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Infrared Intensities as a Quantitative Measure of Intramolecular Inter- 
actions. Part XX1X.l Methyl Phenyl Sulphones and Sulphoxides 

By Nigel C. Cutress, T. Bruce Grindley, Alan R. Katritzky," and Monodip Shome, School of Chemical 
Sciences, University of East Anglia, Norwich NOR 88C 

Ronald D. Topsom," School of Physical Sciences, La Trobe University, Bundoora, Victoria, Australia 

The integrated i.r. intensities of the v8 band for series of me@- and para-substituted methyl phenyl sulphoxides and 
sulphones show that whereas MeSO, is a resonance acceptoro", + 0.06, MeSO is  a net resonance donoro", - 0.07. 
However, when para to a strong donor group, both MeSO, and MeSO become resonance acceptors of considerable 
magnitude. Intensities of as and s vIsoz are correlated byo+ values of met+ and para-substituents. 

THE methyltliio- and t-butylthio-groups act as resonance 
acceptors of electrons by delocalisation into the empty 
d-orbitals of the sulphur when para to donor groups on a 
benzene ring.l ?Ye have now examined by our i.r. 
spectral technique the properties of the methylsul- 
phony1 and niethylsulphinyl groups. 

X-Ray and dipole moment studies have shown that 
methyl phenyl sulphones adopt conformation (la) 
preferentially. S o  similar studies have been carried 
out on methyl phenyl sulphoxides although diphenyl 
sulphoxide assumes a conformation in the crystalline 
and liquid states similar to those of diphenyl s~ lphones .~  

Most workers have concluded, from experimental 
evidence to be discussed later, that d-orbitals are involved 
in sulphoxide and sulphone bonding. In the theory 
developed by Craig and his co-workers,s certain sub- 
stituents cause d-orbitals to contract in size and drop in 
energy so as to be available for bonding. The perturb- 
ing ability of the substituent is linked to the effective 

1 Part XXI'III, S. C. Cutress, T. B. Grindley, A. R. Katritzky, 
and I<. D. Topsom, preceding paper. 

2 A. li. Katritzky and R. D. Topsom, Aqzgew. Chein. I d e r n a t .  
Edt t . ,  1970, 9, 87. 

3 C. Rerat and G. Tsoucaris, Bull. SOC. F v a ~ c .  iWin. Grist., 
1964, 87, 100 (Chem. Abs., 1964, 61, 7796d);  L. G. Vorontsova, 
KvistalZogva$ya, 1965, 10, 187 (Chem. Abs., 1965, 63, 3715b). 

4 H. Lumbroso and li. Passerini, Bull. SOC. chinz. Fvance, 
1955, 1179. 

5 S. C. Abrahams, d c t a  Cryst., 1957, 10, 417. 
H. Lumbroso and G. Montaudo, Bzt2l. Soc. chinz. Fvance, 

1964, 2119. 
J .  6. Sime and S. C. Abrahams, Acta Cvyst., 1960, 13, 1 ;  

G. E. Bacon and S. A. Curry, ibid., p. 10, and references therein. 
8 (a) D. P. Craig, A. Maccoll, K. S. Nyholm, L. E. Orgel, and 

L. E. Sutton, J .  Cheun. Soc., 1954, 332; (6) D. P. Craig and E. A. 
Magnussoii, ibid., 1956, 4895, (c) D. P. Craig and C. Zauli, 
J .  Chent. Phys., 1962, 37, 601 ; ( d )  D. P. Craig and T. Thirunama- 
chandran, ibid., 1965, 43, 4183; 1966, 45, 3355. 

