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The conformation of methylsulfonyl group attached to 2-substituted benzene ring was studied
crystal and in solution. X-Ray crystal structure determination of the title compound demons
single conformation with the dihedral angle of 66.9(Bgtween the planes defined by the aroma
ring and by the pivot atom of the ring, sulfur and the methyl carbon. In solution, dipole mo
measurement leads to the conclusion that the compound also adopts a similar single confo
with slightly different dihedral angle of 53(5)
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The determination of molecular conformation represents frequently a complex prc
due to many factors involved. For better understanding of the character of these 1
it should be wise to determine the conformation of an appropriate model compot
different phases. The present paper deals with the study of conformation of the
sulfonyl group bonded to a substituted benzene ring — determined independently
crystal and in solution.

For the determination of the conformation in solution, twelve substituted ph
methyl sulfonesl-12 were prepared as model compounds and their dipole momn
were measured. Substituents X are halogen atoms or a nitrile groyph@.groups

X Y X Y

SO,CHj, 1 Cl H 7 Br Br
X 2 Cl CH4 8 | Br NO,

3 Cl Cl 9| CN H
4 Cl NO, 10 | CN CHj

% 5 Br H 11 | CN ClI
6 Br CHg 12 | CN NO,
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without their own conformation but of different steric characteristics) and were ch
such as to elucidate their influence on the conformation of the methylsulfonyl gro
any. The choice of substituents Y was such as to provide large changes of the
moment and thus enhance the sensitivity of this method with respect to conforme
analysis. One of these derivatives,was subjected to single crystal X-ray structt
determination.

RESULTS AND DISCUSSION

Conformation in Solution

Table | summarizes the experimental values of dipole moments. For the determi
of conformation, the well-proven graphical methogs applied using a comparison
calculated and measured values of dipole moments; the dipole moments expec
the individual conformations were calculated by vector addition of the standard
momentd. When the values qi? are plotted on the-axis for the unsubstituted com
pound and on thg-axis for its derivative, each presumptive conformation is rey
sented by a point; these points can form either a straight line in the case wh

TaBLE |
Experimental dipole moments of substituted phenyl methyl sulfarég

Compound a? B2 Ro Pos W, D/[(10°°C m)P
1 12.486 —0.4093 53.47 490.362 4.61/15.37
2 13.916 —-0.4713 58.118 578.00 5.03/16.77
3 7.326 —-0.5275 58.304 352.251 3.78/12.60
4 5.361 —0.5888 59.794 277.291 3.24/10.80
5 9.973 —-0.5312 56.35 484.724 4.57/15.24
6 11.316 -0.3204 60.998 592.231 5.09/16.97
7 5.369 —0.7605 64.064 354.125 3.75/12.50
8 4.815 -0.6032 62.674 288.172 3.30/11.00
9 19.855 -0.156 53.076 731.246 5.75/19.17

10 20.662 —-0.6228 57.724 790.096 5.98/19.94
11 12.367 —0.465 57.91 546.375 4.88/16.27
12 7.148 -0.4721 59.4 349.945 3.75/12.50

@ Slopes of the plots of;, and @l;,) %, respectively, vs weight fractiow,. b Correction for atomic
polarization was taken as 5% B§.
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moment of the substituent, the moment of the rest of molecule, and the axis of rc
of the involved group are coplanar, or an ellipse (or even more complex curve) in
cases. The conformation then may be estimated by comparing the calculated poil
the experimental value (actually represented by small circle area to take into a
the estimated error of measurement).

The inspection of Figs 1 and 2 shows that for 2-chlorophenyl methyl sufamel
2-(methylsulfonyl)benzonitril®, the former case occurs. But there is still one probl
to solve: for the straight line relationship, each point can be interpreted either as
ent mixtures of the two limiting forms or as one non-planar conformation, these
possibilities being undistinguishable. The MM2 molecular mechanics calculation
below) supports that there is only one prevailing non-planar conformation, most |
as the result of significant steric hindrance.

