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in mechanism for II, when compared with I, III
and IV.

Finally, we wish to point out that these data also
provide insight into the configurational stability
of allylic cations. Among the canonical set of
resonance forms which may be written for the salt
of cis-chalcone are an “allylic pair’ (XIVa and
XIVb). The conclusions regarding the mechanism
of isomerization of I clearly demand configurational
stability in this system, since the isomerization is
effected only by the attachment of water (eq. 2).

(37) W. G. Young, S. H. Sharman and S. Winstein, J. Am. Chem.
Soc., 82, 1376 (1960).
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With sufficient stabilization for a positive charge
provided at the ends of the ‘‘allvlic” system, the

P H H B
. |

: S H C. H
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- B g, HO™ ™ (,H,
| XIVa XIVb N

bond order of the C,~Cs boud is reduced. The
isomerization thus may become unimolecular,
as observed in these studies for c¢is-4-methoxy-
chalcone (IT).
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The Modified Kaluza Synthesis.

II.! Kinetics and Mechanism
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The decomposition of intermediate carboethoxy n#-butyldithiocarbamates is shown to be subiect to base catalysis and the

evolution of carbon oxysulfide to proceed in three steps.

the mechanism of the decomposition is discussed.

Introduction.—The modified Kaluza synthesis
of isothiocyanates, recently introduced,' has been
applied to the preparation of wvarious aliphatic
isothiocyanates from the corresponding amines
with generally successful results. The method has
been employed in the synthesis of alkyl! alkenyl,?
benzyl,® o-, m- and p-methoxy benzyl,*® 3-hy-
droxypropyl,® various substituted g-hydroxyethyl”
and w-carbalkoxyalkyl® isothiocyanates. The mod-
ification of the Kaluza method consists in utilizing
base-catalyzed decomposition of intermediate car-
boethoxy dithiocarbamates, derived from amines
by treatment with carbon disulfide and base fol-
lowed by carboethoxylation with ethyl chlorocar-

bonate. The reaction can be carried out in
aqueous! or non-aqueous®’8 solvents.
0
S
KOH I - CICOEt
RNH; + CS; ———> RNHCSK* —
: ¢
RNHCSCOEL + KCl
I
1I, R = CHy
0
base I .
1 -———I_i—+> RN=C==S + -SCOEt (COS +Et0~)
111

(1) J. E. Hodgkins and M. G. Ettlinger, J. Org. Chem., 21, 404
(19586), should be considered the first paper of this series.

(2) M. G. Ettlinger and J. E. Hodgkins, J, Am. Chem, Soc., 77, 1833
(1955).

(3) M. G. Ettlinger and J. E. Hodgkins, J. Org. Chem., 21, 204
(1956).

(4) M. G. Ettlinger and A. J. Lundeen, J. Am. Chem. Soc.. 78, 1952
(1956).

(5) A.XKjaer and R. B. Jensen, Acta Chem. Scand., 10, 141 (1956).

(8) A. Kjaer and R. Gemlin, ibid., 10, 1193 (1956).

(7) A. Kjaer and R. Gemlin, 7bid., 11, 906 (1957); A. Kjaer, R.
Gemlin and R. B. Jensen, £bid., 10, 432 (1956).

(8) I. L. Garmaise, R. Schwartz and A. F. McKay, J. Am, Chem.
Soc., 80, 3332 (1938).

The reaction is unusual in that the rate first increases with in-
creasing concentration of buffer components, then levels and shows no further increase in rate.

This behavior as well as

In the first paper® of this series a path was pro-
posed for the base-catalyzed decomposition reac-
tion based on the general chemical behavior of the
carboethoxy dithiocarbamate derivatives (I). No
evidence was available, however, to ascertain the
type of base catalysis or whether the evolution of
carbon oxysulfide was concerted with proton re-
moval or preceded by fission to thiocarbonate ion®
followed by rapid decomposition of this species.
We wish now to present evidence that shows the
decomposition to be subject to an unusual type of
base catalysis and the evolution of carbon oxysul-
fide to proceed in two steps after proton removal.

