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AB!sTRAcr 

The molecular structures of methyl 2-(methyltluo)benzoate, dimetbyl 2.2’-chthiocli- 
beruoate, dimethyl 2,2’-thiodlbenzoate, methyl 2-(2uitrophenylthio)benoate, 2,2’- 
dinitrodiphenyl sulphide and methyl 2<2nitrophenylthio)phenylacetate exhibiting 
S(D) --O(carbony1) or S(D) (ynitro) close contact have been investigated by X-ray 
diffraction Planar (ArShle). equatorial (Ar,S,) and skew (Ar,S) conformations are 
esplained by steric and conjugative effects and sulphur(II~xygen interaction. Linear 
and nonlinear X-S---O close contacts resulting from favourahle “bond direction” and 
unfavourable “lone-pair direction” approaches (2.619-2.722 and 2.909-3.402 A, rcxpec- 
tively) are discused in detail. Potible aryl ring positions, the geometry of rings with S---O 
contact and the nature of counter-atom (X = C, S) are considered as decisive factors. The 
results are conaistentwith different neighbouring group effects found earlier for o-CO,Me. 
o-CH,CO,Me and o-NO, groups. Data support the mutual dependence of S-S and S --0 
distances in compounds with a linear S-S---O arrangement. Other bond !engths, e.g. C=O, 
N=O and S(II)-C, are not affected significantly by sulphur-oxygen interaction 

INlRODUmON 

Sulphw-oxygen nonbonded contacts with S-m-0 disWces longer than 
S* hyperAe& bonds (1.66-2.25 A) but shorter than the sum of the 
van der Wa& radii (3.25 A) are rather common in organosulphur compounds 
[I]. Besides governing the cotiormation, intramolecular sulphur-oxygen 
interaction may have a decisive influence on spectroscopic (IR, 13C NMR) 
and chemical behaviour, as well. Thus, the decreased reactivity of o-nitro- 
benzenesulphenyl chloride [2] and ocarboxyphenyl sulphilimines [3] in 
chlorine addition and acidcatalysed hydrolysis, respectively, have been attrr- 
buted ti this interaction shielding and stabilizing the initial state. In a similar 
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way, the CO,Me - COIH * CHICK&Me - CHICOIH order of anchimeric 
assistance in the Cl+-addition of sulphides has been explained on the one 
hand by the nearly equal activity of alkoxycarbonyl and carboxyl groups in 
stabilizing the sulphonium centre by Coulomb type sulphm Hygen- 
(carbonyl) interaction, and by the lack of formation of a 6-membered ring 
with S.-O contact 143, on the other. 

In the case of sulphmxygen close contacts repulsive steric effects (inter- 
actions of doubly-filled orbiti) are presumably compensated by attractive 
effcts (HOMO-LUMO and Coulomb interactions). This results in an opti- 
mum S---O distance characteristic for the interaction which is also controlled 
by both the constitution and geometry of the 4-, 5- or 6-membered “ring” 
closed by S---O contact (I-III)*. The formation of a planar 5-membered ring 
in a conjugated (X)-S-A=B-Y=O part with a nearly linear X-S---O arrange- 
ment (where X is an electronegative or polarizable “counter-atom”; cf. ref. lb) 
seems to be favourable for an interaction between high-energy-HOMO n(0) 
and low-energy-LUMO c*(S-X) and as well as for an attractive Coulomb 
interaction, too. 

Since intramolecular sulphur-oxygen interactions play an important role 
in controlling the neighbouring group activity of ortho substituents, we 
initiated systematic X-ray investigations, being firmly convinced that solid 
state conformations reflect the initial stage of intramolecular and anchimeric- 
ally assisted reactions (cf. ref. 5). Using oCOzMe, oCH,CO,Me and o-NO2 
derivatives of aromatic sulphides and a disulphide, we started with studying 
how sulphur(II)-oxygen interaction, repulsive steric effects and conjugation 
contribute to bringing about the conformation observed in the crystalline 

state, how X-S---0=$- nonbonded distances depend on the nature of the 
Y=O donor group and X counter-atom (Y = C or N, X = C or S), and how 
this interaction depends on the constitution and size of the ring clos& by 
S-- 0 contact (5 or 6-membered ring). 

