1976

565

Steric and Electronic Effects on Self-association of Potentially Bi-
functional Catalysts: A*-Thiazoline-2-thiones

By Emilie Gentric and Jacques Lauransan, Laboratoire de Thermodynamique Chimique, Université, 29283

Brest, France

Christian Roussel * and Jacques Metzger, I.P.S.0.l., Centre universitaire Saint Jerbme, Rue H. Poincaré,

13013 Marseille, France

The self-association in CCl, of some 4.5-dialkyl-A%-thiazoline-2-thiones (1) has been studied by i.r. spectroscopy.
The experimental data can be explained in terms of an equilibrium between monomer and cyclic dimer. Both steric
and electronic effects affect the self-association constant K. The increase in K parallels the increase in nucleo-
philicity of the sulphur atom. The steric effect of substituents ortho to the N—H bond decreases the self-association

constant.
design of bifunctional catalysts.

THE concerted action of two functional groups (electro-
philic and nucleophilic) is generally recognized as an
important factor in enzyme catalysis.»2 Conceptually,
the simplest model of this type of interaction can be
found in the self-association of a potentially bifunctional
catalyst. The factors which affect this self-association
can be expected to be of some help in applications to
more complex cases where the two partners of the
association are different. This paper reports an i.r.
study of the influence of steric and electronic effects of
4- and 5-alkyl groups on the monomer-dimer equilibrium
of some Af-thiazoline 2-thiones [equation (1)].

RESULTS AND DISCUSSION

Lr. spectra of A%-thiazoline 2-thiones in CCl, feature
two absorption bands in the region 3 000—3 500 cm™, a

1 'W. P. Jencks, ‘ Catalysis in Chemistry and Enzymology,’
McGraw-Hill, New York, 1969, p. 199; G. G. Hammes, Accounts
Chem. Res., 1968, 1, 321.

2 C. G. Swain and J. F. Brown, jun., J. Amer. Chem. Soc.,
1952, 74, 2538; P. F. Rony, ibid., 1968, 90, 2824; H. ]J. Gold,
ibid., 1971, 93, 6387.

These two factors which specifically affect the nucleophilic or the electrophilic centre are useful in the

sharp peak (ca. 3410 cm™) attributed to the free N-H
bond stretching and a broad one (ca. 3 200—3 000 cm™)
which corresponds to associated N-H stretching together
with C-H absorption?® In all cases Av = wyg,,, —
VNH.. 1S large enough to avoid any overlap of the two
absorptions. Self-association has been followed by the
change in free N-H absorbance d as a function of
concentration Cg. The best fit of the experimental
curve Cy = f(d) is obtained for the monomer—cyclic dimer
model [equation (1)]. This model has been proposed
previously by Griffiths ¢f al. in their study of compound
(1b) and two other related thioamides.# Turthermore, it
has been often used to account for the self-association of
compounds such as diketopiperazine, 2-pyridone,$

3 M. Chanon and J. Mectzger, Bull. Soc. chim. France, 1968,
2868.

4 P. F. ]. Griffiths, G. D. Morgan, and B. Ellis, Spectrochimica
Acta, 1972, 28A, 1899.

5 S. J. Gill and L. Noll, J. Phkys. Chem., 1972, 78, 3065.

¢ N. Kulevsky and W. Reincke, J. Phys. Chem., 1968, 72,
3339; M. H. Krackov, C. M. Lee, and H. J. Mautner, J. Amer.
Chem. Soc., 1965, 87, 892; L. J. Bellamy and P. E. Rogash, Proc.
Roy. Soc., 1960, A, 257, 98.
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pyridine-2-thione,? maleimide,® amides,? and carboxylic
acids® The use of other models (see Experimental
section), does not lead to a good fit.

