MF 3 5.0 20.3 )
CH,CICOOH 9.4 Sn 12.0 | Toluene 3 5.7 52.5 (@
CHyCICHCCOH 1.0 | Sn 12.0 | Toluene 3 9.4 24.4 O
CH,;CICHCOOH 19.0 Sn 12.0 | Xylene 4.5 8.2 31.7 ¢9
CH3CICHCOOH 18.0 Sn 12.0 | D.M.F. 4 7.4 38.3 €)]
CsHgCHCICHCICOOR 17.0 Sn 12.0 | Toluene 8 4.6 61.7 ¢h)

(a) The unreacted ester was recovered. (d) The unreacted alechol was recovered. (c) The acid salt was
obtained. (d) 2.8 g. of the acid salt and 1.7 g. of the acid was obtained. (&) 1.1 g. of the ac salt idand 2.9
g. of a tar was obtained. (f) 8.0g. of the acid salt was obtained. No appreciable yield of the dimerized
product. (g) From the acidified reaction mixture 4.4 ¢ of the inorganic zinc salt was obtained. Anal. Calc.
for Zn0, Caled Zn:79.9 Found: 75.8% (h) The unreactedacid was recovered. 3.1¢. of cinnamic acid m. p.
133° was obtained. There were tarry mass which was the decomposition product.(3.2g.)

Standard procedures of the reaction of organic
chlorine containning acids, fluoroacid,ester,and al-
cohol with zinc in toluene and dimethyl formamide.

The same procedures described in the previous
experiment (see above reaction) was adapted except
few madifications The reaction mixture was filtered
and the inorganic mass filtered was triturated with
water, dried, and weighed. The filtrate was acidi-
fied with dilute hydrochloric acid and the solution
was divided into two parts. The first aliquot was
contineously extracted with ether and the ether
extract was dried and distilled. The ether, distillation
residue was examined further or purified. The identi-
ﬁcatioﬁ was based on the qualitative examination,
infrared spectrophotometry, and gas chromatogra-
phy. The second aliquot was neutralized with 5%
solution of potassium hydroxide to give inorganic

zinc salt and zinc chloride. The solid was triturated
with water, dried, weighed, and analyzed by radio
activation.*

The filtrate from the zinc salt separation was
acidified again and the solution was extracted with
ether. The ether solution was distilled and the re-
sidue was examined or purified further. The results
which was mainly concerned to the determination
of the reactivity of the compounds were sum-
marized in the Table 2.

* The author indebted for generous cooperation to
Dr. Pijk and Mr. J.I. Kim at this Institute. The
analysis was conducted by neutron activation of zinc
and by comparing Zn®m with standard by means
of RCL-256 chanuel analyzer. The chemical process
of the irradiated sample was not conducted and a
none-destructive method was adapted.
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Table 2. Reactivity of organic halogen acids, esters, and alcohol with zin¢ in toluene and dimethyl
formamde.

Reactant Amour: metal Amc""; Solvent %‘:‘::tioir' Tig;gi?;% zjn;_ Reactivit% Remarks
CsF;COOH 135 | Zn 33 | DM.F. 8 1.7 50.0 ()
CICH:COOH 20 | Zn 19.5 | Toluene 4 3.8 80.5 )]
CICH:COOH 9.0 Zn 8.5 | DM.F. 4 0.4 93.5 ()
CICH.COOH 270 | Zn 19.5 | DMF. 4 2.4(d> 87.7 (e
CHsCHCICOOH 170 | Zn 10.9 | D.M.F. 4 no residue(g) 100.0 H
CICH,COOH 130 | Zn 6.5 | Toluene 4 17.0 - (h
CICH,CH:OH 162 | Zn 13.0 [ D.M.F. 4 7.2. 44.6 W
CICH:COOC:H; 240 | Zn 13.0 | D.M.F. 6 17.4(j> - &)
CICHCOOC,H; 12.0 Zn 6.5 | D.M.F, 4 2.4(n) 63.1 0]
CICHCOOCH; 22.0 Zn 13.0 | P.M/F. 4 54(ZnQ) 100.0 (m)

