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Synthesis and Properties of Benzobis(thiadiazole)s
with Nonclassical n-E1ectron Ring Systems
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Abstract: BenY.{,11,2-c:4,5-c’ lbis(l 1,2,5 I[hixfiamle) containirrg a hypcr~alcnt sulfur atnm has a low
I.,(JMO energy. “1’hearyl derivatikcs were syn[hcsi~cd using a Stlllc coupling !rcacuon. ‘l-he
selcmidiazolc ;in:llt)gucs were idso p!cpwccf. The clcc[ron :tcccp[ing prnpertics of these nonclassical
hctcrocyclcs were 410wn hy their high reduction pntcntials. Introduction 01”electron-donating groups
[Ilk] the electron withdrawing hc[crocy~lcs af’f’ordcdnovel donor-acceptor compounds. Their cyclic
Jt)ltammogran)s .Il[)w,ed thal they arc easily both oxiciimd and rcduccd. Some of them have the
ahsmpion maxim:l ahovc 700 nm duc [o dlc small HOM()-f.lJMO scpmtiun. X-m}, structure analysis
of”the diphcnyl dcr ivativc revealed the I“{mn:itionof a tape-like ne[work through short SN contacts.
<> 1997 EIscvicr Scicncc I,td.

Introduction

Thieno[3,4-c:]thiophc nes (1) with a hypcrvalent SLLIIUIatom have attracted much attention for their

interesting structures and rcactivities. 1 They are generally unstable and only a few isolable derivatives have been

synthesized.2 Substitution of’the thiophenc rings by 1,2,5-thiadiazole rings enhances the stability as found in

the more stable thieno[ 3.-J-c][1,2,5]thiadiazoles (2)3 and [1,2,5]thiadiazolo[3,4-cl[ 1,2,5]thiadiazole (3).4

Bis([ 1,2.5]thiadiazolo)[3 .J-b:3’,4’-e]pyrazinc (4) showing high electron affinity was also isolated as a stable

crystalline solid where an interesting molecular asscmbly is formed by short intermolecular heteroatom contacts

5 Furthermore, benzol 1,2-c:4,5-c’]bis([ i ,2,5]thiadiazole)between the hypervalcnt S atoms and the N atoms.-

derivatives 5 were synthesized and found to show strong electron accepting properties.6 On the other hand,

compounds containing bo[h electron donor and ~cceptor units are expected to have small HOMO-LUMO gaps

which lead to interesting properties such as absorption in near-infrared region,7 nonlinear optical properties,8

and single component conductivity.9 The skeleton of 5 is interesting as an acceptor part of such compounds. If

eleciron donating units are linked to this heterocycle, a new type of’donor-acceptor system will be constructed.

In these compounds unique molecular networks may be formed by hetcroatom contacts as found in 4. In this

report we describe the synthesis and properties of various bcnzobis(thiadiazole) derivatives 6 and the related
R
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heterocycles. 10 We A) report here novel dorm-acceptor compounds conttiiningthe nonclassical heterocycles.

Results and Discussion

Molecdur orbital Cdct(latiom

The MNDC>-PMi calculations 11wet-c pcrfol-med in order (o eslimate the properties of nonclassical

benzobis(thiacfiazole) ;6aj. For comparisons, the calculations of the selenadiazole amdogue 7a, Kcku16-type

benzobis(thiadiazole) .8) and [1,2,5]thiadiazolo[3.4 -8]quinoXaline (%) were also carried out. Nonclassical

hetero.yclcs fia and 7a have higher HOMO energies and lower LUMO energies than 8 and 9a (HOMO/eV: 6a,

-8,73: 7a; -x.73, 8, -094; 9a, -9.27, LUMO/cV: 6a. -3.21; 7a. -3.30; 8, - 1.95; 9a, -2.39). Therefore, the

HOMO-LUMO gaps It’ 6a and 7a are much smaller [han those of 8 and 9a. The HOMO, LUMO, and net

atomic charges of 6a a!e shown in Figure 1. The 4- md X-positionsof 6a have large atomic orbital coefficients

in the HOMO and L( MO. indicating that inkoduction of substiluents on these positions would have ti large

effect Onthe propertie: The charge distribution indicalcs that the sulfur atoms are positively charged, while the

nitrogen atoms are nc}:ativcly charged. This I-csultshows that there is:1 significant contribution of ylide-type

resonance contributi( 1 6’. For this polarized structure, strong inmrmoleculat interactions through S.N

contacts are expected III6.

