CHEMICAL TRANSFORMATIONS OF DIOLS
AND CYCLIC ETHERS, XXXIII*

Reactions of Diols with Acid Chlorides
By -

F. NOTHEISZ, M. BARTOK and V. REMPORT
Institute of Organic Chemistry, A. Jozsef University, Szeged

( Received February 12, 1972)

A study was made of the reactions of diols with acid chlorides. The -effect of the distance - -

between the hydroxy groups on the course of the reaction was examined. The coursz of the first
step of thé process, the formation of the diol monoester, was studied. It was found that there is no
essential difference between the transformation of diols-on the actioni of acetyl chloride, and that
of the monoesters on the action of gaseous HCI. In the formation of the monoesters a complex
equilibrium mixture is obtained, containing both diol and diacetate in addition to the monoacetate.
With diols of asymmetric structure, both monoacetate isomers are formed. In the case of the
chloroacetate formation reaction, the 1,3-diols exhibit the properties of vicinal diols, while in the
acyl migration reactions of the monoacetates, both the 1,3- and 1,4-diols do so; the properties
characteristic of disjoint diols appear only from the 1,4- and 1,5-diols on, respectively.

Introdiiction

Our ecarlier publlcatlons [1, 2] descrlbed studies connected with the reactions
of acetyl chloride with butan-1,3-diol and several di-primary 1;3-diols. The aim
of the present work was to gener,allze the reaction to 1,n-diols (n 2, 3,4, 5), and
to establish the effect of the distance between the hydroxy groups on the course
of the reaction. It was also desired to study the course of the first step of the process,
the formation of the d101 monoester.

Experimental results

A study was made of the reactions of various diprimary (Table 1) and primary-
_ secondary (Table II) diols with acetyl chloride. Of the primary-tertiary diols, the
behaviour of 3-methylbutan-1,3-diol was examined (Table 111). The reaction between
butan-1,3-diol and benzoyl chloride was studied (Table IV), with the aim of estab-
lishing the general regularities. Thé kinetics of the transformation were investigated
in the case- of the action of acetyl chloride on butan-1,3-diol (Table V). A study
was also made of the first step of the process, the formation of the diol monoester,
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in order to obtain a deeper insight into the reaction (Table VI). With the same
- purpose, the transformations of various diol monoesters on the action of gaseous
HCI were investigated in detail (Table VII). An examination was also made of the
reactions between HCl and 1,3-diacetoxybutane in aqueous medium, and HCI
and butan-1,3-diol in acetic acid medium, and of the possibilities of using these for
preparative purposes (Table VIII).

Table I

Reaction of I,n-diols with acetyl chloride

Temperature, °C

e T | | Aeeey e
H,C—CH, " _
N +0 0+ | 3
HO OH
H,C—CH,—CH,
I + + 33
OH OH
H,C—CH,—CH,—CH,
: | =" + 43
' OH OH
H,C—CH,—CH,—CH,—CH,
t . - + 52
OH OH
Remarks:

a): reaction takes ‘place
b): reaction does not take place-
¢): side-product mainly chlorohydrin

Discussion

It can be established from a study of Tables I and Il that, under the conditions
employed, the 1,2-and 1,3-diols behave similarly, and the fundamental difference
is between the 1,3- and 1,4-diols. From every primary-secondary diol, two chloro-
acetate isomers are formed. The isomer ratio is substantially different only in the
case of hexan-1,5-diol. This can be explained-by the decomposition of the 1-acet-
oxy-5-chlorohexane. With 3-methylbutan-1,3-diol, practically only one chloro-
acetate isomer is formed (Table III); this is to be expected because of the possibil-
ity of an Syl reaction. Benzoyl chloride behaves similarly to acetyl chloride; with
butan-1,3-diol it yields two chlorobenzoate isomers (Table IV).

