2-THIOPHENESULFONYL CHLORIDE WITH ANILINES

port. Purity of the sample as checked by vpe was 999,. The
ir spectrum confirmed the structure by comparison with the ir
spectrum of compound IVt ir » (film) 2045, 2840, 1740, 1460,
1425, 1190, 1040, 965, and a weak 663-cm~ band (C-8-C)
(lit.22 658 cm—l), nmr (CDCla) 5§1.25(t,3H,J = 7.3 Hz, OCH;-
CH;), 2.75 (m, 8 H, methylene ring protons), 3.35 (s, 2 H,
NCH,CO:Et), and 4.18 ppm (m, 2 H, J = 7.3 Hz, OCH,CH,).

Thiomorpholine was prepared by the LiAlH, reduction of thio-
morpholin-3-one (Aldrich). A 105-g (0.896 mol) sample of
thiomorpholin-3-one was slowly shaken into an ether solution of
48.5 g (1.28 mol) of LiAlH, (Ventron). After the excess LiAlH,
was decomposed and the solid was filtered, the solution was ro-
tary evaporated and vacuum distilled to yield 14.0 g (14.6%,
yield) of thiomorpholine, bp 82-83° (2.9 mm).

Compound II, bp 51° (0.2 mm), was prepared by adding Br-
CH:CO.Et (0.302 mol) (Aldrich) to an excess of 4-methylpiper-
idine (0.510 mol) (Aldrich) dissolved in CH;CO.Et. Fractional
distillation of the mother liquor produced a 75% yield of produet.
Preparative gas chromatographic analysis as previously described
for compound I produced 7.2 ml] of product of 99.7% purity.
The ir spectrum compared favorably with that for compound
IIT+ ir v (film) 2940, 2820, 1740, 1460, 1380, 1190, 990, and
830 em™; amr (CDCL;) 8 1.30 (m, 11 H, ring hydrogens and
methyl hydrogens), 2.70 (m, 4 H, ring hydrogens adjacent to
nitrogen, 3.35 (s, 2 H, NCH,CO;Et) and 4.25 (m,4 H, J =7.0
Hz, OCH.CHj).

Kinetic Procedure.—Initial concentration for the amines and
BrCH;CO:Et was 0.0500 M. Three independent samples of
each compound were prepared and studied at the same time.

(22) E. A. Allen, N. P. Johnson, O. T. Rosevear, and W. Wilkinson, J.
Chem. Soc. A, 2137 (1970),
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Sample preparations and potentiomatic titrations were similar to
the procedures as reported in the previous study.*

Reaction Products vig Tle.—In order to establish that two
products were formed in the quaternization of I, a 50-m! sample
of 0.0500 M reaction solution was heated at 60° for 427 hr.
After remioval of the solvent the product was recrystallized into
fine white crystals from a solvent of ethyl acetate and ether (2:1)
containing a small amount of methanol. The crystals (60-ug
spots) were chromatographed on 4 X 7%/, in. glass plates coated
with Silicar TLC 7G (Mallinckrodt). The mobile phase was
absolute CH;OH, and the plates were developed in‘an I; chamber.
The R values for the two compounds were 0.64 = 0.03 and 0.57
=+ 0.02 (average and average deviation for two plates containing
three spots per plate).

A similar tle analysis was made from the reaction product of
II. However, only one compound was resolved with RB; value
of 0.51 &= 0.03.

Registry No.—Compound I, 39981-80-1; compound
II, 39981-81-2; ethyl bromoacetate, 105-36-2; thio-
morpholine, 123-90-0; thiomorpholin-3-one, 20196~
21-8; 4-methylpiperidine, 626-58-4.
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The reaction rate constants of 2-thiophenesulfonyl chloride with some substituted anilines have been measured

in methanol at different temperatures.
to each reactant.
electron-withdrawing groups.

The reaction is second order overall and pseudo first order with respect
The rate constants value is greater with electron-donating substituents, while it is lower with
The activation parameters and the slopes of the Hammett (—2.25) and Brgnsted

(0.53) plots are similar to those of the reaction of benzenesulfonyl chloride with anilines, showing that the reaction
mechanism is the same for the two substrates, although 2- thlophenesulfonyl chloride reacts more slowly The
Tommila equation points out that the sulfur atom, the reaction center, is less positively charged, and thus less
reactive toward nucleophiles, than that of benzenesulfonyl chloride.