m

w
HOMO LUMO Atomic charges

Figure 1. HOMO, LUMO, and net atomic charges of’(ia calculated by (he PM3 method.
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Prepurulion

Nonclassical heterx)cycles 6b,c and 7b,c were synthesized as shown in Scheme 1. Reduction of

dibromodinitrobenzotbiadiazole (10a)12with i!-ondust in acetic acid gave diamine 1la.13 Heterocycle 6b was

prepared in 74% yield by reaction of diamine 11a with thionyl chloride in pyridine at room temperature. The

analogous hctcrocycle 7h was obtained in 4070yield from diamine 1la and selenium dioxide. The palladium-

catalyzed coupling [PdC\~(PPb~)2]of dibromide IOawithtributylphenyltin 14in THF afforded IOb,which was

reduced with iron dust 10give diamine llb. Heterocycle 6Cwas prepared in 9570yield by reaction of diamine

llb with N-thionylanilinc and trimethysilyl chloride in pyridine at 80 “C. Aryl derivatives 6d,e were prepared

according to the similar method. The selenium compound 7C was obtained in 82% yield by reaction of llb

with selenium dioxide. Substitution reaction of dibromide 6b with morpholine and thiophenol afforded 6f and

6g, respectively, althou:h the yields were poor. Quinoxaline derivative 9b was prepared by reaction of llb

with 1,4-dioxane-2.3-diol in 767c yield. New heterocycles 6b-g, 7b,c, and 9b could be sublimed to purify.
Br

i P11snBu3
I PdCl,(PPtl,),
~ THr

PhNSO, Me iSiCl

lob Itb \
sco~
EtOH-H20

Scheme1

Br fjb
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Br 7b

Ph

Ph 6C

Ph Tc

Properties

The absorption m:lxima of nonclassical heterocycles 6b-g and 7b,c are listed along with 8 and 9b in

Table 1. The values for 6 and 7 are red-shifted compared with those for 8 and 9. This reflects their smaller

HOMO-LUMO gaps suggested by the MO calculations. The selenium analogues 7 show the absorption maxima

at longer wavelengths than the corresponding benzobis(thiadiwzole)s (6), which is regarded as a polar effect

caused by the selenium atom. Introduction of donor groups into 6a raises the HOMO level and makes the

absorption maxima mom red-shifted. Particularly, compounds 6d and 6f containing amino groups sbowed the

absorption maxima in the near-infrared region. The value for dimethoxyphenyl derivative 6e is close to that for

phenyl derivative 6c. This is attributed to reduction of n-conjugation in the terphenyl unit of 6e due to the steric

hindrance caused by the methoxy substituent at the 2-position of the pherrylgroup
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Tabk 1. Redox Potentials and Absorption Maxima of New Hetcrocycle

Hett:rocyclc px~ fjr’ldw EI(’X-EI1”WV L,,,axhrm (log E)h

+0.58

+ 1.22~

+().5(), +0.28

+ 1.28~

-0.35, I .10

-().61, -1.30

-().75. I .43~

-().74. I .52~’

-().89. I .5?+

-().38. -1 .04~

-().26

-().53. I .21

-1 .’15

-().82. I .46

I .33
I go

1.17

I .66

524 (3.64)

558 (3.99)

732 (4.03)

564 (3.98)

764 (3.70)

6 I () (3.90)

609 (..-d)

625 (4.01 )

283 (4.5’7)

471 (3.99)

c irreversible

HeterocycJes 6, 7 and 9b display strong cmission. ‘I”hc fluorcsccncc spec(ra of 6b, 6c, 7b, 7C and 9b

wel-e measured upon [‘mtoexcita[ion in Liichiorome[hanc :1[ [room ICn IpWrtLII-C. They showed the following

emission maxima: 6b: 557 nm, 6c: 642 nm. 71>:643 mn. 7c: 689 nm. 9b: 56 I nm

The cyclic voltaI me[ry (IN) of 6b,c imd 7C in di[tll~Jt(Jll]c(l]~inc showed (WO reversible one-electron

reduc~l(,n waves, “l-h I“educlion pokmtials are shown in ‘I”ahie 1. ‘1’hc Iirst reciuc(ion potentials of these

he[erocyclcs are comp:!able to that c)f/1-benz(J{lLlin(~[lc(E I]”L’L’= -().46 V). indiciiting [heir high electron affinity.

