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Abs8n1~ Benzocyclohexa-2,5-d~ene-1,4-d~one-l,3-t~ole-2-~hione (2) was synthesized startmg wrth 2,3dichloro- 
napthoquinone (1) Compounds 3 and 4 were also obtamed, however, the yield of 2 can be mcreased through control of the 
temperature and reaction tune ReactIon of 2 mth tnethylphosphite gave 5 and the tetrathmfulvalene ester 6. The 
tetrathiafulvalenequrnone (9) was obtained by hydrolyss of 6 followed by mdatlon of 8. Compound 9 was obtained more 
drrectly by hydrogenation of 2 followed by couphng wrth tnethylphosplute and oxldauon Chloraml was used to prepare the 
dnluafulvene qmnone 12 which was reduced, coupled wth triethylphosplute to form, presumably, polymer l3 The reactlolls 
were repeated using the hexanoic aad eaters of the correspondmg hydroqumone ttiafulvalenes The crystal structures of 2, 
3, 4, 5, 6a and 10 were determmed by X-ray Mfractlon Cychc voltammetty studres show the tetrathlafulvalene qumones 
reduce hke qmnones, but do not exhlblt the ondation propertIes of tetrathiafulvalenes 

INTRODUCITON 

Charge-transfer (CT) complexes and radical cation salts denved from lTF, BEDT-‘ITF and 

derivatives exiublt high electrical conductlvlties mcludmg some which are superconductors ’ The oxidation 

potentials of the donors and the ablhty to form partially filled conduction bands, e.g. (BEDT-lTF),+A; 

are essential to good electrical conductmty. The good conductors crystallize m segregated stacks of 

donors and acceptors wth numerous short donor inter- and mtra-stack interactions between sulfur atoms 

to increase the dimensionahty of the charge-tamer transport Several groups have attempted to increase 

the dlmenslonahty by extending the r-conjugation through ohgomenzafion and condensation * Our 

interest m qumones and in organosulfur chemistry led us to mvestlgate the extension of the r-system by 

the mcorporatlon of qumone moieties. Since ‘lTF and related molecules are easily oxldlzed and qumones 

easily reduced, what physical properties might arise from a combmatlon of these moletlesv In this paper 

we discuss our mitral attempts at synthesis and charactematlon of these systems. 

DI!XUSSION: 

The reaction of 2,3_dlchloro-1,4-naphthoqumone (1) Hrlth K2S and CS, m DMF leads to the 

formation of the desired 1,3-thlole-2-thione denvatwe (2) (Scheme l), however, compounds 3 and 4 are 

also recovered Although no attempt was made to maxlm:ze ylelds, the formation of compound 2 is 

favored by lower temperatures and shorter reaction times Compound 4 probably anses from the air 

oxldatlon of 3 via the sulfone 3a, however, It has been suggested that the bls(sulfoxlde) IS the 

intermediate m this reaction 3 In systems of this sort the formation of a sulfone or bls(sulfoxlde) IS 
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dependent upon the nature of the oxrdant 4 

scheme 1 

No oxidized product was Isolated under the reaction condnions; however, nucleophihc oxrdatron of 3 lead 

to an mtermedrate wrth an unsymmetrical 13NIvlR spectrum which IS consrstent wrth 3a The crystal 

structures of compounds 2, 3, and 4 were determined. 

Scheme 2 

Reaction of 2 wrth excess tnethylphosphtte leads first to the reduced ester 5 followed by couphng 

to gwe the two isomers 6a and 6b (Scheme 2) The desrred coupled product 9 can be prepared by 

removmg the phosphate and ethyl groups to give the hydroqumone 8 followed by oxrdatlon. An easrer 

procedure IS to reduce compound 2 to 7 whtch can be coupled by tnethyiphosphtte to grve 8 and 

oxldmed to 9 Compound 9 was prepared also vra 10 which was obtamed from 2 upon reactron wtth 

Hg(OAc), The crystal structures of 5, 6a, and 10 were determmed Compounds 8 and 9 are only shghtly 
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soluble and no s&able single crystals could be obtamed. 

