Journal of Chemical Crystallography, Vol. 31, Nos. 9-10, October 2@02002)

Synthesis and structural study of
1-(N,N-diethylamino)-2,2-bis(2-nitrophenylthio)ethene
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The synthesis, variable temperature NMR spectra, and crystal structures of two crystalline
forms, 2a and 2b, of the enamine 1N,N-diethylamino)-2,2-bis(2-nitrophenylthio)ethene
have been obtained. Both forms crystallize in the monoclinic space d?8ufa. The two
phases have similar molecular structures but possess different intermoleethiar- GO
hydrogen bonding interactions. Both forms exhibit disorder within the,Nagment at

298 K: sufficient disorder persisted wita (orange needles) down to 100 K to make the
geometric parameters pertaining to the enamine fragment unreliable. The disorder was
effectively eliminated on coolingb down (red colored blocks) to 150 K. Cell dimensions

for the2a-phase are at 100 k& = 11.1030(4A, b = 15.1325(7A, ¢ = 12.4504(7A, B =
114.606(3), while for the2b-phase at 150 Ka = 15.5206(4)A, b = 7.6958(2)A, ¢ =
15.7137(3A, B = 92.580(7). The C—N bond length in thgg-form at 150 K of 1.335(3A
indicates considerable double bond character: the rotational barrier ofthebond in

CDCl; was calculated to be 52.4 kJ mél

KEY WORDS: Enamine; ketene dithioacetals; rotational barrier; push—pull compounds.

Introduction spectroscopy, for solution studies on rotational
barriers and X-ray crystallography for solid-state
Electron delocalization has been studied structures have been used to provide information
in various push—pull alkenes, including com- on the electron delocalisation about the double
pounds, (RSIC—CXY, having electron donating bond. For push—pull alkenes, with electron
RS groups, e.g., MeS, and electron accepting acceptor sulfido units and electron donating
X,Y groups, e.g., MeCO, MeOCO, NC, and amino groups, (R$,=CHNR,, there is scant
O.N.1 Both spectroscopy, especially NMR information in the literature: a single paper
refers to the restricted rotation about the-8
bond in 1-(N,N-diethylamino)-2,2-bis(trichloro-
() Department of Chemistry, University of Aberdeen, Old Aberdeen methylthio)ethene (GCSkC=CHNEt2 (1) as
AB24 3UE, Scotland. . X
- ) . . . determined byH NMR spectroscopy.In order to
epartamento de Quiica Inorginica, Instituto de Quiica, . : ; .
Universidade Federal do Rio de Janeiro, CP 68563, 21945-970 further investigate such enamines or aminoketene
Rio de Janeiro, RJ, Brazil. dithioketals, 1-N,N-diethylamino)-2,2-bis(2-
@) Departamento de Quiica Orginica, Instituto de Qumica, Uni- nitrophenylthio)ethenezq has been Synthesized
versidade Federal Fluminense, 24020-150 NitdRJ, Brazil. . . .
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abdn.ac.uk. determined.
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1: R = CI5CS; 2: R =2-O,NCH,S.

Experimental

Melting points were measured using a Kofler

Aupers, Skakle, Wardell, and Wardell

13C NMR (63.3 MHz, CDC4, 300 K): &
159.1, 146.0, 141.7, 140.1, 135.0, 134.7, 128.8,
128.4,126.9, 126.6, 126.2, 125.9, 47.3, 14.9.

Method 2. A reaction mixture of 2-
O2NCgH4SCI (1.90 g, 10 mmol),L-cysteine
(2.25 g, 10 mmol), and BN (2 mL) in CH,Cl,
(50 mL) was refluxed for 3 h. The mixture was
cooled, filtered to remove (2-MCgH4S),, and
the filtrate rotary evaporated. The residue was

hot-stage microscope and are uncorrected. NMRtaken up in C{, filtered, and the filtrate evapo-

spectra were obtained on Bruker 250 MHz
and Bruker 400 MHz instruments. Diffractome-

ter data were obtained with an Enraf Nonius
KappaCCD diffractometer by the EPSRC service,
based at the University of Southampton, England.