The electron-withd]mv !ng bromo groups at (he 4- tmd X-p(v+i~ionsl’ur[hel increase the reduction potentials.

KekulC-type henz.obist ihiadiazole) (8) und pylazine dcriviitivc 9b show’ lower reduction potentials. This fact

indicates (hat the high ~lcctlmn affinity 01”6 anci 7 is tittrihulahle [o [he 14r’-eleclron ring system containing a

hypervalen( sulfur atoll, which generates a more s[able Kckul&-type thiadiazole upon accepting an electron.

This result is in accord with rhe MO calurlal ions showing that (Iw I.(JMO levels of’nonclassical hcterocycles are

lower than those of’ Jicku14-type heterocycles. Sclenaciiazulc anologuc 7C shows a Iit(lc higher reduction

potentials than 6C du, to the lower LIJMO Ievei. Compounds 6d-g containing electron-donating groups

showed oxidation pottrrt ials in addition to rcciuction potentials The dlt”fercnces between the first oxidation

potentials and the firs reduction potentials (fi’Iox EI[’C’l)arc weil correlated with the HOMO-LUMO gaps

determined by the abs(~cption spectra. In 6d md 6f, these values arc significantly smail, indicating that they are

good amphoteric redo). systems. We have recently prcpwed bcnzobis(thiadiazole)s 12a,b containing thiophene

and N-methylpyrrole. 15 Since these five-memhcred hcterocycles we good electron donors, they have small

HOMO-LUMO gaps aIId the absorption maxima were ohsemcd at 702 and 694 nm, respectively. The oxidation

potentials of’ 6d and 6f having amino groups are very low, iuciicating that they are strong electron donors.

Therefore, they may bc used as electron donom for irfforc{ingol-ganic conductors.
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X-ray S’wuciureAn@si.\

In order to invesllgatc molecular and crystal structures of’the nonclassical] benzobis(thiacfiazole)s (6), X-

ray structure analyses ol 6b and 6C were carried oLI(. 16 The single crystals of’6b and 6C were obtained by

recrystallization from bcl:z,onitrikeand toluenc. rcspec[ively. The nmlccules of 6b and 6Care centrosymmetric.

The S-N bond lengths ( .601 and 1.603 A in 6b, 1.597 and 1.606 A in 6c) arc shorter than those of KekulL-

typc compound 8 ( 1.61‘ iind 1.620 A) 17and Iongcr [han the S-N douhlc bond of’sulfur diirnide ( i .53 A). 1~

The N-C bomf lengths ( 1.354 and 1.357 A in 6b. 1.377and 1.378 A in 6c) are longer than those of 8 ( 1.347

and 1.370 A). The bon{I lengths of the [hiadiazole rings of fib amf fir are similal to those of the pyrazine

derivative 4 (S-N bon(l lengths: 1.597 and 1.609 A, N-C bond lengths: 1.347 and 1.370 A).5 This result

indicates (he hypervalen~.yon the sulf’[u”atonls of 6. Although the berrxobis(thiadiazo]e) moiety is planar, the

plane of the two phenyl j!I-oLIpsof 6Clwists wi(h the cfihedralangle of’45.90 from the planar heterocyclic unit.

The molecules of 6C I’otima Upe-iike nctwor-kby sholt SN cnntac[s (3.26 A) as shown in Figure 2(a). The

SN intemc[ions arc co[tsidercd to be due to an clectrost:](rc ef’fec(since LheS atoms are positively and the N

atoms are negatively cb:itgcd. In this cl-ystal lattice, tolucnc molwLIlcs are incorporated. The molecules of 6C

are uniformly stacked a, shown in Figure 2(1>).w’bel-c[he distwlccs belwecn the molecular planes are 3.45 and

3,57 A. ‘1’hect-ystal stt-u.iut-eot’6h is lll(~rcc(,rnplcx tl]an (h:~tof 6c, where (ape-like networks formed by S..N

contacts I,~. ]() }{)w“ciini cd by Br -N con[acls (3. i() ,~).]‘)

a)