Results are reported in Table 1 together with the
number of experimental points as well as the concentra-
tion range. Statistical analysis of the variance (0.95
confidence level) gives the errors in coefficients 4 and B

J.C.S. Perkin I1

constants given in the literature for some related com-
pounds. All the reported compoundsare ‘ tautomeric * 11
as are the thiazoline-2-thiones (1) and most of them give
cyclic dimers by the formation of two hydrogen bonds.
Recent molecular orbital calculations * and ab imitio
studies 1213 indicate that the double hydrogen bond is
stronger than the sum of the two separate single hydrogen

TaBLE 1

Self-association constants for the monomer—cyclic dimer equilibrium for (1a—j) in CCl,

AK|K cd
Compound wvyxg/cm™ 10°C,¢/m  Number ® 1024¢ 102B¢ K31 mol™? (%) lmol?cm™

(1a) 3 417 0.1—-2.8 24 0.4847 + 0.0228 0.1434 + 0.0109 1200 20 230
(1b) 3 408 0.1-3 30 0.44 7 4- 0.027 0.1023 + 0.0139 2 200 30 200
(1c) 3 407 0.1—2.8 33 0.6327 + 0.0529 0.1441 4 0.0228 1 500 40 140
(1d) 3 409 0.2—3.5 35 0.797 + 0.081 0.153 7 + 0.031 2 1700 50 130
(1e) 3 415 0.1—2.9 35 0.4455 + 0.015 7 0.149 4 0.007 5 1 000 13 135
(1£) 3 410 0.2—2.4 15 0.181 4 0.016 0.116 6 + 0.009 6 665 25 170
(1g) 3 408 0.1—2.5 30 0.554 4- 0.046 0.077 4 0.02 4 700 50 260
§lh) 3 409 0.1—3.5 35 0.6757 4 0.0427 0.1088 + 0.018 2 900 40 186
1i) 3414 0.2—2.3 28 0.3228 + 0.0268 0.1277 4 0.012 1000 25 160
(1j) 3 423 0.3—2.6 20 0.095 5 4 0.021 9 0.199 + 0.015 120 38 170

@ Concentration range.

% Number of experimental points, all points taken.

¢4 and B are the coefficients of the equation C, =

Ad?* 4+ Bd where d is absorbance of the free NH. The quoted errors are random errors calculated from statistical analysis (0.93

confidence level).

of relation (11) (see Experimental section). These values
are acceptable but the error in X is rather large and we
believe overestimated. Nevertheless the variation in K

RY N /H..--
TS I NZ o
R S S---H’ R!
M
a, Rl=H,R2=H f; Ry=Ph,R2=H
b; R1l=Me, R2=H g; R! = Me, R? = Me
c; Rl=Et,RE=H h; R! = Et, Rz—’\’[e
d; Rr=Pr', RE=H R! = Prl, R?2 =
¢; Rl = Bu' R2=H j; R! = But, R? = Me

TABLE 2
Selected values for self-associations constants for
compounds related to (1)

Compound Ke T (°C) Ref.
Acetamide 2.8% 30 14a
Maleimide 22.0 26 8
Pyrazole ¢ 47.56 18 14b
N-Methylacetamide ¢ 160 7/ 25 14c
Thiobutyrolactam 278 25 7
Pyridine-2-thione 3 220 31.3 6
2-Pyridone 6 270 30.3 6
Acetic acid 38 000 ¢ 37 14d

¢ K/l mol? are obtained by i.r. with a monomer-cyclic dimer
model {relation (11)], in CCl,. ?® Solvent CHCl,. ¢ Monomer—
dimer—trimer model. ¢ Mecke’s hypothesis (monomer—dimer—
polymer) [rclation (8)]. ¢ Molar fraction. 7/ Calorimetry.
¢ N.m.r.

in the series (la—j) is large enough to give an insight into
the factors which affect the equilibrium position.
Table 2 reports selected values of self-association

* It is worth noting that Griffiths ef al.4 reported a larger value
for K in compound (1b). We believe that the difference might
arise from the few points they used as well as the method used for
experimental data fitting.

7 N. Kulevsky and P. M. Froehlich, J. Amer. Chem. Soc., 1967,
89, 4839.

8 L. Le Gall, A. Le Narvor, J. Lauransan, and P. Saumagne,
Canad. J. Chem., 1973, 51, 433.

4 Obtained from relation (11), K = Ae¢%2/, and € = 1/Bi.

bonds. This confirms the trend that association
constants are generally higher when cyclic dimers are
involved.}¥ It canbeseen by comparison with the values
given in Table 2 that thiazoline-2-thiones (1) are largely
self-associated in an inert solvent.*

Inspection of Table 2 reveals that (a) changing
hydrogen for methyl in positions 4 or 5 on the thiazole
ring leads to stabilisation of the cyclic dimer form; (b)
destabilisation of the dimer occurs on going from R! =
Me to R! = But. This destabilisation is much more
pronounced in the series (1g—j) in which R? = Me than
in the series (1Ib—e) in which R?2 = H.