Synthesis o2

Method 1.A mixture of 2-O,NCgH4SH
(3.10 g, 20 mmol)N-bromaosuccinimide (3.76 g,
20 mmol) and BN (2 ml) in CCl (50 mL)
was refluxed for 1 h. The mixture was cooled,
filtered to remove BNH*CI~ and the filtrate
rotary evaporated to leave a solid residue. Crys-
tallization of the residue from EtOH initially gave
N-(2-nitrophenylthio)succinimidé Repeated re-
crystallizations of the mother liquors from EtOH
eventually gave2, as orange needles-{orm),
suitable for X-ray crytstallography, in yields of
8-12%, based on 2BICgH4SH; m.p. 195-
197C.

Anal. Calc. for GgH19N304S;: C, 53.3; H,
4.7; N, 10.4. Found: C, 53.5, H, 4.7, N, 10.2%.

H NMR (400.13 MHz, CDC4, 300 K): &
1.16 (6H, t,J = 7.2 Hz, Me), 3.40 (4H, g, =
7.2 Hz, CH,), 7.18-7.23 (2H, m, aryl-H), 7.24
(1H, s, G=CH), 7.58 (2H, tt,J = 1.4, ca. 7.5, ca.
7.5, aryl-H), 7.65 (2H, ddd) = 1.4, 6.2, 8.2 Hz,
aryl-H), 8.15 (1H, ddJ = 1.4, 8.2 Hz, aryl-H),
8.18 (1H, dd,J = 1.4, 8.2 Hz, aryl-H).

'H NMR (250 MHz, CxCOCD3, 298 K):

8 1.12 (6H, t,J = 7.0 Hz, Me), 3.46 (4H, qJ) =
7.0 Hz, CH), 7.40 (1H, dt, aryl-H), 7.42 (1H, dt,
aryl-H), 7.51 (1H, s, &CH), 7.70 (2H, dd, aryl-
H), 7.84 (2H, t.br, aryl-H), 8.21 (1H, dd, arylsj
8.23 (1H, dd, aryl-H) [all J foraryl-H ca. 1.2 and
7.4 Hz].

rated. The residue was fractionally recrystallized
from EtOH to give more disulfide and oranga
yield of 2awas 14.5%.

A similar reaction using homocysteine led to
the isolation of2b in a similar yield, m.p. 194—
196°C.

Anal. Calc. for GgH19N304S,: C, 53.3; H,
4.7; N, 10.4. Found: C, 53.4, H, 4.6, N, 10.3%.
The NMR spectra in solution were identical with
those of2a.

Crystallography

Data were collected on an Enraf Nonius
KappaCCD diffractometer, by the EPSRC ser-
vice at Southampton. Structures & and 2b
were solved by direct methods with SHELXS97
and refined using SHELXL-97Hydrogen atoms
were placed in geometrical positions and refined
with a riding model. Crystal data and structure re-
finement details are listed in Table 1. Final atom
coordinates and equivalent isotropic parameters
are listed in Tables 2 and 3 for atomic coordi-
nates, bond angles and lengths, torsional angles,
and thermal parameters have been deposited at the
Cambridge Crystallographic Data Centre: deposi-
tion nos — 15604124a) and 1560422b).

Results and discussion
Synthesis

Compoundl had been preparéthy Senning
and Kelly from the reaction of GCSCI with
NEtz: however, a similar reaction between 2-
O2NCsH4SCl and NEj§ in CH,Cl, was reported
by them not to provide2. Compound?2 has
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Table 1. Crystal Data and Structure Refinement

2a 2b

CCDC deposit no. CCDC-1008074 CCDC-1008075
Empirical formula GsgH19N304S, C18H19N304S
Formula weight 405.48 405.48
T,K 100(2) 150(2)
WavelengthA 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group P2;/a P2;/a
Unit cell dimensions

a, A 11.1030(4) 15.5206(4)

b, A 15.1325(7) 7.6958(2)

¢ A 12.4504(7) 15.7137(3)