I~igure 2. (i\stirlstmctut-c of 6c, a) tape-Jike network, broken line S.N contacts (3.26 ~),

b) stacking nu,dc



Y. ‘f Ah4AsftITAet al.

Diel,~-Alder Rc,uction

Hctcrocycles cmaining a nonclassical thiophcnc ring are highly reactive and some Dieis-Alder reactions

with dicnophiles have !,een rcpor[ed.1 Benz(>bis(thizidia~c)lc)s (6) were also expected to undergo the Diels-Alder

reac[ion with dicnoph es. When 6Cwas hea[ed with f+phenylmaleimide in refluxing xylene, a 1:1 adduct 13

was ohtaincd in 89( yield. Although the produc( dissoc iatcd to the starting materials in the EI mass

mcasure]nent, the FAli mass spectrum showed the molecular weight for the I: 1adduct. It is reasonable that 6C

reacts with a Llicnophl1 tit the 4- and X-positiomshccausc of the large atomic coefficients at these positions in the

HOM(.) as shown in tgurc 1. The adduct 13 reverted to 6Cand N-phenylmaleimide by a retro-Diels-Alcler

reaction at its decomposition poin[ (> 230 “C). Since the color drastically changes from colorless to violet upon

hea[ing, 13 is of intel-i. ( as a functional dye.

Conclusion

Novel hctcrocyfvs 6 and 7 containing a hypel-valentsull”uratom were synthesized and characterized. In

the synthesis a stl]]L’ ;(mpl ing reaction WASLiscf’ultot the intl-oduclion of aryl groups. The nonclassical

hetel-ocycles 6 and 7 tiw higher electron tilfinity and ~mallcr HOM[)-l<UMO gaps than the corresponding

Kc!iuld-type U)lllpOLllllS. These properties were shown hy the absorption spectra and the redox potentials, and

welc supported by the PM-3 calculations. These heterocvcles show strong fluorescence etnission and may be

appiicah]c 101”organic ‘iect]”o]uminescencedcviccs. The derivatives containing electron-donating groups show

amphoteric I-cdoxprol ,ertics which wcl-e tunah]c by [hc substitucnts. X-ray structure analyses of 6b and 6C

rcvcalcd [hat tape-l ikc molccLdarnetwnrks ore formed by short S N contacts. This intermolecular interaction

mtiy he used 10constn!t unique molecular as~cmblies.

Experimental

Mcl[ing points w~re mea.surcdon a YANACO MI)-500Dmelting point apparatus and are uncorrected. IR

spectra wel-e LietermljI.Kion a PERKII+EL.MER F’”fTR1600 spectrometer. 1H and [3C NMR spectra were

oh[ainc~i using a JE( ~LJN,k-GX400 (400 MHz) spccfrometer. Mass spectra (EI) were obtained with a

SIIIMADZ[] GCMS-(.I’ 10OOEXmass spcc[rometei-opcra[in: at 70 eV by a direct inlet system. High resolution

Imassspectra (El) and FAB ,n:~ssspcctrLlln(Xc, 7 ~V) USIIIg m-nitrobcnzyl alcohol as a matrix were measured

on a SHIM.ADZIUKR \l”OS CONCEPT 1S mass spectrometer. LJV/Vis absorption spectra and fluorescence

spectra were dclermint d on SHIMADZU [IV-3 101PC anclSHIMADZII RF- 1500spectrometers, respectively.

Elcmcnral analyses were performed on a YANACO MT-3 CHN CORDER. Purification on column

chromatography wa~ wrt’ormed using MERCK silica gel 60 (63-200 ~m) or MERCK aluminum oxide 90

(actikity 1,neutral). Ail solvents were dl-iedaml purit’iedby the usual methods.

General Procedure for Preparation of Aryltributyltin. Magnesium ribbon ( 1.46 g) in dry THF

(30 mL.j was activate,; with ultrasonic waves foI-3 min under argon. A small amount of aryl bromide was added

to the magnesium A!cr a reac[ion occurred exothcrmically, t solution of aryl bromide (50 mmol) in THF (20

m[. ) was added dropwisc over 2 h. Then, to the Ckignwd magcnt was slowly added a solution of tributyltin

chiorlde ( 10.28 g, 30 ,ntnol ) in THF (20 ML) ove[-2 h, and the mixture was refluxed for 18 h. The reaction

mixture was slowly p(med into water (500 rnL) and the solution was extracted with ether. Tbe ether layer was

dried over 1MgS04 iid concentrated. The residue was distilled ~t a reduced pressure using a Kugelrohr

distillatmn :ipparatus i give the product.
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5,6-Dinitro-4,7 -diphenylbenzo[c ][ l,2,5]thiadiazole (lOb). To a mixture of dibromide IOa

( 1.50 g, 3.9 mmol) anti PdC12(PPh3)2(0.55 g, 0.78 mmol) was added a solution of tributylphenyltin (3.15 g,