9 G. L. Bendazzoli, I?. Bernardi, 1'. Palmieri, and C. Zauli, 
J .  Cheriz. SOC. (A) ,  1968, 2186. 

l o  C. A. Coulson, Natztve, 1969, 221, 1106; C. A. Coulson and 
F. A. Gianturco, J .  Chem. Soc. ( A ) ,  1968, 1618. 

l1 TV. ,Moffitt, Pvoc. Roy. SOC. (14), 1950, 200, 409. 

nuclear charge of the ligand and also to the internuclear 
bond d i s t a n ~ e . ~ ~ ~ d ~ ~  Since these two factors are in 
opposition, the perturbing powers of fluorine, chlorine, 
oxygen, and carbon are similar, whereas hydrogen has 
much less effect. Hybridisation of the 3d- and 49- 
orbitals probably occurs to a certain extent.8*10 In 
agreement with these general considerations, specific 
calculations 99 l1 on sulphoxides and sulphones show that 
there is substantial d-orbital character in the sulphur- 
oxygen bonds. 

The methylsulphonyl group is a resonance electron 
acceptor, presumably acting by delocalisation into the 
d-orbitals, as indicated by dipole inoments,l2 U.V. 

spect ro sc~py ,~~c$  l3 acidity const ants, l4 and 19F n .m. r - 
spectroscopy.15 Methylsulphonyl groups interact with 
phenyl rings with bulky ortho-substituents to the same 
extent as with unhindered phenyl This 
evidence supports d-orbital bonding of the sulphur to  
the benzene ring, since such bonding is not affected by 
rotation 16n317 [if the parent methyl phenyl sulphone 

l2 (a)  H. Lumbroso and R. Passerini, Bull. SOC. chiun. Frame, 
1955, 1179; (b) M. T. Rogers, G. M. Barrow, and F. G. Bordwell, 
J .  Aytzer. Chem. SOC., 1956, 78, 1790; (c) P. P. Shorygin, &I. A. 
Geiderikh, and T. I. Ambrush, Russ. J .  Phys. Chem., 1960, 34, 
157. 

13 (a) E. A. Fehnel and M. Carmack, J .  ,4mev. Chern. Soc., 
1949, 71, 231; 1950, '72, 1292; (b) T. Momose, Y. Ueda, and 
S. Goya, Chem. and Pharm.  Bull. (Japan) ,  1959, 7, 862. 

l4 (a)  F. G. Bxdwell and G. D. Cooper, J .  A w w .  Chem. SOC., 
1952, 74, 1058; (b) F. G. Bxdwell and H. ill. Andersen, ibid., 
1953, 75, 6019; (c) F. G. Bordwell and P. J .  Boutan, ibid., 1957, 
79, 717. 

l5 W. A. Sheppard and R. W. Taft, J .  A m e v .  Chem. Soc., 
1972, 94, 1919. 

l6 (a) E. L. Wehry, J .  Amev. Chenz. Soc., 1967, 89, 41;  (b )  
V. Baliah and T. Rangarajan, J .  Indian C h e w  SOC., 1961, 38, 33; 
(c) H. Kloosterziel and H. J. Backer, Rec. Trav. chim., 1953, 72, 
185; (d) S. Oae and C. Zalut, J .  Amev.  Chem. Soc., 1960, 82, 
5359; (e) S. Oae, M. Yoshihara, and W. Tagaki, Rzdl. Chem. SOC. 
Japan, 1967, 40, 951. 

l7 H. H. Jaff6 and &I. Orchin, ' Theory and A4pplications of 
Ultraviolet Spectroscopy,' Wiley, New Yorli, 1962, pp. 466- 
497. 
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TABLE 1 

Properties of nzetn-substituted methyl phenyl sulphones and sulphosides 

Substi tuents 
1 1 

SOMe OJIea 
0 

3I.p. or b.p. 
("C) [ininHg] 

112 [0.2] 

74-76 [0*5] 

Lit. mp." or b.p. 
("C) [nimI-Ig] 

