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Abstract:Thesynttresisandcharacterizationof a newclassof electrondonor-acceptorsubstituted
stilbenesbearinga phosphonateester as the electron-withdrawingfunctiotratityis described.
Phosphorytstionof smmaticMgswasaccomplishedusingNi-estalyzedArbuzovreactions,whilePd-
eststyr.edHsck-typecouplingreaxionswereemployedtoconstructthestitbenederivativea.Through
dete ”rmrnstionofanetectro-opticeoe.fflcient(r33),itwasdeanortatratedthstttreph-~q
iseffecrivessanelectron-whhdmwinggroupforstilbenebasedseeard.orderNLO~
01997 ElsevierScienceLtd.

INTRODUCTION

The photorefractiveeffect, found in materialsthatare bothphotoconductiveand have nordittearoptical

pro~rtieg> ig avi~y being Pursuedfor optical processingapplications. Whena photorefractivematerialis
illuminated with light of nonuniformintensity, in the presence of an applied electric field, charges are
photogeneratedandsubsequentlytransportedandtrappedat defects. Thistesultsin anonuniforrnspace-charge
distribution,affordinga refractiveindexdistributionwhichcanbe modulatedthroughtheektro-o pticeffect A
phasegratingis thencreatedwhichcandiffmctlight,affordingahologram.1Photorefractivity,thus,holdsgreat
potentialin holographicopticaldatastorageandprocessing,as wellas lkquencydoublingof laaerlight.

In orderto manifestthephotorefractiveeffect,it is thoughtthat thesepolymersmustcontainphotocharge
generating(CG) and transporting(CT) functionality,charge trapping sites, and nonlinearoptical (NLO)
chromophores.A numberof systemshave beenreportedin whicha polymerpossessingone of the requisite
functionalities,e.g., covalently attached NLO chromophores,is doped with the others, e.g., CO and CT
dopants(see,e.g., references1-5). Withthepressingtechnologicaldemandformoreeffkientphotoretkwtive
andelectro-opticmaterials,it is clearthatnewtypesof materialsandnewsyntheticapproachesiweneeded.

Thephosphonateestergroupis a strongekctron-withdrawingfrutctiomdi~.6 Ananilinederivativebearing
a phosphonateewerwasrecentlyreportedtoexhibitsecond-ordernonlinearopticalproperdescomparableto the
4-nitroanilineNLOreference.6SeveralstilbenederivativesdisplayingNLOpropertiesm knownbutthete have
beenno reportsutilizinga phosphonateester as an electron-withdrawinggroupfor this purpose. Herein,we
reportthe straightforwatrlsynthesisandcharacterizationof a newclassof electrondonm-acceptorsubstituted
stilbenederivativesbearingphosphonategroups(5 and6). A multifunctionalcarbazolederivative(5),bearing
twoNLOmoieties,wasprep- thecarbazolecoreis intendedto serveas thechargetransporter.

EXPERIMENTAL

Materials. CH2C12,hexanes,Et20, EtOAc, triethylphosphite,ethylenecarbonate,Et3N,DMF, THF,
and toluene were distilled before use. EtOH was dried over 4 ~ molecular sieves. 4-Bromo-N,N-
dimethylanilinewas recrystallizedbeforeuse. 4-Bromoacetophenone,NaB& NaH, 3,6-dibromocarbazole,
tri+tolylphosphine,Pd(OAc)2,NiC12,andfusedKHS04wereusedasreceivedfmmcommercialsuppliera.
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Measurements. IH NMR spectra were recorded on a Bruker AM-300 spectrometer. UV-visible
measttmmentswere securedusinga Hewlett-Packardmodel8452Adiodearrayspectrophotometer.Highand
low resolutionmass spectrawere obtainedusing JEOL model SX102Aand AX505Hmass spectrometers,
respectively.3-NitrobenzylalcoholdopedwithNaIwasusedas thematrixfor fast atombombardment(FAB)
measum.ments.NH3wasemployedasreagentgasforchemicalionization(CI)measurements.

Synthesis of 3,6-bis(diethyl4-phosphonatestyryl)carbazole(5). To a solution of N-(2-
hydroxyethyl)-3,6-dibromocsrbazole(4, 0.2 g, 0.54 mmol) in DMF was addedPd(OAc)2(0.008g, 0.036
mmol),tri-o-tolylphosphine(0.021g, 0.07mmol),Et3N(0.253g, 2.5mmol),4-vinylbenzenephosphonicacid
diethylester (3,0.36g, 1.4mmol). Theyellowreactionmixturewasstirredat60“C for 12h. Thesolventwas
removed,andthemixturewaspouredintowaterandextractedin CH2C12.Thecrudeproductwaspuriftedona
silicagel column(1:20hexanes/EtOAc),resultingin a brightyellowsolid(44%yield). IH NMR(300MHz,
CDC13):61.36 (t, 12H,-OCR2CH3),1.98(s, IH, -OH),4.00-4.20(m, 10H,-OCH2CR3and N-CH~, 4.50
(t, 2H, O-CH2),7.12, 7.17, 7.40,7.45 (old,4H, rrans-stilbene -CH=CH-),7.48 (cl 2H, Cl, C8 carbazole
ArH),7.64 (m, 6H, ArHorrhoto C=Cand C2, C7 carbazoleArH),7.78 (old,4H, ortho to P(0)(OEt)2),8.27
(s, 2H, C4, C5 carbazoleArH). HighresolutionMS (FAB,[M+Na]):calc 710.2410;actual:710.2436. UV-
vis:knax = 340nm.