8.6 mmol) in dry THF ~20 mL) under argon. The mixture was refluxed for 4 h, and then stirred with aqueous

KF solution. Dichlormnethane (50 mL) was added and the organic Iaycr was separated. The aqueous layer was

extracted with dichlor(imethane. The combined organic solution was washed with aqueous NaCl solution and

dried over Na2S04. After removal of the solvent. the residue was chromatographed on silica gel

(dichloromcthaneln-hexanc. 1:I) to give lob (0.97 g, 65%) as pale ycilow prisms: mp 295-296 ‘C (from

toluene); IR (KBr) 1552, 1382, 1356, 890, 753, 699 crm 1, IH NMR (DMSO-d6) 67.61 (S, 10 H); 13CNMR

(DMS~-dtj) 6128.9, 129.16, 129.22, 130.1, 130.9, 141.3, 152.8; MS WZ/Z(relative intensity) 378 (M+, 54),

301 (35), 77 (100). Anal. Calcd. for CI~H IoN404S: C, 57. 14; H. 2.66; N, 14.81. Found: C, 57.42; H, 2,95;

N, 14.87.

5,6-Diamino-4,7 -diphenylbenzo[c][ l,2,51thiadiazole (1lb). A mixture of IOb ( 1.32 g, 3,5

mmol) and iron powdcI ( 1.95g, 35 nrrnol) in :lce[ic acid (20 mL) WLIShea[cd at 100“C for 1.5h under nitrogen.

After cooling, the precipitate was filte]-cdand washed with methanol. The resulting solid was dissolved into hot

ethyl acetate. The hoi solution was [reated with activated carbon and filtered. The filtrate was cooled to give

llb (0.74 g, 67%) as JCIIOWneedles: decomp 307-308 “C (from ethyl acetate); [R (KBr) 3423, 3324, 3239,

1636, 1456, 1432. 13h5, 880, 824, 756, 700, 650, 518 cm-l; ‘H NMR (DMSO-d6) 65,35 (br s, 4 H, NHz),

7.40-7.44 (m, 2 H], 7’48-7.56 (m, 8 H); ]3[’ NMR (DMSO-d6) 8 109.1, 127.3, 128.9, 130.6, 135.7, 138.8,

150,6; MS nz/z (relati\c intensity) 318 (M+. 100). 317 (42). Anal. Calcd. for CIXH14N4S:C, 67.90; H, 4.43;

N, 17.60. Found: C, (]8.00; H. 4.61; N, 17.61.

4,8-Dibromobenzo[ 1,2-c :4,5 -c’] bis([l,2,5]thiadiazole) (6b). To a solution of diamine 11 a

(0.33 g. 1.0 mmol) in dry pyridine (5 nlL) wits added thiony] chlorick ( I ml.) under argon. The reaction

mixture was stirred fm 20 h at room tcrnperatul-e. After removal of the solvent at a reduced pressure, water was

added to the residue. “1he precipitate was filtered and washed with water and methanol. The crude product was

sublimed at 200 ‘“Crrn,lcr lob Torr to give (ib (0.26 g, 74%) as deep red crystals: decomp >280 ‘C; IR (KBr)

1459, 1280. 1264, 921, 854, 604, 472 cm- [: UV (CHZC12)k,,,,ix524 nm (log &3.64), 359 (4.26), 239 (4.33);

MS m/z (relative inten.i[y) 354 (55), 352 (M+, 100), 350 (47), 273 (3 I), 271 (28), 192 (53),96 (40),70 (85).

Anal. Calcd. for C6f3rlN4SZ:C, 20.47: N, 15.92. FOUIK:~, 20.74; N. 16.10.

4,8-DiphenyIbenzo[ 1,2-c :4,5-c’ ]bis([ l,2,5]thiadiazole) (6c). A mixture of diamine 1lb ( 1.00

g, 3. I mmol) and N-thiorrylanilinc (0.74 m[., 6.5 mrnol) in dry pytvdinc (12 mL) was stirred at 80 “C under

argon. After stirring i(or5 rein, trimethylsilyl chloride (4 ml., 3 I mmol) was added, and the reaction mixture

was S(irred for 5 h it (he same temperature. T}R sol~en( wus distilled off at a reduced pressure, and

dichloromethwm (50 uL) was added to the residue. The solution was washed with IN hydrochloric acid,

aqueous NaHCO~ s(~iution, and water. The organic layer was dried over Na2S04 and concentrated. The

residue was chromatographed on silica gel ([oluene) to give 6C( 1.02 g, 95%) as purple prisms: decomp 310-