{a) The acid salt was obtained. (b) Inorganic zinc salt (Zn(OH), 5.6 g) from the alkaline solution. (c) (h) (I)
The product analysis was reported in a separate reaction rum in the later part of this experimental. (d)
The reactivity was variable depending on the reaction temperature. This run was carried out at 150-140°.
(e) The same to the (¢). A polymerized tar 8.5 g. and salt 0.8g. From the gas chromatographic analysis
using a Carbowax 166-a 6’ column propionic acid was identified. There were trace amount of the dimerized
acid. (g) The surface of the solid was covered with a viscous o0il, which was difficult to remove without
decomposition. (i) 9.2 g of zinc salt Anal. cale. Zn for ZnO, caled.: 79.9 found: 76.5 (j) The solid was covered
with zinc oxide. (m) 7.4g. of zinc salt was obtained Anal. Calc. Zn for Zn(OH), caled.: 65.0 found Zn 61.5

(n) Anal, calc. Zn for ZnO caled.: 79.9 found: 77.6.

Standard procedures for the reaction of organo
chlorine containning acids, with tin and zinc
under irradiation.

Into a pyrex irradiation tube previously described!®
were placed the organic halogen acids, solvent,
and metal powder. The reaction mixture was
irradiated with external cooling during the course
of 6-8 hours. The reaction mixture was filtered and

the filtered inorganic mass, mainly recovered metal,
was triturated with water, dried, and weighed. The
filtrate was distilled and the residue was examined
directly, or was acidified, extracted with ether, and
the ether distillation residue was examined.

Results which were mainly concerned to the
reactivity study of the compounds were summarized
in the Table 3,

Table 8. Photoreaction of organi¢c halogen compounds with zinc and tin in dimethyl formamide

and toluene.

Reactant | AP0 [ Meqal [ABOURY  Gojyeny | Irradiation TTemp [ Recovery of
CICHCOCH 9.5 Sn 6.0 | Cyclohexane 8 60 0.9(a)
o-Cl-CsHsCOOH 2.0 ” 6.0 | Cyclohexane 8 60 5.3(b)
CH3CICHCOOH 21.0 ” 6.0 | Cyclohexane 8 60 5.7(¢)
CH,CICHCOOH 21.8 ” 6.0 | D.M.F. 7 0 | all reacted (d)
CHCICHCOOH 21.8 ” 6.0 | Benzene 6 0 | none reactivity (&)

(a) 3.9¢ of the salt and 0.5 g. of the acid were obtained. {b) 8.0g of the acid was recovered, The dimeri-
zed product was 0.58. (¢) The acid was recovered. (d) The salt of the acid and the dimerized product

(1g.) m.p. 210°. (¢) The acid was recovered.

Reaction of monochloroacetic acid with zine in
dimethyl formamide.

Into a 100 ml. three necked round bottomed flask,
equipped with a stirrer, condenser, cooler, and a
side arm addition funnel, were placed 6.5g.(0.1
mol) of zinc in 50.00 cc of dimethyl formamide and

the mixture was stirred vigrously under reflux.
Through the side arm addition funnel a stream of
nitrogen, washed once with pyrogallol solution and
concentrated sulfuric acid, was passed into the
reaction system. When the reaction mixture rea-
ched the reflux temperature of the solvent, 9:5g.
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(0.1 mol) of the acid dissolved in 10.00cc of the
solvent was added in one portion to the boiling
mixture. The mixture was then refluxed under
vigorous stirring during the course of hours. The
reaction mixture was cooled and the inorganic mass
was filtered. The mass was mainly the recovered
zin¢ amounted less than 0.1g. From the filtrate
the solvent was distilled off under reduced pressure
and the residue, syruppy paste, was treated with
20.00%
solution was extracted with ether. The ether ext-

sulfuric acid solution, and the aqueous
ract was dried over anhydrous calcium chloride and
the ether was distilled off. From the ether distill-
ation a brownish residue was obtained.(1.5¢g., n%
1.3915) The gas chromatographic analysis indicated
that the residue was mainly the acetic acid. Further
extraction of the aqueous solution by other than
batch extraction was not attempted. In a separate
reaction run conducted in the same procedure as
the present one, the distillation residue of the
fitrate was acidified with dilute solution of hydro-
chloric acid and the solution was divided into two
parts. The first aliquot was contineously extracted
with ether and the ether extract was distilled. The
residue from the ether distillation, a brownish oil
was obtained, which was composed of zinc chloride,
acetic acid, and trace of the dimerized acid, and
0.8 g. of the salt identified by physical and spect-
rophotometrical examination. The second aliquot
was treated with 5% solution of potassium hydro-
xide solution and the precipitated solid was filtered.
washed with water, and weighed afcer drying. The
amount was 2.8 g. The analysis revealed it was
zinc hydroxide. The filtrate was further acidified
and extracted with ether, and the ether solution
was dried and distilled. The residue from the ether
distillation gave a trace quantity of yellowish solid,
which was the dimerized acid identified by infrared
spectrophotometry.