B, deg 114.606(3) 92.580(7)
Volume,A3 1901.92(15) 1875.00(8)
z 4 4
Calculated density, Mg rm? 1.416 1.436
Absorption coefficient, mmt 0.310 0.314
F(100) 848 848
Crystal color Orange Red
Crystal size, mm 0.3& 0.20x 0.20 0.22x 0.16x 0.16
Theta range for data collection, deg 2.25-27.49 1.30-27.80
Index range -14<h<13,-19<k<18,-15<1 <16 —-20<h<20,-9<k<9 -20<1<20
Reflections collected/unique 1428261 [Rint = 0.0741] 171444287 [Rint = 0.0529]
Completeness tof2 27.49; 97.2% 27.80; 96.5%
Absorption correction Empirical Empirical
Max. and min. transmission 0.946 and 0.783 0.9515 and 0.9341
Refinement method Full-matrix least squared=3n Full-matrix least squares d¥?
Data/restraints/parameters 42061246 42870/246
Goodness of fit offF? 1.102 1.047
FinalRindices | > 20 (1)] R1=0.0911wR2 = 0.2291 R1=0.0427 wR2 = 0.1096
Rindices (all data) R1=0.1113wR2 = 0.2414 R1 =0.0635wR2 = 0.1216
Largest diff. peak and hole, &3 1.175 and-0.833 0.635 and-0.308

now been isolated, albeit as minor products N-(2-nitrophenylthio)succinimide 3 (reac-
from two types of reactions. It has been iso- tion 1). Compoun@ has also been isolated from
lated in ca. 10% yield from a reaction mixture reaction mixtures consisting of 2,8CgH4SCl,
consisting of N-bromosuccinimide (NBS), NEtz, and unprotected mercapto-aminoacids,
2-nitrobenzenethiol and NEtn CCly: fractional e.g., L-cysteine and homocysteine, in @El,
crystallization and chromatography were used (reaction 2). Again compoun@ was a minor
to separate2 from other products, including product, ca. 15%, the major isolated product
the major one, the simple substitution product, being the disulfide (2-eNCgH4S),.

NO.
S H

2
NO, 0o o NO, G
CCi
QSH+E&;N+ I:ENBr B QN_SO + \C=C/
/ A
SN A

NQ,
2
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Table 2. Atomic Coordinates (1%) and Equivalent Isotropic Table 3. Atomic Coordinates (1%) and Equivalent Isotropic
Displacement Parameters 61/2\12) for 2aat 100 K Displacement Parameters @L&z) for 2bat 150 K
Atom X y z g Atom X y z g
S(1) 6512(1) 675(1)  3364(1) 32(1) S(1) 295(1) 3471(1) 2295(1)  30(1)
cQ) 5160(4) 1413(3) 2743(4) 29(1) S(2) —590(1) 418(1) 3054(1)  30(1)
c@) 4077(4) 1199(3) 1675(4) 35(1) c() —321(1) 3422(2) 1315(1)  28(1)
c@) 2983(5) 1744(4) 1184(5) 44(1) c(2) —482(1) 1846(2) 889(1)  32(1)
C(4) 2916(6) 2530(4) 1746(6) 50(1) C@3) —964(2) 1772(3) 125(6) 40(1)
c(5) 3950(6) 2764(3) 2777(5) 45(1) C(4) —1317(2) 3260(3) —240(1)  44(1)
C(6) 5060(5) 2215(3) 3257(4) 36(1) C(5) -1181(1) 4829(3) 160(1) 40(1)
N(1) 6104(5) 2487(3)  4393(4) 48(1) C(6) —685(1) 4899(2) 925(1)  32(1)
o(1) 5958(5) 3207(3) 4806(4) 72(1) N(1) —544(1) 6611(2) 1300(1)  41(2)
0(2) 7051(4) 1985(3)  4897(3) 50(1) o(1) —1003(1) 7813(2) 1051(1)  60(1)
S(2) 6788(1) 92(1) 1179(1) 33(1) 0(2) 34(1) 6777(2) 1853(1) 48(1)
c(@) 8521(4) —43(3) 2006(4) 29(1) c(7) —583(1) 1449(2) 4076(1)  28(1)
C(8) 9039(4) —416(3) 3123(4) 31(1) C(8) 175(1) 2097(2) 4458(1) 34(1)
c(9) 10382(4)  -506(3)  3791(4) 34(1) C(9) 186(2) 2919(3) 5247(1)  44(1)
C(10) 11282(4) —208(4) 3351(4) 39(1) C(10) —557(2) 3158(3) 5681(1) 50(1)
c(11) 10817(5) 172(4)  2253(4) 39(1) c(11) —1312(2) 2548(3) 5321(1)  47(1)
c(12) 9455(4) 250(3) 1588(4) 32(1) c(12) —1317(1) 1687(3) 4534(1)  35(1)
N(2) 9038(4) 647(3) 429(4) 38(1) N(2) —2134(1) 1014(3) 4190(1)  46(1)
(0]())] 9837(4) 1061(3) 191(3) 50(1) 0O(3) —2785(1) 1730(3) 4414(1) 78(1)
0o(4) 7875(3) 530(3) —284(3) 45(1) 0o(4) —2129(1) —242(2) 3704(1)  49(1)
C(13) 6181(4) —133(3) 2259(4) 33(1) C(13) 331(1) 1277(2) 2608(1) 30(1)
c(14) 5566(5)  —941(4) 2075(6) 47(1) c(14) 1003(1) 170(2) 2561(1)  31(1)
N(3) 4887(5) —1360(3) 2566(5) 53(1) N(3) 1728(1) 232(2) 2136(1) 38(1)
c(15) 4711(6)  —962(5) 3591(7) 64(2) c(15) 1917(1) 1582(3) 1490(1)  42(1)
C(16) 5868(8) —1187(5) 4766(7) 76(2) C(16) 2416(2) 3104(3) 1852(2) 56(1)
c@17) 4523(7) —2278(4) 2357(10)  89(3) c@7) 2377(1) —1118(3) 2324(2)  42(1)
C(18) 2983(7) —2412(5) 1986(8) 78(2) C(18) 3050(2) —647(3) 3007(2) 54(1)
8Ueq is defined as one third of the trace of the orthogonalidgd 8Ueq is defined as one third of the trace of the orthogonalizgd
tensor. tensor.

