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sample was transferred from the carbon tetrachloride trap to a
sampling tube in a vacuum line and its N content determined
from the various N»O isotopic mass peaks.

Registry No.—Primary isomer, 14233-86-4; second-
ary isomer, 14233-87-5; tertiary isomer, 14233-88-6;
BN-labeled tertiary isomer, 14233-89-7.
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trans-a-(Bromomethyl)chalcone, a g-ketoallyl bromide, has been found to react with both primary and second-
ary amines to produce as primary products 2-(a-substituted aminobenzyl)acrylophenones in which the allyl
system has been inverted. The rearrangement of the primary products to the thermodynamically more stable
a-(substituted aminomethyl)chalcones proceeds about ten times as fast in the more polar solvent chloroform as

in benzene.

The amine exchange-rearrangement reactions of the 2-( a-substituted aminobenzyl)acrylophenones

to give e-(substituted aminomethyl)chalcones involve a second inversion of the allyl system. Possible mecha-

nisms for these reactions are discussed.

In a preliminary report? of some of this work it was
pointed out that rearrangements of allylamines had
not been reported previously.? The allyl system
present in B-ketoallylamines has been found to be
quite mobile and we now report a more detailed study
of the reactions of the @-ketoallyl halide, trans-
a-bromomethylchalcone 3, with both primary and
secondary amines, which lead to highly mobile 8-
ketoallylamines.

Results

trans-a-Methylchaleone (1) was prepared in ex-
cellent yield by the hydrogen bromide catalyzed con-
densation of benzaldehyde with propiophenone.® The
bromine addition derivative 2 is reported for the first
time as a crystalline product.®? Hydrogen bromide
added readily to a-(bromomethyljchalecone (3)? to
produce a good yield of 2-(bromomethyl)-3-bromo-3-
phenylpropiophenone (4). The structure of 4 was
clearly indicated by its conversion in good yield to
the known® frans-1-phenyl-2-benzoyleyclopropane (5).
When 4 was refluxed with ¢-butylamine, the known?
a-(t-butylaminomethyl)chalcone (11) was obtained in
excellent yield.

Reaction of the bromo ketone 3 with the amines
morpholine or N-methyleyclohexylamine in ether
solution at room temperature gave good yields of the
corresponding a-(substituted aminomethyl)chalcones
6 and 8, respectively. Three new 2-(a-substituted
aminobenzyl)acrylophenones were isolated on careful
treatment of 3 with 2 molar equiv of amine in pentane
solution at lowered temperatures. In this way 2-

(1) For paper III in this series, see N. H. Cromwell and Earl Doomes,
Tetrahedron Letters, No. 34, 4037 (1966).

(2) R. P. Rebman and N. H. Cromwell, ibid., No. 52, 4833 (1965).

(3) R. H. DeWolfe and W. G. Young in *“The Chemistry of Alkenes,”
8. Patai, Ed., Vol. 1, John Wiley and Sons, Inc., New York, N. Y., 1964,
P 6(2)1.\‘7. B. Black and R. E. Lutz, J. Am. Chem. Soc., 77, 5134 (1955).

(8) R. D. Abell, J. Chem. Soc., 19, 928 (1901).

(6) R. J. Mohrbacher and N. H. Cromwell, J. Am. Chem. Soc., 79, 401
(1957),

(a-cyclohexylaminobenzyl)acrylophenone (9) was ob-
tained as the free base while the piperidino, 12, and
morpholino, 13, analogs were isolated as their hydro-
chlorides.

2-(a-Morpholinobenzyl)acrylophenone  (13)  was
shown by nmr studies to rearrange quantitatively to
the chalcone 6 on standing for 24 hr at room tempera-
ture in deuterated chloroform.

The g-ketoally! bromide 3 reacted with other nucleo-
philes such as iodide and chloride ions to produce the
direct exchange products, 14 and 15, respectively.

Previously? it was reported that the acrylophenone
10 rearranged to the chalecone 11 in deuteriochloroform
apparently by a monomolecular mechanism showing
first-order kinetics. It has now been found that this
rearrangement takes place in the solvents benzene,
carbon tetrachloride, and deuteriochloroform, the
relative rates of which are roughly of the order of
1:2:10, and parallel to the relative polarities of these
solvents.