From Figs 1 and 2, the following can be concluded for the conformation of
methylsulfonyl group in solution: (i) Qualitatively, there is accordance with the re:
obtained by the single crystal X-ray diffraction. In solution, the dihedral angle bet\
the involved planes in 2-chlorophenyl methyl sulfohgi$ 53(57, the larger standarc
deviation being inherent to the dipole moment method. (ii) There is no significant diffe
between these dihedral angles for 2-chlofg-and 2-bromophenyl methyl sulfon8)(
(iii) The somewhat larger dihedral angle in 2-(methylsulfonyl)benzonit®i€62(55)
could be possibly attributed to an attractive interaction between one of the negatively c
oxygen atoms of the sulfonyl group and the positively charged carbon of the nitrile grou
effect was found to operate in relat@)-8-(methylsulfonyl)propenonitrife

30
I

20 b

10

Fic. 1 Fic. 2
Plot of squared dipole momentsbbr 5 (x-axis) Plot of squared dipole moments 8f(x-axis)
and 3 or 7 (y-axis). Small circle areas are ex- andl1 or 12 (y-axis). Small circle areas are ex
perimental points perimental points
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TasLE Il
Atomic coordinates (. T) with estimated standard deviations in parenthedgsis defined as one
third of the trace of the orthogonalizéd tensor

Atom xla yib Zc Ugq (- 10°), A28
S 4655(1) 5000 2827(1) 43.3(2)
cl 7668(2) 5551(2) 8321(2) 77.0(4)
o1 5042(5) 6473(3) 3072(5) 70.7(8)
02 3736(3) 4464(4) 421(4) 63.1(7)
c1l 6707(4) 4064(3) 4043(5) 38.9(6)
c2 8003(4) 4304(4) 6381(5) 49.8(8)
c3 9601(6) 3544(6) 7127(9) 74(1)
c4 9902(6) 2570(6) 5623(10) 74(1)
C5 8658(5) 2328(5) 3370(9) 66(1)
C6 7043(5) 3059(4) 2573(6) 49.9(7)
c7 3397(6) 4518(5) 4591(8) 58.4(8)
H3 10246(70) 3780(67) 8672(96) 85(16)
H4 10998(69) 2082(81) 6054(101) 103(19)
H5 8915(64) 1685(60) 2318(85) 73(14)
H6 6170(49) 2957(56) 878(75) 63(12)
H7A 3900(47) 4825(48) 6131(70) 48(10)
H7B 2335(57) 4981(58) 3990(72) 58(10)
H7C 3358(73) 3397(62) 4732(91) 81(16)

8 U;s, for hydrogen atoms.

H7C

Fic. 3
View of the molecule with atom label-
ling
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Crystal Structure of.

The final atom coordinates are summarized in Table Il. Bond lengths and bond ¢
are given in Table Ill. As the consequence of hindered rotation of the methylsul
group, the molecule exhibits planar chirality. The view of the moleculeS{@mantiomer
chosen arbitrarily and, hence, the corresponding dihedral angle has opposite sic
that determined in solution) with atom labelling is depicted in Fig. 3. The crow
imposed by the 1,2-substituents has observable effects on the metric parameter
aromatic ring. The ring remains planar withid.008 A but the endocyclic distance
and angles vary within 7 and 5 esd’s, respectively, in a manner which relaxe
crowding at least partially. While the chlorine atom is nearly coplanar with the
(0.016(3) A), the sulfur atom is slightly displaced from the mean ring plane at 0.065(
The most interesting feature of the structure is undoubtedly the conformation c
methylsulfonyl group relative to the aromatic ring. The two oxygen atoms (the
distances are equal within one esd) are situated on the same side of the ring plan

TasLE Il
Bond distances (A) and angle® (ith estimated standard deviations in parentheses. Symmetry c
ihb1-x -y, 1-z

Atoms Distances Atoms Angles
s-01 1.434(3) 01-S-02 117.6(2)
S-02 1.429(3) 01-S-C1 108.6(2)
s-c1 1.772(5) 01-S-C7 110.3(2)
s-c7 1.751(3) 02-S-C1 106.5(2)
Cl-C2 1.736(3) 02-5-C7 107.2(2)
cl-C2 1.405(5) Ccl-s-c7 106.1(2)
C1-C6 1.382(7) S-C1-C2 123.7(3)
c2-C3 1.393(5) S-C1-C6 117.4(3)
C3-C4 1.364(6) C2-C1-C6 118.9(4)
C4-C5 1.353(7) Ccl-c2-c1 121.3(3)
C5-C6 1.389(8) Cl-c2-c3 119.6(2)
C7-H7C 1.07(6) C1-C2-C3 119.1(3)
01-H7¢ 2.34(5) C2-C3-C4 120.6(3)
C3-C4-C5 120.7(4)
C4-C5-C6 120.2(4)
C1-C6-C5 120.5(4)
01-H7¢-C7 143(4)
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sulfur atom (O1 at 1.156(4) A, 02 at 0.081(4) A) and the dihedral angle of the rin
SO, planes is 50.6(7) The methyl carbon C7 is then, of course, located on the opp
side of the ring plane at 1.458(4) A and tilted towards O2 (the corresponding tor:
angles C2-C1-S1-02 and C2-C1-S1-C7 are 179.2(4) and —86reghectively).
Obviously, this arrangement results from rotation of the methylsulfonyl group ar