NO, NO, G
CcCl S
@—SCH Et,N 2% s-s@ N \C=C/H @)
/

HS—aminoacid N
NO, QS NEt,

The intermediacy of BNCH=CH is con- as the halogenation source (see Scheme 1).
sidered in all the formations df and2: Senning The formation of EEINCH=CH, from NEf;, in
and Kelly? confirmed thatl could be obtained the presence of NBS has been reported in the
from EbtNCH=CH, and ChCSCI. They sug- literature® An additional role for NBS in reac-
gested that the formation of BNCH=CH, from tion 1 is considered to be in the halogenation of
EtsN arose by amv-halogenation/elimination se- 2-O,NCgH4SH to 2-QNCgH4SBr: this reaction
quence, with the sulfenyl chloride, £G3SClI, has also been documentedhe precise role of
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2RSX — RSSR + Xp

NEt; 275 Eu,NCHXCH; ———» EoNCH=CHp |
1

Et2NCH=CHSR 4___- HX EtZNCI‘D(CH2SR / RSX <«— RSH
l RSX
“HX
EtyNCHXCHSR); —op Et;NCH=C(SR)

Scheme 1R=CI;3C (1); 2-O,NCgH,4 (2). Reagents: NBS;ii: RSX:iii : X,

a mercapto-aminoacid in reaction 2 remains un- rotational barrier at the €N bond in 2 was
known: however, a role as a disproportionation calculated to be 52.4 kJ mott, using Eq. 3, with
agent of 2-QNCgH4SCI to (2-QNCgH4S), and the coalescence temperatdieof 250 K.

Cl, would account for the subsequent reactions.

Once formed, ENCH=CH, would react via AG#(kJ morl) — 4184 % 457 x 1073(1—0)

the the addition/elimination sequences shown in
Scheme 1. x[9.97 + log(Tc/Av)] (3)

Variable NMR spectral study in solution This value is close to the reported vaiuer 1
of 58.5 kJ mot?: these values are also similar