Previously the mechanism of the reaction of 2-
thenoyl chloride with some meta- and para-substituted
anilines was investigated.! Tollowing this research
we report in this paper the kinetics of the reaction of 2-
thiophenesulfonyl chloride with a series of substituted
anilines to verify the reactivity in comparison with
the analogous reaction of benzenesulfonyl chloride,
which have been widely studied recently.?—7

The reaction between 2-thiophenesulfonyl chloride
and aniline in methanol takes place quantitatively
according to eq 1.
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Q—sozm + 2HNCHX —

+
@—SOZNHCGH‘,X + XCHNHCI™ (1)
X=H, m-CH,, p-CHj;, m-OCH;, p-OCH,, m-Cl, p-Cl

The rate of reaction 1 was measured by continuous ti-
tration of the acid produced (see Experimental Sec-
tion).

We found that the reaction of 2-thiophenesulfonyl
chloride with anilines follows second-order kinetics,
first order with respect to each reactant.

By the comparison of the slopes of the Hammett
and Brgnsted plots it seems that the reaction mech-
anism is the same as for benzenesulfonyl chloride and
anilines,? although the rates observed with 2-thio-
phenesulfonyl chloride are lower, probably because
of the thiophene conjugative effect on the sulfonyl
group which also makes the sulfur atom less electro-
philic than that of benzenesulfonyl chloride as the
Tommila equation shows.
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Figure 1.—Hammett plot for the reaction of 2-thiophenesulfonyl
chloride with substituted anilines in methanol at 25°.

Results and Discussion

The reaction of 2-thiophenesulfonyl chloride with a
large excess of aniline in methanol is pseudo first order
with respect to 2-thophenesulfonyl chloride.

The plot of pseudo-first-order rate constants at
25° against aniline concentration is linear (Table I),

TasrLe I

Rate CoxstaNTs ForR THE REAcTION OF 2-THIOPHENESULFONYL
CHLORIDE WITH ANILINE IN METHANOL AT 25°

Initial concn of reagents,

mol ], ~1
Sulfonyl k1 X 104, ke X 108,
No. chloride Aniline se¢ 1 I mol -1 gec -1
1 0.00158 0.0390 2.14 5,49
2 0.00308 0.0915 5.29 5.78
3 0.00393 0.127 7.28 5.73
4 0.00467 0.143 7.83 5.48

showing that the reaction is first order also with re-
gpect to aniline and that the rate constants do not
change appreciably with the dilution.

The kinetics of the reaction is thus as expected from
eq 1 with the rate law eq 2.

rate = ko[ C4H.830,Cl] [HNCH.X] (2)

The reaction was studied at different temperatures;
the second-order overall rate constants, obtained by
dividing the first-order observed rate constants by
aniline concentration, are reported in Table IT.

This assumption results in little error since ko1, i8
negligible® (eq 3).

kobea = ksqlv -+ ke[aniline] (3)

The activation parameters are listed in Table III,
together with the standard deviations (s) and the
linear correlation coefficients (r).

Small amounts of water in methanol have no effect
on the observed first-order rate constants, since du-
plicate runs in methanol containing 29, water gave
only slightly higher rate constants.

It was not possible to consider the m- and p-nitro-
aniline rate constants, because, with these scarcely
reactive anilines, apparently there is competition with
solvolysis reactions.

Table II shows that electron-donating substituents
in aniline increase the rate, while electron-withdraw-
ing groups decrease the rate.

(8) O.Rogne, J. Chem. Soc. B, 727 (1970).
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Figure 2.—Plot of log ks at 25° for the reaction of 2-thio-
phenesulfonyl chloride with substituted anilines in methanol
against the pK, of protonated anilines in methanol at 25° (Brgn-
sted plot). '

Tigure 1, in which the Hammett plot is reported,
shows that the reaction rate depends on the electron
density on the nitrogen atom of aniline. The sen-
sitivity of the rates to substituents in the aniline (p
—2.25) is comparable with that found for other analo-
gous reactions.®® Moreover, we found that the activa-
tion energies (Table III) are linearly correlated with
the substituent constants; in fact, the substituent of
larger electronic availability and the more reactive
(p-OCHjs) shows the lowest activation energy, while,
on the contrary, the most deactivating substituent
(m~Cl) shows the highest E,.

The large negative entropies of activation are as
expected for bimolecular reactions with a highly polar
transition state.'

The slope of the Brgnsted plot (Figure 2), obtained
using the pK, values of anilines calculated in meth-
anol,!! gives the reaction sensitivity to the basicity
of the nucleophile and is related to the relative amount
of bond formation in the transition state.!?

