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ABSTRACT: Single-crystal x-ray diffraction studies are reported for 3,4-dimethyl (I), 3-methyl-4-phenyl (II) and
3,4-diphenyl (1) derivatives of 1,2,5-thiadiazole 1,1-dioxidéa initio MO calculations on the electronic structure,
conformation and reactivity of I, Il and Il are also reported and compared with the x-ray results. The structural data
are related to previous kinetic and electrochemical experimental results on these compb1888.John Wiley &

Sons, Ltd.
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INTRODUCTION the molecular structure of 3,4-dimethyl),(3-methyl-4-
phenyl (1) and 3,4-diphenyl|{l ) derivatives.Ab initio

Organic heterocycles are systems of growing interest in HF/6-31G** Hartree—Fock LCAO molecular orbital

materials science. Several potentially conducting poly- (MO) calculations were also performed for all these

mers, optically non-linear polymers and biomaterials compounds.

contain heterocyclic structures. Thiadiazoles are the

structural basis of some of these polymeric matefials.

Furthermore, 1,2,5-thiadiazole derivatives exhibit inter-

esting pharmacological propertiés. MO THEORETICAL CALCULATIONS AND

Following our previous studies on kinetitd UV-VIS COMPUTATIONAL METHODS

and NMR spectraand electrochemist®y/ of several 3,4-

disubstituted 1,1-dioxide derivatives of 1,2,5-thiadiazole, The density functional theory (DFT)provides a con-

we report here single-crystal x-ray diffraction studies on venient theoretical framework for calculating global and
local indices that quantitatively describe the inherent
reactivity of chemical species. In particular, the Fukui
and local softness functions® can be employed to
determine the nature of the reactive sites in a given
molecule and, from this information, to draw inferences
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Table 1. Crystal data, data collection details and structure refinement results for 3,4-substituted 1,2,5-thiadiazolx 1,1-dioxide

derivatives I-lll

Parameter C4HgN20,S (1) CoHgNL0,S (1) C1aH10N0,S (111)

Molecularweight 146.17 208.2 270.3

Spacegroup C2lc P2;/n P2;/c

a(A) 11.803(3) 10.033(3) 10.115(1)

b (A) 7.326(1) 8.060(3) 8.125(1)

c (A) 8.174(3) 12.990(3) 16.168(2)

B () 106.70(2) 111.18(1) 98.24(1)

V (A3 677.1(3) 980(1) 1314.9(5)

z 4 4 4

D. (gecm™3) 1.124 1.412 1.365

Absorbancgp mmY) 0.304 0.29 0.233

Independenteflections 886 2291 3493

Reflections > 3o (1) 662 1263 2610

R-factor 0.041 0.050 0.045
Single-crystafragmentsof I-Ill weremountedon an

~ k(N+1) — (N -1)

(for radical attack) (3)

whereqy is the grosschargeof atomk in the molecule.

To distinguishthe behaviorof the differentatomsin a
moleculeby employingequationg1)—(3),it is necessary
to obtain the electronicdensitiesof the moleculeas a
neutral entity and also the correspondinganionic and
cationic moieties. These densitiesmay be calculated
within the ab initio Hartree—Fock_.CAO approximation
employingthe 6—31G** basisset, while the net atomic
chargesof the anion, cation and neutral molecule are
obtained through a Mulliken population analysis. In
conjunctionwith the nuclearchargesat the equilibrium
configuration,the electronicdistribution determineshe
molecularelectrostatigotential'® This potential,in turn,
provides a guide to finding the reaction sites on the
molecule: positively (negatively) chargedreagentsij.e.
electrophilics (nucleophilics), tend to attack at places
where the electrostatic potential is strongly negative
(positive).

All the MO calculationswere performed with the
Gaussiar94W seriesof programs-® Singledeterminantal
wavefunctionof therestrictedHartree—FockRHF) type
were usedfor the closed-shelkystem,and thoseof the
unrestrictedHartree—Fock UHF) type were considered
for the open-shell systems, with orbitals being the
solutionsof the Roothaanequations.” The equilibrium
conformationof the neutralmoleculewas calculatedby
the gradientmethod.

EXPERIMENTAL

Single crystalsof | andlll were grown from ethanolic
solutionsandll from a benzenesolution.

0 1998JohnWiley & Sons,Ltd.