111-112 [0*2-0.3] 1 

103-106 [3] h 

OoR (2) 
- 0.43 

- 0.34 

- 0.22 
- 0.10 

- 0-43 

- 0.34 

- 0.22 

- 0.10 

- 0.34 

- 0.22 

- 0.10 

+0*17 

J 

1593 
1579 
1597 
1589 
1577 
1574 
1596 
1574 
1599 
1582 
1593 
1586 
1586 
1574 
1599 
1579 
1593 
1586 
1581 
1576 
1599 
1579 
I606 
1586 

A b  
4770 

3270 

1500 
650 

3460 

2240 

1045 

400 

2220 

9 70 

425 

1695 

240 
110 

85 
110 
116 

90 
32 

6 
196 

71 
105 

65 

16 
7 

120 

00 

15 
9 

Y9 
19 

0.48 

0-25 

0.39 
0.13 

0.40 

0.32 

0-1 9 

0-06 

0-3 1 

0.18 

0.07 

0.27 

0.46-0.48 

0-25 

11 1-1 12 [0*3] 
112-114 L1.81 

140-1.42 [0*3] 

39-40 $ 

106 r 
100-1 02 

1 
[0*25-0*3] 

100-101 [0*1] i 
126-127 [3] ' 
140-150 [0*2-0.3] f 

30-41 $ h  

105-106 $ 

137-138 [3] ' 
I 

1 

0.38 
0-15 

0.39-0.41 fl 

0.3 1 

0.19 

0.89 

0.31 

0.19 

0.09 

0.2 1 

1 

1 1 

146 t V n  so, 5 147-148 $ 

0 J1.p. indicated by $. b Integrated intensity of the 1600-1585 c1ii-l band. Peak extinction coefficient; = amax./clr where 
([oo~ (1))2 + (2)]2 + 

R. W. ?aft, I:. Price, 
A. Cerniani and G. Modma, Gazzetta, 

amax. is absorbance a t  peak maximum, c the concentration in mol I-l, and I the cell path length in cni. 
cox (1) 5'R (2)}II2. 
I. R. Fox, I. C. Lewis, K. K. Andersen, and G. T. Davis, T .  Ameu. Cheulz. Soc., 1963, 85, 709. 

e Measured in CCl,-C,H, (9 : 1). f Ref. 14c. g Corrected for asymmetry as in ref. 1. 

1959, 89, 843. 3 Measured in CE-IC1,. 
Twist and S. Smiles, J. Chem. SOC., 1925, 127, 1248. 

IC W. E. Truce an8 C. W. T'riesen, J .  Awer. Chem. SOC., 1953,75, 5032. * A4s above. lii R. I;. 

fP 
0.53 

0.40 
0.20 
0.07 
rhS4 
0.88 
0.70 

0.58 
0.42 
0.39 
0.2 1 
0.88 
0.58 
0.42 
0.39 
0.21 
0.0 
0.1 1 
0.1 6 

TABLE 2 

Properties of para-substituted methyl phenyl sulphones and sulphoxides 

3I.p." or b.p. Lit. m . p . a  or b.p. 1600-1585 cin-l band 
*------- A - 170 

&A (m) "* 
Substituents ('6 [inrnHg] 

45-46 $ 

106-108 [a] 
106-108 [0.8] 
118-119 [2*5] 
146-147 3 

163.5-164 $ 
120-121 $ 

78 
98-99 
97-98 8 

87 r 
Y 
Y 
Y 
Y 
Y 

261 $ 
141-142 $ 
127-128 $ 

("C) [iimHg] 
46--47 3 

CSOR ( 2 ) b  A 
-0.43 4350 

J 

1595 
1577 
1590 
1574 
1596 
1581 
1596 
1597 
1579 
1592 
1581 
1584 
1600 
1596 
1591 
1580 
1583 
1598 
1680 
1606 
1573 
1595 