The amine exchange-rearrangement of 10 with
morpholine to give 6 took place readily in pentane at
room temperature, and nmr analyses during the course
of reaction gave no indication of a stable intermediate
product such as a diamino ketone, A.

Ph— CH——CHCOPh

t-C.H,NH CH,~—NC,H;0

A

The chalcone 11 was much more resistent to amine
exchange than the isomeric acrylophenone 10. Thusin
pentane solution 11 was recovered unchanged after
standing with an excess of morpholine. However,
when pentane was replaced by methanol, 11 was con-
verted quantitatively to 6. On the other hand 6 gave
no change when allowed to stand under the same con-
ditions with an excess of ¢-butylamire in methanol
solution (Scheme I).

The structures of the a-(aminomethyl)chalcones and
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ScHEME 1
PhCH=C—COPh ¥, PhCH—CH—COPh Na:C0:
H,Br Br H,Br Nal | Zn
3 4 \

_-COPh

H
>c—cC
>NH1pentane lﬂmc‘u,-z Ph” \C /> H

H,
Ph—CH—C—COPh 2%, H _ 0P

I N ~
111 s, Ph cHNS
VRN
-N<  No. N<  No.
HNC:Hy 9 NC.H;0 6
HNC.Hyt 10 NCsH, 7
NC;Hy 12 CH,NCH, 8
NCHO 13 HNCHet 11
HNC,H,0 HNC,H,0
pentane CH,OH
10 6 1
+C,H,NH, t-C,H,NH,
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of the 2-(a-aminobenzyl)acrylophenones were readily
established by elemental analysis and spectral studies
(nmr, ultraviolet, and infrared); see the Experimental
Section.

Discussion

The reaction of the dibromo ketone 4 with t-butyl-
amine to produce the known? a-(¢-butylaminomethyl)-
chalcone (11) probably involved the primary loss of hy-
drogen bromide to give 3 which then reacted with more
t-butylamine to form the acrylophenone 10,% which in
turn was readily rearranged by the excess t-butylamine
to give the final product 11. In a similar fashion the
a-(substituted aminomethyl)chalcones 6 and 8 un-
doubtedly resulted from an aminotropic rearrangement
of the first formed 2-(a-substituted aminobenzyl)
acrylophenones. Since kinetic evidence is lacking at
this time, any conclusions regarding the mechanisms of
these reactions are somewhat speculative. For the
reaction of the S-ketoallyl bromide 3 with primary and
secondary amines to give as primary products the 2-a-
(substituted aminobenzyl)acrylophenones 9, 10, 12, and
13, the available facts are accommodated by a variant
of an SN2’ type of mechanism. On the other hand the

\
$®  N—H-----Br & 1‘,{
nf  ta T Eme—oM
3% > . e 2
e YC‘H Ph
e 9,10, 12, 13
+
HBr

reaction of 3 with the negative nucleophiles Cl— and I-,
which gave only nonrearranged products, may result
from SN2 reactions. As has been pointed out previ-
ously by Young and his co-workers,’® coulombic at-
tractions between the adjacent partially positive en-

(7) (a) W. G. Young, J. D. Webb, and H. L. Goering, tbid., 18, 1076

(1951); (b) W. G. Young, R. A. Clement, and C.-H. Shih, ibid., 77, 3081
(1955); (e} W. G. Young and 1. J. Wilk, ibid., 79, 4793 (1957).
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tering group (amine) and the partially negative
leaving group (bromine) supplies energy of stabiliza-
tion for the SN2’ transition state. On the other hand
when the entering group is a negatively charged nucleo-
phile (Cl— or I-) the SN2’ transition state is destabi-
lized by electrostatic repulsions between the partially
negative entering and leaving groups and the S~2
mechanism might be expected to be favored. That
intermediate bromoamino ketones B are not formed in
appreciable amounts during the reaction of 3 with
amines is clearly indicated by the finding® that com-
pounds of structure B, on being released from their
hydrobromide salts, rapidly close a four-membered
ring to give the new class of azetidines, the 2-aryl-3-
aroylazetidines C.