Enraf-NoniusCAD-4 x-ray diffractometer.In all cases,
15 centeredreflections using least-squaresefinement

Table 2. Fractional atomic coordinates and isotropic
temperature parameters (A?) for 3,4-dimethyl-1,2,5-thiadia-
zole 1,1-dioxide (I)

Atom Xl/a Y/b Zlc Biso

S 0 0.1291(1) 0.2% 4.18(3)
N —0.1119(2) -0.0196(3) 0.2037(3) 4.37(7)
(0] 0.0036(2) 0.2293(2) 0.1032(2) 6.25(7)
C(1) —0.0667(2) —0.1778(3) 0.2235(3) 3.32(6)
C(2) —0.1350(3) -0.3512(4) 0.1982(4) 5.4(1)
H(1) —0.1191(1) -0.4256(1) 0.3109(1) 11.0(8)
H(2) —0.2079(1) -0.3237(1) 0.1712(1) 11.0(8)
H(3) —0.1183(1) —0.4295(1) 0.0988(1) 11.0(8)

Table 3. Fractional atomic coordinates and isotropic
temperature parameters (A% for 3-methyl-4-phenyl-1,2,5-
thiadiazole 1,1-dioxide (Il)

Atom Xla Y/b Zlc Biso
S 0.1589(1) 0.1292(1) 0.2288(1) 2.92(2)
0(1) 0.0833(3) —0.0217(3) 0.2195(3) 4.41(9)
0(2) 0.0797(3) 0.2797(3) 0.2123(3) 4.32(9)
N(1) 0.2539(3) 0.1265(4) 0.1468(2) 4.42(9)
N(2) 0.2934(3) 0.1359(4) 0.3508(3) 3.45(9)
Cc(1) 0.3856(3) 0.1303(4) 0.2083(3) 2.59(8)
C(2) 0.4094(3) 0.1369(5) 0.3313(3) 2.73(8)
C(3) 0.4997(3) 0.1397(5) 0.1634(3) 3.13(9)
C(4) 0.4801(5) 0.2353(7) 0.0712(4) 4.8(1)
C(5) 0.5867(7) 0.2428(9) 0.0269(5) 6.8(2)
C(6) 0.7109(6) 0.1558(9) 0.0726(5) 6.5(2)
C(7) 0.7304(5) 0.0594(7) 0.1636(6) 6.1(2)
C(8) 0.6267(4) 0.0485(6) 0.2104(4) 4.5(1)
C(9) 0.5523(5) 0.1494(6) 0.4202(3) 4.5(1)
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Table 4. Fractional atomic coordinates and isotropic
temperature parameters (A?) for 3,4-diphenyl-1,2,5-thiadia-
zole 1,1-dioxide (IlI)

Atom X/a Y/b Zlc Biso

S 0.9141(1) 0.0376(1) 0.7640(1) 2.89(1)
0(1) 0.8607(2) 0.1809(2) 0.7971(1) 4.19(5)
0(2) 0.8361(1) —0.1083(2) 0.7576(1) 4.01(5)
N(1) 1.0647(2) 0.0010(2) 0.8177(1) 2.77(4)
N(2) 0.9593(2) 0.0791(2) 0.6710(1) 3.21(5)
C(1) 1.1513(2) 0.0190(2) 0.7670(1) 2.37(4)
C(2) 1.0868(2) 0.0608(2) 0.6776(1) 2.59(5)
C(3) 1.2949(2) 0.0066(2) 0.7978(1) 2.57(4)
C(4) 1.3376(2) —0.1020(3) 0.8632(1) 3.69(6)
C(5) 1.4714(2) —0.1093(3) 0.8957(2) 4.60(8)
C(6) 1.5629(2) —0.0088(4) 0.8636(2) 4.54(7)
C(7) 1.5215(2) 0.0983(3) 0.8000(2) 4.04(7)
C(8) 1.3870(2) 0.1068(3) 0.7660(1) 3.18(5)
C(9) 1.1559(2) 0.0790(3) 0.6044(1) 3.12(5)
C(10) 1.2572(3) —0.0297(3) 0.5902(2) 4.01(7)
C(11) 1.3176(3) -—0.0134(4) 0.5196(2) 5.24(9)
C(12) 1.2796(3) 0.1093(5) 0.4630(2) 6.3(1)
C(13) 1.1798(4) 0.2176(5) 0.4767(2) 6.5(1)
C(14) 1.1157(3) 0.2015(3) 0.5469(2) 4.70(8)

gavethe unit cell dimensionsandthe orientationmatrix
for data collection. Intensities were measuredby the
w—26 scantechniqueat a rate between2.85 and 20.C°
min~! determinedby a fast pre-scanof 20.C° min—%.
Reflectionsverecollectedin therange0 < 6§ < 30° using
graphite-monoctomatedMo Ko radiation.Crystaldata,