In the 1H NMR 400 MHz spectrum at to those found for (Me@C),C=CH—NMe;
ambient temperature in CD§Il the two 2- (3)° and 6-(N,N-dimethylamino)-pentafulvene
nitrophenylthio units in2 are distinct, whereas (4)'° but intermediate between values for
the Et groups in the NEtgroup are equivalent, (2-benzothiazolyhC=CHNMe, (5)** and 5-
appearing as a triple [= 3.44 ppm,J = 7.2 Hz] diaminomethylene-2, 2-dimethyl-1, 3-dioxane-4,
and quartet { = 1.20 ppm,J = 7.2 Hz]. At 6-dione 6)'? (see Table 4). The two 2-
253 K, the CH absorptions appear as a broad un- hitrobenzenethiolato groups have distinct sets of
resolved peak at ca. 3.42 ppm, which at 248 K absorptions throughout the temperature range
splits into two broad absorptions at 3.24 and 233-373 K, in DMSQdg, as indicated by the
3.59 ppm, peak separatiohv of 83.3 Hz. No  number of carbon signals in th&’C NMR
further changes in the signal for the ggroup ~ spectra: the slight changes in the aryl region of
result on lowering the temperature to 233 K. The the'H NMR spectra which arise on changing the

Table 4. Bond Lengthsé), Rotational Barriers\Gy, (kJ mol1) for C=C and G-N Bonds, and NMR
Coalescence Temperaturks(K) for Selected Enamines

Compound d(C=C) AG},(C=C)/solvent d(C—N) AG},(C=N)/solvent
3 1.380(5)  65.2/CHCl,% (292) 1.337(4)  55.6/CHCI,23 (264)
4 1.367° 70.2/CbCDCDCRLI® (—)  1.3340 36.4/C$10 (—)
6 1.387(4}*  53.5/C,CI3! (280) 1.307(4'  90.5/DMSOd}! (435)
5 1.387(4)  92.3/MeSC* (421) 1.331(4)  56.4/CDCh:CeF2* (254)
22 1.352(3) (—)/MeSO (<373) 1.335(3) 52.4/CDGI(248)
1 58.5/CDC}?

aThe values in parentheses indicateg(K).
bThis study:2b at 150 K.
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A

O é H

MeO,C - H \< C/ P H 0
C=

C=C

- < 0 /H
McO,C™  “NMe, s \ LS > c!
f NMe, NMe, o NMe,

temperature merely reflect rotation changes aboutthe reaction mixture containing homocysteine,
the C—=S bonds. As the two nitrophenylthio reaction 2. Selected geometric parameters are
groups maintain different NMR signals up to listed in Table 5. Both forms exhibited disorder
100C in DMSOdg, the energy barrier for  within the NEp fragment at ambient temperature:
rotation about the €C bond in2 is clearly sufficientdisorder persisted wigadown to 100 K
high: generally higher energy barriétsare to make the geometric parameters pertaining to
found for C=C in (RS)C=CXY than in either  the C(14)-C(13)—N(3) fragment unreliable. The
(R2N)2C=CXY or (RS)(RN)C=CXY. disorder was effectively eliminated on cooli@g
down to 150 K: the geometric data fab at 150 K
show clear evidence for delocalization in the
Solid-state structure C(14)—C(13)—N(3) fragment (see Table 5). The
C(13-C(14)bondlengthat 1. 352(A)|s slightly
Two crystalline phases & (a andb) have longer than an isolated-€C bond length? 1.326
been isolated and their structures determined byA onthe other hand, the C(14)N(3) bond length
X-ray crystallography. The two phases have very of 1. 335(3)A is much shorter than aNC(sp)
similar molecular structures (see Fig. 1), but each single bond length [1. 452(%] 15 and is closer
possesses different intermolecular—8---O to a N=C(sp?) bond length of 1. 278.14 The
hydrogen bonding interactions. Orange-colored C—N bond lengths in the enamines listed in
needles?a, were obtained fromthe NBS reaction, the Cambridge Crystallographic Database cover a
reaction 1, and also from the reaction mixture con- range of values, with the majority being between
tainingL-cysteine, reaction 2: red-colored blocks, 1.30 and 1. 34A.16 The planar geometry about
2b, were also isolated from EtOH solution from N(3) allows for strong overlap of the lone pair

Fig. 1. General atom numbering system @is illustrated in (a): specific atom arrangements for
2aat 100 K and2b and 150 K are shown in (b) and (c), respectively.
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Table 5. Selected Bond Lengths&l and Angles (deg) foRaat 100 K and2b at 150 K