The value obtained (8 0.53) can be ascribed to the
partial formation of the sulfur-nitrogen bond in the
transition state;'® this value is comparable with that
calculated by us from Rogne data® using the pK,
values of anilines in methanol, for the reaction of
benzenesulfonyl chloride with anilines (8 0.52).

The reaction rate constants ratio of benzenesulfonyl
chloride and 2-thiophenesulfony! chloride with anilines
(kpnsosor/krnso,c1 = 13.5 = 1.5) is higher than that
of benzoyl chloride and thenoyl chloride (kpncoct/
krnooor = 2.5 =% 0.5) with anilines.!

The lower reaction rate of 2-thiophenesulfonyl
chloride with respect to benzenesulfonyl chloride can
be ascribed to the greater conjugative effect of the
thiophene ring system on the sulfonyl group, which
makes the sulfur atom less reactive toward nucleo-
philes. The Tommila equation!* points out that
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TasLe IT

SECOND-ORDER RATE CONSTANTS FOR THE REACTION OF 2-THIOPHENESULFONYL CHLORIDE WITH META- AND
PARA-SUBSTITUTED ANILINES IN METHANOL

~——pKp, (25°)——— Jeg % 103, 1. Mol 800 e
Registry no. No. Substituent Waterd Methanol® 15° 25° 35° 40° 45°
62-53-3 1 H 4.596 —0.195 2.616 5.620 11.05 20.80
108-44-1 2 m-CHj 4.712 -0.0079 3.608 6.901 15.18 25.52
106-49-0 3 p-CH; 5.084 0.3426 6.705 13.52 26.38 45.32
536-90-3 4 m-OCH, 4,200 1.747 4.035 7.336 15.72
104-94-9 5 p~OCH; 5.357 18.98 32.82 56. 54 69.81 87.30
108-42-9 6 m-Cl 3.521 -1.727 0.9739 2.441 3.294 4,892
106-47-8 7 p-Cl 3.982 ~-1.199 0.6325 1.794 3.746 6.789

« P, D. Bolton and F. M. Hall, dust. J. Chem., 20, 1797 (1867); 21, 939 (1968); J. Chem. Soc. B, 259 (1969).

C. A. Aremberg, J. Amer. Chem. Soc., 73, 3812 (1953).

TasLe IIT

Act1vaTiON PARAMETERS FOR THE REACTION
Rares v Tasre IT '

Ea., AS* at 25°,

keal cal mol !
Substituent mol -1 s r °K~1 Log A
H 12.50 0.03 0.9999 —28.70 6.95
m-CH, 12.08 0.12  0.9980 —30.10 6.76
p-CH, 11.61 0.06 0.9995 —~29.95 6.68
m-OCH, 13.02 0.11 0.9984 —27.69 7.18
p-OCH;, 9.28 0.03 0.9996 —36.03 5.35
m~Cl 15.00 0.15 0.9978 —23.70 8.05
p-Cl 14.29 0.22 0.9950 —25.16 7.73

the reaction center is less positively charged in the
thiophene derivative. This is depicted in eq 4 below

ks exbes | edes (1 1\ AW '
lnk—u = RT’fl RT (7‘0 7'2) RT (4)

where ks = the rate constant of the substituted com-
pound, k, = the rate constant of the unsubstituted
compound, ex, ey, &5 = the effective electric charge
on the attacking agent, on the leaving group, and on
the atom reaction center, respectively, ée; = the posi-
tive or negative incremental change in charge e, by
the substituent introduced in the substrate molecule,
re = the distance S-Y in the unperturbed substrate
molecule, 7, and 7. = the distances X-S and S-Y in
the transition state, and AW/RT is the nonelectro-
static part of In (k,/k,) in the reaction

o 1L r2
X 4 8~Y —> X—8—Y ——> products

where 8 is the center of the reaction, X is the attack-
ing agent, and Y is the leaving group.

In Table IV the ratio In (k,/k.) at 25° for the reac-
tion of some benzenesulfonyl chloride derivatives?

Tasie IV
Sulfony! chloride X In (ks/ky)®
X—D—so,cl 2-NO; 1.81
H 0.00
p-CH, —0.37
p-OCH; -0.91
Q—SOZCI -2.50

¢ ky = reaction rate constant of benzenesulfonyl chloride with
aniline.

and 2-thiophenesulfonyl chloride with aniline are
reported.