Table 5. Interatomic bond distances (A) and angles (°) for I7

Bonds Experimental HF/6-31G**
S—N 1.670(2) 1.682
S—O 1.418(2) 1.418
N—C(1) 1.267(3) 1.255
C(1)—C(2) 1.487(4) 1.499
C(1)—C(1) 1.508(5) 1.537
C(2)—H(1) 1.040(3) 1.083
C(2)—H(2) 0.849(3) 1.080
C(2)—H(3) 1.058(3) 1.083
O—S—N 111.1(1) 109.1
0—S—0 117.6(1) 1211
O—S—N 108.4(1) 109.1
N—S—N 98.5(1) 98.6
S—N—C(21) 106.9(2) 108.9
N—C(1)—C(2) 124.9(2) 121.7
N—C(1)—C(2) 113.8(2) 112.8
C(2—C(1)—C(y 121.3(2) 125.5
C(1)—C(2)—H(1) 111.8(3) 112.9
C(1)—C(2)—H(2) 107.6(3) 109.0
C(1)—C(2)—H(3) 110.9(2) 112.9
H(1)—C(2)—H(2) 105.4(3) 108.9
H(1)—C(2)—H(3) 111.7(3) 107.9
H(2)—C(2)—H(3) 109.1(3) 108.9

& Primedatomsareobtainedrom the correspondingymmetry-related
andunprimedatomsthroughthe spacegroupoperation:—x,y 1/2 — z.
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Table 6. Interatomic bond distances (A) and angles (°) for Il

Bonds Experimental HF/6-31G**
S—0(1) 1.415(3) 1.418
S—0(2) 1.423(3) 1.418
S—N(1) 1.666(3) 1.667
S—N(2) 1.670(3) 1.673
N(1)—C(1) 1.274(5) 1.261
N(2)—C(2) 1.277(5) 1.255
C(1)—C(2) 1.529(5) 1.558
C(1)—C®3) 1.462(5) 1.486
C(2)—C(9) 1.484(6) 1.506
C(3)—C(4) 1.377(6) 1.391
C(3)—C(8) 1.405(6) 1.400
C(4)—C(5) 1.387(8) 1.386
C(5)—C(6) 1.365(9) 1.381
C(6)—C(7) 1.368(9) 1.388
C(7)—C(8) 1.384(7) 1.378
C—H 1.09C 1.083
0(1)—S—0(2) 117.8(2) 120.8
O(1)—S—N(1) 110.3(2) 109.3
0(1)—S—N(2) 109.5(2) 109.2
0O(2)—S—N(1) 109.4(2) 109.3
0(2)—S—N(2) 109.3(2) 109.2
N(1)—S—N(2) 98.9(2) 96.2
S—N(1)—C(2) 107.6(2) 110.5
S—N(2)—C(2) 107.1(3) 109.9
N(1)—C(1)—C(2) 113.0(3) 111.4
N(1)—C(1)—C(3) 122.4(3) 125.0
C(2)—C(1)—C(3) 124.5(3) 129.8
N(2)—C(2)—C(1) 113.4(3) 1121
N(2)—C(2)—C(9) 122.6(3) 117.5
C(1)—C(2)—C(9) 123.9(3) 130.4
C(1)—C(3)—C4) 119.3(4) 116.7
C(1)—C(3)—C(8) 121.1(4) 125.0
C(4)—C(3)—C(8) 119.5(4) 118.2
C(3)—C(4)—C(5) 119.7(5) 120.8
C(4)—C(5)—C(6) 121.1(6) 120.3
C(5)—C(6)—C(7) 119.4(6) 119.7
C(6)—C(7)—C(8) 121.3(6) 120.1
C(3)—C(8)—C(7) 118.9(4) 120.8

datacollectiondetailsandstructurerefinementesultsfor
I-Ill aresummarizedn Table 1.