Results.—The rate of decomposition of carbo-
ethoxy #-butyldithiocarbamate (II) was followed
by measurement of the evolution of carbon oxy-
sulfide and by ultraviolet light absorption measure-
ment of undecomposed II. Gas evolution kinetics
were employed only where qualitative comparisons
were needed since the rate constants were invari-
able 20-309%, lower than those measured spectro-
photometrically, due, presumnably, to the solubility
of carbon oxysulfide in the solvent. By employing
good gas-liquid equilibration techniques (see Ex-
perimental), reproducible kinetic results could be
obtained from gas evolution measurements, but
deviation from first-order kinetics occurred above
the half-life and the results indicated only 50-709,
completions. In solvents containing water and
added salts, which reduces the solubility of carbon
oxysulfide, the evolution kinetics closely approached
the spectrophotoinetric measurements and the ex-
tent of completions increased to about 90%.

The uncatalyzed rate of decomposition of II at
41° in 839, (by volume) methanol or ethanol is
barely detectable. The compound II is perfectly
stable to 0.005 V HCl in the same solvents.

(9) O. E. Schultz and E. Barthold. Arch. Pharm., 286, 267 (1952),
have isolated sodium O-.ethyl thiocarbonate in the decomposition of
these intermediates in the presence of strong sodium hydroxide.
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Fig. 1.—Pseudo-first-order plot of the base-catalyzed decom-
position of II in “83%" ethanol.
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Fig. 2.—Variation of rate constant (k") with pyridine con-
centration.

The base-catalyzed decomposition of II is pseudo
first-order (Fig. 1), and the rate constant increases
linearly with initial concentration of added pyri-
dine or pyridine derivatives (Fig. 2). This linear
dependence is shown in methanol-water, ethanol-
water, acetone—~water and in the pure alcohols. The
decomposition is faster in solvents of higher dielec-
tric strength.

The decomposition shows a positive salt effect
with lithium chloride and with lithium perchlorate
(Fig. 3), but the increase in rate with added salt is
small (65%). The reaction is subject to catalysis
by all bases in solution. This was indicated by
observing a regular increase in rate (however; see
Discussion) on addition of increasing amounts of
pyridine and pyridine hydrochloride in the same
ratio (at such a high lithium perchlorate or lithium
chloride concentration to minimize changes in ionic
strength; Fig. 4). The effect of lyate ion was
proved to be negligible in the range of concentra-
tions shown in Fig. 4 by the fact that the buffer
curves passed through the origin.

The gas evolution measurements showed a change
in rate law from first order to zero order at concen-
trations of pyridine approaching 1 N. Since this
suggests a slow secondary reaction involving the
loss of COS, the decomposition of potassium O-
ethyl thiocarbonate (III, “Bender’s salt”) was
studied briefly in hopes of understanding this be-
havior. In aqueous solution the decomposition of

THE MopIFIED KALUZA SYNTHESIS

2533
&
+4

kx10 o7z °
secT . )

.4

.2 L n " L

o] .05 .10 A5 .20 .28
(LiC104).

Fig. 3.—Variation of rate constant (k') with lithium pet.
chlorate concentration.
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Fig. 4.—Plot of k' ws. concentration of pyridine—pyri-
dine'HCl. The concentration of pyridine-HC! is given by
the ratio term at the top of each curve, The dashed area
represents the unusually high experimental error at low con-
centrations of pyridine~pyridine-HCl, Variation of 2’ with

pyridine-HCl is shown in the smaller plot.