Model compounds 

Methyl 2-(methylthio)benzoate (IV), dimethyl 2,2’-dithiodibenzoate (V), 
&methyl 2,2’-thiochbenzoate (VI), methyl 2(2-nitrophenyMSo)~zoate 

*In the generalized structures I-ID the middle atom and middle axis are marked for bond 
angles (Q, fl,f, 6 and 9) and torsion angles (p, I,S and u), _rzTectively. 
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(VII), 2,2’-dinitrodiphenyl sulphide (VIIC) and methyl 2-(2-nitrophenyltbio)- 
phenylacetate (IX) were prepared and investigated by X-ray diffraction [S] : 

T CIO 

6-p - s &ii a--:_ 

Iv YL “1 

k-0 “LO ?& 

6 -a 
- o- \ :, cI3---(@ f5---fp- 

II YI Lx 

These compounds seem to be suitable models for the following reasons 
(seze em*ticA ties &out &$~ut-o wgen interac%ons ana FM% in*reta- 
tions in ref. la): (a) the :S(II)-C,~, -Y(q?)=O part with Y = C or N 1s 
conjugated, (b) the cis configuration is established by the aromatic ring, 
(c) the s&s conformation around the C&-Y bond allows the nonbonded 
sulphur and oxygen atoms TV be close, (d) rotations about the C&-Y and 
S-C, bonds may result in a favourable 5-membered “ring” and a linear 
X__S._G_V * x =s ms ‘Se PuMe.F,*mz {=zj’in- &e=diziyl~3ul~ 
pbides VI-IX a double sulphur(II)--oxygen contact may occur involving one 
acceptor sulphur(I1) atom and two identical or different Y=O donor groups, 
and (f) the chance of the formation of a 6-membered ring can be examined 
in the case of IX. 

The dependence of sulphm-oxygen close contact on the valence state of 
the sulphur atom was also investigated by using sulphoxide and sulphilimine 
der&&FesofHw compo-w&IY and W-IX, as v&J be s&own ti a subseq~en& 

Materials 

The compounds IV-VIII were prepared by know-n 
purity was checked by m-p. det _ tion, elemental 
scopic methods (m-p. 66-67, 130-131, 84, 92 and 
tively ) . 

procedures acd their 
analysis and spectro- 
121-122’C, respec- 
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Methyl 2-(2-nifrophenylthiolphenykcetaie (IX) 

The mixture of 2-(2-nitrophenylthio)benzoic acid (13.8 g, 50 mM) and 
thionyl chloride (30 ml) with some drops of pyridine was heated at 100°C 
for 3 h, then evaporated in vacua, the residue extracted with boiling dry 
benzene (50 ml) and immediately filtered. After evaporation the oily residue 
was triturated with petroleum ether, filtered off, washed, then dried to yieId 
crude 2-(2-nitrophenykhio)benxoyl chloride* (13.0 g, 88%, m-p. Sl-83°C). 
IR (potassium bromide): 1785 vs (C=O), 1510 vs, 1334 vs (N02) cm-‘. 

The crude acyl chloride (5.9 g, 20 mM) was dissoh-ed in the mixture of 
dry ether (25 ml) and dry benzene (25 ml) and filtered. The filtrate was 
dropped into ether (70 ml) containing triethyl amine (2.8 ml) and diazo- 
methane (generated from 5 g of N-nilxoso-_V-methylurea) under stirring and 
external cooIing(salt+ce). Tne mixture was allowed to stand overnight (0” C). 
The precipitate (TEA-HCl) was filtered off and the filtrate was evaporated in 
vacua_ To the residue were added abs. methanol (75 ml), triethylamine 
(0.3 ml) and silver benzoate (0.3 g), and the mrxture was heated to 60°C. 
After the vigorous evolution of nitrogen had subsided, the solution was 
refluxed for 30 min then chzcoal (ca. 0.5 g) was added. The mixture was 
filtered and evaporated. The residue was triturated with ether (ca. 10 ml). 
The yellow crystals were filtered off, dried (3-l g, 5190, m-p_ 95-97”C) and 
recrystallized fiorn 90% methanol to give the pure product, m-p. 99OC. IR 
(potassium bromide): 1733 vs (C=O), 1508 vs, 1333 vs (NO,), 1206 vs 
(C-O-C) cm-‘_ Elemental analysis: calculated for Ci5Hi3N04S, C = 59.4, 
H = 4.3, N = 4.6, 0 = 21.1, S = 10.6; found, C = 59.5, H = 4.4, N = 4.7,O = 
20.8, S = 10.8(%). 