31 I “C (sublimation UI200 “C, 10-6Torr); IR (KBr) 1449, 1364,935, 868, 755, 687, 667, 506 cm-l; IH NMR

(CDCl~) 87.54-7.58 (m, 2 H), 7.66 (t, J = 7.6 Hz, 4 H), 8.20 (d, J = 7.6 Hz, 4 H); 13C NMR (CDC13)6

121.6, 128.3, 129.0, 131.6, 134.9, 152,7; UV (CHZC12)kr,,ax 558 nm (log E 3.99), 359 (4.33), 291 (4.25),

243 (4.3o); MS mlz (relative intensity) 346 (M+, 100), 313 (38). Anal. Calcd. for CItIHIoN&: C. 62.40; H.

2.91; N, 16.18. Found: C, 62.67; H, 3.11; N, 15.97.
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Similarly to the s lthesis of’ 6c, 6d and 6e were prepared. 6d: decomp 301-303 ‘C; IR (KBr) 1604,

1428, 1373, 1206, I 13? 815 cm-l; IH NMR (CDC13) 63,10 (s, 12 H). 6.97 (d, Y = 8,9 Hz, 4 H), 8,23 (d, ./

= 8,9 Hz. 4 H): I:~c NMR (CDC13) 840.2, 111.9, 119,9, 123.5, 132.7, 150.5, 152.7; (JV (CH2C12) knlax

732 nm (log E 4.03), 35 (4.42), 345 (4.41). 264 (4. 12); MS m/; (rcla(ive intensity) 432 (M+, 100), 417 (16),

216 (23). Anal. Calcd, ‘or C2ZHZON~SZ: (’, 61 .08: [3, 4.66; N, 19.4?. Found: C, 61. I 1; H, 4.72; N, 19.38.

6e: decomp 322-326 “~‘: [R (KBr) 1609, 1576, 14(’T7,1309. 1213, 1I66, I I 16. 1044, 1030, 921, 615 cm-l;

IH N“,~R (CDC13) ~ 3 ‘6 (s. 3 H), 3.77 (,, 3 H), 3,94 (s. 611), 6.75 -6.79 (m, 4 H). 7.54-7.59 (m. 2 H); U\’

(CH2C12) )L”,,,X564 nm log E 3.98). 357 (4.4 1), 287 (427). 240 (4.47); MS m/z (t”cktivc intensity) 466 (M+,

IOO), 343 (35). Anal, ( Jicd. for Cj,2H lxN404S2: C. 56.63; H, 3.89; N, 12.01. Found: C, 56.77; H, 3.86; N,

12. I4

4,8-Bis( 4-morpll{~lin{))t)enzo[ 1,2-c :4,5-c ]bis( I 1,2,5] thiadiazole) (6 f). To a solution of-

dibromide 6b (35 mg, 1 1(I mmol) in cii[l]c{hvlf’(,lm:imi(ic (3 mL) was acided morpholine (O. I mL) at 80 “C

under argon. The greer w)lurion was stirred for 25 min. The solvent was distilled off at a reduced pressure.

Water was added, :md tic resulting precipi[a[c was Iiltercx]. After clrying in LY1(140, the solid was sublimed a[

170 ‘C and 1()-6 Torr (( yivc 6f (4 mg, 10% ) ils a green solid: decomp ;> IX()“C; IR (KBr) 2872, 1460, 1433,

136X, 1277, 1I20. I 105 1003, 930.871, X63, .563 cn. I: IH NMR (( DCl~) 83.64-3,68 (m, 8H), 4.09-4.10

(m, 4H). 4.56-4.58 t w 4H); UV (CHZC.’IZ) 1,,,,, 76411111(iO~ F 3.70), 350 (4.28), 277 (4.49); MS m/::

(rela[ivc in[ensity) 3(14 ~!’4‘-, 100).” Mass. (“alcd. I’o, (“”IJ1l ,hN(,O~SZ: 36$.07762. Found: m/: 364,07913

4,8-Bis( phenyl rhio )benzo[ 1,2-c: 4,5-c ]his( [ 1,2,5 ]thiadiazole) (6g). To a solution of

dibromi(fc 6b (32 rng. t )9 mmol ) in dinw[hyl lol-nmnlidc (2 ml..) was a~fdcd thiophcnol (20 pL, 0.2 mmol) al

80 “C under argon. A ~cr stirring for 1 h. the reaction mix(ure w~s further stirred for 1h with additional

thiophenol (20 ~tL, ().2 [tno]). After removal oi’ the stllvcnt. the residue was washed with n-hexane, ether, and

methanol. The rcsultini prcclpitatc was filtcwd iind washccf with methanol. The sot id was sublimed at 200 ‘C’

and I()-f’Tot-1 to give 6Z [4 mg, 11%) as a blue-black WO1id: dccotnp 237-238 ‘c: IR (KBr) 1578, 1477, 1437.