Reaction of monochloreoacetic acid, benzaldehy-
de, zinc, in dimethyl formamide.

The apparatus and procedure for the previous
reaction described above was adapted in this reac-
tion except few modifications. Into the flask were
placed 9.5 g.(0.15 mol) of zinc in 50 cc. of dimethyl

®
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formamide. The reaction mixture was stirred vig-
rously under reflux. Through the addition funnel
9.5g. (0.1 mol) of the acid dissolved in dimethyl
formamide were added in one portion to the boiling
mixture. After vigrous reaction was ceased(15 min-
utes) 11.0g. (0. Imol) of benzaldehyde was added
to the reaction mixture during the course of 10
minutes and the reaction mixture was refluxed for
6 hours. The reaction mixture was cooled and the
inorganic solid 'mass was filtered, and the filtrate
was distilled under reduced pressure to give a
brownish syruppy residue. The residue was 20%
acidified with solution of sulfuric acid and the
agueous solution was extracted twicc with ether. The
ether solution was dried over anhydrous calcium
chloride and distilled. From the ether distillation
a brownish viscous tar was obtained. (6.7 2.) The
tarry material was difficult to be distilled because
of decomposition. It was therefore washed with
5% sodium hydroxide solution and the insoluble
residue was triturated with alcohol to give the
hydroxy acid, which was not crystallized.(a racemic
mixture). From the alkaline washing the acid salt
amounted 0.5 g. was obtained. (I.LR. for the acid.
Characterisitic frequency 3490, 1620, 1280, 1240, 700
cm-V, The acid weighed 5.5g. was 38.1% of the
theoretical value. The aqueous solution from the
acid washing was distilled under reduced pressure
to give 12.3 g. of zinc sulfate.(51.04%) The residue
of the distillation was not treated further.
separate reaction run the recovery of the acid was
measured by gas chromatography. From the distil-

In a

lation residue. upon standing. a trace quantity of
the acid. melting 190-191°,
obtained.

succinic acid. was

procedure b.

The same reaction was repeated in a medium
scale reaction run. 20.0g. of the acid. 22g of
benzaldeyde. and 20.0 g. of zinc were reacted using
150 cc of dimethyl for mamide. The reaction mixture
after refluxing for four hours the inorganic material

was filtered off and the residuve from the distillation
of the .filtrate was extracted three times with
ether. The ether extracts was washed with 5%

aqueous alkaline solution and once with water.



Vol. 7(1968>

The alkaline washing wasacidified andithe solution:
was extracted with ether. The ether solution was
dried and distilled to give a browaish ail (1.0 g-off
1.4145) which composed of mainly acetie acid- ex-
amind by. gas, chromatography. The ethor solution.
from the alkaline washing was distilled to give the
following fractions b,pt. 91-2°/8 mm (n§ 1.5225,

1.0 g). 126-24°/8 mm(n} 1.5278, 0.5¢.): and. a high
boiling. residue (135-7°/7mm.). The residue was
crystallized to give a yellowish solid (m.p..113-5°,

0.5g.) and viscous tar. (22g.). The infrared
spectra indicated that thie formation of the hydroxy
acid. The agueous solution was further condensed
to a small volume to give a smid (27.0g.) zinc
sulfate). The concentrate was further distilled to
dryness and triturated with water to give 3.8g of
yellowish oil'and a crystal melted at 128-33°. The
identification, of the oil and crystal revealed that
they were a- mixture of cinnamic acid and the salt.

From the solvent distillate and_the aqueous. diatil:
late total 9.5g. of benzaldehyde and 4.8§5. of acetic
acid were obtained by gas chromatopraphic tech-

nique. The yield of the reaction was 42.5% of acetic

acid, 19.3% of cinnamic acid (crude), 11.6% of

hydroxy acid (crude), 43.9% of benzaldehyde. and

of zinc sulfate. The material balance was not 100.

