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Hesults of the chlorination of the isomweric di~-
acetins (glycerol diacetates) were reported by Weg-

and Zmerzlikar (46) in 1913. Using rhos-

3

scheide
phorus pentachloride they produced 2-chloro-l,3-proo-
anediol diacetate (I1) from 1,3-diacetin (1) and
i=-chloro-2,3-propanediol diacetate (IV) fromw 1,2-di-
acetin (I1I). These reactions are shown below:
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compound 2-carboxy-3,3'~dihydroxymethylacetic
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dgilactone (V) via a malionic ester condensation. The

proposed synthesis wass:
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studies with molecular models indlcate that com-
pound V can exist in two forms, one (Va) having the

hydrogens on carbons 2 and 3 cis, the other (Vb) hav-

ing these hvdrosens trans.
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While this work was still in the early stages it

became obvious that the preparation of compound 11Tin
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The isomerization would more nrobably affect th

diacetate (IV), be~
cause of the noted tendency for wmisration to occur
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worth et al (7, &, 31. 32) on lactone structure and syn-
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bty reaction of slycerol with acetone in th

of a small amount of wineral acid.
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that cold dilute hydrochloric acid removes the
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Fischer (16) proposed that the mechaniswm Tor the
acyl shift in glycerides having free hydroxyls in the

the hydroxyl hvdrogen to the carbonyl ox-

veen on the adjacent acyl group:
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Hibbert and Grieg (25) reasoned that an incresase
in the electronegativity of the -R group would fav-

reacting ethvlene glycol with trichloroacetic acid



and 2-hydroxy-2-trichloromethyl-t-chloromethyl~1,3~
dioxolone (XV) by reacting epichlorohydrin with tri-
chioroacetic acide.
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corporating tThe 1- and Z-hydroxyls of lvecerol into an

1. L.3=kFengvlideneglvcerol metnod.
CH— ok CHy—o
' = — Ve AN ¢4
CHy—OF
20
A==l
ClHy—0O CH)y—OH
- 1N | 3
d th, & CH— 0 —C"—p
R—co—_c# CH— 1y Ll l
CH— 0O CrA,—OH

ile Glycerol=1,3=ditritv]l ether wethod.

CHy— OH CH— O —C(GA)

CH—o0k  (2—C (G rt) =L Cy—on

CIAg — O CHy—O —C(GH);
ﬁ—cf/-iz (00)

Crh—O0——Cr¢G Ahy 0K

l F 2 | P
CH—O—C— R L2 Z . o E—

| |

CH—©O Cce (5/7.15‘)3 : CH 20O



N
R It

The use of urea and thioures inclusion corplexes

urea 1s allowed to crystallize the presence of

hvdrocarhon

. \

bong in the chainj,

0
)
)
1t
D
R—g
9
3
QO
@]
[

G, T ooy Ay e e ey A e
the latter tends to

] . R 3,04 4 20 T ey s mrdea
Uresa sTructure. 10rmineg an aacducty \?j ° L2 milXmure




O
(b;——o—c//——/(/z’//?—cze}

|

CH—Ok

C/— O
(XTI1)

Induztrially, diacetin is
tween glveerol anc acetyvl cnlord

-l
7/~
-
[
3
I

Crr—OH

| .
Cﬁh——O——C{——-[?%ééq——Cﬁ?

CHL—O/‘/
(X71)

cHy

/4
CHg—O— C——CHf

I 4
I/
C/? (94 —

<t




()8




9]
()

4 V4
7
CHy— O—— C—CH CHy—O——C ——Chj

CH— O Lilr

/7 ‘
CHy— 0O —C—CH C AHy—0O c cup

14
CHymm O € ——C Hy CHy— O— C ——CH5

CH—C2 CH—C?