The intensity of one standardreflection selectedfor
eachcompoundwas essentiallyconstantover the dura-
tion of the experimentsDatawere correctedby Lorentz
and polarization effects but not for absorption or
extinction. Scatteringfactors taken from Cromer and
Waber® and the correspondinganomalousdispersion
coefficientsfrom Cromerand Libermart® were usedin
the calculations. These were performed with the
SHELX?® and SDP** systemf programsThe molecu-
lar models shown were drawn with the program
ORTEP?#?

The structureswere solved by standardcentrosym-
metricdirectmethodsandFouriertechniquesandrefined
by full-matrix least-squaresnethodswith anisotropic
thermalparametergor all non-hydrogeratoms.
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Table 7. Interatomic bond distances (A) and angles (°) for

Bonds Experimental HF/6-31G**

S—O(1) 1.420(2) 1.419

S—0(2) 1.419(2) 1.419

S—N(1) 1.668(2) 1.672

S—N(2) 1.668(2) 1.672

N(1)—C(1) 1.291(2) 1.266

N(2)—C(2) 1.287(2) 1.267

C(1)—C(2) 1.536(3) 1.559

C(1)—C(3) 1.470(2) 1.464

C(2)—C(9) 1.466(3) 1.464

C(3)—C(4) 1.397(3) 1.390

C(3)—C(8) 1.390(3) 1.391

C(4)—C(5) 1.381(3) 1.381

C(5)—C(6) 1.389(4) 1.381

C(6)—C(7) 1.366(4) 1.385

C(7)—C(8) 1.394(3) 1.391

C(9)—C(10) 1.396(3) 1.391

C(9)—C(14) 1.383(3) 1.391

C(10)—C(11) 1.376(4) 1.380 Figure 1. Molecular structure of 3,4-dimethyl-1,2,5-thiadi-
C(11)—C(12) 1.370(5) 1.387 azole 1,1-dioxide (1)

C(12)—C(13) 1.381(5) 1.385

C(13)—C(14) 1.392(4) 1.391

C—H 1.09C 1.088

8(1)—2—3(%) iéggg)g igé% Most hydrogenatomsof Il andlll werealsolocated
OEl%—S—NEZg 110:02293 1096 f_rom dlfferenceFourle_rmaps.Howev_er,theywerep05|-
0(2)—S—N(1) 110.21(9) 1096 t!onedon stereochem|cagrounds_a_nd|ncorporatedn the
0(2)—S—N(2) 108.93(9) 100.1 final molecular model. The positionsof the hydrogen
N(1)—S—N(2) 99.06(8) 95.1 atoms were refined in Il with a common isotropic
S—N(1)—C(1) 107.5(1) 111.4 temperaturg@arametethatconvergedo U=0.098(7)A%.
El(_l)l\l(zc)(_l)C(zc)(Z) ﬂ;g&g iﬂg All phenylhydrogensn Il weretreatedsimilarly with a
N(1)—C(1)—C(3) 120:3(2) 122 4 common isotropic temperatureparameterwhich con-
Cc(2)—C(1)—C(3) 126.8(1) 126.6 vergedto U = 0.071(3)A% The hydrogenpositionswere
N(2)—C(2)—C(1) 112.9(2) 111.0 refined by fixing bond distancesto the corresponding
ggg—ggg—ggg ggg% gé -g atomsat their acceptedsalues.

C(1)—C(3)—C(4) 118.9(2) 118.5

C(1)—C(3)—C(8) 121.1(2) 1215

C(4)—C(3)—C(8) 119.9(2) 119.9

C(3)—C(4)—C(5) 119.7(2) 120.0

C(4)—C(5)—C(6) 120.1(2) 120.0

C(5)—C(6)—C(7) 120.5(2) 120.1

C(6)—C(7)—C(8) 120.3(2) 120.1

C(3)—C(8)—C(7) 119.5(2) 119.8

C(2)—C(9)—C(10) 121.0(2) 121.5

C(2)—C(9)—C(14) 119.2(2) 118.5

C(10)—C(9)—C(14) 119.8(2) 119.8

C(9)—C(10)—C(11) 119.9(2) 119.9

C(10)—C(11)—C(12) 120.6(3) 120.0

C(11)—C(12)—C(13) 119.9(3) 120.1

C(12)—C(13)—C(14) 120.5(3) 119.9

C(9)—C(14)—C(13) 119.3(3) 120.1

All methyl hydrogenatomsof | werelocatedfrom a
differenceFouriermapandwereincludedfixed at these
locationsin the final structurefactor calculationwith a
commontemperaturdactorwhichrefinedto U = 0.14(1)