IIT in the presence of various buffers is subject to
acid catalysis (Fig. 5). Thus, at low base concen-
trations the thiocarbonate ion produced in the de-
composition of IIT is rapidly decomposed since the

4 L
+
[H]MO.6
2 |-
o} 1 ) 1 1 L I
9] | 2 3 4 5 6

kx\d).s
Fig. 5.—Effect of [H]* on rate of decomposition of O-ethyl
thiocarbonate ion.

concentration of acids in solution is relatively high;
but as the concentration of base is increased, the
decomposition of IIT slows and becomes independ-
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Fig. 6.—"Brénsted plot” of catalytic constants and base
strength. The catalytic constants were measured in meth-
anol by evolution kinetics and the pKj3's were measured in
water,

ent of IT concentration.  Finally, when the con-
centration of acid species is reduced to a sufficiently
low value, IIT doesn’t decompose measurably. In
water solution III does not decompose measurably
(under conditions described here) at a pH value
greater than 7, and decomposes rapidly at pH be-
low 6, suggesting the loss of COS wa a strongly pH
dependent equilibrium reaction. Evidently this
pH dependence is the reason that in strong base
the products of decomposition of II are n-butyl
mustard oil and O-ethyl thiocarbonate salt.! A
regular kinetic experiment containing 0.03 A{ pyri-
dine in the presence of II, which should be about
as acidic as phenol,! should have sufficient concen-
tration of acids to rapidly decompose thiocarbonate
ionn. ‘This is shown by fair agreement of rate con-
stants measured by the evolution method and by
the spectrophotometric method, since the rate con-
stants obtained by measurements of evolution of
carbon oxysulfide must depend on fast decomposi-
tion of thiocarbonate ion.

The variation of catalytic constants with base
strength of pyridine derivatives is shown in Fig. 6.

Discussion.—A mechanism consistent with the
kinetic data is

I S0
I + B 11~ + BH* U 1
k—-l II- = Cd‘IgNCSCOCzI{s ( )
4

11
CH N=CSCOC,H;

Equation 1 is indicated by the positive salt effect.
The reversibility of eq. 1 is suggested since the
addition of the conjugate acid to the base decreases
the reaction rate (Fig. 4; the effect of lyate ion is
considered below). Equation 2 follows from the
reversibility of eg. 1 and from the base catalysis.
Equation 2 was shown in this work not to be rever-
sible by showing that #n-butyl isothiocyanate and
thiocarbonate ion do not combine to form II under
any circumstances. Equation 3 is reversible in
basic media.
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2 -l
1= > RNCS + SCOC1, (2)
0

| H* ] k:
-8COC,H; —> HSCOC,H; —> (08 + HOCH;  (3)

I1I
t

Hl(T O H

RN I
S OCaH, = “5C-0C1
+

i
0 IV
By combining eq. 1 and 2 and asstming steady

state concentration in II~ ion, the following rate
expression can be derived.
—d[1i] kiko (1] [B]

df . T EBHIF F ks (4)

v

Since the concentrations of [B] and [BH]* may
be cousidered as constant within a given reaction,
eq. 4 may be integrated to give a first order expres-
sion, —In [II] = &'t -+ C, where

. kh[B] 5
"~ ko[BH[F + Ea ®
Plots of the specific rate constant 2’ against the
initial concentrations of {B] and [BH]* show the
expected behavior in low concentration ranges
(Figs. 2 and 4).

The above equations apply directly to the kinetic
results obtained by the spectirophotometric method
since the rate of cleavage of IT is measured; but in
order for these equatious to apply to the gas evolu-
tion kinetic results, it is necessary to conduct the
experiments at low basicities where k; of eq. 3 is
much greater than k,.