285 
107 
180 
340 
23 

112 
785 
360 

305 
185 
130 
55 

875 
325 
220 
135 
58 

80 
26 
16 

0.53 

0.38 
0.1 9 
0.07 
0.27 
0.87 
0-70 

0.49 
0.43 
0.34 
0.23 
0.92 
0.50 
0.45 
0.34 
0.25 
U.0 
0.20 
0-14 

114----116 [3] 
135-136 [5] j 
113-114 [2] 5 
148-149 $ J  
165-166 1 

121.5-122" $ 

-0.34 2315 
-0.22 702 
-0.10 235 

0-17 1256 
-0.53 11,640 
-0.43 7435 

77-78 + ?a 

98-99 1 * 
96.5-98 $ P  

88 $ p  
Y 
Y 
r 
T 

Y 
261 $ 8  

142-143 
127-128 $ '' 

-0.34 3715 
-0.25 3005 
-0.22 1875 
-0.10 945 
-0.53 12,970 
-0.34 3995 
-0.25 3200 
-0.22 1860 
-0.10 1100 

0.06 (50 
0.17 771 
0-22 456 

Q M.p. indicated by $: b Of substituent. c Integrated intensity. Peak extinction coeficient; EA = umax./cl, wnere urnax, is 
(1) - crop. (2) + 

K. If7. Taft, 17. Price, 
j A. Cerniani arid G. Modena, 

2 A. Dondoni and P. $3. 'I'odesco, 
H. Burton 

~7 Measured in 
I<. R. Shaw and 

absorbance at  peak maximum, c concentration in mol l-l, and I cell path length in cm. 
K ~ c ~ ' R D ] I .  
I. R. Fox, I. C. Lewis, K. I<. Andersen, and G. T. Davis, J .  Anzer. Chem. Soc., 1963, 85, 3146. 
Gazxetta, 1959, 89, 843. 
Boll. sci. Fac. Chinz. i nd .  Bologna, 1962, 20, 79. 
and P. F. Hu, J .  Chem. SOC., 1948, 604. 
CHCl,. f See above. 
R. Ti. Xiller, Cafzad. J .  Chenz., 1970, 48, 1394. 

e A = K x  CORD. f fp. = j [a 
g Measured in CCI,-C,H, (9 : 1). h S. Ghersetti and &I. Pallotti, Guzzetta, 1963, 93, 1000. 

k Corrected for second d-orbital interaction, K x  = 0.22 for C1 (ref. 27). 
M Ref. 14c. fl  H. Zahn and H. Zuber, Chew. B e y . ,  1963, 86, 172. 

p W. E. Truce and C. W. Vriesen, J .  Aunev. Chem. Soc., 1953, 75, 5032. 
8 0. Manoudek, 0. Exner, and P. Zuman, COD. Czech. Chem. Conznz., 1968, 33, 3988. 

u G. B. Bachman and C. L. Carlson, J .  Ameu. Chrnz. SOG., 1931, 73, 2857. 
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adopts ctwforniation (la) little change in conjugation is 
to be expected]. E.s.r. studies of methyl phenyl 
sulphone and methyl para-nitrophenyl sulplione l 8  indi- 
cated that the plienyl ring is conjugated only with a 
sulpliur d-orbital and not with the oxygen atoms. How- 
ever, frequency l9 and intensity l2b, 2o correlations for 
para-substituted methyl plienyl sulphones, particu- 
larly when the substituents are strong donors, indicate 
that some interaction with the S-0 bonds is occurring 
even if it is a second-order effect.21 The methylsulphinyl 
group, which has been studied considerably less, might 

J.C.S. Perkin I1 
greater than 400 1 mol-1 c ~ i i - ~  but are greater for lower 
values; in such cases the actual value is also less accurate 
because of uncertainty in the value of the overtone correc- 
tion. For the sulphone stretching vibrations, integration 
is complicated by the close proximity of other bands and 
errors in A are estimated as 4 3. 

