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Abstract—The rates of ring-opening of propylene oxide (PO) aad propyicae sulfide (PS) with dibutylamine (DBA)
were measwrod i the range 40°-70°. The PO-DBA reaction in toleese (Tol) was 100 slow 10 be studied in detail
The PO-DBA reaction in DMSO-boazeae mixtures was quicker and fouad to be competitive betweea the
second-order depeadent oa the frst order both i the PO conceatration aad in the DBA coacestration, aad the
third-order by the participation of reaction products. The PS-DBA reactioss both in Tol sad ia DMSO-Tol

mixtares were found to obey the same kinetics as the PO-DBA resction. The order of reactivity is PS > PO.
PS-DBA resctioa in DMSO-Tol mixtures was accelorated and the increase in reactivity of PS was based
mmawwwmhmManmme

important factor in the base-catalyzed ring-opening.
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foxide (DMSO) as solveats. The reaction rate of PO with
DBA was larger in DMSO and decreased in the following
order, chlorobenzene, 1,4-dioxane, nitrobenzene and Tol.
In the other solvents except DMSO, the reactions of the
PO-DBA systeém were t00 slow to be studied in detail.

The time-conversion curves in the ring-opening reac-
tion of PO with DBA in DMSO-benzene mixtures were
S-shaped as shown in Fig. 1. The kinetic studies of
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Fig. 1. The timo-cosversion curve in the reaction of PO with

DBA in DMSO-boxzeas mixteres at 50° sad its initial socond-
order piot: O, found; @, calc.
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amine-catalyzed ring-opening of oxiranes have been
mwdmmemcumofomandvmnm-
dary amines in aqueous solution, and in the reaction of
PO with aniline in ethanol,’ where the reaction rate was
shown to obey the second-order kinetics dependent on
the first order both in the oxirane conca and int the amine
concn. The reaction of PO with DBA ia DMSO-benzene
mixtures obeyed approximately the second-order
kinetics on the first order of PO and DBA,
respectively, ounly in the initial period, but the reaction
was accelerated with an increase of the conversion per
cent of PO and the obedience 10 second-order ooes was
found not to hold. Such bebavior has beea found in the
rmg-opmo(POmtthyhmne(DEA)mbulk
where Tiltscher® analyzed the reaction rate sccording to
eqo (1). In the PO-DEA system the acceleration of the
reaction was explained in terms of contribution of the
second term which means the participation of the reac-
tion product (RP) in the ring scission

-‘-’%’l-xmxmnmmaxm M

where (PO), (DEA) and (RP) were the coocn of PO,
DEA and the reaction product at time ¢, respectively.
The reaction product was 1-diethylamino-2-propancl, 1a
(R = C;Hjy), a normal isomer produced as 1:1 adduct of
PO and DEA. An aboormal product, 1b, was negligible
under neutral or besic conditions.

CH/CHCHsNRs
-~ o "
CH,CH—CHs + R;NH
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The reaction product of the ring-opening in the PO-
DBA system was | ino-2-propanol, 1s, (R = »-
C.). The rate coastants in the PO-DBA reaction were
calculated according to eqn (1) in the same manoer as in
the PO-DEA reaction.

When a and b were the initial conca of PO and DBA,
respectively, snd x the conca of PO consumed, eqn (1)
was expressed by the following equation®

-g%x:ﬁ-h(a ~xXb-x)tkfa-xXb—-x)x. (4)

Integrating eqn (4) and substituting the initial conditioas,
eqn (4) became

bid-x}b] _Inl(a-x)a]
(ka+ksbXb~a) (ka+ksaXd—-a)

k: In [(ks + ksx)ka)

(tz + kyaXka+ ksb)

where k: was approximately calculated from the siope of
linear secomd-order plot of the first term oa the right side
of eqn (4) in the initial reaction of PO with DBA.

The values of k» and &, were calculated on the basis of

=
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*The initial molar ratio (DBA/PO3 was cs. 2 In excees of DBA
the reaction procesded quantitatively as shows in oqe (). The
conca of RP was equal 1o that of PO consumed.
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the approxiate value of k; by the curve-fitting method.
Figure 1 shows the initial second-order plot and the calcd
and found values in the conversion per cent of PO at 0.
The caicd ones were obtained from &, k; and the initial
conditions by use of eqn (5). There is a good agreement
between the caicd and found coes at any time £ The
caled values of rate constants are shown in Table 1.
Arrbenius plots of k; and k, gave straight lines as shown
in Fig. 2 and activation energics, E,, were obtained from
the dependence of reaction rates. Activation
AH” and AS”™, were obained from the
Eyring equation (Tabie 1).

The ring-opening of PS with DBA proceeded as in the
PO-DBA reaction system.

C}b('ZHCth(u-CJL)x

SH X )
CH,CH—CH, + (C.H.uNH
N/ \
S

CH,CHCH,SH
] Y]
N(r-CHo)z

b

In the PS-DBA reaction system a normal product was

wmmummmm
conditions in the same process as in the PO-DBA sys-
tem. However, the usual chemical analysis could sot
It was useful for spectroscopy techniques to analyze two
kinds of the above isomer, 2a and 2. In the NMR
spectra of products of the PS-DBA system thiol protoas

Table 1. Rate constants and activation parameters for the resc-
mixtures*

tion of PO with DBA in DMSO-beazene

temp. b kz x 10’ klx XO
°c e e R L

40 2.1 .5

50 3.8 17

60 7.2 21

70 13.5 36

Y

aB 13.2 1.8
{Kcal/mo))

as' -47.1 -60.9
{s.u.)

sr'c 17.2 13.1
{Kcal/mol)}

astc -44.2 -%3.7

(e.u.)