00% because of decomposition.

Reaction of monochloroacetic aeld, acetophen-
one and zinc in dimmethyl formamide.

The same procedure for the reaction of benzal-
dehyde was adapted in this reaction run 9.5g. (0.1
mole), 10.0g. of zinc (0.15mole), and 11.0g. of
benzaldebyde (0.1 mole) were. reacted. From the
separation procedure described above total 11.3g.
of zinc sylfate (66.8%), 7-8¢- to acetophenone (65.0
%), and 0.8 g of the hydroxy acid melting 110-113°
(I.R. 3600, 1690, 1410, 1260, 1280, 690, cm! was
obtained. The recovery of the aliphatic acid was
not checked in this reaction run.

Renction of ethylene chlorohydrine with zinc
in dimethyl formamide.

The same procedures and separation scheme for
the aldehyds-reaction was followed in this reaction
run. 8.0g. of ethylene chl orchydrin (0.1 mole), 6.5
g. (0.1 mole) of zinc were reacted in 50.00cc of dime-
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thy! farmamide. From. the:remotiomr 5.5g. of zinc
(84.6%) were only recovered: The:gas chromato-
graphic following of the reaction product was not
achieved.. There ware. trace amount of: ethylene

_ glyool. but it was not consistent.

Reaction of ethylene: cHlorohydrine, benzalde-
kyde, xinc and dimethyl formamids.

The same procedures and aeparation'aohemc. for
the aldehyde was adapted in the present reaction
run. 16.0g. of chlorohydrin (0.2 mole), 22.0¢g. of
benzaldehyde (0.2mole) and 13.0g. of zinc (0.2
wmole) were reacted in. 100cc of dimethyl form-
amide. From the reaction 4.8g. of zinc (21.6%)
was recovered. From the procesaing of the reaction
mixture 7.3g. of benzaldehyde: (33.1%), zinc chio-
ide, 3.2 g. of the diol bolling 190-93°/6 mm (a sy-
ruppy paste. LR. 3600, 3000, 2800, 1200, 1100, 1065,
1030, 755, 700cm-1) (14.6%) were obtained. There
was 1.5g. of fraction boiling 'at 121'/8.mm; which.
was composed of the aldehyde and high boiling
aleohol (tthylene glycol). examined: by gas chro-
matography using 1.5 apiezon column, and an un-
identified aromatics. malting as:115-120°.{0.2g.)

Reaction of ethyl monochloroacetats, zine, and
dimethyl formamide.

The same procedures for the aldehyde reaction
run of the acid was adapted in this reaction run.
12.0 £.(0.1 mol) of the ester, 6.5g- (0.1 mol) of zinc
in 50.00cc of dimethyl formamide was reacted as
previously. From the reaction 2.4 g.(36.9%) of zine
was recovered. There were no other product except
the recovery of the unreacted ester. Because of the
separation scheme adapted the amount of the
recovery of the ester was not measured. There
were at trace quantity of the diethyl succinate
which was examined by gas chromatographic
technique. .

Reaction of othyl monochloroacetate, benzal-
dehyde, xinc, and dimethyl formamide.

The procedures and separating scheme for the
reaction of aldehyde and acid were adapted for the
present reaction run. 24.0g. of the ester(0.2 mole),
13.0 g.(0-2 mole) of zinc..andzz.ng_-‘af benzaldehyde
(0.2 mole) were reacted- im 150ce of dimethyl
formamide as previously. From the reaction 4.2§. -
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of ‘2inc(32.3%) was recovered.-From the triturating
the filtrate of the reaction mixture 12.3x. (55.9%)
of benzaldehyde, 5.4 g. of ethyl cihnamate boiling
148-52/12 mm.($3.1%) (I.R.. 3050, 1740, 1650. 1330,

P Sid -

1205, 990, 870. 760, 710 cn™ V). There were 6.9 g.(43.
0%) of a polymerised tar which was composed of
ethyl cinnamate unit identified by infrared spectro-
photometry.

.Table 4. A 'modified Reformasky reaction of organic chlorine containning acid, ester, and

.alcoho} in dimethyl formamide.