From the same reaction on l.,2-diacetin (IZ); they
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structure.
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which had been vrepared by Coffey (10) by condensation
of cvclohexene oxide (VIII) with ethyl sodiomalonate.

using this procedure, they obiained 2-ketocyclohexyl-

acetic acid (X).
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chloride or taken into the washing solution during

purification of the crude producte.
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3300 cm. . A broad peak centered at 750 cm. is
again attributed to the C-Cl zroup. The peaks at

spectrum of the transesterification product. The pre-

sence of aliphatic C-H linkages in the molecule 1s
. -1 .
indicated by absorptions at 2900-2950 c and 1430-
1) -1
1450 cme o
One would expect that Z-chloro-~l,3-propanediol

produced by reaction between 2-chloro-l,3-

oropanediol diacetate (I11) and ethanol,should be found

in the product of the transesterification reaction:
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CH—C2 CHON cH—e2
i ‘Cl‘{]COsz//r I
7/
(11)
The fact that it is not found is difficult to explain.
The possibility that the epichlorohydrin contains 2-
chloro-1,3-propanediol as an impurity does not seenm
likely. 1If this were the case then the ldentity of the

two spectra indicates that the relative concentration



thionyl chloride gives 3-chloro-1,2~propanediol (IV)

Gi- and trichlorinated speciles derived from this sub-

~diacetine.
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Fydrolysils of epichlorohvdrin using dijute nitric

acid sclution as hydrolyzing agent obviously proceeds

with the formation of nitrate esters of The slconolic
product. This is clearly shown by the mresence ol pe

a2~ -~ W.} ‘ m'—l O
at 1270-128C em. = and 1440-1650 cm. = in the
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spectrum ol the reaction product

c‘// 2 Chy=CooH Zfat—r lcx/-——a-——c
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34

of 3-chloro-1,2~propanediol (XXXIII) and 2-chloro-1,3-
propanediol (XXXVI) in the final product from both the

hydrolysis and the transesterification reactions is the

same. This is cleariy asking too much of chance. An-
other possibility is that the two diols form an azeo-

tropic mixture which distills at a constant temperature
at a pressure of half a millimeter of mercury. No ev-

idence for this was found in the literature. Further-

more, if commercial diacetin is postulated to consist

of a mixture of the 1,2- and 1,3~ isomers, then 2-chlor-
o~1,3-propanediol would be expected to be a major prod-
uct of the transesterification reaction, since 2-chlor-
o-1,3~-propanediol diacetate (II) is proposed to be a
major product of the chlorination of such a mixture.

The presence of 2-chloro-1,3-propanediol (XXXVI) in
almost equal quantities as 3—chloro—l,2—propanediol
(XXXIII) in the product of the hydrolysis of epichlor-
ohydrin would mean that, far from being an impurity,

2-chloro-1l,3~-propanediol (or any precursor of this com=-

pound ) is‘a major contaminant of epichlorohydrin.

It is seen that the supposition that commercial

diacetin consists primarily of a mixture of the 1,2-
and 1,3- isomers (33, 34%) cannot be reconciled with

the results of the transesterification experiment.




condensation of penzaldehyde with glycerol according
)

Ve
to the method of Fibbert and Carter (2%

chloride.
CH,—OH CH—0

.
CH—OH  O=C—GHy L pp—CW CH—C fy

Cly—OH CHy—0

(K10
JOCL,, pyrivive

Thig last compound would then be reacted with an
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Cts— 0. cy-c=° CH—O — C —CH

()
CH=Cy,
C——c# CH— Co s cm=coow, cH—C?

C/‘/Z———O C//Z_O '——C—"C//';

(i)

o

o Tad - ieT e dratasd
'ne chlorination step feiled, vroducling instead

of the expected product. diwk193wbenzylﬂdeme@iyceryi)w

Ce A —CH H—O —5—0 —C# CH— A

LA | H—0O

o
d

The mechanism of chlorination of an alcohol Ty
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stezd. the chlorosulfite reascts with a second glconol
- P . Ea)

solecule wits the evolution of 2 second molecule of

CH— G

~HCL

O——<CH, CH—O

QO
| / RN

é/?ls‘——-——CH CH—O0—S5—0—c#H Cf'{““"'—'(g/q‘r
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0——CH, CHy—0
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chromiuvm trioxide in acetic acid solutlcon

tion has been evavorated Lo a small volume

- T - v p } N 33 - R . ]
cnlorol rollosed a Llization ifvom The

o~ PO T . —~ . ~
same sHhiveintTe. Was DRSS
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acid (I7).
CH—CGHe (0 CA—Cls
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C/(?-CO&H
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ficult to follow the loglic of the above

sevaration. krrushel did obtain the substituted succlnic

(chromium trioxide oxidation,

‘_)
[
o
[

oxidation. and concentrated

cave unresolvable olls as products.