* oMgO/bensens = 10/7({vol/vol).

The initial cbncns of PO and DBA are

b

N .
1.47 and 3.08 N, resp. + 0.1°C.

€ Cited from ref.6.
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Fig. 2. Arthenius plots for the reaction of PO with DBA ia
DMSO-bonzene mixtares: O, k;; @, ks
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higher than those in Tol (Table 2).
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Table 2. Rate constants and activation parameters {or the reaction of PS with DBA

solvent in T01% in omso-To1®
temp. € k%107 kyx107  kyx10®  kyx10
(*c) o leh 3 wieh Y
40 2.2 1.0 — —
45 — — 3.1 1.5
50 .1 3.5 3.5 1.7
55 —_ —_ 4.0 1.9
60 7.2 5.5 5.4 3.0
70 12.5 9.0 — —_
ag’ 11.7 10.8 6.8 8.8
(Kcal/mol)
as' -51.7 -54.8 -57.8 -48.5
(e.u.)

The initial concns of PS8 and DBA are 1.49 and 3.46 M,

b

resp.

DMSO/Tol = 10/7 (vol/vol).

The initial concns of

PS and DBA are 1.47 and J.09 M, resp. ¢
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Pig. 7. Dupendence of diclectric coastants on DMSO weight
fractioa is DMSO-Tol mixtures st 25" O, Tol-DMSO; @, Tol-
DMSO-DBA (DBA wt fractioa, 0.367).

Table 3. Solvest efiects on rate constants for the reactioa of PS
with DBA st 60° ia DMSO-Tol mixtures®

S -5
qum

w7l e

o L-%¢] '3
(wt fraction)

kzllo

.072 .08S
.0

.2
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W w N =~ O
. b . .
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0
0
0.146
(]
0.265 9.19 30
0

3

. 889 ca.29? ca.1x10° ca.8210

% The initial concns of PS are 0.140 - 1.53 M.

b Roughly

extrapolated from the plot of £ vs. wt fraction

Those of DBA are 0.190 - 3.45 M.

of DMSO.

PS in the range 30°-50", in which E, (kcal/mol) and 4S™
(e.u.) bave been reported to be 7.10 and —56.8 for the
PO-aniline reaction, and 14.64 and -35.2 for the PS-
aniline reaction. It was thought that the order of these

be greater than that of PO. It is interesting that the
base-catatyzed reaction of PS is far faster than that of
PO in aromatic hydrocarbons in this paper, but the
factors that govern the reactivity can not be discussed in
detadl as it is impossible to obtain detailed kinetic in-
formation in the PO-DBA reaction system.
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rate coastast and (¢ — 1)/(2¢ - 1) according to Kirkwood
equation where ¢ is the dielectric constant of the medium.
However, in the PS-DBA reactioa the deviation from the
lincarity of Kirkwood plot is signiicant in the high-
dielectric-coastant region of the medium (rich ia DMSO) in
which the reaction is greatly accelerated. Therefore, the
thiolate anioe is though to be selectively solvated in DMSO
in the folowiag ways: the weak partial negative charge on
the S atom would be induced by both the H-booding (the

of DMSO 30 that the C-S boad would be liable to be
cleaved to a large extent. These results suggest the
importance ofthe pull process in base-catalyzed ring-
opeaing reactions.

EXPERIMENTAL

Resgents. PO was a commercial product, dried over calcium
hydride and distilled before use. PS was propared by the method
of Ishi ot al..' dried over Na;OO, and distilled twice before use.
DBA was a commercial product, refluzed over caiciom bydride
wndor reduced pressore aad distillod. Other reagests were
purified by the usual method.

Kinetic measurements. The reaction was carried out uader dry
N; in 100-m] 4-oecked fiask equipped with a thermometer, a
stirrer and a cooler. The temp. was costroied within £0.1°in a
thermostat. Rate coastants were measured by the determination
of the residual 3-membered rings woder the following gas
chromatographic conditions: for PO; intersal standard, beazene;
20M 20%+ KOH 5%, 150cm X Imm;
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of #ts isomer, 1. The products of
beareae mixtures were analyzed by gic, bot the product ratio of
1a and Ib could not be determined as 1 was Overlapped with
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messwred with a TEOL TNM-60M spectrometer. Mass spectra
were measured using 8 Hitachi RM-61 spoctrometer. Measure-
meats of dieclectric coastasts in DMSO-Tol mixtures were car-
ried out at 25° by wse of a hetarodyne apperates.

Education. The authors are grateful to Prof. Minoru Hirota of
Yokobama National University of kis kind permission to use &
boterodyne spparatus for measurements of diclectric constants.

REFERENCES
'For the ring strain, sce A. S. Pell and G. Pikher, Trens.
Paihy.Sx‘Cl.‘ll (1965). For the basicity of heterocycles,