Tetrath&ulvalene (‘ITF), BEDT-TTF and diinzotetrath&ulvalene (DB’ITF) readily form 

charge-transfer salts, and exhi%lt two oxldatlon waves m DMF. Compound 2 exhibits no caadatlon wave; 

however, there are four reduction waves wth E”,,@iE) = -0.284, -0.628, -1.055 and -1.380 V, Table 1 

Compound 10, wrth oxygen m place of sulfur, gves two reduction waves, E“,, = -0 365 and -1246 V. 

Compound 9 exluhts a redution wave at -0.320 V, however, at both negative and positive potentials 

the current mcreases sharply mth increasing voltage gnmg no &stmct oxidation-redution couples 

Attempts to prepare, by electrocrystalhzatlon techniques, single crystals of charge transfer salts using 9 

as either the cat1011 or amon were unsuccessful A small quantity of fine black powder was recovered after 

some expenments. 

Scheme 3 

Compound 12 was prepared from chloraml, 11, and upon reduction and coupling with 

tnethylphosphlte produced a black msoluble matenal, presumably 13, which could not be characterized.. 

Attempts to solublhze the product wth tnalkylsllylchlondes was unsuccessful. Compound 12was reduced, 

reacted wth tnmethylsllylchlorlde, and coupled Hrlth tnethylphosphite The coupled but partially 

hydrolyzed matenal was completely hydrolyzed yleldmg a black insoluble powder Pressed pellets gave 

an electrical conductlvlty of about 0 01 S cm-’ which increased by a factor of at least ld upon exposure 

to iodine vapor. Although it 1s assumed the product IS polymenc, no estimate of cham length or molecular 

weight distribution could be made Compound 7 and hydrogenated 12were coupled Hrlth tnethylphosphlte 

in an attempt to prepare 14 Although a small quantity of 8 was recovered the major@ of the matenal 

was too insoluble for charactermtlon 

To improve the solublhty and permit caster separation of products, the starting qumones were 

reduced and reacted with hexanoyl chloride, see Scheme 4 Compound 16 was coupled Hrlth 

tnethylphosphlte to give a bright yellow compound 17 with no hydrolysis or no additIona reactlon 

products with trlethylphosphlte Compound 17 can be hydrolyzed to gve 8 Compound 19 IS coupled by 

triethylphosphlte to gore a slightly soluble dark reddish-brown compound presumably v&h structure 20; 

however, no estimate of molecular weight dutnbutlon was made. No C=S 13C resonances are observed, 

however, due to low solublhty and the inherent weakness of the signal from this carbon atom, the cham 

length would not have to be large Esters 17 and 19 exhibit two omdation waves, however no smgle 

crystals were obtained dunng electrocrystalllzatlon studies 
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I IS 1s 20 

Scheme 4 

Compound 16 was converted mto the dlthlohum salt 21 via treatment Hrlth dlmethoxycarbomum 

pentafluorantimonate.’ Treatment urlth NaBH, and methylhthmm m THF6 yielded compound 22 

probably wth some hydrolysis of the ester Reaction of a 2 1 mixture of 22 and 19 Hrlth CHJ yielded a 

reddish brown solid which was a mixture of 23 and partially hydrolyzed product Removal of the 

methylsulfide 

Scheme S 

groups by ultrasonic sound& at 7oOC was mcomplete; however, complete converslon was achieved by 

refhunng m 1,1,2,24etrachlorethane unth a trace of p-toluenesulfonrc acid The complex mixture was 

reacted with hexanoyl chlonde to srmphfy the product datnbutlon, and a reddah-brown material was 

Isolated whose spectrum IS consmtent wth structure ?A 



3039 Tenathiiulvalene quinones 

Table I. Half-wave Potentials E0&NHE)4b for compounds 2, 7,9, 10, 176, and 19. 

a 10 mm dmmeter Pt wire working electrode; Ag wtre as a quasi reference elearodt; *Fe as an internal sta~dan&~~ 0 10 
A4 TBACIO, m DMP or acetonitrk b Most of the ouidation-reduction waves are not reversfble. e. ‘lhe CV shows large 
current mcreasea at the extreme ouidation-reduction potentials with poorly defined irrevemtble waves at about t?tn of +0 50 
and -0 90 V d A 9 1 toluene/acetonitnle mkture used as solvent. 

