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ABSTRACT

The molecular structures of methyl 2-(methylthio)benzoate, dimethyl 2,2°-dithiodi-
benzoate, dimethyl 2,2'-thiodibenzoate, methyl 2-(2-nitrophenylthio)benzoate, 2,2"-
dinitrodiphenyl sulphide and methyl 2-2-nitrophenylthio)phenylacetate exhibiting
S(II) -:O(carbonyl) or S(II) O—(nitro) close contact have been investigated by X-ray
diffraction. Planar (ArSMe), equatorial (Ar,S,) and skew (Ar,S) conformations are
explained by steric and conjugative effects and sulphur(II)—oxygen interaction. Linear
and nonlinear X—S--O close contacts resulting from favourable “bond direction’ and
unfavourable “lone-pair direction” approaches (2.619—2.722 and 2.900—3.402 A, respec-
tively) are discussed in detail. Possible aryl ring positions, the geometry of rings with §---O
contact and the nature of counter-atom (X = C, S) are considered as decisive factors. The
results are consistent with different neighbouring group effects found earlier for 0-CO_Me,
0-CH_CO,Me and o0-NO, groups. Data support the mutual dependence of S—S and S --O
distances in compounds with a linear S—S---O arrangement. Other bond {engths, e.g. C=0,
N=0 and S(II)—C, are not affected significantly by sulphur—oxygen interaction

INTRODUCTION

Sulphur—oxygen nonbonded contacts with S---O distances longer than
S——O hypervalent bonds (1.66—2.25 A) but shorter than th= sum of the
van der Waals radii (3.25 A) are rather common in organosulphur compounds
{1]. Besides governing the conformation, intramolecular sulphur-oxygen
interaction may have a decisive influence on spectroscopic (IR, '3C NMR)
and chemical behaviour, as well. Thus, the decreased reactivity of o-nitro-
benzenesulphenyl chloride [2] and o-carboxyphenyl sulphilimines {3] in
chlorine addition and acid-catalysed hydrolysis, respectively, have been attn-
buted to this interaction shielding and stabilizing the initial state. In a similar

*To whom correspondence should be addressed.

0022-2860/84/3$03.00 © 1984 Elsevier Science Publishers B.V.



332

way, the CO,Me ~ CO,H » CH,CO;Me ~ CH:CO.H 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 sulphur—oxygen-
(carbonyl) interaction, and by the lack of formation of a 6-membered ring
with S---O contact [4], on the other.

In the case of sulphur—oxygen close contacts repulsive steric effects (inter-
actions of doubly-filled orbitals) are presumably compensated by attractive
effects (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=0 part with a nearly linear X—S---O arrange-
ment (where X is an electronegative or polarizable “counter-atom”’; cf. ref. 1b)
seems to be favourable for an interaction between high-energy-HCMO n(O)
and low-energy-LUMO o0*(S—X) and as well as for an attractive Coulomb
interaction, too.
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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 0-CO.Me, 0-CH,CO,Me and o-NO-
derivatives of aromatic sulphides and a disulphide, we started with studying
how sulphur(Il)—oxygen interaction, repulsive steric effects and conjugation
contribute to bringing about the conformation observed in the crystalline

state, how X—é---0=llf— nonbonded distances depend on the nature of the
Y=0 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 closed by
S-- O contact (5- or 6-membered ring).

Model compounds

Methyl 2-(methylthio)benzoate (IV), dimethyl 2,2'-dithiodibenzoate (V),
dimethyl 2,2"-thiodibenzoate (VI), methyl 2-(2-nitrophenylthio)benzoate

*In the generalized structures I-—I¥I the middle atom and middle axis are marked for bond
angles (a, 8, v, 5 and 9) and torsion angles (¢, v and w ), r=—dectively.
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(VID), 2,2'-dinitrodiphenyl sulphide (VIII) and methyl 2-(2-nitrophenylthio)-
phenylacetate (IX) were prepared and investigated by X-ray diffraction [6] :
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These compounds seem to be suitable models for the following reasons
(seee empirica) nies dpoul sSUDDUr—oXygen MIeracnons ant TML nteroreta-
tions in ref. 1a): (a) the :S(II)—C,~T,—Y(sp?)=0 part with Y = C or N 1s
conjugated, (b) the cis configuration is established by the aromatic ring,
(c) the s-cis conformation around the C,—Y bond allows the nonbonded
sulphur and oxygen atoms to be close, (d) rotations about the C,—Y and
S—C,; bonds may result in a favourable 5-membered ‘ring”’ and a linear
X—5--&- arrangement witlr 22 = & or- 3 “counter-atomy’’ (e)-ir dhe-diaryl-sul-
phides VI—IX a double sulphur(II)—oxygen contact may occur involving one
acceptor sulphur(II) atom and two identical or different Y=0 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 sulphur—oxygen close contact on the valence state of
the sulphur atom was also investigated by using sulphoxide and sulphilimine
derivativesof the compounds IV and VI—IX as will be showm in a subsequent
paper {71.