Equation 5 shows an interesting rclationship be-
tween possible general and specific base catalysis
with this particular mechanisin, If the k- [BH]*+
term is large compared to &;, then by neglecting this
term, the equation assumes the form of a typical
specific lyate ion catalytic expression (the substitu-
tion of [OR]~ = Kyp([B]/[BH]™), where R is alkyl
or H, in eq. 4 shows the lyate term). If k, is large
compared to 2_i[BH]¥, the equation assumes the
form of a general base catalytic expression. This
behavior was also indicated experimentally (Fig.
7). Thus, at concentrations of buffer components
above 0.1 M (in always the same ratio) the rate
levels to show specific lyate ion catalytic behavior
while below this concentration general base cata-
lytic behavior is shown. It is doubtful, however,
that the effect of lyate ion is ever observed in the
decomposition of II since the concentration of this
species is exceedingly low. The concentration of
lyate ion in a typical kinetic run employed in this
work must range from 1077 to 107 m./l. (caled.)
and since the Ivate ion catalytic constant is prob-
ably about 10~? to 10~ (obtained by extrapolation
of the “Brgnsted plot”” Fig. 6), the contribution of
lyate ion to the decomposition should be immeasur-
able. The effect of lyate ion was proved to be
negligible by showing the intercepts of the buffer
curves, Fig. 4, passed through the origin.
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I’ig. 7.—Extended plot of rate ws. pyridine-pyridine-HCI
concentration in the same ratio.

The data shown by Fig. 7 were further evaluated:
eq. 6 can be derived from eq. 5 which is suggested
as the equation of the curve shown in Fig. 8.

1 1 k_y[BH]*

¥ = BB T hAB] (©)
From eq. 6 a plot of 1/&’ ws. 1/[B] should be a
straight line if the rate equation fits the experi-
mental data. This plot (Fig. 8) verifies the mech-
anism and indicates that a mechanism of this type
can indeed show unchanging rate in certain ranges
of concentrations with increasing base concentra-
tion and show increasing rate in other concentra
tion ranges.

The form of eq. 5 is similar to the form of the
pseudo first-order constant derived for the bromi-
nation of acetone!® except that the second step
represents an internal bond-breaking process rather
than reaction with another molecule in solution.
The equation appears general for acid- and base-
catalyzed reactions, but the behavior represented
by Figs. 7 and 8 would be observed ouly if the
magnitudes 2_;{BH]+ (or .~;{A]~ in the case of
acid catalysis) and k. (the rate of rearrangement or
fission) are such that &, is larger than k—,[BH]+ at
low conjugate acid concentrations and k—;[BH}+
is larger at high conjugate acid conceutrations. If
either term is large compared to the other through-
out the coucentration range employed, then only
general base or specific lyate ion catalysis will be
observed depending on which term is the largest,
even though the actual effect of lyate ion may be
immeasurable. Thus, a paradox arises when
applying the kinetically defined ‘“‘general” or ‘‘spe-
cific lyate ion” terms to the mechanism presented
above.

The fact that thiocarbonate ion V is decomposed
rapidly by hydronium ion gives explanation for the
retention of COS in high concentration of base or in
the presence of strong base,® and gives further sup-
port to the non-concerted evolution of COS—
even in weakly basic solution.!' These results

(10) A, Lapworth, J. Chem. Soc.. 85, 30 (1904); L. P, Hammett,

“Physical Organic Chemistry,”” McGraw-Hill Book Co., Inc., New
York, N. Y,, 1930, p. 96,
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Fig. 8. —Plot of 1/k’ vs. reciprocal of the pyridine concen-
tration,

agree with the decomposition of O-ethyl xanthate
ion which is subject to specific hydroniuni ion
catalysis.’? The position of the proton on the
acidic atoms'? in the decomposition of any of these
thiocarbonate derivatives is, however, inconsistent
with current organic mechanism theory since in
this position the proton would tend to localize the
electrons on the acid atoms and inhibit the shift of
the electrons to the ester oxygen; thus providing
no driving force for the reaction. If a simple rear-
rangement of the acid III is postulated to the cor-
responding structure IV (or structure V), a driving
force for the reaction is provided which is con-
sistent with mechanism theory. A rapid rearrange-
ment of this type would be consistent with pre-
vious'? kinetic data.
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Experimental

All rate constants have the units sec. .
and boiling points are uncorrected.