Ph——CH——CH——COAr PhCH——CHCOAr

la&
CH, . _N——CH,
R—N_H Br C
HEr & (qalt)

Dittmer and Marcantonio® using deuterated and
nondeuterated amines in displacements with a-methyl-
allyl ehloride found no kinetic isotope effect and there-
fore concluded that there is no hydrogen participation
in the transition state® as implied in D.

The amine exchange reaction of the S-ketoallylamines
also appears to be best described as a variant of an SN2’
displacement and not as a Michael addition of the
attacking amine followed by a reverse Michael elim-
ination of the amine originally present in the g-ketoal-
lylamine.’ In any case, there was no evidence ob-
tained for the formation of a stable intermediate
diamino ketone A in measurable amounts in any of
these reaction mixtures with various solvent media.
The SN2’ exchange would be expected to be sensitive
to steric factors and this is found to be the case.

The intramolecular SN1 type rearrangement of
the 2-(a-substituted aminobenzyl)acrylophenones to
a-substituted aminomethylchalcones, Z.e., 10 — 11,

0

I
C—Ph
Ph—CH—C

¢+ Bu—N——-—CH,
@y

E

is very sensitive to the polarity of the solvent, show-
ing at least a tenfold increase in rate in changing
from benzene to chloroform. This fact along with the
very low energy of activation, E, ~5.5 keal/mole, and
quite negative entropy of activation, AS* ~—66
cal/deg mole, in the range of 35-42°, previously re-

(8) (a) N. H. Cromwell and E. Doomes, Tetrahedron Leiters, No. 34, 4037
(1966); (b) J.-L. Imbach, E, Doomes, R. P. Rebman, and N. H. Cromwell,
J. Org. Chem., 88, 78 (1867).

(9 D. C. Dittmer and A. F., Marcantonio, Chem. Ind. (London), 1237
(1960).

(10) This suggestion was made by S. G. Levine in footnote 18 of D. F,
Morrow, M. E. Butler, W. A. Neuklis, and R. M. Hofer, J. Org. Chem., 82,
86 (1967).
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ported,? suggests a highly polar transition state!! or
dipolar cyeclic intermediate E, wherein bond making
is far ahead of bond breaking, thereby significantly
reducing the energy ‘‘debt.”’!?

Kinetic studies of this type of rearrangement are
being continued to observe the effects of solvent vari-
ation and alterations in the structure of the 8-ketoal-
Iylamines upon rates and thermodynamic parameters.

Experimental Section!?