AZ. The moleculeis at a specialposition on a crystal- Figure 2. Molecular structure of 3-methyl-4-phenyl-1,2,5-
lographictwofold axis. thiadiazole 1,1-dioxide (II)
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Figure 3. Molecular structure of 3,4-diphenyl-1,2,5-thiadi-
azole 1,1-dioxide ()

RESULTS AND DISCUSSION
Crystallography

Fractionalcoordinatesandequivalentisotropictempera-
ture parameters for the non-Hatomsin I-Ill aregiven
in Tables2—4. Relevantbond distancesand anglesare
given in Tables 5-8 and ORTEP molecular drawings
showingthe labelling of the atomsandtheir vibrational
ellipsoidsare shownin Figures1-3.

Thestructuraldetailsin Tables5—7allow comparisons

amongthesecompoundsand with reportedstudieson
relatedcompoundssuchasthiadiazines***2athiadiazo-
line,?° a thiadiazolel-dioxide®™ anda thiadiazole3* and
suggestrelationshipswith their experimentalchemical
behaviorthatwill be discussedelow.

As alreadyfoundin the relatedsix-memberechetero-
cyclic compounds1,2,6-thiadiazine1,1-dioxides’*22
the geometryaroundthe S atom correspondgo a dis-
torted tetrahedronwith the O—S—O anglelargerthan
the otherbondanglesaroundS. The S—O bondlengths
averagel.419(1)A, being slightly shorter than those
reportedfor thiadiazole1,1-dioxidé* (mear= 1,428 A)
and thiadiazine 1,1-dioxides[mean= 1.428(2) A]. The
S—N bond lengths averagel.669(2)A and are inter-
mediatebetweenthe correspondingbond lengthsof the
thiadiazineqca 1. 59A) andthoseof thiadiazolel-oxide
(1.712 A), and similar to those of the 1,1-dioxidé®*
(mean= 1.656A).

The C=N double bond lengthsvary from 1.267 to
1.291A, thatis, within ca 30 (o =0.004A) of the mean
value for all compounds.Similar bond lengths were
found for the thiadiazole 1-oxide (1.280 A) and 1,1-
dioxide (1.303A) derivatives.

0 1998JohnWiley & Sons,Ltd.

Figure 4. HF/6-31G** electron density of 3,4-dimethyl-
1,2,5-thiadiazole 1,1-dioxide (I) on the molecular plane

The heterocycleaing is planarwithin the experimental
accuracy for | and Il and deviates only slightly
(maximum deviation ca 100, ¢ = standarderror) from

Figure 5. HF/6-31G** electron density of 3-methyl-4-
phenyl-1,2,5-thiadiazole 1,1-dioxide (ll) on the molecular
plane

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 91-100(1998)
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Figure 6. HF/6-31G** electrostatic potential of 3,4-dimethyl-1,2,5-thiadiazole 1,1-dioxide (I) on the molecular plane

the meanplanein the caseof lll. The phenylringsin Il
andlll areplanarwithin 3o.

The methyl carbon atoms are in the plane of the
heterocycldn I. The phenylplanein Il formsadihedral
angleof 40.9(2y with the heterocycleplane,andin IlI
the phenyl-heterocyclelihedralanglesare 43.1(2) and
41.4(1y and the phenyl-phenyl dihedral angle is
51.9(1y.

Clearly,thephenylringsin Il andlll rotateout of the
heterocycleplaneto avoid stericstrain,but this occursat
the expenseof reducing the delocalization energy
availablethroughthe interactionof the phenylz-system
andthe C=N doublebond(s).The experimentatihedral
anglesindicatethat the methyl groupin Il exertsnearly
the samesteric repulsionas a phenyl group (asin Il )
overthe neighboringphenylsubstituent.