Kinetic Procedures.—All decompositions of II were
carried out in a constant temperature light oil-bath at
41.00° The bath was lined with copper screen between
the main heater and oil reservoir to give a large surface for
heat transfer Tlie reaction uapparatus was a 50-ml.
flask shaped like an erlenmeyer flask (to give high liquid
surface area and provided for rapid gas-liquid equilibra-
tion) except a side tube was equipped with a serum cap
and the main outlet at the neck was fitted with a ball joint.
The reaction :mixtures were vigorously stirred by an iron
bar incased in glass. The bar was turned by an AlINiCo
magnet underneath thie flask, which was connected to an
outside motor through a speedomneter cable. The ball
joint was connected through a condenser to a manometer
and a gas buret. Aliquots were taken through the serum
cap.

The following was a typical procedure: To the reaction
flask was added 3 ml. of water, 14.2 ml. of absolute etlianol
and 0.06 ml. of pyridine. The flask was placed in the con-
stant temperature bath and allowed to warm for 10 minutes.
A 0.4-ml. (micropipet) sample of II which had been pre-
warmed to 41° was injected through the serum cap into the
vigorously stirring solution. Samples (0.1 ml.) were with-
drawn at 15 sec. 5, 10, 15, 20, 30, 40, 50 and 60 min. Each

Melting points

(11) In faet, pyridinium O.ethy! thiocarbonate will precipitate from
kinetic runs in pure methanol employing high concentrations (1 N)
of pyridine—with a change in reaction rate (evolution kineties) to
zero order, If this salt is dissolved in water it undergoes instantaneous
decomposition,

(12) I.Iwasakiand S.R,B. Cooke, J. Am.Chen. Soc., 80, 285 (1938).
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saniple was quenched immediately in 10 ml. of 959 alcohol
containing 0.09 ml. of 0.03 N hydrochloric acid. These
samples were stored at 0° until diluted 15:1 with alcohol
for spectrophotometric measurement of undecomposed
II. The reaction mixture was kept under an atinospherc
of carbon oxysulfide at atmospheric pressure—maintained
with the gas buret (no reabsorption ¢f COS occurs during
the reaction). The ultraviolet spectrum of II shows two
peaks, one at 232 mu and the other at 276 g with the
latter having e 10,100. Although either peak can be used
for measurement, somewhat better kinetics are obtained
with 276 mu peak. Compound 1I follows Beer’s law fromn
1 X 107% to 8 X 107% M — the range of concentrations
emploved in these studies. Infinite time absorption due
topyridine, ete., is very low atnounting toece. 80 at 276 mu.

In experiments where buffer components were varied,
the ionic strength was maintained at a high value to mini-
mize clianges in ionic strength owing to changes in buffer
components. These runs were carried out in 0.25 I/
LiClO,, made up in the aqueous phase of the solvent pair
before mixing. This concentration of LiClO, was arrived
at experimentally by showing that changes in salt cou-
centration above this concentration have a negligible effect
on rate (see Fig. 3). Lithium chloride was also effective
but required almost 1 M concentration to accomplish the
same purpose.

The measurement of evolved carbon oxysulfide was per-
formed with the gas buret comnected to the same svstem
as previously described. Tle gas buret itself was en-
closed in a water jacket held at constant temperature.
Ideal gas law computations of gus volume to moles of II
reacted give results of sufficient accuracy for these measure~
ments. Gas evolution and sampling kinetics were not per-
formed on the same samples.