a b _
200 | 20 -
n n N
100 |- 10 F
T T
0 30 60 0 30 60
T T

FG. 4
Histogram of dihedral angles defined in teatsulfones void ofortho substituentsp sulfones bear-
ing at least onertho substituent

.

Fic. 5
Projection of structure ontab plane with inter-
molecular contacts shown as thin lines
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the S1-C1 bond such as to put the involved atoms into van der Waals contacts: e
nonbonding distance O1-C1 becomes 3.153(3) A compared to the van der Waa
of 3.2 A etc. Nearly the same geometry (withitf in torsional angles) results fron
MM2 molecular mechanics calculatidrigroviding one flat minimum of energy. Th
search of Cambridge Structural DataSaseealed that this effect is common amol
ortho substituted phenyl alkyl sulfones. Figure 4 depicts the distribution of the dih
angle (defined in the 0-8@uadrant) between the ring plane and the plane define
the pivot carbon of the phenyl ring C1, sulfur and the aliphatic carbon C7. The dis
tion strongly prefers an almost perpendicular arrangement of the planes for unhir
sulfones bearing northo substituens (histograi® 580 fragments) but is considerabl
more spread with a pronounced tendency to the conformation in which the ter
carbon atom is tilted towards tleetho substituent (histograrh, 199 fragments).

In the crystal, the molecules are arranged into zig-zag chains running along the
tallographicb-direction (Fig. 5). There is one remarkable intermolecular contact wi
this chain which is shorter by 0.26 A than the sum of the van der Waals radii
volved atoms, namely that between O1 and H7C (ax,1- 1 —2). In accord with the
generally accepted critefigthis interaction is to be regarded as hydrogen bonding.

EXPERIMENTAL

2-Chloro- and 2-bromophenyl methyl sulfones and their substituted derivatives were prepare
2-chloro- and 2-bromoanilines or their substituted derivatives via the corresponding sulfiffic
sodium salts of these acids were converted to the substituted phenyl methyl sulfones by the 1
with iodomethane. 2-(Methylsulfonyl)benzonitrile and its substituted derivatives were prepared
2-bromo- or 2-iodophenyl methyl sulfone and its derivatives by the reaction with copper(l) cy
in HMPA or DMF. Elemental analyses for the new compounds are given below.

2-Chlorophenyl methyl sulfonfl), m.p. 90°C, (ref? gives 93.5-94.2C). 'H NMR spectrum:
3.28 s, 3 H; 757 m, 3 H; 8.21 m, 1 H. Mass spectmia,(%): 192 (22), 190 (M), 177 (14), 175
(35), 130 (17), 128 (52), 126 (41), 113 (31), 111 (100), 99 (20), 85 (7), 75 (50), 74 (14), 63 (
(22).

2-Chloro-4-methylphenyl methyl sulfo®, m.p. 55-56°C. 'H NMR spectrum: 2.32 s, 3 H; 3.26 <
3 H; 7.46 dd, 1 HJ = 8.38 and 2.55; 7.58 d, 1 H,= 1.77; 8.21 d, 1 H. Mass spectrum|z (%):
206 (16), 204 (M), 191 (15), 189 (41), 143 (32), 141 (100), 127 (29), 125 (94), 113 (10), 99 |
91 (14), 89 (66), 77 (46), 73 (12), 63 (53), 51 (19), 39 (31). RptsCIO,S (204.7) calculated:
46.95% C, 4.43% H; found: 46.81% C, 4.52% H.