EXPERIMENTAL 

A mmture of 33.5 g of KsS (4245%. 13 mol), 15 mL of Cs, (19 g, 0.25 mol) and 75 mL of DMF was sttrred at rt 
for 2 h ’ To the sttrred suspenston of potammm trithioaubonate was added 2838 g (0 125 mol) of 2,3dichloro-1,4- 

naphthoqumone (1) The solutton was stnred at rt for 30 m rcaultmg in a brick-red precipttate whtch was recovered by 

filtratron The Skate was extmcmd with Cf-I$l~ and the evaporated reardue added to the precipitate The matertal was 

chromatographed over sthca gel usmg CH.$Zls as eluent ytelding 27 % g (85% yteld) of 2 282 g (6% yteld) of 3, and 188 
g (4% yreld) of 4 When the mtttal reaction muture was sttrred at 45 - 50°C for 16 h tdenttcal purWcatton procedures yielded 

6 11 g (13% yteld) of 2 29.76 g (63% yield) of 3, and 282 g (6% yield) of 4 
~hcaa-~l,4dio~l,Wh&l~&tMone (2). mp 160-162°C. MS 264(29, M+), 76(100). 13C 

NMR(CDCl& b, 204 91, 174 94, 149.94, 134 76. 13181, 127 53 Anal. Calcd for CttH40sS3 C, 49 98, I-I, 1.53 Found C, 

49 w; H, 1.55 
5,7,l~l~T~~~~S,7,~1~~~ (3) m p. 316319 ‘C (IIt3 318oc), MS 376(89&f+), 

76(100) Anal Calcd for CJ-iaO,S, C,63 82, H.2.14 Found C,63 78, H,201 

5*7J2B=- atao(23b3~+hfoplte=5*7,~=tetmo= (4). m.p 290 OC (llts 288 “C) MS 344 
(lOO,M+) Anal. Calcd for C&fsOS C, 69 76, H, 234 Found C, 69 W, H, 2.17 

(l-FUmuynaphtho[l+l,3-W&u2-tMone bfs@hyl)-phcuspbate (5). 0 132 g (0.5 mmol) of 2.1 mL (5 mmol) 

of tmthylphosphtte, and 20 mL of benzene were refluxed under Nz for 3 h The solvent was removed on a rotary evaporator 

and the redduh restdue, dtssolved m methylene chloride. was chromatographed over s&a gel gwutg 0 173 g (87%) of 5, m p 
95 “C. MS 430(77&f+), 109(100) 13C NMR 21237.144 87,127 35,127 15,122 53.1217670 63.65.53,65 4516 22,16 13, 