1294. 1022, 930, 878. 8’5, 737, 696, 687.634, S31. 490 cm 1: UV ((.’I{jClZ) &JX 610 ntn (lug E 3.90), 356

(4.36). 283 (4.2 I). 24( 14.42 ’1;MS m/: (relative in{cnsi[y) 410 (M+. 100). 377 ( 13), 33.3 ( 13), 301 (37).

M2iss. [:a]cd. f’or c I xfi ] N4S.1: 409.97884. F[wnd: /))/; 400.9774” I

4,8- I)iphen,yl [ 1 2,5 Iselenadiazolo[ 3,4-J] benzo[c 1[ 1,2,5 Ithiadiazole (7b) A mixture of

diamine 1la (65 mg, ().‘() mmol) find selenium dioxide (55 rng. 0.50 mmol) in c[hanol (10 mL) was refluxed

for 24 h, The prccipi[at was filtered and washed with hot water and hot ethanol. Purification by sublimation

(220 CT’, 10-(”Tori-) aftrded 7b (32 Ing. 40?4) as purple crystals: decomp >280 “C; IR (KBr) 1451, 1351.

1276.921. 860. 808, 7 6.598 cm-]; UV (Cl IzCIZ) L,,,,,., 600” nm (log t’ 4.() 1), 3X3, 250; MS m/z (relative

intensity ) 402 (5.3), 4(I (M+, 97). 398 [85). 319 (3X), 240 (59) , 23X (3 I), 177 (26), 175 (33), 96 (70), 80

(100), 70 [X8). Anal. (“ Icd. t’or C6BI-ZN~SSC: C, 18.06: N. 14.05. Found: C, 18. 16; N, 13.98.

4,8- Diphenyl [ I 2,5 ]selenadiazolo[ 3,4-Jlbenzol c 1[1,2,51thiadiazole (7c). A mixture of

diamine 1lb (64 mg, O.I’1)mmol) and selenium dioxide (22 rng, 0.20 mmol) in a solution of ethanol (7 mL) and

water (3 rnL) was reflo> xi for 15 min. After cooling. [he prcc ipita~c wds filtered and washed with water and

methanol. Purification t column chromatography on si]ica gcl (dichloromethane) and sublimation (220 ‘C, 10
6 Torr) af’f’or.&d 7C (~~ IIg, x~~) as blue CIY$I:l]S:~ecolT1p 3f17-37 I “c; [R (KBr) 1446, 1433, 137], 940, 874.

834, 763.75 [, 700. 68: 660 ctm ]; 1H NMR (CDCl~I 67.53-7.57 (m, 2 H). 7.63-7.67 (m, 4H), 8.10-8.13

(m, 4 H): ! k“ NMR ((- K’11) b 121.6. 128.2. 128.9, 13! .8. 135.7. 152.8, 158.8; UV (CH2C12) kmax 625 nm



lf~rlzc)bis(thitldiaz[~le)s with nonclassical n-electron rmg systems 10177

(log e 4.01), 380 (4.46 299 (4.29), 264 (4. 13), 226 (4.27); MS m/z (relative intensity) 394 (M+, 41), 392

(22), 314 ( 100). Anal. t’alcd. Ior CIHHI[)N4SSC:C, 54.96; H, 2.56; N, 14.25. Found: C, 55. 13; H, 2.81; N.,

14.10.

4,9-Diphenyl[ l,2,5]thiadiazolo[ 3,4-g ]quinoxaline (9b). A solution of diamine 1lb (70 mg.