2,4-Dichlorophenyl methyl sulfong), m.p. 72°C (refl® gives 74-75°C). *H NMR spectrum:
3.26 s, 3 H; 7.46 dd, 1 H,=8.38 and 2.55; 7.58 d, 1 Hl= 1.77; 8.21 d, 1 H. Mass spectrum/z (%):
226 (27), 224 (M), 211 (22), 209 (30), 163 (62), 161 (100), 147 (49), 145 (68), 135 (15), 133
111 (15), 109 (41), 79 (84), 76 (31), 74 (38), 63 (13), 50 (13), 45 (5).

2-Chloro-4-nitrophenyl methyl sulfor{d), m.p. 147-149C. 'H NMR spectrum: 3.32 s, 3 H; 8.35 m
3 H. Mass spectrumm/z (%): 237 (18), 235 (M), 222 (9), 220 (21), 175 (32), 173 (100), 158 (12
156 (36), 143 (22), 126 (16), 110 (27), 109 (18), 95 (8), 84 (9), 79 (27), 73 (39), 63 (69), 50 (©
C,H(CINO,S (235.7) calculated: 35.68% C, 2.57% H, 5.95% N; found: 35.55% C, 2.68% H, 5.80
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2-Bromophenyl methyl sulfor{s), m.p. 101°C (ref!!gives 108.5°C). *H NMR spectrum: 3.29 s,
3 H;750m,2H; 778 m, 1 H; 8.15 m, 1 H. Mass spectmra(%): 236 (70), 234 (M), 221 (30),
174 (45), 173 (46), 172 (46), 171 (47), 157 (99), 155 (100), 145 (20).

2-Bromo-4-methylphenyl methyl sulfo(@, m.p. 93°C. *H NMR spectrum: 2.35 s, 3 H; 3.22 <
3 H; 730 m, 1 H; 7.60 m, 1 H; 8.15 d, 1 H= 8.05. Mass spectrurm/z (%): 250 (M), 248 (82),
235 (45), 233 (44), 187 (95), 185 (100), 171 (79), 169 (76), 90 (73), 88 (69), 78 (39), 76 (2
(48), 62 (16), 51 (14), 39 (26). Forgld,BrO,S (249.1) calculated: 38.57% C, 3.64% H; foun
38.68% C, 3.69% H.

2,4-Dibromophenyl methyl sulfor{@, m.p. 122°C. *H NMR spectrum: 3.27 s, 3 H; 7.66 dd, 1 F
J=28.33 and 1.71; 7.95d, 1 H,= 1.71; 8.05 d, 1 HJ = 8.33. Mass spectrunm/z (%): 316 (25),
314 (M), 312 (23), 301 (13), 299 (23), 297 (11), 253 (50), 251 (100), 249 (54), 237 (31), 235
233 (30), 223 (19), 156 (20), 154 (21), 75 (72), 73 (62), 63 (22), 50 (11), 45 (6).,AgBFO,S
(314.0) calculated: 26.78% C, 1.93% H; found: 26.85% C, 2.00% H.

2-Bromo-4-nitrophenyl methyl sulfor8), m.p. 155-157C. 'H NMR spectrum: 3.33 s, 3 H; 7.25 ¢
1H;839s,1H;8.62s,1H. Mass spectrumiz (%): 281 (M), 279 (31), 266 (12), 219 (64), 21°
(61), 202 (25), 200 (25), 189 (14), 187 (14), 172 (10), 170 (11), 156 (16), 154 (17), 107 (7), 9
79 (37), 75 (100), 73 (71), 63 (90), 50 (10), 39 (8). FadBrNO,S (218.1) calculated: 38.55% C
2.77% H, 6.42% N; found: 38.44% C, 2.86% H, 6.39% N.

2-(Methylsulfonyl)benzonitril€), m.p. 100-102C (ref!? gives 103-104C). IR spectrum: 2 233 w
(CN). *H NMR spectrum: 3.29 s, 3 H; 7.83 m, 3 H; 8.19 m, 1 H. Mass spectnm{%): 181 (M),
166 (16), 119 (100), 102 (81), 76 (18), 75 (26), 63 (17), 51 (16).