.

The oxidations were prohably too drastic. The tendency .

tituted bhenzenes To

is well obtained in these reactlons may

formed in the stepwise oxicdation of

volaectorne to henzoic acid. 11T 1s sig-
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under the conditions used, some nitration of the oven-
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hexanone, which would result in ring breakage, is diff-
icult. The comron laboratory preparation of ¢
anone takes advantage of this fact (1). Thus, it does

not follow that similar treatment of & butyrolactone

would necessarily stop at the aldehyde stage.
A second approach te this synthesis was to oxidize

AK-benzyl-¥~butyrolactone (I1) with

ate in the presence of 2,4-dinitrophenyihydrazine (V).
The 2, 4»@1n1tvoo:epvlnydra21ue is present in order To
react with the intermediate aldehyde (111), forming a
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FANT T.ev... (Heaction between diacetin and thionyvl

3\

Commercial diacetin (70 g.) was
o]

!_,
QJ
]_J
-
©

necked round bottom flask (200 ml.) eguilpp

agnetic stirrer, reflux condenser, and dropping

[©)
jor
=
ot
5
o

nel. Flask and contents were cocooled in an ice bath

and thionyl chloride (55 2.) was added dropwise
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spac
vigorous evolution of hydrogen chlori
sided, the reactants were heated on a hot water

to complete the reactlon. wWhen |
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o
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be evolved the solution was cooled in

bath, then washed with an eqgual volume of water.

over

teen minutes. After tThe initial




The infrered spectrum of the wroduct wixture (page

I

O
Ay

@]

2G6) was taken on a Perkin-Elmer Fodel 21 infrared s -

3

cer with a thin layer of tThe liguid between
sodium chloride plates as sample

Analysisz:

Found: C: 3%.86%  H: k.93%  Cl: 37.40%

Theoretical for (1) and (I1), C7i
C

s 43,195 H: 5.664
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dissolved in 95% ethyl alcohol (35 ml.). This solution

ed by a transesteriiication reaction, were distilled off

iissolved in 9%% ethyl alcohol (35 ml.). The reflux

was then dried overnight with magnesium sulfate. The
dried liguid, after having been separated by filtration
Trom the magnesium sulfate, was distilled under reduced



[Sa
/ L)

to e 72-73 /0.5 mm. The yield was 3.6 g.
the product zave a positive ceric nitrate test (3

indicating that it is 2 water soluble alcohol, anc a

-

positive test for halogen. The infrarec

the comround (pasze 31) was obtained on a Perkin-ilmer
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stirrer
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Dilute (5%) sulfuric acid (25 ml.) was added to the
this and the mixture was stirred and allowed to come
to room temperature over a period of twelve hours.

buring this time the epichlorohydrin was com

] o

hydrolvzed, as evidenced by the dilsappearance ol

heavy organic layer from the mixture. The sutfuni

1
o

acid solution was then distilled ofi under diminished

pressure. ‘fhe residual licuid was dried over mag-

ared spectrum of the product (pasze 32)
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rin and the re stirred

and allowed to come to roorm terperature over a period

of twelve hours. During this
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The infrared spectrum of the vproduct (paze 36)

was obtained on 2
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reaction ensued., accowpanied by the
larze cuantity of hest. ‘“hen This initial reaction

the solution was heasted on & hot water

reachtion wixture was cooled
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cooled in an ice bhath and cold ethvlien

3 T Q Ay A - —— - > . 1 - R
in alcohol (80 ml.) was run in slowlv.

was cooled occasionally and on prolonged

well cooled at this point for the resc

lution of & goreat deal of

to sit overnis

(100 ml,) was added

Aol .

was added. After approximately ten mi

nutes t©

The mixture was

e oxide

he

(33 7.