0.22 mmol) and 1,4-dio\ane-2,3-diol ( 130 mg. 1.I mmol) in nitromethane (3 mL) was refluxed for 2 h under

argon. After cooling, th~ orange precipitate was filtered and washed with nitromethane. The resulting solid was

sublimed at 240 “C un~i i- 106 Torr to give 9b (57 mg, 76%) as orange crystals: decomp >373 “C: [R (KBr)

1459, 1442. 1389, 104{ 897, 861.756, 698.652, 455 cm’: ‘H NMR (CDClt) 67.55-7.58 (m, 2 H), 7.64

(t, ./ = 76 Hz. 4 E{),7 ~5 (t. J = 7.6 Hzl 4 H), 8.87 (s, 2H); UV (CH2C12)L,nax471 nm (log E 3.99), 363

(4.26), .349(4. 14), 254 4.74); MS m/: (rela[ivc intensity) 340 (M+, 100), 339 (77), 306 (71), Anal. Calcd,

for CZOHIZN4S: C. 70.”;6: H. 3.55; N, 16.46, Found: C. 70.4 l; H, 3.85; N, 16.47.

DieIs-Alder lleac~ion of”6C with N-phenylmaleimide. A mix[ure of 6C ( 176 mg, 0.51 mmol) and

N-phenyllnaIel]~licie(17 ~mg. 1.0 mmol) in ,}-xylenc(5 ml) wm ref’fuxedfor 2 d under nitrogen. After cooling,

the reaction rnixturc w. scpara[cd by column chrorn~tography on silica gel to give an adduct 13 (eluent

CH2CIZ) Recrystallize ion from n-hcxarw ga~re 13 as colorless needles (215 mg, 89%) containing 28% of

CHZCl~: ciccomp “>23(I ‘-’C;[R (KBr) 1716, 14°9, 1378. i 192.753, 691, 65 I cm-]; JH NMR (CDC13)54.40

(s, 2H), 5.25 (s, ().55H CHZCIZ),6.63-6.66 (m, 2H), 7.X-7.22 (m, 3 H), 7.52 (t, J = 7.5 Hz, 2 H), 7.61 (t,

./ = 7.5 Hz..4 H). 8.15 Id, J = 7.5 IIz, 4 11): [iC NMR (CDCl~) 649.7, 55.3, 125.8, 128.3, 128.8, 128.9,

129.2, 130.4, 131,3, [(} .5, 163.6, 170.2; UV (CH2CIZ)Ll)l<ixo979 nnl (log E 4.3o), 225 (4. 12); FAB-MS ~Z

5z0 (M + t~)+. A1,:iI.( ,ILXI.foI [-2XH, ,N5C):S2: C, 64.72; H, 3.30; N, 13.48. Found: C, 64.63: H, 3.43; N.

13.29(drnedIn vacu(~aI I() ‘C for 7 h),

X-ray Structure tnalysis of fic. A deep purple crystal having fipproximate dimensions of 0.50 x

0.20 x 0.05 mm was pI-tlIarcdby Jccry.stalliz:]li(lnfrom [olllcne. A Rigaku AFC7R diffractometerwas used with

graphi[c-[nonocllronl:i! .:d IMOKcf. radiation, (+20 scan technique. Crystal data are as follows: MF

C;ISE{ION4SZ(C7H8)C~. MW’ 438.56, [riclinic, spa~~ group P 1, ~~= 8.605 (2) ~, b = 14.203(4) ~, c =

3.816( I ) ,~. (x= 95.6 II )“, L = 100.52(3)”, Y= 75.5 1(2)”. V = 443.3(2) As, Z = 1, Dcalcd = 1.64 g/cm3, A

total of 20 I7 unique d’ a w:ls collected Up[o 2%:1. = 55 “ at 296 K. The structure was solved by the direct

method using the SHE1.XS86 program. ‘l-hcnw-hydrogen atoms were refined anitsotropically by the full-

matrix least-squaws rncimd. kiycfrogentitoms were inclu(ied~t circulated positions but not refined. The final R

and Rw values are 0.0{’ and 0.069 for 1296 reflections with IF(J > 3W’J. All calculations were performed

using tcXsan crystallog: .q]hic soflware package of’MOIWLIIWStructure Cotq-mration.

Electrochemical Measurements. Cyclic voltarnmetry was performed on a TOHO TECHNICAL

RESEARCH Polarizati(lr Unit PS-07 potentiostat / gulvanos{ut.The elcctl-ochernicalmeasurements were carried

out in distilled dichloro :Ic[hanecontaining ().1 ITml drr-3 [clrabutyli]]nmoniumperchlorate using Pt working and

counter clec[mde :ind :1,tandard calornel elec[rude (SCE). The concentration of each sample was ca. 0.5 mmol

din-<. The solution wa degassed by argon bubbling. The scan rate was 100mV s-i. All values are given in V

vs. SCE
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