15 91 Anal Calcd for Ct,Ht903SsP C, 47 43, H, 4 45 Found C, 47 55, H, 4 47 
~~~~Xl~~‘~-h]-~l)~~-~ ~~~)p~p~(~&~~O264g(lmrnol) 

of 2,5 mL (25 mmol) of tnethylphosphtte and 20 mL benzene were refluxed under a N1 atmosphere for 3 h. The orange sold 

was filtered, dtssoived tn methylene chlonde and chromatographed over s&a gel ylehhng 0 76 g (95%) 6a & 6b, m p @a) 129 

“C MS 688(l), 99(100) lsC NMR(CDCl3)(6a@) b, 145 47,128.15,128.08,127 71,127 11.127.05,126 91,126.49,126 40, 

12189,12119,69 43.69 21,65 38,65.30,65 27.64 95.16.21,16 12,15 90,15 84.15 79,15 64 Anal Calcd for ~HssOt0S4P2 
C,5125,H,48LFound C,5135,H,492 

Benmu@oltesa-~l,4dp@ro@,3-thiokGtbione (7) 264 g (10 mmol) of 2was dtssolved m 50 mL of 95% 
ethanol A stream of N2 was bubbled through the solutton whtle a 4% aqueous solutlon of sodium dtthtonite was added 
dropwues unul the solutton changed from pmk to a light green The solutron was starred for an addtttonal30 m, then poured 

Into 100 mL of water and the mixture extracted wtth methylene chlonde The extract was dried (MgSO,), and the solvent 
removed m vacua at rt to gwe 2.58 g (97%) of light yellow-green soltd 7, m p 222 - 224 “C (A quantttattve yteld can be 
obtamed also by addmg an aqueous solution of Naps04 to a separatory funnel contammg an ether slurry of 2 After 
separatton. the ether layer IS washed wtth a brute solution , drted (MgSO,), and the ether evaporated ) MS 266(12.M+), 
76(100) 13C NMR(acetoneds) 206 53.139.73,126 88,125 72,122.29,12222 Anal Calcd for CttHsO& C, 49 a0; H, 2 27 
Found C, 49.88, H. 223 
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Wr(l~Ra+buW=~ (9)0.47g(1mm~)of8wassmpendedin10mLof%%ethano1and 

10mL0f5%comtuereM ~wPstbded.Tlu:~tutlopaMatimdvisDiDusty6or30m.Ablndrrolid~rcEweredupan 
reduction of solvent vohtme to give a41 g (87%) of 9 phase tratuitton sz”G m.p > 3WC Compound 9 vvxm obtained also 
~mcompoluLd~A~ed~80g(lrmnol)of~Ea35laLof%%ethpaol~~amDesr(13g))por;rolllm 
hydrcu&wasrefluued for2Oh ~~tsed~~~~~~~~w~t~~H~ 
andpoundinton;lter~t~gali~tgretapowdcr ‘Dtepouderwasrefluuedf&l2bin~under~toremovethe 
ethyl es&O yiekiing compound S Compound 8 war converted to 9 by the promdure desa&d above. MS: 464(3&f+), 
76(100) ‘k NMR(CDf&) 174 92,149 95,134 81,13178,127 57 Anal Calcd for t&H*O,S, C, 5688, H, 174 Found. C, 
5694,H,17O. 

~~l,4dion&l,Mh&k-2one (10). To a boiling solution of 132 g (5 mmol) of 2 in 450 mL 
of dmhloromethane were added 300 mL of glacial acetic add and 2.5 g (7.8 mmot) of Hg(oAch. The m&tare was refluued 
for 10 m and the aohttion turned from brown to pate yellow” The solution was filtered, end the 6ltrate wusbed witb water 
and dried (b&SO,) The solution votume was concentrated to 10 mL and a pate yellow powder developed after standmg at 
rt. After f&ration, the powder was dashed in dichloromethane and chromatographed over silica gel giving 1.10 g (89%) 
of pate yeiknv 10, m p 166 - 164 Oc MS 248(55&f+), ltM(lOD) ‘3c NhfR(CDC& 183 80,175.52 143a 134 60*13181, 
12743 Anal colcaforCllH403S2.C.a22,H,162.Found C.532fkH.165 

4&DWrony-l~*7-m=thfa-lW~7-~~ (l2) 0 236 g (1 mmot) of chhxantt. 11, 
m20mLofDMFwescldded~~torsolutlonof~7g~(42-45%,;11mmol)and7~ml~~~g.l25mmol)in 