On reaction of the monoesters with gaseous HCI, reactions similar to those
with acid chlorides were obsered. It follows from this that there is no essential
difference between the two reactions; the main step of the process is the reaction
of the ester and HCI. The situation is the same in the case when gaseous HCI is
passed into an aqueous diacetate solution, or into a diol—acetic acid mixture.
Thus, it is necessary to study the esterification to elucidate the mechanism of the
reaction. )

In the case of the asymmetric diols there is a possibility for the formation of
two monoester isomers. [t -was earlier generally assumed that, as a result of the



Table If

Reaction of 2.n-diols with acetyl” chloride

Temperature, °C

Chlaroacetate

Isomer ratio, ¥

CH,—CH—(CHy),—CH,

CHy—CH—(CH,),,—CH,

Diol 25 100 | yield, |
’ OAc cl Cl OAc,
CH,—CH—CH, . '
L + + | 60*@t25°0) 48+ 52*
HO OH . C
CH,—~CH—CH,—CH,
R + + 65 (at 25°C) 64 36
_ HO OH
CH,—CH—CH,—CH,—CH,
| | — + 70 50 50
OH OH
CH,—CH—CH,—CH,—CH,—CH, K
} — + 35 80 20
OH OH

- * together with chlorohydrin
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higher rate of acylation of the primary hydroxyl group in the case of a primary-
secondary diol, only the primary group is acylated [3, 4].

It can be established from our experimental results (Table VI) that on acetyl-
ation with acetic anhydride both monoacetate isomers of the diol are formed;
in fact, a complex equilibrium mixture arises, which contains not only the mono-
acetates, but the diol and the diacetate too. The situation is similar in the case of
acetyl chloride, with the difference that here there is also the possibility for the
chloroacetate as well. The above features were not observed in the reaction with
benzoyl chloride; even when the latter was in.considerable excess, hardly any diben-
zoate was formed. This corresponds to the observation that the benzoyl group has
a much lower tendency to take part in acyl migration .reactions than the acetyl
“group [5].

In the reactions of the monoacetates with gaseous HCI, equilibrium mixtures
develop which have the same compositions as in the esterification reactions with

Table I
Reaction of 3-methylbutane-1,3-diol with aceryl chloride

Isomer ratio, %

CH, _ - cHy

CHy—C—CH,—CH, | CHy—C—CH,—CH,

Chloroacetate
Temperature, °C yield, %

|
OAc cl OAc

25 40 5 95
100 2 .0 . 100
Table 1V

Reaction of butane-1,3-diol with benzoyl chloride

0

Isomer ratio, %
Chlorobenzoate! CHy;—CH-CH,—CH, ‘CHarTH—CH.Z—CH.l
. !

Temperature, °C

yield, % !
OBz Cl ' Cl OBz
130 60 | 50 | 50
Table V

Effect of time in the reaction between butane-1,3-diol and acetyl chloride

Product distribution (mole %) after
Product 0 1 2 3 4 6 24 { 25
hours* hour hours hours hours hours hours ( hours
mono- and diacetate 79 | 66 | 57 | 50 | 44 | 41 |- 32 -7
chioroacetates 20 | 33 | 42 | 49 | 54 | 54 55 59
chlorohydrins 1 1 1 1 .2 5 - 13 14

“* the pbint of time when the total acetyl chlorid~e has been added dropwise to the diol



Table VI

Formation of diol monoesters

Product distribution, mole % a
. Diol Reagent | Molar CH3—|CH—(CH2),1—CH2 CHy—CH—(CH,),—CH, CH3—('3H—(CH2),.—(1'JH‘_, CHa——(lIH—(CHz),,-—?HZ )
A B | | | 2
4 (8 (B/A) OH OAc OAc . OH OAc OAc OH OH I
© (D) ~
CHy—CH—CHy—CH,
| | Ac, O 1:1 14 5 40 41 2.8
OH OH . .
CHy—CH—CH,— CHy—CH, . , .
Acg O 1: 23 12 35 32 1.9
OH OH . :
CHs—CH—CH2*$H2 cua—?n-cuz—cug CH3—$H—CH2——CH2
o !
- OH OBz .
(©B2) (OH) OBz OBz OH OH
CHy—CH—CH,—CH, : :
Bz Cl 2:t ~100 trace 0

OH OH
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Reaction of diol monoesters with HCI