EXPERIMENTAL
Materials

The compounds IV—VIII were prepared by known procedures ard their
purity was checked by m.p. determination, elemental analysis and spectro-

scopic methods (m.p. 66—67, 130—131, 84, 92 and 121—122°C, respec-
tively).
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Methy! 2-(2-nitrophenylthiojphenylccetate (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 vacuo, 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 yield
crude 2{2-nitrophenylthio)benzoyl chloride* (13.0 g, 88%, m.p. §1—83°C).
IR (potassium bromide): 1785 vs (C=0), 1510 vs, 1334 vs (NO,) cm™.

The crude acyl chloride (5.9 g, 20 mM) was dissolved 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-nitroso-N-methylurea) under stirring and
external cooling (salt—ice). The mixture was allowed to stand overnight (0° C).
The precipitate (TEA-HC) was filtered off and the filtrate was evaporated in
vacuo. To the residue were added abs. methanol (75 ml), triethylamine
(0.3 ml) and silver benzoate (0.3 g), and the mixture was heated to 60°C.
After the vigorous evolution of nitrogen had subsided, the solution was
refluxed for 30 min then chasccoal (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 (3.1 g, 51%, m.p. 95—97°C) and
recrystallized from 90% methanol to give the pure product, m.p. 99°C. IR
(potassium bromide): 1733 vs (C=0), 1508 vs, 1333 vs (NO;), 1206 vs
{C—0—C) cm™. Elemental analysis: calculated for C,sH,sNO,;S, C = 59.4,
H=43 N=46,0=21.1,S=10.6;found,C=595 H=44, N=47,0=
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 diffractometer with graphite
monochromated MoK, radiation (A = 0.71073 A) using an w — 2O scan in
the range 1.5 < © < 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 retlexions with [F|? > 1.0 o(F?) were taken as observed
(for IV the |F?| > 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 [8], and subsequent structure factor and
Fourier calculations. Full-matrix least-squares refinement of the positional
and anisotropic vibrational parameters of nonhydrogen atoms resulted in the
final conventional R values given in Table 1.

*The crude product can be converted into VII by methanolysis (78%).
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Crystal and relevant X-ray data for compounds IV—IX
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Iv A\ vI v v jo. 4
Formula C,H,,0.S C,6H,,0,S-. C,H,,0,S C,H,NO,S C,.H,N.O,S C,sH,,NO,S
M.w. 182.24 334.42 302.35 28931 276 27 303.34
Cryst sym. orthorhombic monochme monoclime monochme trichnic moneoclinie
Space group  P2,2 2, P2.[n Ce P2 /n Pi P2 e
a (A5 ER-L 1wy L3 S56aZy TOS53ICS) EZ G355 T.8TTCZy I3.ZEZTCZF
b (%> 2E.7OIE3> 833> 46 38382 733762 TSI 33 e8>
c (AN LA NAALE) ADN2RSY QAN AS ST AN ST T A0
a (e b p=11] SD Sb AVZTTBID S
g (dbe> >p T DO IDYISD 22 PD2Y)D R-2-3R-)-) )25 ] DD
¥ (cbed> o)) D =) p=))) 2B DHID il
U (A) 901.1(8) 1566 3(9) 1443.4(9) 1359 7(6) 596 7(3) 1409.2(8)
De (Mg m“) 1.343 1.418 1391 1.413 1538 1 3230
z 4 4 4 4 2 4
p (mmm ™) vEUY V3EY VST iRyt BV VI3
F(0ao) 384 696 632 60a 284 €3z
NUEE D 138%Q 2745 28 ARS 2085 Q28
NUE Y 228 2395 A23A2 AR29 2032 A4S
Rops TS5BS TOT7 TOOT kX7 ¥4 vO3T T
Ry 0.070 0.049 0035 0046 0 047 0 042