RESULTS AND DISCUSSION 

Monosubstituted Co~~z~o.tll.zds.-Equation (I) ,  which has 
been previously 2 derived, relates the intensity of the v8 

(v16 in Herzberg's notation) i.r. band of monosubstituted 

TABLE 3 

Properties of monosubstituted benzenes 

1600-1585 cm-l band 

Compound [mmHgj ("C) Ln1mHsl 2 ;'Jon m--- 
0-07 

Xp.5 or b . 1 ~  ("C) Lit. 1n.p." or b.p. 

PhSOMc 105-106 [0*7] 144 [IS] d 1583 15 200 
PhS0,ILlc 88 $ 88 :f 1587 18 170 0.06 
PhSOBut 57-58 $t 58-59 $ 1582 V 8 88 0.0 
PhSO,But 98 $ 98-99 t i  1585 g 21 364 0-10 
PhSO,But j j 1585 23 250 0.09 

9 M.p. indicated by $. Peak extinction coefficient, = umar./cI, where a,,,. is absorbance a t  peak maximum, G is concentration 
d G. Leandri, A. Mangini, and R. Passerini, J .  Chew. 

f J. Boeseken and H. W. van Ockenburg, Rec. Fmv. chiwz., 1914, 33, 317. 
in 1n01 1-l. and I is cell path length in cm. 
SOC., 1957, 1386. 

Calculated from equation (1). 
e Measured in CC1,-C,H, (9 : 1). 

Measured in CI-ICl,. k I. V. Baliah and R. TTaraclachari, T .  Tizdiatz Cliem. SOC., 1960, 37,-331. i W. Hahn, G.P. 1,110,6!31/ 
1961 (Cheiu. Abs. ,  l9%3, 56, 3416e). j As above. 

be expected to show resonance properties which arc a 
blend of lone-pair donation and d-orbital acceptance. 
Evidence for d-orbital acceptance by sulphur has been 
obtained from the dipole moments s2 of several methyl 
plienyl sulphoxides, from 19F n.1n.r. ,15 and from pK,  
va1~es. l~ The small cliangcs in effective o-constants for 
RSO groups observed when hindered sulphoxides were 
compared with non-hindered analogues 16a also supports 
d-orbital acceptance. The i.r. spectral method ap- 
peared well suited to  determine the precisc resonance 
properties of this group. 

E SPER I hlENT-4L 

Compounds xere prepared by the literature nietliodv 
indicated (Tables 1 aiicl 2), and purities were cliecked by 
g.1.c. or m.p. and by spectroscopy. Chloroform was 
passed through alumina immediately prior to use. Spectro- 
scopic grade CC1, was storecl over molecular sicves (4A). 
Beiizenc was dried over sodium wirc, redistilled, and stored 
over rnolecular sieves (4A). 

1.r. spectra for solutions in CCl,-benzcne (9 : 1) wcrc 
measured as previously 23 on a Perltin-Elmer 125 spectro- 
photometer. In CHCl, the spectral technique was identical 
except that the variable and fixed path length cells were 
balanced by nsing the 2400 cm-l band of CHC1,. Integra- 
tion technique4 were ideiitical with those previously 23 out- 
lined. Reproducibilities in ( A  - 340)lI2 or (.4 - 170)1/2 
values are & l  intensity units for conipouncls where A is 

18 Sr. B. Keller, C. S. J. and R. G.  Hayes, .J. P A Y S .  Chem., 
1969, 73, 3901. 

l@ (a) N. Shinriki and T. Nambara, Cheriz. and Plzarnz. Bull. 
(Jupm), 1963, 11, 178; (6) N. Marziano, G. Montaudo, and 
TC. Passerini, A m .  Chim. (Italy), 1962, 52, 121; (G) 1-1.-J. Weig- 
lnann and G. Malewski, Spectrochinz. A d a ,  1966, 22, 1045. 