Table V1l

Soln, | Reac- Product distribution, mole % Ratio
Monoester Tf(f:“P~ concn.| tion . :
. vol. % | [ | L IL (I IV (VL VL (V/VD)
CH,—CH—CH,—CH,
. S ac 25 | 50 | 60 |35 6 | 4 |35 205
(OAc) (OH)
CH;—CH—CH,—CH,
| 25 | 50 5 1{01]0 1 {67131 2.2
OH OAc
CH;—CH—CH,—CH,
| | 25 2 5 11 0|0 1 66132 2.1
OH OAc ’ o - -
CH;—CH—CH,—CH, | . )
| | 25 1 50 | 60 {331 O} 0 133 23|11 2.1
OH OAc
CH,—CH—CH,—CH,
| | 70 | SO | 60 | 37| 3 7 137 |11 5 2.2
OH OAc '
CH;—CH—CH,—~CH;—CH,—CH, transformation to .onIy a
| 25 50 | 180 very small extent
OH OAc
CHy—CH—CH,—CH,—CH,--CH,
[ - - | 70 50 | 180 18 0 O 8155 9 6.1
OH OAc| :
’ VII\VIHIX | X | XI+XII
CH;—CH—CH,—CH,
| I :
OH OBz 25 | 50 | 60 03333} 0 33
(OB2) (OH)
"I = CH;—CH—(CH,),—CH, "I = CH,—CH—(CH,),—CH,
| - - | . I |
OH OH OAc _ Cl
Il = CH,—CH—(CH,),—CH, IV = CH;—CH—(CH,),—CH,
| N I '
. -Cl OAc OAc OAc
V = CH;—CH—(CH,),—CH, VI = CH;—CH—(CH,),—CH,
' . | I
OH OAc OAc OH
VII = CH;,—CH—CH,—CH, VIII = CH;—CH—CH,—CH.
I | I |
OH OH OBz Cl
IX = CH;—CH—CH,—CH, X = CH;—CH—CH,—CH,
| I I o
Cl OBz OBz ~ OBz
XI = CH;—CH-—CH,—CH, XII = CH;—CH—CH,—CH,

I
OH

|
OBz

I
OBz

OH



Table VIII

Formation of chloroacetates from butane-1,3-diol and its acetate on the action of HCl
14

Product distribution, mole /"

Initial . .
Suring subsance | Tege | vater | e | onoacer | eigrony. | CHa=CH=CHy=Cly. [ Cg=CH—CH,~Ch,
vol. ¢, . tates drins OAc al l OAc
CH ——CH—CH CH 25 (-0 1 hardly any transformation
3 2= 12 -
S ' 25 1 i 82 8 0 6 4
OAc, OAc s 1750 |1 | - 15 15 10 36 24
' ’ L isomer ratio, %,
chloro- — -
starting mixture| acetate CHy—CH—CHy—CH, CH3—CH—CH,—CH,
yield, 4 | | | |
g OAc T Ci OAc
CH;—CH—CH,—CH, . aqueous
| | 25 1 14 d.q 70 60° 40
OAc OAc iacetate
CH,—CH-—CH,—CH, . ) diol-acetic :
| 25 0 24 |acid in 1:1 75 60 40
OH OH molar ratio :

Table 1X

Reaction of monoacetate mixtures with thionyl chloride

Chromatographic analysis- {somer ratio, & . .
Monoacetate mixture (:Ha-(I:H—(cr.lz),,—(x:H2 CHa—ClH—(Cl—lz)’n—(l;'Hz c1-[3—cn—(cr{2),,—(‘:}V{2 CHs-CH—(CHZ),,—(lez
OAc OH OH OAc OAc Cl - Cl "OAc
CH;—CH—CH,—CH, _ _ '
(|)H ’ (l)Ac only onc¢ peak could be obtained 25 75
(OAQ) (OH) ’
CH;—CH--CH,—CH,—CH, , )

AH (|) Ac 30 ' 70 30 70
(OAc) (OH) ‘ . ’
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the acid chlorides. In both cases the following equilibrium is established:

CH;—CH—(CH,),—CH, = CH;—~CH—(CH,),—CH,] =
| - | : | I
OH OAc OAc - OH

= [CH;—CH—(CH,),—CH, + CH,—CH—(CH,),—CH,] .
| I R .
OH OH OAc OAc

where n=0, 1 or 2.

Because of the considerable differences in the reaction rates, the acyl migration
reaction of the monoacetate may be treated as a pre-equilibrium involving its
disproportionation to diol and diacetate, as opposed to the formation of chloro-
-acetates. ' ‘

The investigations.on l-acetoxypentan-4-ol showed that the rate of the acyl
migration is not affected by dilution, and thus it can be regarded as an intramolecular
reaction. In the case of 1-acetoxyhexan-5-ol it was found that the rate of the acyl
migration is comparable with the rate of the intermolecular trans-esterification.
leading to disproportionation, and so it is not definitely an intramolecular reaction.
In addition, the entire reaction here proceeds substantially more slowly than in
the case of the monoacetate of the 1,4-diol.