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 determined 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 established 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---O angles (with e.sd.s’s in parentheses)
related to sulphur(II)—oxygen interactions in compounds IV—IX are shown
in Tables 3 and 4.
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Fig. 1. Solid state conformations (IVa—IXa) for compounds IV—IX as obtained by X-ray
analysis. Numbered atoms are carbon unless indicated otherwise; hydrogen atoms are also
shown but not labelled. Rings are marked with symbols A (coplanar with C,,—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).

Conformations
Figure 1 reveals that the conformations of the sulphur(Il) compounds

IV—IX follow the general trends observed in case of alkyl aryl sulphides
[10], diarvl disulphides [11] or diary! sulphides [12]. Consequently, the
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possible formation of single or double sulphur—oxygen close contacts seems
to have no decisive influence on the relative position of aromatic rings in
these compounds.

The monoary! sulphide-ester IV is planar (see X, ZYO = CO;Me, X = Me)
like 0-NO,CgH,;SX sulphides with small X = R, OMe 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 disulphide-diester V exhibits equatorial conformation in which both
aryl rings are coplanar with the C,.—S—S plane (see XI, ZYO = Co,Me) just
like diphenyl disulphide and its (QC¢H,S). derivatives carrying an electron-
withdrawing group in the ortho or even para position (@ = 0-CO-H, 0-NOa.,
p-NO,) [14].

The symmetric diaryl sulphides VI and VIII assume the skew conformation
(see XII, ZYO = CO,Me/CO,Me and NO,/NO,) in a similar way to most of
the other (QC¢H,)-S sulphides with Q = 0-Me, p-NH, or m/p-OMe [15]. In
these compounds only one ring (A) remains coplanar with the C,,—S—C,,
plane (¢ ~ 180° can be observed for the torsion angle C,,—S—C,.—C3, with
C2, distal-ortho ring atom), while the otherring (B) avoiding the perturbation
of proximal-ortho groups becomes perpendicular (¢ ~ 90°) to the C,,—S—C,,
plane.

The unsymmetrical diaryl sulphides VII and IX preserve the skew confor-
mation (see XM, ZYO = NO,/CO,Me and NO,/CH,CO,Me). As in other
sulphides with different aryl groups, the phenyl ring substituted with a
stronger clectron-withdrawing group, e.g. with o-NO. or p-NO,, tends to
occupy the planar ring position A [16]. 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 distal-ortho donor group allows the formation of both a planar
5-membered ‘ring’’ and a linear X—S---O arrangement with sulphur(1I)—
oxygen close contact (see X—XII, ZYO = CO,Me or NO,). This is favourable
for an attracing HOMO—LUMO interaction, since the oxygen atom of the
donor group as a ‘““‘nucleophile” approaches the acceptor sulphur(Il) atom in
the direction of an S—X bond (cf. ref. 5).

In the disulfide V with two A-rings the distal-ortho position of the two
donor groups results in a linear O---S—S---O arrangement of four atoms (see
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TABLE 3

Selected bend lengths (A) for compounds IV—IX

Compa® Ring® s-—0OP x—s*< s—AS a—pd B—Y* v—of Y—z°®
v A 27214) 1.7936)® 1.7604) 1.407(7T) 1.480(7) 1.196(6) 1.323(6)
v A 2.680(2) 2047(1)* 1.789(3) 1.414(3) 1.478(4) 1.192(4) 1.342(3)
A 2.689(2) 2.047(1)* 1.792(2) 1.398(4) 1.181(3) 1 190(3) 1 320(3)
VI A 2.722(2) 1.786(3) 1.785(3) 1411(4) 1.481(4) 1204(4) 1.341(4)
B 3077(3) 1.785(3) 1.786(3) 1.404(4) I1.492C4) 12200(4) 1.344(32)
Vi1 A 2.619(1)* 1.782(2) 1.757(2) 14131) 1.454(3)* 1211(3)* 1.-224(1)*
B 3058(2) 1.757(2) 1.782(2) 1.339(3) 1.489(3) 1.191(2) 1.335(3)
vio A 2.656(1)* 1.777(2) 1.768(2) 1.298(2) 1.464(2)* 1.223(3)* 1.220(2)*
B 2.900(2)* 1.768(2) 1777(2) 1387(3) 1.466(1)* 1.219(1)* 1.219(2)*
x A 2.637(1)* 1.785(3) 1.768(2) 1.402(4) 1 456(3) 1.219(2)* 1.218(2)*
B! 3.402(2). 1.768(2) 1.785(3) 1.388(4) 1.514(4 1.189(3) 1.329(3)
1.062(2)F 15013y