The resonantC—C bondlength hasa meanvalue of
1.383A(c = 0.Q03);however the ortho bondsarelonger
(mear~ 1.391A) thanthe metabonds(mean~ 1.387A),
and the para bondsare the shortest(mean1.373 A),

0 1998JohnWiley & Sons,Ltd.

indicatingthatthe phenylringsareslightly distorted.lt is
interestingthatthe longestbonddistancecorrespondso
the C(3)—C(8)bondof Il, which facesthe neighboring
methyl substituent.

Theoretical calculations

The results for the equilibrium conformation of the
neutral moleculesl and Il (HF/LCAO with 6-31G**
basis set) are included in Tables 5-7 along with the
experimentalx-ray results.The agreements in general
goodfor theseabinitio calculationgthe standarderrorof
the differences between the experimental and the
calculatedbondlengthsis ca4 x 1072 A for all methods.
The correspondingaluefor the bondanglesis 0.3°).
Equationq1)—(3)canbeapplied,ashasbeenshownin

previouswork,*~3*to the study of the behaviorof sub-
stancesindermucleophilicor electrophilicattack.Figures
4 and5 displaya planarrepresentatiomf the calculated

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 91-100(1998)
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Figure 7. HF/6-31G** electrostatic potential of 3-methyl-4-phenyl-1,2,5-thiadiazole 1,1-dioxide () on the molecular plane

electrondensitieof | andll andFiguress and7 showthe
correspondinglectrostatigotential.While Figure4 and
6 (1) areobviouslysymmetric,Figures5 and7 (Il ) show
that electrophilic attack would occur preferentially at
N(1) andnucleophilicattackat C(2).

These reactive sites can also be identified by an
analysisbasedon frontier orbitals®*® Figures8 and 9
show a map of the HOMO electron density on the
molecularplaneof | andll andFiguresl0and11exhibit
the correspondind.UMO electrondensityfor the same
moleculesIn contrastwith the symmetryof I, it canbe
seenthatthe HOMO presentsts largestwave amplitude
(corresponding,generally, to the site of electrophilic
attack)for Il at N(1) (Figure9), whereaghe LUMO has
its lowestdensityat C(2) (Figure11).

Tables8—10showthe netatomicchargeof theneutral
moleculesfor |, 1l andlll, respectivelyby a Mulliken
population analysis, and the f*, f~ and f° Fukui
functionscalculatedwith Equationg1)—(3).Thesevalues
confirmthatfor I, thesitefor electrophilicattackis N(1)

0 1998JohnWiley & Sons,Ltd.

(where f~ is a maximum). The site for potential
nucleophilic attackswould dependon the valuesof f *
of theatomswith a positivechargedensity.Althoughthe
net positive chargeon the sulfur atomis largerthanthat
on the heterocyclecarbons the value of f * on carbon
atoms C(1) and C(2) are much larger than the
correspondingvalue on the sulfur atom. Therefore,in
thesemoleculesthe heterocyclecarbonatomswould be
moresusceptiblehansulfur to nucleophilicinteractions.
Furthermorefrom Table 9 it is possibleto employ the
Fukui functionto differentiatethe reactivity of C(1) and
C(2)in Il. Fromthef™ values,C(2) is moresusceptible
thanC(1) to nucleophilicattack.

General discussion
Thestructuralfeaturesdescribedabovecanbe correlated

with thechemicalandelectrochemicapropertieghatwe
have experimentallymeasuredor thesemolecules.In
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Figure 8. HF/6-31G** HOMO electron density of 3,4-
dimethyl-1,2,5-thiadiazole 1,1-dioxide (I) on the molecular
plane

our studiesonthenucleophilicadditionof alcoholsto the

C=N doublebondof 1,2,5-thiadiazolel,1-dioxidederi-

vatives,we have found that the addition reactiontakes
place at a measurablerate for 1, 113¢ and Ill. ®> The

addition occurspreferentiallyon C(2) for Il. We have

alsoobservedhat Il andlll hydrolyzeat a measurable
rate dependingon the experimental conditions. The

hydrolysisreactionof Ill **beginswith an electrophilic

attackon the heterocyclicN atomsat low pH valuesand

with a nucleophilicattackon the heterocyclicC atomsat

higherpH values.
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Figure 9. HF/6-31G** HOMO electron density of 3-methyl-
4-phenyl-1,2,5-thiadiazole 1, 1-dioxide (II) on a plane located
0.3 A over the molecular surface