35 mL of DMP The sobrtion was stirred vtgorousiy for 1 h, and a brick-red prcdpttated was collected and dried tn a vacuum 
oven ovemtght yietdmg 0 28 g (88%) of l2, m p 295 - 298 OC MS 320(100). ‘k NMR(DMSOde) 22146.175 1216256 
Catof for C&Oz C, 2999 Found C, 2978. 

Polymerization of 12 100 mg of I2 was reduced with sodium dithiottite to give the sparingly sohtbie hydroquinone 
A sturry of the hydmqumone in 25 mL of benzene was refluxed for 4 h with an eucem of triethylphosphite yielding 65 mg 

of an msotubte compound l3, mp > 3tXPC Anal Calcd for C&0.$,. C, 37 19 Found C, 35 33 (A ratto of 3 untts of 13 
to 1 utut of 12 has C = 35 92%) 150 mg of the hydroquhtone of l2 was reacted wtth trimethyMlyichoride*2 yWding a dark 
reddtsh-brown solution The TMS detivattve was notated (wary sohd), dkrsolved tn 30 mL of benzene and refluxed with 
tnethylphosphite for 3 h About 80 mg of a gummy sobd was recovered, placed in dilute HCl and retluued 6or 2 hrs to insure 
that any remaining ester was hydrolyzed. About 80 mg of a finely divtded black powder, m p > 3OOV was B Found 
C, 36.3% No further purtficatton or charactertzation was attempted 

Attempts to prepare 14 by direct reaction. Compound 7 and the hydroqutnone of 12 were mfxed in a 2 1 ratto, 
parttally dissolved tn benzene and refluntd wrth trtethytphosphite for 3 h. Although reactton occurred, only a small quanttty 
of 8 could be recovered due to utsotubtbty of the products. (Separation of the trialkylsdyt dertvathrcs should be possible, 
however, the n-hexanoate 24 was prepared by an alternate route ) 

23aMloro_l,bmuoate (15) To a slurry of 9 08 g (40 mmot) of 2,3-dichloronaphthoquinone 
and 200 mL ethyl ether was added 8 70 g (40 mmol) of Na&O4 in water, and the hydroqninone isolated by the alternate 
procedure deacrtbed for 7 To 4 58 g (20 mnml) of the hydroquinone in 300 mL of dry CH&12 and 2 mL of pyrtdine was 
added dropwtse 6 0 g (45 mmot) of hexanoyl chkntde ‘Die solution was stirred at rt for several h and was then euttected wtth 
water foltowed by a saturated brme solution The onginal water layer wus eutractcd twice with CH2C12 and the orgatuc layers 
combined. The solvent volume was reduced and compound 15 was obtained upon standing, 7 33 g (87% yield), mp 185-18S 
OC ‘k NMR(CDCt$l79 84,176 03,143 45,134 68,13091,127 83.33 99,3121,24 37,22 30,13&l C&d for f&HxO,n, 
C, 6212, H, 6.16 Found C, 62 45, H, 5 % 

1.4~l&thioi&thkme -(la) 425gofl5wereaddedatrtwtthstrrrmgtoasturryof22 
g I$S and 15 mL Cs, tn 20 mL of DhfP After 2 h the sotutton was blood red with a greemsh slurry The slurry was filtered 
and the red solutton ddutcd wtth dtchloromethane A white prectpltate of startmg matenal was removed. The compound was 
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also obtained by the reduction of 2 followed by react&a with hacpnoyl chlor& 

10.2 g (38 mmol) of l,edibydrcnynrpthall~t~ole-2-t~oae in dry QIZQZ with 2 mL of pyndine was smred and 10 8 

g(80mmol)ofhannqrlchloridt~~dropwlreatrtAPttr2hthegetnnlsh-~~soln~nwsswePbedtwictanth 
water, then with a saturated brine solution and filtered tht~gh MgSO, The vohmte was reduced until a slurry began to form. 
Ethyl ether was added and gmenisb-yellow mimtals were deposited The solutloo was filtered and the crystals washed 