2See I and IVa—IXa in Fig. 1. PS---O(carbonyl) or S--0O(nitro)*. *C,—S or S—S*. 4C_,—
Car- Car—Csp® or Cp;;—Nsp* *. IC=0 or N=0*_ ECsp>—0O or N=0*. BCsp>—S iSee IN.
IB—C = C—Csp®. ¥S---O(alkoxy). 1C—¥ = Csp>—Csp=.

XI, ZYO = CO;Me). Such a configuration has been observed for 1,2-dithiole
derivatives having two acylamino, acvlimino or acylmethylene groups in 3
2nd 5 positions [17]}.

In the o,0’-disubstituted diaryl sulphides VI—IX the second donor ortho
group, belonging to the perpendicular ring B, can near the acceptor sulphur(II)
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-- O distances are rather long, and 9 (C,,—S---O) angles as well
as w(A—B—Y—O0) or «(B—C—Y—O0) torsion angles are far from being 180°
or 0°, respectively.

Although the ring position B perpendicular to the X—S—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).

s Ny

5/® 5, ;T Z
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H

Indeed, the ‘‘electrophilic’> amino-hydrogen approaches the ‘‘donor”
sulphur(II) atom in a lone-pair direction (cf. ref. 5) resulting 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
intra- or inter-molecular hydrogen bonding should also be 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(II)---O distances in rings A

Although there are favourable conditions for sulphur(II)—oxygen inter-
action in ring A of the sulphide-esters 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 electro-
negativity of the counter-atom X = C, (ii) to the common gsometry (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-membered 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—oxygen interaction. Such compounds are noncon-
jugated esters of g{(X-thio)propionate type with nonplanar “SABYQ” ring
(2.768 and 2.857 A), conjugated (planar) but nonaromatic esters of §-(X-
thio)acrylate type with large 8(S—A—B) angle (2.780, 2.887, 2.893 and
3.043 A), and esters exhibiting 1,4 sulphur—oxygen close conzact (2.826 and
2997 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---O distance becomes markedly
shorter as was observed for the disulphide-diester V {2.680 and 2.689 A ; cf.
the 2.522 A value found for a cyclic sulphenate-ester with an O—S---O part
in ref. 21).

The comparison of the o{methoxycarbonyl)phenyl disulphide V with
o-carboxyphenyl disulphides (S---O 2.688 and 2.741 A, ref. 22) shows that
there is no significant difference m S(II)---O(carbonyl) close contacts for
esters and carboxylic acids both exhibiting rather large 6 (B—Y—O) angles.
This is in zccordance with the nearly identical anchimeric assistance of
0-CO;Me and 0-CO,H groups detected in some reactions of sulphides [4].
Since even S---O(carboxyl) and S---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'dithiodibenzoate salts in ref. 23), the enhanced neighbouring group
activity of the nucleophilic carboxylate group [4] may be maiwnly attributed
to the negative charge of the carboxylate oxygen atom.

Since the geometry of the nitro 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-sulphides VII—IX (2.619, 2.656
and 2.637 A) are markedly shorter than those in sulphide-esters. The former
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values agree well 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. 13a, 12, 16a and 24).

As expected, S---O(nitro) distances are shorter in aromatic disulphi._es,
sulphenates and sulphenyl chlorides with X =S, O and Cl respectively (5---O
2.589, 2.44 and 2.414 A; see refs. 14c, 13b, 13c) than in sulphides investi-
gated by us where the counter-atom (X = C) is less electronegative. Note that
S---O(nitro) distances are also strikingly short in compounds of g«(X-thio)-
nitroethylene type with X =C or S (2.581 and 2.373 A ; ref. 25).