In this reaction, therefore, a fundamental difference exists between the 1.,4-
and 1,5-diols. In the case of the chloroacetates the same is found between the 1,3-
and l,4—diols. Thus, in the formation of the chloroacetates the 1,3-diols behave
similarly to vicinal diols, while in the acyl migration both the 1,3- and the 1,4-diols
~ do so; the properties characteristic of disjoint diols are found only from 1,4- and
. 1,5-diols on, respectively.

Experimental

" Pentane-14-diol was prepared by the reduction of pentan-1-ol-4-one with
- 110 atm ‘H, at 50°C in abs. ethanol in the presence of a Raney nickel catalyst; b.p.: -
148—152°C; nZ8: 1.4435.
Hexane-1,5-diol. Hexan-I-ol-5-one was prepared from acetoacetlc ester with
1 3 dlbromopropane (el and this was then reduced as above; b p-s: 110—116°C;
: 1.4476.
3-Methylbutane-1,3-diol was prepared from 4,4-dimethylmetadioxane [7]; b.p.,:
90—96°C; n3?: 1.4391.
1- Acetoxybutan-3 ol could not be prepared by acetylatlon of butan-1-ol-3-one
and subsequent reduction.
3-Acetoxybutan-1-ot could not be prepared. This agrees with other negative
results [3].
1-Acetoxypentan-4-ol. Pentan-1-ol-4-one was reacted with acetic anhydride,
and the product reduced as described above; n2’: 1.4348.
1Acetovyhe‘<an 5 ol was prepared from hexan I-ol-5-one by the method
described above; n¥: 1.4417.

Preparation of monoester mixtures

a) Butane-1,3-diol was treated with acetic anhydride as in [1],-and the mono-
acetate separated from the diacetate by preparative gas-chromatography. ny: 1.4180.
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b) 1-Acetoxypentan-4-ol was treated with HCI for 5 minutes at 25°C in a
50 vol. % chloroform solution. After the working-up of the product, an almost
completely pure mixture of the pentane-1,4-diol monoacetates was obtained.

c) Butane-1,3-diol was treated with benzoyl chloride as in [8]. Scarcely any
dibenzoate was formed, even when a twofold excess of the acid chloride was used.
The vast majority of the product was probably 1-benzoxybutan-3-ol.

Reaction of diols with acid chlorIdes

The experiments were carried out by two different methods:

.a) 5g powdered anhydrous CaCl, is added to 0.25 mole diol. With stirring .
and cooling, 0.25 mole acetyl chloride is added dropwise at such a rate that the
internal temperature remains at 9—10°C. The reaction mixture is stirred for 24
" hours at 25°C, and then for 1 hour at 50°C.- The product is poured onto ice, NaCl
added, and extracted with ether. The ethereal phase is neutralized with NaHCO;,
solution, dried, the ether is evaporated, and the residue is fractionated. A detailed
investigation showed that the reaction is practically completed during stirring for
4 hours at room temperature, and subsequently primarily the amount of chloro-
hydrin increases.

b) 2 g powdered anhydrous CaCl, is placed into a bomb tube and 0.1 mole'
diol is added. The bomb tube is cooled below —30°C and 0.1 mole acetyl chloride
is added. After sealmg -off, the tube is kept at —30°C for 2 hours, and then placed

in ice-water. It is allowed to stand at room temperaturc for 2 hours, and finally - '

kept at 100°C in a furnace for 5 hours. The working-up of the product is the same
as in the process used above. '

The course of the process was followed by method a), a sample being taken from
the reaction mixture at-a given point of time. In the case of benzoyl chloride method
b) was used, with the variation that the temperature was increased to 130°C.

The mixtures of products were studied by identifying theindividual compo-
nents, which were separated by means of preparative gas-chromatography. In
order to detect and determine-the diols, in certain cases the reaction mixture was
not poured into water and. the crude product was analyzed.