2o S. Ghersctti, Boll. sci. Fac. Chim. ind. Bnlogi~a,  1963, 21, 
237 (Chem. ,-lbs., 1964, 61, 179d); K. Doerffel and J. Brunn, 
J .  pvakt. Chem., 1970, 312, 701. 

benzenes to ( ~ " n ) .  The results obtained for the mono- 
substituted compounds are listed in Table 3. The 
intensity of methyl phenyl sulphone agrees satisfactorily 
with the value of 185 previously 23 measured. By using 
equation (l), values of &ooR of 0-06 and 0-07 were ob- 
tained for the meth ylsulphonyl and methylsulphinyl 
groups respectively. 

(1) A = 17,600 + 100 

In comparison with the methyl derivatives, phenyl 
t-butyl sulphone and sulphoxide should favour con- 
formation (I) because of additional steric hindrance in 
conformation (11). The similar ooR values observed for 

( 1 )  (D.1 
a; X -= 0 (sulphone) 
b ;  X = lone pair of electrons (sulphosidc) 

the methyl phenyl (-&0.07) and pheiiyl t-butyl sulyhone 
hO.09) support the previous assignment 374 of conform- 

ation (Ia) to alkyl phenyl sulphones. In conformation 
(Ib), the sulphoxide lone pair is more orthogonal to the 

** L. J. Bellaniy in ' Organic Sulphur Compounds,' ed. 
N. Kharasch, Pergamon, Oxford, 1961, ch. 6. 

22 H. Goetz, B. Klabuhn, F. Marschner, H. Hohberg, and 
W. Skuballa, Tetrahedron, 1971, 27, 999. 

23 R. T. C. Brownlee, R. E. J. Hutchinson, A. R. Katritzky-, 
T. T. Tid~vell, and R. D. Topsoin, J .  14mer. Chetn. SOC., 1968, 90, 
1757. 
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0.1 

phenyl ring and tlierefore, ban for conformation (Ib) 
would be more negative than that for (IIb). The 
algebraic increase in DO& of the alkylsulphinyl group on 
changing the alkyl substituent from methyl [-Om06 (see 
later for sign of ~ " n ) ]  to t-butyl(O.0) indicates that methyl 
phenyl sulphoxide adopts conformation (Ib) to some 
extent. 

meta-Substituted Methyl Szdphones and Sulph,oxides.- 
The results for these compounds are listed in Table 1. 
Measurements were made both in the normal non-polar 
solvent CC1, containing 10% benzene as an aid to  cell 
balancing and in CHC1, since some compounds were not 
sufficiently soluble in CC1,. In  previous papers,% the 
intensity of the v8 band of Irictn-disubstituted benzenes 

./" 1 1 I I  1 1 1 1 1 1  

t 
0.45 t  

0.351 

/ 
/ J 

"/ 

0.05 0-15 0.25 0.35 0.45 
{w; (1) I *  .t 15; (2)12 + (1) q2,p 

FIGURE 1 Plot of [(A - 340)/19,000]1/2 against ([o'R (l)]' -t 
[cox (2)]2 + GOB (1) (2))V for metu-substituted niethyl 
pheiiyl sulphones and methyl phenyl sulphoxides (a) in CC1,- 
C,H, (9 : 1) (a), (b) in CHCl, (x) ;  the line shown has unit 
slope 

has been related to boa terms as in equation (2). This 
relationship has been used 25 previously to determine the 
sign of o0R constants since the ooa (1) con (2) term de- 
pends on the sign of the unknown ooR constant. Plotting 
[ ( A  - 340)/19,000]112 against ([GOB (1)12 + [c0R (2)12 + 
cioll. (1) ( 2 ) f l : 2  yielded a line of unit slope only when 
bolt values of -0.07 and +0-06 for the SOMe and S02hIe 
groups were used (Figure 1). Asymmetric corrections 24 

were not made for the S0,ille and SOMe groups because 
the values of the observed ooR constants were too small 
for the corrections to be significant; this is supported 
by the low intensity found for 9-bismethylsulphonyl- 