According to eq 4, since ey is negative, the term —ey/
RTr is positive. Thus, if the increment de, is positive,

b M. Kilpatrick and

and if the term —egde,/RTr; is greater than the terms
eydes/RT(1/r0 — 1/12) and AW/RT, In (ks/ky) is posi-
tive; if the increment 8¢, is negative, also In (ks/k4)
is negative, which is in accordance with the experi-
mental results (Table IV).

The In (ks/ku) value for 2-thiophenesulfonyl chlo-
ride (—2.50) i1s more negative than that of benzene-~
sulfonyl chloride, showing that the reaction center
in thie thiophene derivative is less positively charged.

Experimental Section

Materials.—2-Thiophenesulfonyl chloride was obtained ac-
cording to the Hartough procedure,’ bp 92-93° (1 mm), mp
32-33° from petroleum ether (bp 30~60°).

The various anilines are commercial products which were puri-
fied to constant melting point or boiling point by recrystalliza-
tion or distillation. Methanol containing ~0.04%, water (Carlo
Erba) was used throughout.

All the sulfonanilides were synthesized by adding to a solution
containing 0.065 mol of aniline in methanol (50 ml) 0.030 mol of
2-thiophenesulfonyl chloride in methanol (10 ml). The reaction
was kept until completion; then the methanol was evaporated
and the residue was treated with aqueous 40% sodium hydroxide
and extracted twice with ether or filtered. The aqueous layer
was acidified and the precipitate was filtered off, washed, and
crystallized. In all cases the yield was ~959%, in agreement with
eq 1. The physical constants of sulfonanilides are reported in
Table V.

TaBLE V
Prysicar, CONSTANTS OF 2-THIOPHENESULFONANILIDES®

X

No. Registry no. Mp, °C Formula

1 30810-46-3 H? 99-100

2 39810-47-4 m-~CHze 88-89 CuHuNO.S,
3 39810-48-5 p-CHye 115 CuHuNOsS:
4 39810-49-6 m-OCH;f 72-73 CanNOsSQ
5 39810-50-9 p-OCHjye 104 CuHuNO,S;

6 39810-5 1.0 m~-Cle 114 CmHgClNOQSz
7 39810-52-1 p-Cle 115 C1HsCIN Q.S

@ All the compounds were crystallized from aqueous ethanol,
b L. Weitz, Ber., 17, 799 (1884); A. P. Terent’'ev and G. M.
Kadatskit, Zhr. Obshch. Khim., 22, 153 (1952); Chem. Absir., 46,
11178 (1952). © Satisfactory combustion analytical data for
C, H, N (£0.29,) were provided for these compounds: Ed.

Kinetic Procedure.—Rate measurements were done by a pH
meter Jonosis type pH-Q; by titration of the-acid produced with
0.1 N sodium hydroxide. The pH meter was standardized be-
fore each run with a buffer. The electrode was combined (glass,
saturated calomel) type Ingold. The reaction vessel was sur-

. (15) H. D. Hartough, ‘“Thiophene and Its Derivatives,”’ Interscience,
New York, N. V., 1852, p 513,
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rounded by a jacket for circulation of water at constant temper-
ature (=£0.05°) and mounted on a magnetic stirrer.

In a typical run a solution of ca. 0.01 mol of aniline in meth-
anol (90 ml) was placed in the reaction vessel. The reaction was
started by adding a solution of ca. 0.0003 mol of 2-thiophene-
sulfonyl chloride in methanol (10 ml). At the initial time, the
reagents concentrations were ca. 0.003 mol/l. for 2-thiophene-

sulfonyl chloride and ca. 0.08-0.16 mol/l. for the various anilines. -

The observed pseudo-first-order rate constants were calculated
from conventional plots of log (¢ — ) against time from the slope
obtained using the least squares method. The correlation’ co-
efficients were always 0.995. In all cases the reaction follows
the pseudo-first-order kinetics well to at least 709, completion.
All rates were run in duplicate. The experimental data are well
reproducible within =#=4%,.

The second-order rate constants were obtained by dividing the
pseudo-first-order rate constants by the aniline concentration.

Yares, McDonaLp, AND SHAPIRO

The activation energies and log 4 values were calculated in the
usiial way from an Arrhenius plot by the least squares method.