with My1 ether to yield &784 g (38% ykld), mp 119-120 “C MS m/z@elative intensity) 462 (6&i+), 276(1CIO) ‘k NMR 

210 43.170 42,136.21,1312& 127.65,12&n 12118,33 83,3129,24 622.28.13 91 Calcd for t&H%O& -9 71,9 5.66, 
S, 20 79. Found C, 59.37, H, 5 89; S, 210 

Bk-(l,p baamate (17). To 0.902 g (3 4 mmol) of 16 m 50 mL of benzene was 

added 10 mL of tnethylphosplute and the solution refluxed under Nz for 3 hrs 086 g (86%) of yellow product 17 was 

recovered, mp 200-204X 13C NMR(CDCl3) 170 Ss, 153* 137 24,128.03,126.90,120 80,120 73.33 g&3139,24 75,2239, 
13 03. C&d for C,&s,O& C, 64.16, H, 6.08, S. 14 89 Found C, 64 23, H, 6.53, S, 14 13 Compound 17 was prepared also 

by rcactlon of 8 with hexanoyl chlonde The physical and spectral propertles were identical 

ml,- heaanoate (18) 248 g (10 mmol) of 295,6_tetmchlorobenzhydroqumone, obtamed 

by reduction of chloraml with sodmm dithronate, was added to 70 mL of dry CH&lz and 3.0 g (22 mmol) of hexanoyl 
chlonde and a few drops of pyridme were added The solution was refluxed overnight After cooling the solution was washed 

in a separatory funnel v,ath water and then a saturated bnne solution From the orgamc layer was obtained 138 g (31% yield) 
of 18, m p 88-89 “C 13C NMR(CDCl3) 169 56, 143 54, 127 24, 33 59, 3118, 24 41. 22.27, 13 89 ‘H NMR 2 675(t,2H), 

1814(m,2H), 1405(m,4H), 0 934&3H) 
4$-D@droxy-1~Jl$2&5~7- hemh@~+inda@-2,6d1thione bexanoate (19) To 4 4 g (10 mmol) of 18 

was added a mixture of 2 2 g IC# (8.5 mmol) and 15 mL Cs, (19 g, 25 mmol) m 20 mL DMF The solution was stirred 
vigorously at reflux until it tumid blood red (approximately 2 h) Dlcblormethane was added and the solvent removed The 

matenal was eluted from a Stica gel column usmg CHzClz givmg a greenish-yellow solution wluch upon reduction m volume 
yielded a yellow powder, 10 g (19.2% yleld), mp 89-92’C The compound was also prepared by the reaction of 5 38 g of 

reduced 12 wrath hexanoyl cblomie to yield 3 89 g of 19 (45% yield) 13C NMR(CDCl3) Xl6 99,180 54.168.93,134 51,34 SO, 
3120,24 35,22 29,13 86. Calcd for t&&O& C, 46 31, H, 4 27 Found C, 45 92, H, 4 15 

Preparation of 2[D by polymerimtlon of 4,~drhydro-l~~,7-tetrathia-l~~~,6,7-hexithione 
hexanoate 130 g (2 5 mmol) of 19 in 50 mL of benzene and 5 mL of tnethylphosphite were refiuxcd overnight to grve a 

reddish-brown solid, softenmg point 122 ?I. 13C NMR 179 52,169 47,143.53,127 22,33 55,31 16,24 39.2227.13 89 Cakxl 

for C&&0$, C, 5284, H, 488, S, 2821 Found C, 5238, H, 465, S, 2901 

Preparation of the dithohum salt 21 from 16. The dlmethoxycarbonmm pentachloroantlmonate salt’ was prepared 
by rcactmn of 4 24 g (20 mmol) of tnethylorthoformate in 8 mL of CH2C12 at -78 “C with 29.8 g (50 mmol) of SbCl, m 8 

mL CH,Cl, The solution was warmed to rt and the white salt was recovered by filtration and washed urlth methylene chlonde 

To a solution of 18 g (38 mmol) 16 m 90 mL of CH$I, at -78 OC was added dropwrlse 1 12 g (30 mmol) of the 

dimethoxycarbonmm ion salt tn 60 mL of CHzClz also cooled to -78 ‘C The solution was stured whde warmtng to rt, filtered 

through MgS04, and allowed to slowly evaporate yleldmg 1298 g (56% yield based on salt), mp 100 “C 13C NMR(CDCQ 