,4 = 19,000 ([.On (1)]2 + [o0n (2)]2 + 
DoR (1) GoR (2)) + 340 (2) 

24 A. K. Katritzky, 31. V. Sinnott, T. T. Tidwell, and R. D. 
Topsom, J .  Amer. Chem. SOL, 1969, 91, 628. 

25 K. C. Cutress, T. B. Grindley, A. R. Katritzky, 31. V. Sinnott, 
and R. D. Topsom, J.C.S. Perkin II, 1972,2255; A. K. Katritzky, 
H. J. Keogh, S. Ohlenrott, and R. D. Topsom, J .  Amer. Chenz. SOC., 
1970, 92, 6855. 
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benzene. For the methylsulphinyl group P-orbital 
donation is evidently stronger than d-orbital acceptance. 

for the nzeta-substituted compounds.- Treatment of the 

FIGURE 3 Plot of [(A - 170)/15,000]1/2 US. [GOB (1) - GOB (2) + 
KXOORD] for $para-substituted methyl phenyl sulphones and 
methyl phenyl sulphoxides (a) in CC1,-C,H, (9 : If (e), (b)  
in CFIC1, ( x)  ; the line shown has unit slopc 

data by using equation (3), which has been developed 26, 27 

for compounds where there is no direct interaction 
between substituents, gave Figure 2. The large devi- 
ations observed may be interpreted as evidence for 

z6 P. J. Q. English, A. R. Katritzky, T. '1. Tidwell, and K. D. 
Topsom, J .  Amer. Chem. SOG., 1968, 90, 1767. 

*7 R. T. C .  Brownlee, D. G. Cameron, R. D. Topsom, A. R. 
Katritzky, and A. F. Pozharsky, J . C . S .  Perkiit 11, 1974, 247. 
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TABLE 4 

Spectral data a for the sulplione stretching vibrations for methyl phenyl sulphoiies 

1150 cm-l band 1330 cm-l band 
A 7 

Substituent ,-+ b 0 6  V &A A d A l l 2  - 7 - T -  A d  A 112 
I-- 

H 0.0 0.0 1156 850 11,000 105 1325 565 11,570 107 
puva-NiiIe, -1.70 -0.83 1144 1540 25,500 160 1312 925 19,410 140 

-0Me -0.78 -0.27 1149 1330 17,900 134 1325 780 14,840 132 
-F - 0.07 0.06 116ze 420 11,300 106 1329 500 11,440 107 

-SMe - 0.60 0.0 1156 900 14,500 120 1325 650 12,120 110 
-C1 0.11 0.23 1158 675 10,500 102 1330 560 9980 100 
-Me -0.31 -0.17 1153 755 12,300 111 1325 510 12,130 110 
-COMe 0.5O.S 0-50 1155 748 8740 93 1330 708 8620 93 

-F 0.35 0.34 115Se 190 9800 99 1332 

-c1 0.40 0.37 1158 820 9200 96 1331 720 9720 99 
- 3 l C  -0.07 -0.07 1148 800 12,300 111 1327 675 10,740 104 

1151 870 

met a- 0 Me 0.05 0.12 1149 615 11,400 107 1314 B 

1150 710 

0 3leasured in CCl,-C,H, (9 : 1). Taken from C. D. Kitchie and W. F. Sager, Prop .  Ph-ys. Ovg. Chew. ,  1964, 2, 323. c Peak 
extinction coefficient, EA = amaX./cZ, where amax. is absorbance a t  peak maximum, G concentration in mol 1-l, and I cell path length 
in cm. This peak is split, possibly owing to Fermi resonance, and this was left off with the frequency 
correlation graphs. B These peaks were not integrated because they overlapped considerably with neigh- 
bouring peaks. 