S(II})---O distences in rings B

The donor oxygen of the second ortho group in ring B lies rather far from
the acceptor sulphur(II) atom in the o,0'-disubstituted diaryl sulphides
VI—IX. The observed S---O distances, 3.077 and 3.058 (for 0-CO;Me in VI
and VII), 2.900 (for o-NO, in VIII) and 3.402 A (for 0-CH.CO,Me in IX),
may be accounted for by the lack of an X counter-atom joined linearly to
the S---O part (see ¥ angles in Table 4) and by the turning out of the donor
group from the plane common with the aromatic ring (w = 30.2, 27 4, 42.7
and 12.4°; &' = 72° in IX). It is remarkable that 0-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 0-CH.CO-Me group in some reactions of sulphides [4].

Bond lengths

When discussing the geomeiry of compounds IV—IX it seems wortn
examining whether close contacis of X—S(II)---O=Y—Z type (see II) have
any detectable effect on X—S, Y—0O and Y—Z bond lengths in cases of
CYZ = CO;Me or NO., and X =L, or S(II).

The C2A—S(II) and CE—S(II) bond lengths are somewhat different in VI
and VIO of symmetric constitution (Ar = 0.001 and 0.009 A), but conjuga-
tion may be more responsible for C2—S(II) bond shortening than sulphur—
oxygen interaction for C5—S(II) bond lengthening. The above conclusion
also seems to be supported by an inequality of C,,—S(II) bonds (Ar = 0.002—
0.015 A) observed In symmetric diaryl sulphides without S---O close contact
[16].

CUnequal S—O0O hypervalent bond lengths in sulphuranes with unsym-
metrical O!'——S5——0? 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{II}—S(i1I) bond where the mutual interaction of X—S and
S---C linkages can be undoubtedly detected. The experimental distribution
of S—S and S—S---O distances registered in the literature [27] 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 distances vs. S—S
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Liz 2. Variation of the S—S bond length with the S - O distance in approximately linear
S—S-- O triatomic systems [27].

bond lengths is similar to those shown earlier [5c] for the triatomic systems
I—1I--1 {trilodide ions), S—S---S (thiathiophthenes) and H—O---H {(hydrogen
bonds).

For S—S distances the covalent S—S bond length of 2.023 A in unsubsti-
tuted diphenyl disulphide [14a] exhibiting equatorial conformation and no
S---O interaction, and the hypervalent S——S——S bond lengths of 2.538 A in
2 F-dimndnyindndhUprindhanes 287 cor ow regenuid’ o exdrermes vales o die
diepentence 61 55 "pond Yengin on supstitnents anb coniormdEtions I TEL.
Ifl. Falnuwing the ahave trend. the slghf Guf ahservafnle erease of §—§
bond length (2.047 A) in compound V may be attributed to a sulphur—
oxygen contact with rather long S-- O distance (see point © in Fig. 2).

“Y—O’’ bond length data in the literature [27] indicate that a significant
elongation of carbonyl C=0 and nitro N=0 bonds usually occurs only in
§—85---O=Y—2 systems with extremely shoré SO Qistances. Thus @& 15 nod
SWIprISsIng nat in compounds YV—XX suiphur{il)—oxygen nteraciions 3nvolv-
ing relatively long S---O distances do nout cause any remarkauie aiterztion in
the geometry of CO,Me and NO, groups. The inequality of N=O bonds in
compounds VII—IX (see Table 3) is not significant, because similar differ-
ences have also been observed for para-nitro derivatives exhibiting no S---O
close contact [ 27].



346

ACKNOWLEDGEMENTS

The authors thank Dr. I. Kovesdi for his aid in computing, Dr. H.
Medzihradszky-Schweiger and Dr. S. Kutassy for analyses, Mr. Cs. Kertész
for technical assistance and Mr. T. Bobak and Dr. G. Dibo for their valuable
Eelp in preparing the manuseript.

This work was supported by the Institute for Science Management and
Informatics, Ministry of Education, Budapest, Hungary.

REFERENCES

1 (a) A. Kucsmnan and 1L Kapovits, Nonbonded Sulphur—Oxygen Interaction in Organic
Sulphur Compounds, in I. G. Csizmadia, A. Mangini and F. Bernardi (Eds.), Organic
Sulphur Chemistry: Theoretical and Experimental Advances, Elsevier, Amsterdam,
1985, in press, and refs. Lthesein,

(b) A. Kilman and L. Parkinyi, Acta Crystallogr., Sect. B, 36 (1980) 2372, and refs.
therein.