It is well knownthatC(1) andC(2) areactivereaction
sites for nucleophilic attack in 1,2,5-thiadiazolel,1-
dioxidesowingto the high electron-withdrawingffectof
the SO, group.Obviously,3,4-substituentthat providea
delocalizedr-systemthatincludesthe C=N doublebond
would lower the reactivity of the molecule towards
nucleophilic addition. The preferential nucleophilic
attackon C(2) in Il may indicate that the slight meso-
meric effect of the phenylsubstituenion C(1) predomi-
natesover the inductive effect of the methyl substituent
on C(2), althoughstericor kinetic effectsmayalsoplay a
role.

Figure 10. HF/6-31G** LUMO electron density of 3,4-dimethyl-1,2,5-thiadiazole 1,1-dioxide (Il) on a plane located 1 A over the

molecular surface

0 1998JohnWiley & Sons,Ltd.
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Figure 11. HF/6-31G** LUMO electron density of 3-methyl-4-phenyl-1,2,5-thiadiazole 1,1-dioxide (Il) on a plane located

0.05 A over the molecular surface

Table 8. Net atomic charges and Fukui functions for the ring
atoms of 3,4-dimethyl-1,2,5-thiadiazole 1,1-dioxide (1)

Atom q fr f- f0

S 1.614 0.054 0.004 0.029
O —0.608 0.073 0.094 0.083
N —0.576 0.068 0.200 0.143
C(2) 0.233 0.162 0.048 0.105

Table 9. Net atomic charges and Fukui functions for the ring
atoms of 3-methyl-4-phenyl-1,2,5-thiadiazole 1,1-dioxide (II)

Atom q fr f- f0

S 1.618 0.050 0.014 0.032
(@] —0.609 0.064 0.041 0.052
N(1) —0.634 0.114 0.059 0.086
N(2) —-0.574 0.146 0.081 0.113
C(2) 0.246 0.023 0.005 0.014
C(2) 0.269 0.126 0.038 0.082

Table 10. Net atomic charges and Fukui functions for the
ring atoms of 3,4-diphenyl-1,2,5-thiadiazole 1,1-dioxide (Ill)

Atom q fr f- f0

S 1.625 0.051 0.015 0.032
(@] —0.609 0.060 0.035 0.047
N —0.607 0.087 0.046 0.061
C 0.249 0.112 0.009 0.060

We havealsostudiedtheelectroreductiompropertieof
1,26 113¢ and Il ®7 in acetonitrile (ACN) solution. The
experimentapotential(vs Ag/Ag™ in ACN; scanrate of
0.1V s} of theelectroreductiowvoltammetricpeaksare
—1.10V (1), —0.90 V (I) and —0.79 V (lll). As

0 1998JohnWiley & Sons,Ltd.

expectedowing to the electron-withdrawig character-
istics of the SO, group, the electroreductionof these
compoundsis much easier than either the parent
heterocyclicring or the hydrocarborsubstituentsywhich

have normal electroreductionpotentialsthat are more
negativethan —2.3 V.3"8 The extra electron of the

radical anion of the substrateshould favor a location
associateavith theelectron-deficien€(1) or C(2)carbon
atoms.No chargedelocalizationpossibilitiesare offered
therein I, which is the mostdifficult to reduce.In the

radical anion of Ill, the higher stabilization energy
potentially availablethroughincreasedielocalizationof

the extra chargeon one phenyl ring should favor a

smaller heterocycle—phenyllihedral angle on the mol-

ecularside on which the electronhasbeenadded.The

concertedrotation of the other phenylring can provide
the necessaryoom at the costof reducing,althoughnot

eliminating, the energy gain. Hence lll has a less
negativeE® than I. It has been mentionedabove that

the experimental structural results indicate that the

methyl groupin Il is as effective as the phenyl group
asa sterichindrancehowever it cannotrotateout of the

way to allow increasedesonancén the othersideof the

molecule. This might be related to the intermediate
positionof Il with regardto the valueof E°.

SUPPLEMENTARY MATERIAL

A list of atomic anisotropicthermal parametergTable
11), of hydrogenatomspositions(Table12), andlistings
of observedand calculatedstructurefactor amplitudes
(Table 13) canbe obtainedfrom the authorson request.
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