React ant- Amounlt Carbony] | Reaction | Reaction Zinc Product .
mo: comptmnds qme hr. : temp. C % Organic % ’Inorgam;
. . _e. |0.5g of Salt z
CICHCOOR | 01 | GHCHO | 6 | Reflx o | BEof Sl ZuS0s
’ _ ‘ gOAc Q.S?éd 193 ZnSOs
: . INDAMmIC & L 56.
ClCHzCOQfl . 0.2 CeHsCHO , 4 , Reflux - Aydro acid 11.6
. dehyde(recovered) 43.6
: : Aldehyde rocove
CICHCOOCH, | o2 | CatcHO | 4 | Refux | s D einnamate S8 1
. _ Polymer 43.0
. - b ~ Diol 14.6%
CiCH«CH.0H - 02 CeliCHO 4 Reflux | 216 | Aldehyde recovered 33.1
. . N Trace glycol
' ' . Acetoph recov
CICHCOOCHy | 01 (CaiCOCHs | 4 | Refx | — ophenone recoversd ZaS0y
Acld(hydmy) 0.5g

‘minmgankaolﬂmuobumodﬁmmmchonmwmpoaedofhmdaesﬂt which was difficult

to separate without decomposing xinc.
Results lml !)ilenuion

The organic c]:]onne containning compounds. the
least reactive species of the corresponding halogen
compounds, reacted with tin and zinc in toluene
and dimethylformamide, as summarized in the Table
1, and 2. The product composition of the reaction
was rather complicated because of the partial
decompositon of the intermediate complex. There-
fore the reactivity was mainly considered in the
present research. “The product was composed of
unreacted acid, salt, the decomposition product of
the complex and inorganic salt. In few cases such
as acid and ester the trace quantity of the dimer-
ired product was observed. The relative reactivity
of the chlorine in each series with metal! increased
as the reactivity of the chlorine atom in the malecule
is increased as éxpected. even though an extensive
case was not studied because of the defect of
material supply. The reactivity was also depend
on the reaction température and solvent. “The
temperature effect was rather insignificant ‘as com-
pared to the solvont effect. However, the change
of solvent from the toleene, known to be inert, to

the dimethy] formamide resulted in the increase of
Ireactivity. Especially zine complex was formed
almost quantitative rate in case of acid and ester
within a short reaction period. In each reaction run
carried out in toluene solvent, there cbtained a
syruppy paste whick was hydrolyzed with water to
zinc salt, but the same reaction in dimethyl form-
amide solvent did not give any apparent insoluble
residue on the metallic surface. This observation
was lead to the concept of solvation effect of the
solvent in the formation of metallic complex. The
effect of solvent in the reaction and the solvation
of a reaction intermediade are known for some
times for the Ullmanan reaction by Kornblum ¥,
and dimethy! formamide was one of the strong
solvating solvent according to their observation.
The recent publication by E. Desey et al %€
stated that the solvating effect of the reaction
intemediate was significant enough to alter the
structural influence of the molecule on the reaction
path. The same observation was reported by Wali-
ing et al 9 for a free radical intesmedate. For the
polarity of solvent Delarmare et al © reported to.
alter reaction path of a nucleophilic -substitution
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and it had been quite extensively studied. For an

organic complex the formation does not involve.

any significant character of nucleophilic substitution
and the interme_diate ionic concépt for the Wurtz
type reaction was replaced by the free radical
intermediate. Therefore the present observation
was due to solvating the organic metallic complex
formed in dimethyl formamide. Further extension
of the study was made, therefore, to ascertain the
solvent effect by trapping the formed complex with
a carbonyl precursor such as benzaldehyde and
acetophenone. (Table 4) In the reaction with acid
series an interesting phenomesion was observed.
When the equivalent quantitity of the acid, zinc,
and aldehyde was reacted, the reaction proceeded
within a hour to dissolve all zinc whereas, the same
reaction without carbonyl precursor gave the unre-
acted zinc. The same procedure was followed by
chaoging the reactant ratio to 1:1.5:1 of acid, zinc,
and aldehyde. Surprisingly the reaction proceeded
smoothly without any induction period to dissolve
all zinc. The reaction was extended to an acetoph-
enon system, but the reaction of acid in this case
was not quantitative. However, the reactivity of
the acid was exceeded than that of the reaction of
the acid alone. These observation suggested also
the following intermediate (D),