Integrated intensity. 
f Taken equal to 0. 

t hrough-con jugation using the d-orbitals of sulphur. 
Applying equation (4) as previously 27 to describe these 

A = 15,000 [(TOR (1) - (TOR (2)12 + 170 (3) 

(4) A == lS,ooo [ G " n  (1) - G O B  (2) -/- KXG'RD]' -/- 170 

interactions (where I<x is the ability of the sulphur atom 
to accept electrons and CORD is the G O B  constant of donor 
compounds) gave Figure 3. 

The values of K x  were obtained as previously1 by 
plotting the  difference between [(A - 170)/15,000]1:2 and 

1 5 0 1  

I 
l L 0 t  

130 

-g 120 

c 

100 ''O~ i 
a 

0.5 0.0 -0.5 -1.0 -1.5 -2-0 
u+ 

FIGURE 4 Plot of A1/Z,l,o us. 0 - k  for methyl phenyl sulphones 

 GO^ (a)  - G'R (a)] against oOR D. K x  Values were 
0.38 &- 0.03 for the methylsulphinyl and 0.49 rt; 0-03 
for the rnethylsulphonyl group in CC1,. These values 
are in the same range as Kx found for other sulphur sub- 
stituents (SH, 0-34; SMe, 0.51; SBut, 0.40) and for 

the heavy halogens (Cl, 0.22; Br, 0.32; I, 0.43). The 
satisfactory correlation of the data gives confidence in the 
treatment. 

, U O I  

130L 

I I 
0-5 0.0 -0.5 -1.0 -1.5 -2.0 

cr+ 
FIGURE 5 Plot of A1/z1330 us. ,-+ for methyl phenyl sulphones 

Sdphone Stretching Vibrations at 1150 and 1330 cm-l.- 
(a) Frequencies. The spectral data for these vibrations 
are listed in Table 4. In agreement with previous 
work,l9a~ frequencies of the sulphone asymmetric and 
symmetric stretching vibrations are roughly correlated 
with (T substituent constants only for the para-corn- 
pounds. 

(b) Intensities. The square roots of the intensities 
of these bands are related in a linear fashion to G+ as in 
equations (5) and (6) and Figures 4 and 5. As shown by 

(5)  

(6) 

A1/21150 = 107 - 30.10' (Y = 0.99) 

A1/21330 = 104 - 20.20- (Y = 0.98) 
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TABLE 5 

Comparison of the spectral data for the 1150 cm-l 
band of methyl plienyl sulphones 

This work Bordwell et al." 
C-h 7 -- 

Sulphoiie -) A x 10-4 v A b x 10-4 
PhS0,Me 1156 1.10 1161 0.91 
p-MeO*C,H,.SO,Me 1149 1.78 1154 1-3 
wMeOC,H,SO,Me 1149 1.13 1155 0.91 

a Ref. 12b. 8 Converted to I.U.P.A.C. standard units. 

these equations and Table 4 the actual variation in 
intensity is small. Of the previous studies of sulphone 
intensities 12by20 only Bordwell et aE. have examined 

** A. I<. Katritzky and R. D. Topsom, ' Advances in Linear 
Free Energy Relationships,' eds. PIT. B. Chapman and J. Shorter, 
Plenum Press, London, 1972, p. 119. 

similar compounds. Their intensities are smaller than 
those reported here (Table 5) but are of the same order. 

The square root of the intensity of a stretching vibra- 
tion for electron attracting groups attached to substituted 
benzene rings was suggested2* to  be correlated by G+ 

and this has also been observed for substituted yhenyl- 
acetylenes 29 and substituted benz~ni t r i les .~~ It ap- 
pears that this is a general phenomenon. 
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*9  T. L. Brown, J .  Chem. Phys., 1963,38, 1049; T. B. Grindley, 
K. F. Johnson, A. R. Katritzky, H. J. Keogh, andR.  D. Topsom, 
following paper. 

30 L. W. Deady, A. R. Katritzky, K. A. Shanks, and R. L). 
Topsom, Sfiectrochim. Acta, 1973, 29A, 115. 
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