211 15(T), 170 53, 138 37, 127 51, 126 32, 123 71, 120 93.33 79,3125,24 63,24 47.22.27, 13 91 
Preparatton of the lithmm salt 226 0 22 g (0 28 mmol) of 21 was dlsrolved m 30 mL dty THF and amled to PC. 

0 2g NaBH4 m dry THF was added m several portrons and aHer 1 hr the mtxture was allowed to warm to rt The solution 
was then cooled to -78°C and 0.2 mL (3 mmol, 15M)) of methyllrthmm was added, stirred and allowed to warm to rt. m 
solution was used due&y in the nezt step 

To the above solution was added 0 0528 g (0 10 mmol) of 19 The solution was stirred for 1 hr and 0 04 g (0 3 mmol) 

CH,I was added and stirred for an additional 2 hr gwmg a light green solution The tlask was placed III an ultrasonic bath 
for 1 hr at 70% A brown powder prectpttated and was recovered by filtration, however, the NMR mdxated incomplete 

removal of the SCH3 groups and partial hydrolyses of the ester The sample was dlsso1ve.d in 1,1,2,2-tetrachloroethane wnh 
a trace of p-toluene sulfonic acid and refluxed for several hours A dark reddah-brown matenal was wlated and then reacted 
wrath hexanyl chloixde as d-bed earlier yreldmg 40 mg of dark red-brown viscous oil, 24 13C NMR(CDCl3) 179 48,17104, 
1.53 86,138 59,127 55,127 32,126 39,123 54,120 63,110 12,108 56.34 57.33 86.31 19.30 91.29 41,24 68,24 36,22 31,13 97, 

1394 
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X-Ray AnalysR All X-ray data were collected on a R3M/p update of a P2, drffractometer using the 8-28 scan technique., 
vanable scan rate, a graphite monochromator and MO Ka radtatron (1 = 71073 A) Twenty ftve reSecttons were used in a 

least-squares refinement of runt cell parameters Loreritrpolarization and a V-scan absorption correctfon were applied The 
structures were solved by direct methods and refined by a block-cascade least-squares technique. Compound 2 Space group 
Pi, a = 7334(l), b = 8193(l), c = 9 691(l) A, e = 89 62(l). ft = 83 aS(l), y = 64 31(1)9 V = 521 O(1) A3, Z = 2, D- 
= 168ogcm-3, p - 66Ocm-‘,R = 00569 for 1618 reflections and 162 parameters Compound 3. Space group Pi, a = 

4 731(4), b = 7 8090, c = 11050(11) A, a = % 97(8), ff = 94 %(8), y = 98.78(7)0, V = 398.2(7) A3, Z = 1, D,, = 1.560 
gun”, P = 3 43 cm-‘, R = 0 0562 for 1333 reflecttons and 134 parameters Compound 4. Space group Pi, a = 7 479(4), b 

= 12.331(6), c = X644(9) A, a = 

= 227 cm-‘, R 
82.98(4), fl = &x4(4), y = 80 43(4)9 v = 1501(l) A3, z = 4, D- = 1 XXI gcm4 p 

= 00799 for 2395 reflections and 515 parameters Compound 5 Space group Pl. a = 9363(10), b = 

10 270(32), c = 11076(35) A, a - %.65(26), b = 9164(19), y = 109 91(18)q V = 1005(5) A3, Z = 5 D- = 1410 gcms3, 
p = 4 61 cm-‘, R = 0 12 for 2205 reflections and 260 parametera Compound 68 Space group P2& a = 17 406(7), b = 

20 741(7), c = 10 446(2) h, p = 95 39(2)q V = 3755(2) A3, Z = 4, D,, = 1410 gcms3, R = 0 0861 for 3705 reflecttons 
and 455 parameters Compound 10. Space group Pi, a = 7 439(3), b = 8 188(3). c = 9 427(4) A, a = 84 88(3), p = 77 80(3), 

y = 63 81(3)q V = 503 6(4) A3, Z = 2, Da,& = 1640 gem”, P = 4 91, R = 0 0566 for 1813 reflecttons and 161 parameters 
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