Crystal structure determinations 

Symmetry independent reflexions for compounds IV-IX were collected 
on an Enraf-Nonius CAD-4 computer controlled Wctometer with graphite 
monochromated MO& radiation (X = O-71073 A) using an w - 28 scan in 
the range 1.5 < 8 < 25.0”. in each case the lattice parameters and their 
standard deviations (Table 1) were determined by least-squares from the 
setting angles of 25 reflexions. After data corrections for Lorentz and polar- 
ization effects, the reflexions with IFI’ > 1.0 o(F*) were taken as observed 
(for JY the IPI > 2.0 o( F’) criterion was applied)_ No absorption correction 
was performed in either case. The phase problems for each structures were 
solved by the MULTAN program 181) and subsequent structure factor and 
Fourier cakukkions.. FulI-matrix least-squares refinement of the positional 
and anisotiopic vibrational parameters of nonhydrogen atoms resulted in the 
fmal conventional R vaIues given in Table 1. 

*The crude product cap be converted into VII by methanolysis (78%). 
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TABLE I 

Crysfsl and relevant X-ray data for compounds IV--IX 

Iv V VI w vnl lx 

The fractional coordinates of hydrogen atoms were generated from geo- 
metries assumed for the IV and VII-IX structures These hydrogen atom 
positions were included in the structure factor calculations with individual 
isotropic temperature factors. The hydrogen positions for V and VI were 
located in difference Fourier map and were only included with a mean iso- 
tropic temperature factor (4.0 A) in the final structure factor calculations. 
Atomic scattering factors were taken from ref. 9. All calculations were per- 
formed on a PDP 11/34 minicomputer (64 k) with the Enraf-Nonius SDP 
program package and local programs. 

Fractional atomic coordinates determin ed for the hydrogen atoms in IV-IX 
and lists of structure factors and anisotropic temperature parameters are 
available from the authors on request. 

RESULTS AND DISCUSSION 

The solid-state conformations estabhshed for compounds IV--IX by X-ray 
analysis are given in Fig.1 by perspective representations IVa-IXa. Fractional 
atomic coordinates and mean temperature factors with e.s.d.s’s in parentheses 
(in the units of the last significant digit) for nonhydrogen atoms are listed in 
Table 2. Selected bond lengths, bond angles and torsion angles including S---O 
nonbonded distances and X-5.0 angles (with e.s d.s’s in parentheses) 
related to sulphur(IINxygen interactions in compounds IV-IX are shown 
inTables and4. 
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Fig. 1_ Solid state conformations (IVa-Ma) for compounds lV+IX as obtained by X-ray 
analysis_ Numbered atoms are carbon unless indicated otherwise; hydrogen atoms are also 
shown but not labeRed_ Rings are marked with symbols A (coplanar with Cm-S-C/S 
plane), B perpendicular to C&- S-C/S plane and C (intermediate ring position as referred 
to C,-S-C/S plane). 

Con f0.m tihs 

Figure 1 reveals that the conformations of the sulphur(I1) compounds 
W-IX follow the general trends observed in case of alkyl aryl sulphides 
[lo], diary1 disuIphides [ll] or diary! sulphides [ 12]_ Consequently, the 
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possible formation of single or double sulphur-oxygen close contacti seems 
to have no decisive influence on the relative position of aromatic rings in 
these compounds. 

The monoaryl sulphideester IV is planar (see X, ZYO = C02Me, X = Me) 
like o-N02C&SX sulphides with small X = R, OIMe and Cl groups [13] _ The 
ring position A is obviously required by the conjugative interaction between 
the aryl ring and the electron-releasmg X-thio group 

The disulphidediester V exhibits equatorial conformation in which both 
aryl rings are coplanar with the &-S-S plane (see XI, ZYO = Co2Me) just 
like diphenyl disulphide and its (QC&S), derivatives carrying an electron- 
withdrawing group in the ortho or even para position (Q = o-COIH, O-NO?, 
p-NO21 [ 14]_ 

The symmetric chary1 sulphides VI and VIII assuae the skew conformation 
(see XII, ZYO = C02Me/C02Me and NOJNO,) in a similar way to most of 
the other (QC&i&S sulphides with Q = o-Me, p-NH2 or m/p-OMe [15]. In 
these compounds only one ring (A) remains coplanar with the C,-S-C, 
plane (SJ - 180” m be observed for the torsion angle C,-S-C,<, with 
c”, distalartho ring atom), while the otherring (B) avoiding the perturbation 
of proximal-ortho groups becomes perpendicular (9 - 90”) to the C,-S-C, 
plane. 