7

ixture

next

he mixture

became very warm and more mobile as the sodium bromide

senarated. The wmixture was allowed to

days at room temperature after
cohol was removed on & steam bath. Th

somewhat viscous matter remalning was

react

with water to remove the sodium bromide. The

for two




N
~3

separated was drawn off and the acueous layer heated
to drive off any alcoholi. ‘his was then treated with

ether to remove any more oll and the ether extract
then added to the oil. After treating the olil with

masnesium sulfate 1t was distillied under reduced pres-

under reduced pressure. Ilhey gave a

- . o] -

ne refriserator overnight. The melting point was

o
- 5"

H3»48°9 and the tTotsl vield was 91 gramgs., This was
0@carbethexy~drbenzyl»B:butyrolactone (1).

The lactone-~ester prepsred above (21 g.) was dis-
solved in alcohol (5% ml.) and sodium hydroxide sol-

ution (M0 g. in 200 ml. water) added. The resulting

clear solution was refluxed Tor twenty minutes and

allowed to stand overnight. The next day the alcohol

]

was removed by distillation until tne temperature had

. = < 1 . o . R ~ . < o <
reached 100. ‘The solution was then acidified with




=8
/u
concentrated hydrochloric acid anc the oil which sep-

2rated was extracted with ether and treated with mag-

nesiumr sulfate., ~after evarporation of the

. . . . . Lo o e
oil was decarboxylated in an oil bath at 160 . When

9
o

R
°

to 85% hydrazine hydrate (10 ml.) and the wmix-

for fifteen mwinutes. Absolute ethyl

The mixture was then heated under reflux for two and
a half hours. The alcohol was evaporated and the res-
idue cooled in the refrigerator overnight. The white

crystals so obteined were filtered under suction and

on recrystallization from water melted at 17/7/-17¢

Found: C: 63,254

Theoretical for C
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‘ethod of hrushel (30)
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room Temperature.

The oxidizing mixture was prepared by dissolving

in hot water (10 rml.). On
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cooling, glacial acetic acid (25 ml.) was added,
After this, tThe reaction Tlask and contents were

cooled in an ice bath and kept cool while the addition

N

of chromium trioxide solution took wlace over The course

of helf an hour.
After the asddition., the solution was stirred for
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me it was allowed To come
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to room temperature and let stand for two day
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whole evaporat iminished pressure o a syrupy

with chloroform, which

idue was tnen treated with ether To dissolve the suc-

cinic acid. ©n evaporation of the ether no product
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ution was added dropwise a solution o

reaction

manganate (2.9 =.) in water (40 wl.).
mixture was allowed To remain at room temperature with
stirring for twenty-four hours, after which time it was
made acldic with sulfyric acld and extracted with ether.
The olil obtained on evaporation of the ether was dis-
solved in 5N sodium hydroxide solution (15 wl.). {n
Pbeiling this solution with dorite, filtering, and re-
ecidifying with sulfuric acid, the oil again separated.
The oil solidified when imrersed in liduid nitrogen,

ore it had resached room

temperature. Froloncged cocoling in the freezer com-

partment of trhe refrigerator did not cause the oil o
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with thionvl chloride has shown that the reaction is

regult of the transesterification of the diacet-

nroduct mixture with ethvl alcohol

4=

ig The wmaior con

nonent of

and that 3-chloro-l.2-nronanediol
diacetate is a major wroduct of the chlorination reaction.
Attempts to prepare urea inclusion cowplexes From comi-
mercial diacetin and from the chlorination produc
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1. The nuclear magnetic resonance spectrum of commercial
discetin could be obtained. If properly interpreted
this micht sive valuble information abvout the isomeric

content of commercial diacetine.
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condensation of glycerol with benzaldehyde and the re-
sction of this compound wWitn thionyl chloride could be

studieds.
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L, 3ince krushel's work or
butyrolactone could not be reproduced, further work in
this area will be necessary. In
3~carboxy-t-phenyl~l-buta réW by wild oxidation of

A-en Z/lwx/mxcyrejqctone7 the use of milder oxidizing
agents should Te considerecd. Dilufte nitre acid wight

be used to advantage in this preparatlonie.
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