The entropies of activation, AS*, were computed for 25° by
eq 5.1

AS* = 4576 (log A — log T) — 49.21 (cal/mol°K) (5)

Registry No.-—2-Thiophenesulfonyl chloride, 16629-
19-9.
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Kinetics and Mechanisms of Electrophilic Addition. 1.
A Comparison of Second- and Third-Order Brominations
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The rates of bromination of several ring-substituted styrenes have been measured as a function of temperature
under both dominant second-order (k) and dominant third-order (k;) conditions in acetic acid. The k» process
is enthalpy controlled, while #; is entropy controlled. The p values (vs. o ™) for each process are nonetheless very
similar (for ks, p = ~4.8; for ks, p = —4.6) suggesting that similar cationic intermediates are involved. This is
supported by product analysis, which shows virtually identical dibromide-acetoxybromide distribution under

either ks or k; conditions.

The rates of bromine addition to typical olefins
(or acetylenes) in polar solvents can be described by
the general rate equation® (1). Thus bromination

—d[Br,] /d¢ = [olefin] (2[Brs] + ks[Bra]? + kme-[Bro] [Br~]) (1)
(to give dibromides and solvent-incorporated products)
can arise from one or more of several competing mecha-
nistic pathways, depending on the reaction conditions.
The last term (involving kg,-) is only important in
the presence of significant bromide concentrations and
has been ascribed to either a bromide ion catalyzed
Ade3 process? or to a kinetically equivalent Adm2
mechanism?4 involving tribromide as the electrophile.
In the absence of bromide, and at low bromine concen-
trations (<10~ M), only the first term (involving k)
is important. This simple second-order process has
been the most widely investigated mechanistically.
Based on a combination of kinetic studies,*~7 product
regiospecificity®® and stereochemistry,® and spectral
evidenee, s !? this mechanism of bromination of styrenes
can be formulated as an Ade2 reaction proceeding

(1) I. K. Walker and P. W, Robertson, J. Chem. Soe., 1515 (1939); I.
Ting and P. W. Robertson, ibid., 628 (1947).
- {2) N. Kanyaev, J. Gen. Chém. USSR, 29, 825 (1959); . J. A. Pincock and
K. Yates, Can. J. Chem., 48, 3332 (1970).

(3) J. R. Atkinson and R. P, Bell, J. Chem. Soc., 3260 (1963); R.P. Bell
and M, Pring, J. Chem. Soc. B, 1119 (1966).

(4) J. H. Rolston and K. Yates, J. Amer. Chem. Soc., 91, 1483 (1969).

(5) J. A. Pincock and K. Yates, Can. J. Chem., 48, 2944 (1970).
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(7) C. Gebelein and G. D. Frederick, J. Org. Chem., 37, 2211 (1972).

(8) A. Hassner, J. Org. Chem., 38, 2684 (1968).

(9) J, H. Rolston and K. Yates, J, Amer. Chem. Soc., 91, 1469, 1477
(1989).

(10) These product analyses have heen carried out under conditions
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(11) J. E. Dubois and F. Garnier, J. Chim. Phys., 68, 351 (1968); Spec-
trochim. Acta, 234, 2279 (1967). .

(12) J. E. Dubois and F. Garnier, Tetrahedron Lett., 3961 (1965).

The most probable mechanism of the %; process is proposed.

fhrough a bromine-olefin charge-transfer complex to
give an essentially open (or at most a weakly bridged)
carboniuin ion intermediate!® (eq 2). However, much

Br 2
+ Br, fast slow
Br
Br .
& B}r Br

+ (2

Br™ Br
o
og' + HBr

less is known® about the corresponding higher order
process (ks) which becomes important at higher bro-
mine concentrations (>10~2 M), mainly because the
observed rates are very high under these conditions.
Nonetheless, many early kinctic studies®** and most
preparative brominations have been carried out under
conditions where this process would have been sig-
nificant or even predominant. It is therefore im-
portant to determine and compare the characteristics

(13) For additions to simple alkenes such as 2-butenes, this intérmediate
is, on the contrary, & more or less symmetrically bridged cyclic bromonium
ion® of the type first proposed by Roberts and Kimball,14

(14) 1. Roberts and G. E, Kimball, J. Amer. Chem. Soc., 59, 947 (1937).

(15) (a). P. B. D. de la Mare and R. Bolton, ‘“Electrophilic Additions to
Unsaturated Systems,” Elsevier, Amsterdam, 1066. See also B. E. Swedlund
and P. W. Robertson, J. Chem. Soc., 830 (1947). (b) The corresponding
second- and third-order processes in aromatic bromination have been
studied by R. M. Keefer and R. J. Andrews, J. Amer, Chem. Soc., 78, 255,
3637 (1956), and U, P. Zimmerman and E. Berliner, tbid., 84, 3953 (1962).