Since dimerisation involves both an electrophilic and
a nucleophilic centre, the NH proton and the C=S sulphur,
respectively, it was of interest to measure directly the

R' /Me /Me
)\" g M I N
(2)

substituent effect on the nucleophilic character of the
thiocarbonyl group. We measured the substituent
? R. L. Werner, J. K. Haken, and D. T. Heggie, Spectro-

Me,CO

chim. Acta, 1973, 29A, 1509; H. E. Hallam and C. M. Jones,
J. Mol. Structure, 1970, 5, 1.
10 P. Excoffon and Y. Marechal, Spectrochim. Acta, 1972,

28A, 269; A. Kergomard and M. Renard, Tetrahedron, 1968, 24,
6643.

11 P. R. Rony, J. Amer. Chem. Soc., 1969, 91, 6090; P. R. Rony
and R. O. Neff, ¢b:d., 1973, 95, 2896.

12 M. Dreyfus, B. Maigret, and A. Pullmann, Theor. Chim.
Acta, 1970, 17, 109.

13 R. Janoschek, ‘Chemical and Biochemical Reactivity,’
Jerusalem Symposium on Quantum Chemistry and Biochemistry,
VI, Jerusalem, 1974, p. 283.

1 (a) R. L. Werner, V. F. Duckworth, and H. J. Schnitzerling,
Austral. J. Chem., 1965, 18, 1751; (b) C. M. W. Anderson, J. L.
Duncan, and F. J. C. Rossoti, J. Chem. Soc., 1961, 140, 2165,
4201; (c) M. Lindheimer, G. Etienne, and B. Brun, J. Chim.
phys., 1972, 69, 829; (d) M. Servanton, J. Biais, and B. Leman-
ceau, ibid., 1970, 67, 800.
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effect on the rate of alkylation at sulphur of the model
compounds (2) [equation (2) and Table 3] in acetone.
The replacement of NH by NMe prevents self-association
and we feel safe in assuming that this model allows a
precise determination of the electronic effect of the
alkyl groups in positions 4 and 5 of the thiazole ring on
the nucleophilicity of the thiocarbonyl group. The

kinetic results are reported in Table 3.
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skeletons and is directed towards the N-H - - - S=C bond
(Scheme).15:16  This conformational effect leads to a
considerable increase in the effective steric size of the t-
butyl group. This effect, which has been previously
observed in alkylation studies of 4-alkyl-2,5-dimethyl-
thiazoles by methy! iodide 17 can be used as a positive
test for the occurrence of steric effects in self-association.
The t-butyl group in (le) can adopt either the samec

TABLE 3

Rate constants and activation parameters for the reaction Mel 4 (2a—e) and (2g—j), in acetone

20° 25° 30°
108%/1 mol 71
Compound Number P A .
(2a) 5 104.3 162.2 244.0
(2b) 6 172.3 263.0 396.0
(2c) 9 166.7 255.0 385.0
(2d) 9 157.4 241.7 365.8
(2e) 9 138.6 212.1 320.0
(2g) 10 298.2 451.2 673.6
(2h) b5 283.6 429.4 641.4
(2i) 10 313.0 466.4 686.1
(2j) 10 257.0 381.5 559.3

® Number of tempcratures used; the rate constants were calculated at the given temperatures from the Eyring equation.
The quoted errors are random errors calculated from statistical analysis (C. A-
‘ Statistical Analysis in Chemistry and the Chemical Industry,” Wiley, New York, 1954, p. 228).

and AH? are in kcal mol™?, AS* is in cal mol™* K1,
Bennctt and N. L. Franklm

Along the series (2a, b, and g) [/V-methyl analogues of
compounds {1a, b, and g)] the nucleophilic character of the
thiocarbonyl group is increased. It can be seen from
Tables 1 and 3 that the rate and association constants
increase in a parallel manner. Each additional methyl
group multiplies both the rate and the association
constant (within the experimental error) by a factor of
ca. 1.6.