The unsymmetrical diary1 sulphides VII and IX preserve the skew confor- 
mation (see -XII, ZYO = N02/C02Me and N02/CH2C0,Me). As in other 
sulnhides with different aryl groups, the phenyl ring substituted with a 
stronger electron-withdrawing group, e.g. with o-NO= or p-N02, tends to 
occupy the planar ring position A [IS]. This is probably due to the conjuga- 
tive interaction between the electron-releasing X-thio group and the strongly 
electron-accepting nitro group through the aromatic ring which is coplanar 
with the interacting substituents. 

In each of the compounds IV-IX the planar ring position A with a co- 
planar distaZ+rtho donor group allows the formation of both a planar 
5-membered “ring” and a linear X-S---O arrangement with sulphur(II)- 
oxygen close contact (see X-XII, ZYO = C02Me or NO& This is favourable 
for an attracting HOMO-LUMO interaction, since the oxygen atom of the 
donor group as a ‘hucleophile” approaches the acceptor sulphur(I1) atom in 
the direction of an S-X bond (cf. ref. 5). 

In the disulfide V with two A-rings the dz3taZxWh.o position of the two 
donor groups results in a linear O.-S-S-..0 arrangement of four atoms (see 
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TABLE 3 

Selected bond lengths (A) for compounds lV+X 

N A 
V A 

A' 
VI A 

B 

V-II A 
B 

V-In A 
B 

M 
9 

s-oh 

2.721<4) 

2.680<2> 
2x89(2) 
2.722(2) 
3977(3) 
2.619<1)' 
31358(2) 
2.656(l)- 
2900(2)' 
2.637(l)- 

X-SC S-AC 

1.793'6p 1.160<4) 
21)47(l)* 1.7890) 
2.047(l). l-792(2) 
l-786(3) 1.785(J) 
1_785(3) 1.786(3) 
l-782(2) 1.757<2) 
l-757(2) 1.782(2) 
l-777(2) 1.768(2) 
l-7688(2) l-777(2) 
1_7B5<3) l-766(2) 
l-7638(2) 1.785(3) 

A-Bd 

1.407(7~ 
lA14(3) 
1398<4) 
1411(4> 
l-404(4) 
1413(l) 
l-399(3) 
l-398(2) 
1387(j) 
l-402(4) 
1.38.9(4~ 

B-e 

1.480(7) 
l-478(4) 
1.481<3) 
1.481<4) 
;_492<4> 
1.454t3p 
l-489(3) 
1.464(2)' 
1.466(l)- 

Y+Df 

l-196(6) 
1192<4) 
1190(3) 
1204(4> 
1200<4) 
1211(3)' 
l-191(2) 
1323(3)' 
1919(l)- 
1219(2)' 
1.189~3~ 

Y-Z’ 

1.323(6) 
1.342(3) 

1340(3) 
1.341t41 
1.344<4) 
1224(l)' 
1.335<3) 
1220~2)' 
1919<2)* 
1_21a(2)- 
1.329<3) 

%ee II and IVa-EXa in Fig. 1. bS---O(carbonyl) or S---O(nitro)*. ‘C&-S or S-S*_ dCB- 
C,_ eCz-Csp’ or Cm-Nspz*_ ‘C=O or N=O*. %sp’-O or N=O*. hCkp’-_S %ee JII. 
iH = C,-ccip’_ kS---O(aIkosy). ‘C-Y = cSp’-Csp’. 

XI, ZYO = CO,Me). Such a configuration has been observed for l,%Whiole 
derivatives having two acylamino, acylimino or acylmethylene groups in 3 
;md 5 positions 1171. 

In the o,o’disubstitut& diary1 sulphides VI-IX the second donor ortho 
group, belonging to the perpendicular ring B, can near the acceptor sulphur(I1) 
atom only in a lone-pair direction_ In this case there is no X counter-atom 
for a linear X-S---O contact, which is unfavourable. For such donor groups 
the observed S-m 0 distances are rather long, and S(C,-S---O) angles as well 
as w(A-B-Y-) or w(B-C-Y--O) torsion angles are far from being 180” 
or 0” , respectiveb. 