2 E. N. Givensand H. Kwart,J. Am. Chem. Soc., 90 (1968) 378; H. Kwart and H. Omura,

J. Am. Chem. Soc,, 93 (1971) 7250.

3 I Kapovits, F. Ruff, J. Guiyis zad A. Kucaman, Tetrahedron, 32 (1976) 1811.

4 F. Ruff, L. Kapovits, J. Ribai and A. Kucsman, Tetrahedron, 34 (1978) 2767.

5 (a) R. E. Rosenfield Jr., R. Parthasareli:y and J. D. Dunitz, J. Am. Chem Soc., 99
(1977) 4360; D. Britton and J. D. Dunitz, Helv. Chim. Acta, 63 (1980) 1068.

(b) R. E. Rosenfield Jr. and R. Parthasarathy, Acta Crystallogr. Sect. B, 31 (1975) 462,
and refs. therein.

(c) J. D. Dunitz, Mapping Chemical Reaction Pathways in M. Balaban (Ed.), Molecular
Structures and Dynamics. International Science Services, 1980, p. 103; H. B. Biirgi,
Angew. Chem., 87 (1975) 461.

6 Preliminary results of an X-ray diffraction study for V, VI and VI, IX, respectively,

were presented at 6th European Crystallogr. Meeting, Barcelona (1980) by A. Kdlman,

L. Parkinyi, I. Kapovits and A. Kucsman and at 8th European Crystallogr. Meeting,

Liége (1983) by L. Parkinyi, A. Kalmin, I Kapovits and A. Kucsman.

7 A. Kucsman, 1. Kapovits, L. Kovesdi, A. Kilman and L. Parkiryi, J Mol Struct.,,

i press.

8 G. Germain, P. Main and M. M. Woolfson, Acta Crystallogr., Sect. A, 27 (1971) 368.

9 International Tables for X-ray Crystallography, Vol. 3, Kynoch Press, Birmingham,

1962.

10 M. Mohraz, W Jian-qi, E. Heilbronner, A. Solladié-Cavalto and F. Matloubi-Moghadam,
Helv. Chimn. Acta, 64 (1981) 97.

11 E. Shefter, J. Chem. Soc. B, (1970) 903; L. S. Higashi, M. Lundeen and K Seff, J.
Am. Chem. Soc., 100 (1978) 8101.

12 S. P. N. van der Heijden, W. D. Chandler and B. E. Robertson, Can. J. Chem , 533
(1975) 2102; c¢f. S. P. N. van der Heijden, E. A. H. Griffith, W. D. Chandler and B. E.
Roberison, Can. J. Chem._, 53 (1975) 2084,

13 (a) N. S. Zefirov, A  S. Koz'min, V. N. Kirin, V. V. Zhdankin and R. Caple, J. Org.

Chem., 46 (1981) 5264.

(b) W. C. Hamilton and S. J. LaPlaca, J. Am. Chem. Soc., 86 (1964) 2289.

(c) Gy. Schultz, I. Hargittai, I. Kapovits and A. Kucsman, J. Chem. Soc. Faraday
Trans. 2, in press.

14 (a) M. Sacerdoti, G. Gilli and P. Domiano, Acta Crystallogr., Sect. B, 31 (1975) 327;

cf. J. D. Lee and M. W_ R. Bryaat, Acta Crystallcgr., Sect. B, 25 (1969) 2094.

(b) N. Chaikum and M. R. Taylor, .Acta Crystallogr., Sect. B, 36 (1980) 3187.



347

(c) J. S. Ricci and 1. Bemnal, J. Chem. Soc. B, (1970) 806.

(d) J. S. Ricci and I. Bernal, J. Am. Chem. Soc., 91 (1969) 4078.

15 (a) M. Sacerdoti, V. Bertolasi and G. Gulli, Cryst. Struct. Commun., 5 (1976) 477.

(b) B. K. Vijayalakshmi and R. Srinivasan, J Cryst. Mol. Struct , 3 (1973) 147

(c) K. von Deuten and G. Klar, Cryst Siruct. Commun., 10 (1981) 213.