Synthesis of 4-diethyl 4’-N,N-dimethylaminostilbenephosphonate(6). 4-Bromo-N,N-
dimethylaniline(0.64 g, 3.2 mmol), 3 (0.6 g, 2.64 mmol), Pd(OAc)2(5.9 mg, 2.64 x 10-2mmol), tri-o-
tolylphosphine(16mg, 5.28x 10-2mmol)andEt3N(0.735g, 5.28mmol)werecombinedin a screwcap vial
andheatedto 100‘C for 12h. Thereactionmixturewascooledto roomtemperature,dissolvedin acetonitrile,
passedthrougha silica gel plug, washedwith sat. NaCl,driedover MgS04, concentrated and washedwith
hexane,resulting in a fluorescentyellow solid (70% yield). IH NMR (300 MHz, CDC13):61.36 (L 6H,
-OCR2CH3),3.09 (s, 6H, -NCH3),4.15 (m, 4H, -OCH2CR3),6.78 (m, 2H, ArHortho to N), 6.92and 7.16
(old,2H,mansstilbene-CH=CH-),7.45 (d,2H, ArHmetato N), 7.60(m,2H,ArHmeta to P(0)(OEt)2),7.75
(old,2H, ArHortho to P(0)(OEt)2). HighresolutionMS (EI,70EV): calc 359.1650;actual 359.1644.UV-
vis:Lmax= 320nm.

RESULTS AND DISCUSSION

4-Vinylbenzenephosphonicacid diethylester (3) wasprepsredin th~e stepsaccordingto a previously
reportedprocedureillustratedin Scheme1,in 31%overallyield.7,8This sequenceinvolveda NiC12-mediated
Arbuzov-typereaction, reduction with NaBH4,and eliminationover KHS04. Hydroxyethylationof 3,6-
dibromocarbazolewasconductedwithethylenecarbonate,byfmt formingtheamineanionwithNsH,sffotdittg
N-(2-hydroxyethyl)-3,6-dibromocarbazole(4) in 80%yield.g

Pal-catalyzedHeck-type cross-coupling reactions10were conducted on N-(2-hydroxyethyl)-3,6-

dibromocmbazole(4) and 4-bromo-N,N-dimethylaniline,as shownin Schemes2 and 3, respectively. The
Heckreactionbetween3 and4 wascarriedoutwithPd(OAc)2,tri-o-tolylphosphine,andEt3NinDMFat60“C.

3,6-Bis(diethyl 4-phosphonatestyryl)carbazole(5) was isolated, and characterizedby IH NMR and high
resolutionMS (FAB),confirmingformationof the desiredcompound FAB MS analysisshowed~+H]+ =
688 and [M+Na]+= 710, high nxolution FAB MS indicatedm+Na]+ = 710.2436(calc.710.2410). NMR
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analysisindicatedexclusiveformationof the fran,r-stilbenoidolefin geometry,the characteristicdoubletof
doubletswasobservedat7.15 and7.43ppm. UV-visibleanalysisrevealeda hnaxof 340nm.
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Pal-catalyzedcross coupling of 4-bromo-N,N-dimethylanilineand 3 was likewise carried out with
Pd(OAc)2 and tri-o-tolylphosphine in Et3N (Scheme 3). Fluorescent yellow 4-diethyl 4’-N,N-
dimethylaminostilbenephosphonate(6) wasobtained,andcharacterizedby IH NMRand highresolutionMS
(IX),confirmingformationof the desiredcompound.CI MS analysisshowed[M+H]+= 360and [M+~]+
= 377 and EI MS revealed [M+] = 359. High resolutionMS afforded[M+] = 359.1644(calc. 359.1650).
NMRanalysisalso indicatedexclusiveformationof the tran.r-stilbenoidolefingeometry,with a doubletof
doublets at 6.92 and 7.16 ppm. UV-visible spectrophotometricanalysis revealed a Lmaxof 320 nm.
Preliminaryelectro-opticcharacterization(x2)of 6 in poly(methylmethacrylate)indicatedthat it is a second-
orderNLO chromophorewith rss = 0.90 pm/v.11 The correspondingryj value for 4’-N,N-diethylamino-4-
nitmstilbene(DANS)wasdeterminedto2.2pm/Vundersimilarconditions.12

Theaforementionedsynthesesof novelelectrondonor-acceptorsubstitutedstilbenes(5 and6) represent
an efficientstrategyto createpotentiallyimportantnewNLOmaterialswithphosphonateestergroupsas the
electron-withdrawingfunctionality. In addition,the carbazolederivative5 representsa buildingblockfor the
generation of new photorefractive materials, compoundsin which a charge transporter and two NLO
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chromophomsareefficientlyincorporatedintoonemultifunctionalutit. Furthermom,it wasdemonstratedthat
the phosphonateester group is effective as an electron-withdrawinggroup for second-orderNLO organic
materials.
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