2a 2b 2a 2b
Bond length
S(1)-Cc(13) 1.761(5) 1.7584(19) C(H4N(3) 1.315(7) 1.335(3)
S(1-C(1) 1.770(4) 1.777(2) N(3)C(17) 1.440(8) 1.467(3)
S(2)-C(13) 1.770(5) 1.7492(19) N@BX(15) 1.495(9) 1.491(3)
S(2r-C(7) 1.776(4) 1.7914(19) C(15K(16) 1531(11)  1.502(3)
C(13)-C(14) 1.371(7) 1.352(3) C(17C(18) 1.587(9) 1.509(3)
c(1)-C(2) 1.409(7) 1.403(3) C(AC(@8) 1.386(6) 1.389(3)
C(2-C(3) 1.382(6) 1.386(3) c(8)c(9) 1.378(6) 1.391(3)
C(3-C(4) 1.397(8) 1.383(3) C(9)C(10) 1.399(7) 1.378(4)
C(4-C(5) 1.366(8) 1.373(3) C(16C(11) 1.371(7) 1.361(4)
C(5)-C(6) 1.397(7) 1.398(3) C(11C(12) 1.394(6) 1.402(4)
C(6)-C(1) 1.399(6) 1.398(3) c(12X(7) 1.411(7) 1.387(3)
S1...S2 2.9951(16)  2.9960(7)
Bond angle
C(13)-S(1)-C(1) 103.5(2) 103.36(9) C(14C(13)-S(2)  111.4(4) 115.46(14)
C(13)-S(2)-C(7) 101.6(2) 102.66(9) SEC(13)-S(2) 116.0(2) 117.34(11)
C(14)-C(13)-S(1) 132.6(4) 127.19(15) N(BC(14-C(13)  133.9(6) 132.45(19)
C(1)-C(2-C(3) 121.9(5) 121.79(18) CEC(8)-C(9) 122.6(4) 121.7(2)
C(2-C(3)-C(4) 120.5(5) 120.89(19) C(8C(9-C(10)  120.1(4) 121.7(2)
C(3-C(4)—C(5) 119.5(5) 119.2(2) C(9C(10-C(11)  119.5(4) 118.1(2)
C(4)-C(5)—C(6) 119.6(5) 119.66(19) C(18C(11)1-C(12) 119.5(5) 120.0(2)
C(5)-C(6)-C(1) 123.0(5) 122.80(18) C(1HC(121-C(7)  122.5(4) 123.2(2)
C(6)-C(1)C(2) 115.5(4) 115.65(17) C(12C(7-C(8)  115.9(4) 115.28(18)
(in a p orbital) on nitrogen with ther orbital shortS - - O separations well inside the sum of the

of the alkene unit. The N(3)C(14)—C(13) an- van der Waals radii, 3.@,18 and with near linear
gle at 132.45(19) shows considerable increase X—S---O angles. This near-planar conformer is
over that of a regular $pangle. While there the global energy minimurhln the other confor-
are many different types of enamines listed in mation, the nitro group is twisted out of the plane
the Cambridge Crystallographic Databa&eyo of the attached aryl group and at the same time
(RSLC=CHNR; species were included there be- the group X is also displaced from the phenyl—
fore this study: Senning and Keflyndicated in S plane: in this case, significant intermolecu-
their publication in 1972 that the crystal structure lar interactions:'® such as €&H - - - O hydrogen
of 1was in press atthat time, but it has yet not been bonding,7—r stacking, and metal-O interaction,
published. compensate for the energy cost of rotating the

nitro group out of this plane. While some com-

pounds exhibit only the S - O intramolecular in-
Noncovalently bonded interactions teractions, e.g., 2-fNCgHsSSGH4Y-4 (Y = Cl

or Me)?° or only the intermolecular hydrogen

Two conformational classes have been bonding interactions, e.g. 228CgH4,SCOPRor

generally found for 2-nitrophenylthiolates, 2- 2-O,NCgH4SS(O»CeH4NO»-2,20 others possess
O,NCgH4SX 217 In one, the nitro group is es- both, e.g. 2-GN-4-MeCsH3SCH=CHPh? Both
sentially coplanar with the attached aryl group dimorphs of (2-QNCgH4S),C=CHNE, 2, also
with the x-atom of the group X also lying in this  exhibit both short intramolecular -S-O con-
plane, trans to the nitro group: a result of this are tacts and intermolecular hydrogen bonding
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Table 6. Nonbonded Covalent Interactionsaa