Although the ring position B perpendicular to the X+-C,, plane is un- 
favourable for intramolecular sulphur-oxygen interaction, this conformation 
involving intramolecular hydrogen bond seems to be preferred by 2-(R- 
amino)phenyl sulphides, 2,2’diaminodiphenyl disulphide and 2-(R-amino)- 
diphenyl sulphides (XIII-XV, see refs. in Table 5). 

m IN xv 

Indeed, the “electrophihc” amino-hydrogen approaches the “donor” 
sulphur(I1) atom in a lone-pair direction (cf. ref. 5) resuIting in a favourable 
N-H---S close contact as is shown in Table 5 by numerical values calculated 
by ‘us from coordinates given in the original papers. The S---H distances are 
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significantly shorter than the sum of van der Waals radii (2.85 A, as given in 
ref. 5b). 

All this reveals that a competition of sulphur-oxygen interaction with 
intxa- or intermolecular hydrogen bonding should also bz taken into account 
when discussing the actual conformation of given organosulphur compounds 
(see for example the zig-zag structure of thiodipropionic acid in ref. 19) 

S(H)---0 distances in rings -4 

Although there are favourable conditions for sulphur(II)--oxygen Inter- 
action in ring A of the sulphideesters IV and VI (conjugated, nearly planar 
5-membered “ring”, 9 = 179.2 and 167_2”), the S---O distances, 2,721 and 
2.722 A are rather long. This may be ascribed (i) to the moderate eleclzo- 
negativity of the counter-atom X = C, (ii) to the common geometry (bond 
lengths and bond angles) of the aromatic ring and CO=Me group, and (iii) to 
the slight deviation from planarity observed for the 5-membred ring with 
S---O close contact (w = 8.5” and 15.6”). Even longer S---O distances have 
been found, however, in other esters with constitution and geometry less 
favourable for sulphur--o xygen interaction_ Such compounds are noncon- 
jugated estt of P-(X-thio)propionate type with nonplanar “SABYO” ring 
(2.768 and 2.857 A), conjugated (planar) but nonaromatic esters of p-(X- 
thio)acrylate type with large fi(S-A-B) angle (2.780, 2.887, 2.893 and 
3-043 a), and esters exhibiting 1,4 sulphur-oxygen close contact (2.826 and 
2-997 a) [20] _ 

If the counter-atom X = C in the linear triatomic system X-S---O= (car- 
bonyl) is replaced by an S atom, the S ---0 distance becomes markedly 
shorter as was observed for the disulphidecliester V (2.680 and 2.689 -4; cf. 
the 2.522 A value found for a cyclic sulphenateester with an O-S---O part 
in ref. 21). 

The comparison of the o-(methoxycarbonyl)phenyl disulphide V with 
ocarboxyphenyl disulphides (S---O 2.688 and 2.741 A, ref. 22) shows that 
there is no significant difference m S(B)---O(carbony1) close contact for 
esters and carboxylic acids both exhibiting rather large 6(B-Ya) angles. 
This is in accordance with the nearly identical anchimeric assistance of 
o-CO*Me and oC0,I-I groups detected in some reactions of sulphides [4] _ 

Since even S---O(carboxy1) and !+O-(carboxylate) distances do not differ 
markedly (as can be seen from S.--O 2.628 and 2.771 A data obtained for 
2,2’-dithiodiLenzoate salts in ref. 23), the enhanced neighbouring group 
acti-vity of the nucleophilic carboxylate group [4] may be mamly attributed 
to the negative charge of the carboxylate oxygen atom. 

Since the geometry of the mtro group is more favourable for sulphur- 
oxygen close contact than that of the alkoxycarbonyl group (A-B and B-Y 
distances are shorter, the B-Y-O angle is smaller in structure II), the 
S(II)---O distances obtained for the nitro-sulpbides VII--Ix (2.619, 2.656 
and 2.637 A) are markedly shorter than those in sulphide+sters. The former 
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values agree meII with the corresponding data of other compounds of (2- 
nitrophenyl) sulphide type having an X = C counter-atom (S---O 2.619, 
2.639,2.643 and 2.677 A; see refs_ 13% 12,16a and 24). 

As expected, S--O(nitro) distances are shorter in aromatic disulphi.Les, 
sulphenates and sulphenyl chlorides with X = S, 0 and CI respectively (S---O 
2.589, 2.44 and 2.414 A; see refs. 14c, 13b, 13~) than in sulphides investi- 
gated by us where the counter-atom (X = C) is less electronegative. Note that 
S--O(nitro) distances are aIs.0 stziki.ngIy short in compounds of B4X-thio)- 
nitroethylene type with X = C or S (2.581 and 2.373 A; ref. 25). 