The electronic effect of the 4-alkyl group in the series
Me, Et, Pri, Bu® can be anticipated from the rate
constant data collected in Table 3. The nucleophilicity
of the sulphur atom decreases but the observed change is
small. One should expect a K value of ca. 1700 for
compound (le) based on pure electronic effects. The
observed association constant is smaller for (le) than
expected and the difference can be accounted for by the
additional steric effect of the But group which affects the
electrophilicity of the ortho NH centre. The importance
of the steric contribution of the R! substituent is therefore
more clearly evident in the series (1g—j). On going
from R! = Me to R! = But, the association constant is
decreased by a factor of 25, while the same change in the
5-H series results in a two-fold decrease. The electronic
effect of the R! substituents does not change in the series
5-H and 5-Me as rate constants in Table 3 show, while
the effective size of the R! substituent is strongly
dependent upon substitution in position 5. The t-butyl
group in (1j) is related to the 5-Me group in such a way
that a methyl group lies in the plane of the heterocyclic

15 An example of this locking can be found in ‘ stcreopopulation
control ’ defined by S. Milstein and L. A. Cohen, J. Amer. Chem.
Soc., 1972, 90, 9158; R. T. Borchardt and L. A. Cohen, ibid.,
p- 9166.

16 C. Roussel, R. Gallo, M. Chanon, and J. Metzger, jJ.C.S.
Peykin 11, 1974, 1304.

AGlpps? AH?? ASt?
22.65 14.4 4+ 0.3 —27.6 £ 1
22.33 14.1 4- 0.4 —27.6 + 18
22.35 14.2 4- 0.3 —273 + 1.6
22.37 14.3 4- 0.5 —27.1 £ 2.2
22.47 14.2 4- 0.5 —27.8 423
22.03 13.8 4 0.3 —276 414
22.02 13.8 4- 0.26 —276 £ 1.2
21.99 13.3 & 0.36 —29.3 4- 2
22.10 13.68 + 0.7 —28.8 4 2.9

b AGH

conformation or a less bulky one in which a methyl group
is directed towards position 5. The conformational
variation of the size of the substituents is also apparent in
the Et and Pr! cases (1h and i).

/H"'y
/ M
As---H/ e

Me

Me
Me,

SCHEME

The behaviour of compound (1f) in which R! = Ph
can be explained by the same two factors. The electronic
effect of phenyl on the nucleophilic properties of the
thiocarbonyl group is known to be of the same order as
thatof H; 18 on the other hand, the steric effect is not very
important since the phenyl group does not lie into the
plane of the heterocyclic ring.1?

In summary, the combined effects of alkyl substitution
in positions 4 and 5 lead to a large change in the self-
association constants. We have shown that an increase
in nucleophilicity of the thiocarbonyl group results in an
increase in association while a specific decrease in
electrophilicity of the NH bond through the steric
hindrance of the ortho-substituent R! has the opposite
effect. Thus we define a versatile way to vary both the
nucleophilic and the electrophilic characters of a potenti-
ally bifunctional catalyst. This may be useful in the
design of these catalysts.

17 A. Babadjamian, R. Gallo, M. Chanon, and J. Metzger, J.
Amer. Chem. Soc., 1973, 95, 3807.

18 M. Arbelot, R. Gallo, M. Chanon, and J. Metzger, Internat. J.
Sulfur. Chem., in the press.

1% V. Galasso and N. Trinajstic, Tetrahedron, 1972, 28, 2799.
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EXPERIMENTAL

Syntheses.—Thiazoline-2-thiones (1) and (2) were pre-
pared by general synthetic methods.2® They were re-
crystallised from ethanol-water twice before use. Physical
and n.m.r. data are given in Table 4.