trans-a-Methylchalcone! (1).—Dry hydrogen bromide gas was
passed into a mixture of 67.1 g (0.500 mole) of propiophenone
and 53.0 g (0.500 mole) of benzaldehyde and was cooled to 0°.
The reaction mixture solidified. After warming to room tempera-
ture for 24 hr the water and excess hydrogen bromide were
removed n vacuo. To the reaction mixture was added 500 ml of
ethanol, 49.0 g (0.500 mole) of potassium acetate, and 69.1 g
(0.500 mole) of potassium carbonate. This was refluxed for
8 hr and the ethanol was removed in vacuo with warming. The
residual material was taken up in ether and washed free of halide
ion with water. The halogen-free product was obtained in 909,
yield: bp 158-160° (1 mm); Amex 256, 290 mu (e 12,400, 16,300)
in 959 ethanol; »c.o 1654 cm~?; nmr in CCls, multiplet, 2.1~
3.0 (one benzal and ten aromatic protons), singlet 7.77 (three
a-methyl protons).
2,3-Dibromo-2-methyl-3-phenylpropiophenone (2).*—A solu-
tion of 33.6 g (0.210 mole) of bromine in 60 ml of glacial acetic
acid was added as rapidly as decolorization took place to a stirred
solution of 44 .4 g (0.200 mole) of 1 in 60 ml of the same solvent.
After standing at room temperature for 5 hr, the mixture was
poured into 1 1. of water and the product was extracted with
chloroform. The chloroform extract was washed with water,
dried, and evaporated to give an oil which solidified and was then
recrystallized from petroleum ether (bp 60-70°) to give 60 g
(789 yield) of white crystals: mp 53-55°; »c-0, 1694 cm™1.
The nmr spectrum in CCl; showed ten aromatic protons at 1.8-
2.8, a sharp peak for the benzyl proton at 4.08, and a singlet,
three protons strong, for the a-methyl group at 7.88.
Angl. Caled for C\eHuBrO: C, 50.29; H, 3.69; Br, 41.83.
Found: C, 50.41; H, 3.79; Br, 41.65.
2-(Bromomethyl)-3-bromo-3-phenylpropiophenone (4).—A
15.1-g (0.050 mole) sample of a-(bromomethyl)chalcone (3)? in
300 ml of ethyl ether was cooled to 0° and saturated with hydro-
gen bromide for 1 hr. Evaporation of the ether and recrystalliza-
tion of the crude product from petroleum ether gave 13.4 g
(709, yield) of white crystals, mp 123.5-124°; vca0, 1683 em™Y;
the nmr spectrum showed ten aromatic protons at 2.0-3.0, the
benzyl proton at 4.73 (J = 11 cps) the proton « to C=0 at
5.13-5.533, and two protons (bromo-methylene) at 5.75-6.05.
Anal. Caled for CsHyBr:O: C, 50.29; H, 3.69; Br, 41.83.
Found: C, 50.14; H, 3.88; Br, 41.48.
trans-1-Phenyl-2-benzoylcyclopropane (5).—A 3.82-g (0.010
mole) sample of 4 was dissolved in 400 ml of 80%, ethanol and
stirred with 1.06 g (0.010 mole) of sodium carbonate, 1.35 g
(0.020 mole) of zinc dust, and 0.30 g (0.002 mole) of sodium
iodide.!* This mixture was refluxed for 48 hr, filtered, cooled, and
again filtered. After evaporation of the solvents, the residue
was extracted with ether, the ether extract washed with water,
dried, and evaporated to give 1.44 g (659, yield) of a pale yellow
oil:  Amax 247 mu (e 14,200) in 95% ethanol; »c-o, 1675 cm ™,
and the entire spectrum was identical with that of an authentic
sample of 5.8
a-(Substituted aminomethyl)chalcones.—A 6.02-g (0.020 mole)
sample of 3 dissolved in 200 ml of ethyl ether was mixed with a
2 M amount of the amine dissolved in 100 ml of the same solvent

(11) A. A. Frost and R. G. Pearson, ‘‘Kinetics and Mechanism,” 2nd ed,
John Wiley and Sons, Inc., New York, N, Y., 1961, p 137.

(12) E. 8. Gould, “Mechanism and Structure in Organic Chemistry,”
Henry Holt and Co., New York, N. Y., 1860, pp 178~181.

(13) Ultraviolet spectra of methanol solutions (unless otherwise indicated)
were determined with a Cary Model 11-MS8 recording spectrophotometer.
Infrared spectra of CCli solutions (unless otherwise indicated) were obtained
using a Perkin-Elmer Model 21 instrument. Proton magnetic resonance
spectra of CDCl solutions (unless otherwise indicated) were measured with
a Varian A-60 instrument using a trace of tetramethylsilane (= 10.00) as an
internal reference; the results are reported as = values.

{(14) H. B. Hass, et al., Ind. Eng. Chem., 1179 (19386).
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and stirred for 24 hr, then filtered to remove a near quantitative
amount of the amine hydrobromide, and the filtrate was washed
with water and dried. Removal of the ether produced a product
which was recrystallized from petroleum ether to give colorless
erystals.

a-(Morpholinomethyl)chalcone (6) was prepared in 969, yield
with mp 62-63°; Amax 256, 285 mu (e 14,300, 16,100) in 95%
ethanol; »c-o0 1654 em™; nmr signals at 2.0-2.6 (ten aromatic
protons), 2.68 (one benzal proton), 6.2-6.5 (two «-N-methylene
protons and four «-O-morpholino protons), 7.4-7.6 (four a-N-
morpholino protons).