Reactions with gaseous HCl

Chloroform solutions of the monoacetates and the monobenzoate were prepared,
with theé concentrations given in Table VII. 2 g powdered anhydrous CaCl, was
added for each 0.1 mole diol. Dry gaseous HCI was led into the reaction mixture
. for the given time. The products were neutralized with saturated NaHCOQ; solution,
and the aqueous phase was saturated with NaCl and extracted with ether. The
combined chloroform -and ether mixtures were dried and analyzed gas-chromato-
graphically without further purification. In certain cases the neutralization was
omitted and the crude product was analyzed; in these cases the detection and deter-
mination of the diols was" possible..

In the case of 1,3-diacetoxybutane the amounts of water given in Table VIII
were added, and then gaseous HCI was led in under the given experimental con-
ditions. Acetic acid was added to butane-1,3-diol in a 1:1 molar ratio, followed
by 2 g powdered anhydrom CaCl, for each 0.1 mole diol. Gaseous HCl was led
mto the reaction mixture under the conditions glven in Table VIII.

"7
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Reaction of monoacetates with thionyl chloride

Gas-chromatographic separation of the two monoacetate isomers was succesful
only in the cases of the monoacetates of pentane-1,4-diol and hexane-1,5-diol.
In the case of butane-1,3-diol the monoacetate mixture, which presumably also
consisted of two components, gave only one peak. For this reason the monoacetate
mixtures of butane-1;3-diol and pentane-1,4-diol were reacted with thionyl chloride
in pyridine solution [9]. Under such conditions the process should theoretically
occur via a Walden inversion on both the carbon atoms involved. The results are
given in Table IX.

The chromatographic study of the mixture of pentane-1,4-diol monoacetates
gave the same result as the thionyl chloride reaction. The two chloroacetate iso-
mers obtained from the butane-1,3-diol monoacetate mixture also indicate that

~ the initial monoacetate mixture contained both 1somers in a ratio corresponding
to the chloroacetates formed.

»
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XUMUYECKUE TNMPEBPAIMEHUS IUOJIOB U UMUKJIMYECKUX
D®UPOB XXXIII. PEAKLIUA JUOJIOB C XHOPAHFI/IZ[PI/IIIAMI/I
KAPBOHOBBIX KUCJIOT

&. Homeiic, M. Bapmorx v B. Pemnopm

Hamu Obina iccnenoBaHa peakuMs B3aHMOIEHCTBHS JHOJIOB XJIOPAHTHAPHAAMH. BuUIO H3y- -
- YCHO BJIMSIHUC PACNIOJIOKCHUA THMIPOKCUIIOB HA NPOTEKAHUE Peakliuy, & TaKXKe Ha NPOTCKAHNEC nCp-
BOH CTaguM peaklud — obpa3oBanus nuon-moHoddupa. Hamu ObuUIO HailleHO, 4TO HET. CYILECT-
BEHHO#H pa3HHLIBI MEKAY PEAKLUIMHM MPEBPALLCHHS, TPOUCXOAALLIMMH ¢ AMOJIAMH MO BO3IEHCTBUEM
aLETHNLX/IOPHIA, -C OOHOH CTOPOHBI H MOHO3(HPaMM IOA BO3AECHCTBHEM ra3000pa3HOTO XJIOpH-
TOro Bogopoaa — ¢ apyroi. C obpa3oBaHHeM MOHO3OMPOB 06pa3yeTcs CHOXHasi paBHOBECHAA
CMECh, B KOTOPO# Hapsiay ¢ ABYMA MOHOALIETaTaMM COOEPXKATCA Takxke AMOJ M AHAUETaT. B cnyyae
JM0J10B C aCCHMETPUYHOMN CTPYKTYpo# o6pa3yercs o6a H3oMepa MOHoalieTaTa. 1,3-AHONBI B ciyyae
peakunu 06pa30BaHUA XJlOpaueTaTa, a 1,3- 1 [, 4-A4onn! B Peakumax NEPEeXonoB ALMIBHBIX TPy
BedyT cebs kak 1,2-AHONBI, peaKLWM XapaKTepHble N/ AMONIOB C Pa3AENIbHbIMHA T'MAPOKCHIBHBIMM
' rpynnamMu NpOABJIAIOTCA TONBKO Ha4vHHAas OT AMOJIOB HMEIOLMX MAPOKCUIILHBIE TPYNIEL B TIONO-
xeuun 1,4-, 1,5,- 1 oline, .