S(II)---0 distcnces in rings B 

The donor oxygen of the second ortho group in ring B lies rather far fiorn 
the acceptor suIphur(I1) atom in the o,o’-disubstituted diary1 sulphides 
VI-IX. The observed S---O distances, 3.077 and 3.058 (for o-CO&Ie in VI 
and VII), 2.900 (for o-NO, m VIII) and 3-402 A (for o-CH2C02Me in IX), 
may be accounted for by the lack of an X counter-atom joined Iinearly to 
the S---O part (see 9 angles in Table 4) and by the tumin g out of the donor 
group from the plane common with the aromatic ring (o = 30.2,27.4,42.7 
and 12.4”; $’ = 72” in IX)_ It is remarkable that o-CH,CO,Me group with a 
saturated carbon atom undoubtedly avoids forming a 6-membered ring with 
S---O close contact. This is in accordance with the lack of an anchimeric 
assistance by ozH&OMe group in some reactions of sulphides [4] _ 

Bond lengths 

When discussing the geome_L’ry of compounds IV-IX it seems worth 
examining whether close contacts 0, f X-S(II)---O=Y-Z type (see II) have 
any detectable effect on X-S, Y-O and Y-Z bond lengths in cases of 
CYZ = COJMe or NO?, ad X = C, or S(I1). 

The C&-S(I1) and CL-!8(11) bond lengths are somewhat different in VI 
and VIII of symmetric constitution (4r = 0.001 and O-009 A), but conjuga- 
tion may be more responsible for Cs-S(II) bond shortening than sulphr 
oxygen interaction for C, B-S(II) bond lengthening_ The above conchuiion 
also seems to be supported by an inequality of C,-S(II) bonds (Ar = 0.002- 
0-015 a) observed in symmetic diary1 sulphides without S---O close contact 
I163 - 

Unequal S--O hypervalent bond lengths in sulphuranes with unsym- 
metrical Or--S--O2 group are known to determine each other mutually 
[26] _ Similarly, in case of X-S---O close contacts it is the S-S---O triatomic 
system with S(H)-S(II) bond where the mutual interaction of XS and 
S---O linkages can be undoubtedly detected. The experimental distribution 
of SS and S-S---O distances registered in the literature 1271 indicates that 
short S---O distances go with a marked lengthening of S-S bonds. The hyper- 
boloid curve in Fig. 2 constructed by plotting S-S---O drstances vs. S-S 
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PI;;. 2_ Variation of the S-S bond length with the S - 0 distance in approximately linear 
S-S-- 0 triatomic systems [ 27 ] _ 

bond lengths is similar to those shown earlier [5c] for the triatomic systems 
I-I---I (triiodide ions), S-S---S (thiathiophthenes) and Ha---H (hydrogen 
bonds) _ 

For S-S distances the covalent S-S bond length of 2.023 A in unsubsti- 
tuted diphenyl disu!phide [14a] exhibiting equatorial conformation and no 
S---O interaction, and the hypervalent S --S--S bond lengths of 2.538 A in 
L?,,sk!ke-&TzUklki&kQYkh~ &.!WJ Czr 3tr L-egY& iAw?-xUtflIIT u-zsihw-&iE &?w 
c@Denbence 05 S--S bona l-@&b on SukXkuenks an& con%ox-ma%ons -ul reT_ 
%r,t_ ~C@MKk_J &kE CUiQJCe UC@_ th!! &@.L 6KlL QfiSMX&k ti-,easE Qfs--s 

bond length (2.047 A) in compound V may be attributed to a sulphur- 
oxygen contact with rather long S-- 0 distance (see point o in Fig. 2). 

“Y-O” bond length data III ‘he literature 1271 indicate that a significant 
elongation of carbonyl C=O and nitro N=O bonds usually occurs only in 
S--S---0=Y-Z systems with errtremelly shart S---O &5i!xzces. X&z5 it L7 not 
szD@kz2g tiz!& ti c0~&?0zzzk w--M s~@222.@I)~xy&?22 52&.E%~Ekk?~ izzYL49- 
kl.g r&&k&y tong S---O d&aIKzes do not cause aEy Bzmakkab2e E&tEr&im ti 
the geometry of C02Me and NO2 groups. The inequality of N=O bonds in 
con:pounds VII-IX (see Table 3) is not significant, because similar differ- 
eno?s have also been observed for paru-nitro derivatives exhibiting no S---O 
close contact 1271. 
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