Anal. Caled for CoHyNO.: C, 78.14; H, 6.89; N, 4.56.
Found: C, 78.15; H, 6.90; N, 4.74.

Hydrochloride of 6 was found to have mp 140-141°; Amax 284
my (e 13,500) in methanol; »c.o 1654 cm ™! (KBr).

Anal. Caled for CoHaCINO,: Cl, 10.31. Found: Cl, 10.19.

a-(Piperidinomethyl)chalcone (7)? hydrochloride had mp 132~
133; Amax 282 mu (¢ 14,600) in methanol; vc=o0 1647 cm~! (KBr).

Anal. Caled for CaHyCINO: Cl, 10.37. Found: Cl, 10.24.

a-(N-Methylcyclohexylaminomethyl))chalcone (8) was prepared
in 56 % yield with mp 53-54°; Amax 253, 279 my (e 13,800, 13,700)
in 959, ethanol; vc-o 1654 em~* (CCly); nmr signals at 2.0-2.8
(ten aromatic protons), 2.83 (one benzyl proton), 6.33 (two
a-N-methylene protons), 7.81 (three N-methyl protons), 8.1-9.2
(eleven cyclohexyl protons).

Anal. Caled for CisHyyNO: C, 82.84; H, 8.16; N, 4.20.
Found: C, 82.75; H, 8.04; N, 4.23.

Reaction of 4 with {-Butylamine.—A 3.82-g (0.010 mole) sample
of 4 was heated under reflux with 25 ml of {-butylamine to give
a 949, yield of a-(i-butylaminomethyl)chalcone (11);2 the hydro-
chloride of 11 had mp 227-228°; Amax 285 mpu (¢ 15,700); »c=o0
1647 cm—! (KBr).

Anal. Caled for CoHyuCINO: Cl, 10.75. Found: Cl, 10.60.

2-(a-Cyclohexylaminobenzyl)acrylophenone (9).—A 6.02-g
(0.020 mole) sample of 3 dissolved in 500 ml of pentane was
added to a solution of 4.1 g (0.040 mole) of cyclochexylamine in
25 ml of the same solvent and allowed to stand for 15 hr. The
eyclohexylamine hydrobromide, 3.51 g (989 yield), was removed
and the filtrate washed and dried. Evaporation of the pentane
in vacuo and several recrystallizations from petroleum ether
gave 443 g (699 yield) of white crystals: mp 96.5-97.5°;
Amax 250, 282 mpu (¢ 13,200, 7000) in 959, ethanol; wvc-oc 1662
em™; nmr signals at 2.2-3.0 (ten aromatic protons), 3.92 and
4.30 (=CH,), 4.86 (benzyl proton), 7.4-9.2 (NH and cyclo-
hexyl protons).

Anal. Caled for CHuNO: C, 82.72; H, 7.89; H, 4.38.
Found: C, 82.91; H, 8.15; N, 4.45.

2-[o~(N-t-Butylamino )benzyl]acrylophenone (10)? hydrochlo-
ride was found to have mp 183-184°; Amax 255 mu (e 10,000);
vceo 1658 em—! (KBr).

Anal. Caled for CooHoCINO: Cl, 10.75. Found: Cl, 10.84.

2-(a-Piperidinobenzyl)acrylophenone (12) Hydrochloride.—A
3.01-g (0.010 mole) sample of 3 dissolved in 500 ml of pentane
was added to 1.70 g (0.020 mole) of piperidine in 100 ml of the
same solvent with stirring. After 1 hr, the mixture was cooled
to 0° and stirring was continued for 5 hr. The mixture was
filtered to remove piperidine hydrobromide and exposed to a
stream of dry hydrogen chloride for 5 min with cooling. The
precipitated salt was filtered and washed with ethyl ether.
Several recrystallizations from methanol-ethyl ether gave 2.14 g
(63% yield) of white erystals: mp 120-121°; Amax 257 mpu (e
8600); w»c=0 1660 cm~! (KBr).