I.y. Experiments.—All spectra were obtained with a
Beckman IR9 spectrophotometer at 25°. The spectral
slit width was ca. 1 cm™. The low solubility of the com-
pounds in CCl, (Prolabo) necessitated the use of a 5 cm path

J.C.S. Perkin II

Monomer—open polymers. In the case of an equilibrium
between monomer and open dimer, K is expressed for each
initial concentration C, by relation (5) which allows the
determination of both € and K. In the present study, the

K = el(Cogl — d)[(2d; — Cogl)? (5)

application of relation (5) led in most cases to larger vari-
ations in the calculated K and € values than those obtained
from the monomer—cyclic dimer model. According to

TABLE 4
Physical® and n.m.r.% [§(J/Hz)] data for the compounds (la—j) and {2a—I and g)
N.m.r.
Compound M.p.(°C) = N-R =C(4)-CH =C(4)~CMe 5-R )
(la) 2 79  3.32(1H, s) 7.3 (1 H, d, ] 4.6) 6.95 (1 H, d, J 4.6)
(1b) 89 33 (1 H, s) 23(3H.d J1.6) 6.50 (1 H, d, J 1.6)
(1c) 80 Nr 255 (2H, m, J1.3, 12 (3H,t J7.5 642(1H,t J13)
7.5)

(1d) 119 Nr 2.88 (1 H,sept, J7) 1256 (6H,d, J7) 6.40 (1 H)

(1e) ® 159  4.02 (1 H) 1.32 (9 H, s) 8.39 (1 H, s)

(1£) es20 173 7.45 (5 H, m) 6.64 (1 H,s)

(1g) ® 166  3.30 (1 H,s) 2.14 (3 H, s) 2.14 (3 H, s)

(1h) ¢ 165 Nur. 256 (2H, q J 7.5 135(3H,t, J175 213(3H,s)

(1iy 171 N 310(1 H,sept, J 7) 1.26 (6 H,d, J7) 2.15 (3 H, s)

(1j) 1 163 3.10 (1 H) 1.42 (9 H, s) 2.24 (3 H, s)

(2a) 20 46 358 (3H, ) 7.33 1 H, d, J 4.6) 8.76 (1 H, d, J 4.6)

(2b) 119  3.55(3H,s) 2.28 (3H, d, J 1.1) 6.45 (1 H, q, J 1.1)

(2c) 0 59 3.57(3H,s) 262 (2H. m, /13, 124(3H, t J75 644(1H ¢t J13)
7.5)

(2d) » 57  3.60 (3H,s) 2.94 (1 H, sept, J 1.24 (6 H, d, J 7) 6.42 (1 H, d, J 0.8)
0.8, 7)

(2¢) 2 117 376 (3H, s) 1.38 (9 H, s) 8.47 (1 H, s)

(2g) 2 63 353 (3H,s) 2.17 (3 H, s) 2.10 (3 H, )

(2n) » 45 3.64 (3H,s) 268(2H,q J73) LI6(3H t J73) 217(3H,5

(2i) » 54 3.71(3H,s) 3.25 (1 H, sept, J 7.3) 1.34 (6 H. d,J 7.3) 2.23 (3 H. s)

(2j) ¢ 118  3.83(3H,s) 1.53 (9 H, s) 2.33 (3 H, s)

@ M.p.s are uncorrected.

C,45.1; H, 5.9; N, 8.9.
48.0; H, 6.3; N, 8.19%. J/Found: C, 50.9; H, 6.95
H, 6.25; N, 8.159%. AFound: C, 51.4; H, 6.8; N, 74%
300); (2i) 320.5 (14 700); (2j) 317.3 (13 400).

length cell with CaF, windows. Compounds (la and j) were
studied with a 3 cm path length cell, and solutions of very
low concentration were recorded in a 10 cm path length cell.
For each compound, four or five solutions were prepared by
weighing and dilution.

Self-association Constant Determinations.—Scveral models
of self-association arc possible ¢.g. involving open polymers
and cyclic oligomers. The absorbance 4 can be expressed
by relations (3) or (4) assuming that each free NH bond
(from open oligomer and monomer) absorbs at the same
frequency and with the same molar extinction coefficient.

open aggregates
d=¢eCy+ Cp+ ...

cyclic aggregates

+Cut..) 3)

d = el(Cy) 4

In relations (3) and (4), ! is the path length, Cy is the
monomer concentration at equilibrium, C, the concentration
in mmers. The association constants were evaluated for
the different models assuming an ideal solution according to
Prigogine.?!