(a) S-- - O interactions

Angle between nitro [N(1)] plane and attached aryl plane
Angle between nitro [N(2)] plane and aryl plane

S(1)--- 0(2)
C(13)-S(1) -- O(2)
S(2)--- O(4)
C(13)-S(2) - - (04)
(b) Hydrogen bonds

2b d(d-H) () dH
C(2H(2)---o@)} 0.95
C(8)—H(8)---O(3Y 0.95
C(11)-H(11)- - - O(4)® 0.95

2a
C(2H(2)--- o4y 0.95
C(3)-H(3)---O(3p 0.95
C(8)—H(8)---O(1f 0.95

2aat100 K 2bat150K
5.2(7) 15.71(16)
16.8(6) 26.38(16)
2.642(4) 2.6641(15)
174.91(19) 172.95(7)
2.654(4) 2.6877(16)
174.34(18)  168.35(7)
~-A)(A)  d(D---A)(A) /(DHA) (deg)
2.58 3.220(2) 125.3
2.57 3.296(3) 133.7
2.53 3.381(3) 148.5
2.71 3.379(6) 127.9
2.70 3.348(6) 125.8
2.68 3.314(6) 125.2

aSymmetry operations — 1x,y—1,z 2: x+1/2,-y+1/2,z; 3: —x—1/2,y+1/2, —z+1;
4:—x+1,-y,—-z 5:x—-1,y,z,6: —x+3/2,y—1/2, —z+ 1.

(see Table 6 and Fig. 2 and 3). All the nitro groups

The H-bonding networks are distinct in the

in 2 are twisted out of their attached phenyl planes two polymorphs. Hydrogen bonding interactions,

by varying degrees [5.2(7) and 16.8{(8) 2a, and
15.71(16) and 28.6(16)n 2b] with the S.--O
separations between 2.642(4) and 2.6877@A6)
and O..--S—C angles between 168.35(7) and
174.91(10). These parameters &b can be com-
pared with the near coplanap®-aryl fragment,
the S.-O bond length of 2.490(2A, and
the O-.-S—C angle of 173.99(2)in 2-O,N-4-
MeCsH3SCH=CHPh!’

Fig. 2. Layers of 2a, arising from hydrogen bonding
interactions C2H2---04 (—x+ 1, —y, —z), C3—H3---
03 (x+1,y,2), and C8-H8---O1 (=x +3/2,y — 0.5,
—z+ 1) shown normal to (001).

C2—H2..-04(—x+1,-y,—2),C3—H3---03
(x+1,y,2,andC8H8---01(—x+3/2,y —
0.5, —z+ 1), in 2a give rise to layers, normal
to (001), as shown in Fig. 2(a): these layers are
further linked into a 3D network. I&b, layers of
molecules are formed normal to (001) from hydro-
gen bonding interactions, €H2---O1 (X, y —
1,z)and C8-H8---03 (x + 1/2, -y +1/2, 2),
while layers, normal to (001), are produced from
hydrogen bonding interactions €22..-01

(x, y—1, 2) and C1+-H11..--04 (—x —1/2,
y+1/2, —z+1) (see Fig. 3). These lay-
ers also combine to give a 3D array. The
soft C—H.--O(NO) hydrogen bonds iR fit

well the currently accepted criteria for such
bonds?12?

Bond lengths and rotational barriers

Comparisons of &C and CGC-N bond
lengths in Table 1 show that no correlation
exists between rotational barriers and bond
orders?122324 Thjs is expected as the barriers
measure energy differences between ground state
and transition states whereas bond order is a
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Fig. 3. (a) Layer of molecules ofb, arising from hydrogen bonding interactions,
C2-H2..-01 (x,y—1,2) and C8H8---03 (x+1/2,—y+ 1/2, ), shown normal
to (001). (b) Layer of molecules a2b, arising from hydrogen bonding interactions,
C2-H2---01(x,y—1,2)andC1+H11..-O4(—x — 1/2,y + 1/2, —z + 1), shown nor-

mal to (100).

function of the electron interactions in the ground

state alone.
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