Anal. Caled for CuH,CINO: C, 73.78; H, 7.07; Cl, 10.37;
N, 4.10. Found: C,73.49; H, 7.16; Cl, 10.49; N, 4.17.

2-(a-Morpholinobenzyl)acrylophenone (13) Hydrochloride.—
This compound was prepared in the same manner as the hydro-
chloride of 12 in 509, yield: mp 139-140°; Amax 258 mu (¢ 9800);
vc=o 1659 em ! (KBr).

Anal. Caled for CooH2CINO,: C, 69.86; H, 6.45; Cl, 10.31;
N, 4.07. Found: C, 69.75; H, 6.69; Cl, 10.17; N, 4.08.

In a second experiment, after filtration of the morpholine
hydrobromide by-product, the pentane was evaporated in vatuo,
using no heat, to yield a pale yellow oil, 13; there were nmr
signals at 2.1-3.0 (ten aromatic protons), 3.83 and 4.33 (=CHa,),
5.50 (one benzyl proton), 6.3-6.6 (four protons « to morpholino
oxygen), 7.4-7.8 (four protons a to morpholino nitrogen). When
the nmr sample cell had stood at room temperature for 24 hr
the nmr spectrum was nearly identical with that of 6 indicating
that the first formed 2-(a-morpholinchenzyl)acrylophenone (13)
had rearranged to the chalcone 6.
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a-(TIodomethyl)chalcone (14).—To a solution of 3.01 g (0.010
mole) of 3 in 50 ml of dry acetone was added a solution of 2.25 g
(0.015 mole) of Nal in 100 ml of dry acetone. After standing for
24 hr the acetone was evaporated and the residue was extracted
with ethyl ether. The ether extract was washed with water,
dried, and evaporated to give a product which after recrystalliza-
tion from petroleum ether produced yellow crystals: mp 75-
76°; Amex 255, 290 mp (e 15,000, 17,100) in isooctane; wc-o
1660 cm™'; there were nmr signals at 2.1-2.8 (ten aromatic
protons), 3.03 (one benzal proton), 5.59 (two a-iodomethyl
protons).

Anagl. Caled for CiHy1O0: C, 55.19; H, 3.76; I, 36.45.
Found: C, 55.14; H, 3.84; I, 36.52.

a-(Chloromethyl)chalcone (15).—A 1.50-g (0.0050 mole) sam-
ple of 3 and 4.98 g (0.030 mole) of tetraethylammonium chloride
were added to 25 ml of acetonitrile and heated under reflux
for 16 hr. The acetonitrile was evaporated and the product was
extracted with ether. Evaporation of the ether and recrystalliza-
tion from petroleum ether gave white crystals (0.75 g, 58 %, yield):
mp 62-63°; Amax 261, 281 mu (e 14,200, 17,000) in isooctane;
vo—0 1660 em™!; nmr 2.0-2.7 (ten aromatic protons), 2.75 (one
benzal proton), 5.37 (two a-chloromethyl protons).

Anal, Caled for CsH:ClO: C, 74.85; H, 5.11; ClI, 13.81.
Found: C, 74.84; H, 5.21; CI, 13.93.

Relative Rates of Rearrangement of 10 to 11 in Various Sol-
vents.—Three nmr sample cells labeled A, B, and C, each con-
taining 100 mg of 10 and 0.5 ml of solvent, benzene, carbon
tetrachloride, or deuteriochloroform, respectively, were allowed
to stand for 6 days. Periodic analysis by nmr showed that the
relative rates of rearrangement of the contents of cells A, B, and
C were roughly 1:2:10.
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Reaction of 10 with Morpholine.—A 2.93-g (0.010 mole)
sample of 10 was dissolved in 50 ml of pentane and 8.71 g (0.010
mole) of morpholine was added. After standing for 48 hr the
pentane was evaporated in vacuo and the residue was taken up in
ether, which after water washing, drying, and evaporation gave
2.8 g (91% yield) of 6. Periodic nmr analysis during the course
of the reaction showed the presence of only 10 and 6.