20 C. Roussel, R. Gallo, M. Chanon, and J. Metzger, Bull. Soc.
chim. France, 1971, 1902.

21 ]. Prigonine, V. Mathot, and A. Desmyster, Bull. Soc. chim.
belges, 1949, 58, 547.

%All spectra were recorded for C3D4O solutions on a Varian HA 100 instrument at the probe temperature.
¢ Recorded in CDCl, (J. P. Aune, R. Phan Tan luu, E. J. Vmcent and J. Metzger, Bull. Soc. chim. France, 1972, 2679).
C',H,NS2 requires C, 45.3; H, 5 6; N, 8.8%.
N, 7.6. C4H,;NS, requires C, 61.3; H, 6.9; N, 7.5%.
¢ Found:

4 Found:
¢ Found: C, 48.3; H, 6.15; N, 8.0. C,H,,NS;, requires C,
¢ Found: C, 48.15;

C. 53; H, 7.4, N, 7.0%. Amse(EtOH)/nm: (2h) 321.2 (¢

Coggeshall and Saicr’s hypothesis (Kp, K, and KCy < 1),
the experimental curve C, = f(d) can be solved by relations
(6) and (7) in the case of an equilibrium between monomer
and open polymer.22 The experimental curve could not be

d = elCu(l + KpCu/l — KCn) (8)
Co = Cu + KpCu/K(l — KCy)? — KpCn/K (7)

accounted for by the relations (6) and (7) in the present
study.

If one assumes that all the association constants arc equal
(Mecke’s hypothesis, Kp = K), C, is expressed by relation
(8) in which K = 4/B*2 The expcrimental curve is thus

= Ad? + Bd (8)

represented by the same mathematical expression as in the
monomer—cyclic dimer model.

Monomer-cyclic oligomers. K and C, are given by
relations (9) and (10) in the case of a monomer—cyclic dimer
cquilibrium. Relation (11) is deduced from (4), (9), and

K = Cp/Cj (9
Co = Cx + 2Cp (10)
22 N. D. Coggeshall and E. L. Saier, J. Amer. Chem. Soc., 1951,

73, 5414.
2 R. Mecke and H. Kempter, Naturwiss., 1939, 27, 583.
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(10). Relation (12) can be derived from (11) for cyclic
Co = Ad* 4+ Bd and K = A/2B* (11)
Co=Ad*+ Ba** - Ca** + ...+ 2d (12)
polymers. Statistical treatment of the experimental curve

Co = f(d) according to equation (12) showed that in all cases
the best fit was obtained for » = 2. The coefficients of
higher degrees were not significant. It is noteworthy that
the spectrometric results do not allow a choice between
models defined by relations (8) and (11). We excluded the
former on the following basis. (a) Equation (8) is derived
when all the association constants involved in the monomer-
cyclic polymer complex equilibrium are taken as equal.
Such a situation seems statistically highly improbable.
(b) An X-ray study of the crystalline form of benzothiazoline-
2-thione showed that this compound exists as a cyclic
dimer.34

Kinetics of Methylation.—We used a classical technique

569

for the kinetic runs.2¢ This method needs cell calibration
by the salt. All the values obtained were within 29, of the
mean value for six calibrations. Methyl iodide and acetone
were freshly distilled. The given rate constants were
recalculated for the given temperatures (Table 3) from the
Eyring equation with data obtained from several runs at
different temperatures and concentrations. The confidence
level was 0.9.1¢ 19, Precision was obtained. In all cases
the reaction is second order. Initial rate constants were
determined (salt concentration 107m). Attempts to
methylate compounds (1) showed that the obtained salts
were unstable in acetone and decomposed readily to the
corresponding 2-methylthiothiazoles and HI. IFFurthermore
the reaction was complicated by the intervention of general
base catalysis of the formed methylthiothiazole and acetone.
The reaction is complicated by concentration and pH effects.

(6/1248 Received, 26th June, 1976)
24 J. P. Chesik and J. Donohue, Acta Cryst., 1971, 27B, 1441.