The rate of decomposition of potassium O-ethyl thio-
carbonate (IV) was studied by gas evolution in the same
apparatus in aqueous solution. Gas evolution measure-
ments gave excellent results in aqueous solution (probably
because of the low solubility of carbon oxysulfide in water)
and showed 98-1009; completions. The buffers used to
obtain the pH values sliown in Fig. 6 were NaOH-potas-
sium acid phthalate for the low values of pH and NaOH-
monopotassium phosphate for the point of highest pH
emploved (6.20). The concentrations of bhuffer compo-
nents and lithium chloride were maintained at a sufficiently
high level to rule out the possibility of changes in pH or
ionic strength. The initial concentration of 11T was 0.077
M. The pH of the buffer solution was measured before
and after each experiment to ascertain if any changes had
occurred in pH. The following is a tyvpical procedure: A
solution composed of 3 ml. of 0.033 N HC! and 9 ml. of
buffer solution was placed in the reaction flask and allowed
to warm to 41.00°. To this warmed sclution was added 1
ml. of 1 3 potassium O-ethyl thiocarbonate solution which
had also been prewarmed in the temperature bath. The
evolved carbon oxysulfide was measured with the gas buret.
Readings were taken each minute for the first 5 minutes,
then every 2 minutes for the next 10 minutes and finally
every 5 minutes until gas evolution ceased.
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Product Studies.—The isolated vield of n-butyl mustard
oil from II varies fromn 829, emploving pyridine in benzene
or triethylamine in benzene to 93% using 20 ml. of 0.5
A KOH in aqueous solution.?* The following is a specific
example: To 5 ml. (5.5460 g.) of II in €3 ml. of methanol
was added 3 ml. of v-collidine and tie resulting solution
was refluxed for 3 hours. The reaction mixture was diluted
with 100 cc. of water, extracted with ether, dried and
distilled. The yield of #-butyl mustard oil was 909, b.p.
83-84° (35 mmu.), #%¥p 1.4939 (lit.” b.p. (35 mm.) 83.5°,
7%p 1.4033}.

Materials.—Carboethoxy z-butyldithiocarbonate was pre-
pared as follows. A mixture of 20 cc. of water and 10 cc.
of carbon disulfide in a pressure bottle was cooled in ice-
salt, and 16 cc. of n-butylamine was added slowly down the
side of the vessel to avoid contact with the carbon disulfide.
The closed bottle was shaken and chilled, and 9.5 ce. of 17
M potassium hydroxide solution was added. After the
carbon disulfide had comipletely reacted the mixture was
chilled, treated dropwise with 15.2 cc. of ethyl chloro-
formate, and let stand an hour at room temperature. The
separated layer of carboethoxy n-butyldithiocarbonate was
taken up in 100 cc. of ether, washed with three portions cf
water, onue portion of 1 N hvdrochloric acid and with three
additional portions of water and dried over calcium sulfate.
The ether was evaporated on a rotary evaporater under
vacuum (30 mun.) for 8 hours. The product was a clear
vellow oil which can be stored many months at 0° without
decomposition. The compound had »¥p 1.5288 aud sp.
g. 27° 1.1107. The conpound showed major inirared
bands at 3.1, 5.95, 6.6, 8.8, 10.95 and 14.9 g (Beckman
IR-5 with NaCl optics). Two batches of the oil were
analyvzed.

Anal, Caled. for CsHis0:NS:
6.35. Found (av., of two analyses):
N, 6.55.

Solvents were AR grade and were used without puri-
fication. Reagent grade pvridine and pyridine derivatives
were distilled (500 g.) through an efficient column and 4
center cut (50 g.) having the best physical properties wus
used for the kinetic procedures. Pyridine hydrochloride
was prepared by passing dry HCI gas into an ether-pyridine
solution. The precipitate was washed with ether, lheated
to 70° under vacuum for 30 minutes to decompose occluded
HCl and dried 7% racuwo. Lithium perchlorate was prepared
by potentiometric titration of LiOH and HCIO,, collected
by evaporating the solution, and used as the trihydrate.
Potassium O-ethyl thiocarbonate was prepared by passing
carbon oxysulfide gas (Matheson, reagent) into a mixture
of ethanol and water saturated with potassium hydroxide
at 0° until precipitation ceased. The salt was filtered,
washed with ether, reerystallized twice from absolute
ethyl alcohol, filtered and dried in a vacuwmn desiccator;
m.p- 206°.

C, 43.5; H, 6.85; XN,
C, 43.84; H, 6.51;

(13) J. E. Hodgkins, Tle Mustard Oils of Rapz and Papaya, Thesis,
Rice University. 1954.