Reaction of 11 with Morpholine.—When the above described
experiment was repeated using 11 in place of 10, 909, of the
starting material was returned; but when the pentane was
replaced by 25 ml of methanol and the reaction mixture was
allowed to stand at room temperatur for 3 days 11 was quantita-
tively converted to the morpholino analog 6.

It was found that 6 was unchanged after standing 4 days in a
methanol solution containing 10 molar equiv of {-butylamine.

Registry No.—1, 14182-01-5; 2, 14181-91-0; 3,
14181-92-1; 4, 14181-93-2; 6, 14182-00-4; 6 hydrochlo-
ride, 14271-42-2; 7 hydrochloride, 14182-02-6; 8, 14181-
94-3; 9, 14181-95-4; 10 hydrochloride, 14271-48-8; 11
hydrochloride, 14182-03-7; 12 hydrochloride, 14181-
96-5; 13, 14181-97-6; 13 hydrochloride, 14181-98-7; 14,
14271-43-3; 15, 14181-99-8.
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The n-butylamine-catalyzed reaction of alkyl thiols with sulfur has been investigated in detail.
selection of reaction variables, alkyl di-, tri-, or in some cases tetrasulfides can be formed in good yields.

By proper
These

variables are (1) moles of thiol/g-atoms of sulfur ratio, (2) polarity of solvent, (3) reaction time, and (4) tem-

perature.

The appropriate combination is selected after consideration of the steric requirements of the thiol.

The reaction probably proceeds by a mechanism similar to that proposed for the interaction of both inorganie

and organic thiophilic nucleophiles with sulfur.

Intermediates were isolated. The intermediates were identi-

fied by nmr spectroscopy even in complex mixtures of the reactants.

The base-catalyzed .reaction of thiols with sulfur
is well known; however, it has found little utility,
because a mixture of alkyl polysulfides is the usual
consequence, 12

A major obstacle preventing a detailed investigation
of the mechanism and scope of this reaction has been
lack of a reliable analytical tool. A method which
would permit analysis of the polysulfide mixtures at
ambient temperatures was needed, since the higher
polysulfides are known to undergo disproportionation
at elevated temperatures.

Recently, Grant and Van Wazer? utilized nuclear
magnetic resonance to analyze mixtures of alkyl
polysulfides. They showed that as the number of
sulfur atoms increased the chemical shifts of the «-
protons are shifted downfield. Their technique seemed
to be an appropriate analytical procedure to use in a
study of the thiol-sulfur reaction. Indeed, this

(1) For a review of polysulfide chemistry, see E, E. Reid, 'Organic Chem-
istry of Bivalent Sulfur,” Vol. III, Chemical Publishing Co., New York,
N. Y., 1960, p 387,

(2) W. A. Pryor, “Mechanism of Sulfur Reactions,” McGraw-Hill Book

Co., Inc., New York, N. Y., 1962, Chapter 9.
(3) D, Grant and J. R. Van Wazer, J. Am, Chem. Soc., 86, 3012 (1964).

method has proven an effective tool, particularly for
the {-butyl system, since only one type of proton and
hence one peak for each polysulfide is observed. For
this reason and because it reacts at a convenient rate,
t-butyl thiol was selected for most of the mechanistic
studies. Once an insight into the reaction was ob-
tained using nmr, a gas chromatography (gc) method
was developed. This was especially useful for alkyl
polysulfides, such as the isopropyl or sec-butyl com-
pounds where splitting of the a-protons made nmr
analysis more difficult.

Our recent report showed that alkyl trisulfides
could be obtained by the controlled reaction of most
thiols with sulfur.* The versatility of this general
base-catalyzed reaction has been expanded to include
the formation of alkyl di-, tri-, or in some cases tetra-
sulfides in good yields. Several variables must be
considered when a particular alkyl polysulfide is
desired. These variables are (1) the moles of thiol/g-
atoms of sulfur ratio, (2) the polarity of the solvent,
(3) the reaction time, and (4) temperature. The

(4) B. D. Vineyard, J. Org. Chem., 31, 601 (1966).