CHzCICOOH—-F—-’ C1ZnCH,CO0-Zn-O0CCH;
@O -ZnCl

The formation of the acid salt in the present
reaction condition was confirmed by reacting a
fluore carboxylic acid with zinc to give a 50.0%
yield of the salt. Therefore the acid with chlorine
will form not more than 50.0% of the salt. This
point was further clarified by examining the reac-
tion mixture of the trapping experiment. From the
acid reaction 50-60% of zinc suifate was obtained
by condensing the acidified reaction mixture where-
as the same reaction of the chloroacetate gave
only zinc chloride without any zinc sulfate. In
addition to this the reaction of acetophenone with
acid gave a 60.0% yield of the zinc sulfate even
though the yield of the addition product was trace
and most of acetophenone was recovered. The
formation of the intermediate (1) was, therefore,
apparent. However, difficulties were encountered
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in the separating the reaction product because of
solubility of the acid and the water solubility of
the solvent which made the physical separation
gdifficult. This addition reaction, a modified Refor-
masky reaction, which involves rather insoluble salt
complex, leads to the concept of the solvating the
intermediate complex. Reformasky reaction, which
have been extensively studiedl®,
induction period, and a solvent, (toluene, benzene.
ether, etc.) even for the reactive bromo precursor,

requires an

and the chloro precursor was known to be the
least reactive species. Present observation for a
chlorine compounds indicated that the reaction did
not require any induction period and reaction time
was relatively short (1-4 hours) even for the chlo-
rine precursor, which is the least reactive species.
The conclusion was therefore drawn to have the
solvating effect of dimethyl formamide for a Refo-
rmasky reaction intermediate of chlorine precursor.
Probably the reaction proceeded to form the
intermediate (]) for the acid and the solvent sol-
vated the intermediate to give the reaction product
within a short sequence. The chlorine compounds
which were known to be least reactive for the
Reformasky reaction was therfore a reactive
species when the system applied a particular sol-
vating solvent such as dimethyl formamide. The
reaction procedure was studied further. The chlor-
ohydrin gave 14.6% yield of the addition product
together with a trace of dimerized product, and
the chloroacetate gave a 33.1% of the unsaturated
ester together with a high boiling polymerized
eSter (43.0%). In case of the acid the yield was
30% because of decomposition during separation.
Even though the yield is relatively low and further
investigation was warranted, the procedure was
simple and convenient for an unreactive chlorine
precursor, which will be better then exsiting
procedure in case of high boiling aldehyde and of
insoluble Reformasky reaction intermediate in the
solvent such as toluene and ete. In conclusion the
present observation results the following reaction
path. in which the intermediate complex was
remarkedly solvated by the dimethyl formamide
to promote the reaction.
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CHCICO0H—y2B——  CIZnCH:C00Zn00CCH:ZnCl %"—
: 0ZaCH

/y

CH,COOH
CH£_OOZn/
CHzEOOH +
CHCO0H:

KA AE

0ZnCl
CﬁHs{JCl‘IzCOOZnOOCCHr(I‘)'CJh

H H
(B
H+
CsHsCH(OH>CH,COOH

CsHsCH(OH)CH:CO00Zn

CHCIGOQCHy—yehg——  ClZnCHO00GH, —2sCHO

©

H+

CH:COOCHs)ze +

+
CH3;COOC:Hs

CHCICHOH —y 20—+ ClZnCHCH, 08 —HhCHO.

Ht___ (E)
(CH0Hz” +
CHCH:OH

CeHsCH(OZnCIYCHzCOOC Hy
HYD)
CsHsCH jCHCOOCsz

Polymer

CeHsCH(OZnC1)CH:0H
H+
CeH;CH(OH)CH0H (F)

The zinc intermediates of (AY(BX}CYD)YE)(F) were all solvated by the dimethyl formamide,

In a separate reaction run the reactivity of chlo-
rine coptainning acid were examined in order to
ascertain the. solvent effect under an irradiation
condition. The s¢lvent effect was also observed in
the case of dimethyl formamjde as compared to
benzene in the case of reaction of tin with chlor-
opropionic acid. (Table 3) Further investigation
along this line will be reported in a separate paper.
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