2-(Methylsulfonyl)-5-methylbenzonitril@0), m.p. 106-108C. IR spectrum: 2 235 w (CN).
1H NMR spectrum: 2.50 s, 3 H; 3.248 s, 3 H; 759 m, 1 H; 7.70 m, 1 H; 8.05 m, 1 H. Mass spe
m/z (%): 195 (M), 180 (24), 133 (100), 132 (39), 116 (75), 88 (45), 77 (15), 63 (27), 39 (18).
CyHgNO,S (195.2) calculated: 55.37% C, 4.65% H, 7.17% N; found: 55.19% C, 4.86% H, 7.22

2-(Methylsulfonyl)-5-chlorobenzonitrilél 1), m.p. 110-112C. IR spectrum: 2 235 vw (CNJH NMR
spectrum: 3.271 s, 3 H; 7.76 dd, 1 H= 8.7 and 2.2; 7.87 d, 1 H,= 2.2; 8.14 d, 1 HJ) = 8.79.
Mass spectrumm/z (%): 217 (8), 215 (M), 200 (16), 155 (37), 153 (100), 151 (29), 138 (16), 1
(49), 124 (13), 100 (39), 75 (22), 63 (28), 50 (21). FgHLINO,S (215.7) calculated: 44.56% C
2.80% H, 6.50% N; found: 44.43% C, 2.87% H, 6.40% N.

2-(Methylsulfonyl)-5-nitrobenzonitrile 2), m.p. 160-162C. IR spectrum: 2 235 vw (CN)H NMR
spectrum: 3.35 s, 3 H; 842 dd, 1 H= 8.7 and 1; 8.63 dd, 1 H,= 8.7 and 3; 8.7+ dd, 1 H,= 3
and 1. Mass spectrum/z (%): 226 (M), 164 (20), 147 (12), 100 (12), 79 (20), 75 (17), 63 (10
50 (16). For GHgN,O,S (226.2) calculated: 53.10% C, 2.67% H, 12.39% N; found: 53.29%
2.76% H, 12.48% N.

Melting points were determined on a Boetius block and are uncorréetelMR spectra g, ppm;
J, Hz) were measured in CDQolutions on a Bruker FX-80 instrument with TMS as internal stand
and IR spectrav( cnt?) on a Perkin—Elmer 684 instrument in CH@blutions. Mass spectra wer
measured using a GC/MS spectrometer; GC: Varian 3400, capillary columnx30.32 mm, DB 5.
MS: Finnigan MAT (70 eV). Dipole moments were determined at@5n benzene solutions
(usually five concentrations in the range of weight fraction 0.0005-0.006) using the method o
verstadt and Kumlé?. Relative permittivities §;,) were measured on an instrument with direct fr
quency readint, densities ¢;,) were determined in an Ostwald—Sprengel pycnometer. M
refractions Rp) were calculated from the published increm&ntthe correction of 5% oR, was
applied for the atomic polarization.

Single-crystal X-ray diffraction — crystal and measurement dajbl;@0O,S 190.6, monoclinic,
space groupP2 (No. 4),a = 7.9970(5),b = 9.5396(6),c = 5.8844(4) A,B = 111.520(5),
V = 417.61(5) R Z = 2,D.= 1.516 g cr®, F(000) = 196. A prismatic crystal of the dimensior
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0.32x 0.18x 0.14 mm grown from aqueous methanol was measured at room temperature
CAD4 diffractometer with graphite-monochromated Mokadiation A = 0.71073 A). Absorption
was neglectedpy( = 0.65 mm?). The lattice parameters were determined from 24 reflections in
17.2-19.7 6-range. The intensities of reflections were measured betlwé@/i () k [0,13) | &-7,8]
(Sin 8/\)max = 0.68 AL Three standard reflections monitored during the measurement every
showed an intensity decrease up to 9% because of crystal decomposition; the intensities we
rected appropriately. From 1 497 measured reflections, 1 097 were uRjgue(.03) and 937 were
regarded as “observed” according to the 2a(l) criterion. The structure was solved by dire
methods (SHELXS86, réf) and refined by SHELXL93 (réf) using a full-matrix least squares procedu
based orF2. The refinement was anisotropic for non-H and isotropic for H-atoms (127 parame
and the function minimized wasw(F2 - F2)2, wherew = 1/[c%(F2) + (0.054%)? + 0.003%], P =
(F2 + 2F2)/3. The refinement converged B= 0.032,R, = 0.086,S = 1.066 With {/0),x= +0.001
for non-H atoms. The final difference electron density map was featureless with extreme val
0.22; —0.20 e 2. The tables of observed and calculated structure factors and of anisotropic dis
ment parameters as well as the standard CIF files produced by SHELXL93 can be obtained fr
authors upon request.

This work was partly supported by Grant Agency of the Czech Republic (Grants No. 203/93/01
203/93/2463).
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