16 (a}) V.Cody and P A. Lehmann, Crysi. Struct Commun., 11 (1982) 1671;J. D. Korp,
1. Bernal, R. F. Miller, J. C. Tudey, L. Williams and G. E. Martin, J. Cryst. Mol.
Struet., 8 (1978) 127; see ref. 12.

(b) A. Krajewski, L. Riva di Sanseverino, A Dondoni and A. Mangini, J Cryst. Mol.
Struct., 5 (1975) 345.

17 (a) A- Hordvik and H. M. Kjdge, Acta Chem. Scand., 20 (1966) 1923.

(b) A. Hordvik and E. Sletten, Acta Chem. Scand., 20 (1966) 2043.

(c) L. P. Mellor and S. C. Nyburg, Acta Crystallogr., Sect. B, 27 (1971) 1959.

188 {3} A. Rabman and D. van der Helm. Acta Cyvstallogr,. Sect. B. 361880} 24234,

(b) U. Kucklander, E. J. Edoho, O. Rinus and W. Massa, Chem. Ber , 113 (1980) 3405.

(c) B. Ribar, D Lazar, Gy. Argay ard A. Kilmin, Izv. Jug. Cent. Krist. Sect. A, 10
(1975) 68;cf. A. H. Gomes de Mesquita, Acta Crystaliogr., Sect. B, 23 (1967) 671.

(d) P. Marsau and M. Cotrait, Acta Cry stallogr., Sect. B, 32 (1976) 3135

(e) P. Marsau and M. Cotrait, Acta Crystallogr., Sect. B, 32 (1976) 3138.

(f) P. Marsau, Acta Crystallog-., Sect. B, 33 (1977) 2897.

(g) P. Marsau, Acta Crystallogr., Sect. B, 34 (1976) 2370.

19X Freadonrd § Bamardardasay, Anke Loywiallaar, Sa B AP DPREPIAR

2 ja) P. S. Abboit. R. M. Acheson. U. Eisner. D. J. Watkin and J. R. Carruthers. J. Chem.
Soc. Perkin Trans 1, (1976) 1269.

(b) E. Adman, L. H. Jensen and R N. Warrener, Acta Crystallogr., Sect. B, 31 {1975)
1915; S. Oida, A. Yoshida, T. Hayashi, E. Nakayama, S. Sato and E. Ohki, Tetra-
hedron Lett., 21 (1980) 619; A. F. Cameron and N. J. Hair, J. Chem. Soc B,
(1971) 1733; M. van Meerssche, B. Verdoncq, G. Germain and J. P. Declercq, Bull.
Soc. Chim. Belg., 86 (1977) 97.

(c) B. Aurvilhus, C. Svensson and C. Sarnstrand, Chem. Scr., 7 (1975) 204;
T. Kampchen, W. Massa, W. Overhen, R. Schmidt and G. Seitz, Chem. Ber., 115
(1982) 683.

21 W. Waliter, B. Krische, G. Adiwidiaja and J. Voss, Chem. Ber_, L1 1 (19781 1683,

22 J. Nane anad D. Mitchel, Acta Crystallogr., Sect. B, 25 (2868} 8566 ; see ref. 245,

23 T, Qitemen, L. G, Warner 2ud K. Seff, Acta Crystallog:., Sect. B, 29 {1974) 1188
B. H. Toby, J. L. Hughey, T. G. Fawcett, J. A Potenza and H. J. Schugar, Acta
Crystallogr., Sect. B, 37 (1981) 1737.

24 M Kimura, S. H. Simonsen, S. R. Caldwell and G. E. Martin, J. Heterocycl. Chem., 18
(1981) 469.

25 (a) H. Kohnand R. E. Davis, J. Org, Chem., 42 (1977) 72.

(b) K. I. G. Reid and L. C. Paul, J. Chemn. Soc. B, (1971) 952.

26 W. Y. Lam, E. N. Duesler and J. C. Martin, J. Am. Chem. Soc., 103 (1981) 127, and
refs. therein.

27 Data were obtained from Cambridge Crystallographic Database by using the search
programn CONNSER and the retrieve prograsn GEOM 78; cf. F. H. Allen, O. Kennard
and R. Taylor, Ann. Chem. Res., 16 (1983) 146.

28 S. Bezzi, M. Mammi and C. Garbuglio, Nature (London), 132 (1958) 247; F. Leung
and S. C. Nyburg, 4. Chem. Soc. Chem. Commun., (1969) 137.



