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SYNTHESIS OF POLYESTERS CONTAINING TF.TRATIIIAFULVALENE
GROUPS IN THE BACKBONE

Charles U. Pittman , Jr.,* Ycon—Fong Liang, and Mltsuru Ueda
Department of Chemistry, University of Alabama

University (Tuscaloosa), Alabama 35486 - -

ABSTRACT: New polyesters, incorporating the tetrathiafulvalene (TTF) -

moiety within the polymer backbone, were prepared by polycondensation of

2,6(7)—bis(p—hydroxyphenyl)tetrathiafulvalene with either sebacyl chloride

or terephthalyl chloride using solution techniques. The effects of various

bases, solvents, and reaction temperatures were studied, bu t the molecular

weights were rather low in all, cases. The polymers were highly soluble In

CF3COOH, soluble in dipolar aprotic solvents (i.e., }~MPA; ‘DMSO , DNF) on heating,

slightly soluble in THF and acetone and largely insoluble ino~th&t conunon

solvents. TCA and DTA studies indicated the polyesters were stable to about

2700 and an exotherm (In air) occurred at 2800 followed by rapid w e ight loss.

Attempts to prepare tetracyanoquinodimethane (TCNQ) or 2,3—dichloro—5,6—dicyauo-.

quinone (DDQ) complexes were unsuccessful. Bromine complexes were prepared.
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Intr oduct ion

- 
Studies of highl y conduct ing  organic charge—transfer  (CT) complexes

have attracted enormous r.~c&’nt •in tm -~rcst wi th tile development of pseudo—one--

dimensional ~organ [c metal,s.~~~ In par t icular , molecular CT complexes of

either te tra thiafulvalenes  (TTF)~~~~~or tetraselenafulvalenes (TSeF) 5T~~with

tetracyanoquinodimethane (TCNQ) have been most Intensively investigated ’

owing to their quasi—metallic conductivity. The preparation of TTF and TSeF

derivatives have been reviewe~~ and new synthetic procedures for preparing

unsymmetrical TTF derivatives continue to appear regularly.~~~~~ However, there

exists a clear need for such conductors with improved material properties and

three dimens tonal. conductivity . One approach to this problem is to p~repare

multidimensional network~~~~ or polymers. —

• Many reports of serniconduct ing organ~~~~~~~~~~~s have appeared .13 On:

approach has been to nuke anI~ n—radical TCNQ .salts of polymeric cations .14
~~~

5

Conduct ivi ties  as 1*1gb as —10 2ohm ’cm t were obtained for TCNQ complexes of

poly(3—vinylbisfulvalcnecliiron),16’17 while TCNQ , DDQ, and 13 complexes of

poly(vinylferrocene), poly(ferroccnyiene), and poly(ethynylferrocene) had

conductivitics below lO—sohm— l cm.’~~.
u,:

~
8 Polymers containing TTF units,

however, have been much less studied owing, in part, to the relative logistics

encountered in monomer synthesis.

Among the first TTF—contain-ing polymers were those prepared via a polycoupllng

process by Okawara ci al )’9 Only two reports of condensation polymers containing

TTF exist; polyurethanes2° and polyamides21’ were synthesized and both failed to

form CT complexes with TCNQ and DDQ. Three vinyl monomers of TTF have now

been made. Vinyltetrathiafulvalene, 1, gave low molecular weigh t polymers on

standing or exposure to UV or azo initiators.22 (p—Vinylph enyl)tctrathiafulvalcne,

2, resisted anionic and radical initiation but thermally polymerized in hulk.

Its polymer was insoluble and did not give TCNQ complexes, although bromine

—~~~ ______
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complexes w&~re rep ort ed .23 Fina l L y ,  a cry la te  3 was prepared and both homo —

and copol ymerizeci . It s  polymer s  gave evidence of TCNQ complexat ion . 24

• a
2~~~~~~~~

We now repor t  the polycondensation of 2 ,6(7)—b i s(p—h ydroxyp henyl)te t ra—

thlafulvaleue , 4 25 w i t h  diac id  chl,orlclcs.

HO I -

OH

~~ j~~ j~~enta l  Sect [on
V 

Material~ . Solventi ;  and Ni t rogen hase,c. 1,2—Dichioroethane was pur i f ied

by washing sequent ia l ly  w i t h  d i lu ted  aqueous acid , water , d iluted aqueous

h.*se , and water  followed by d ry ing  (anhydrous Na2SOA) and dis t illa t ion from

calcium hydride. N , N—D ime th ylace tam ide (DMAc) and hexau*etbylphosphor tr la&nide

(HMPA) were distilled under n i t rogen  from phosphorus pentao:dde. Tetramethylenc

suif one (ThS) was p u r i f ie d  by warming over potassium permanganate, f i l t rat ion ,

and distillation from phosphorus pentaoxtde under vacuum. Chloroform was

purified by aqueous washing, dry ing, and distillation from calcium hydride.

Toluene and p—xylene were distillated from calcium hydride under nitrogun.

Nitrohenzene was puriEied by aqueous washing, drying (CaH), and dintillation

from phosphorus pentaoxide at I atm. Tr:Lctliylamine and N—cthylmorpholine

were distil led from phosphorus pentaoxide under nitrogen while pyrid ine ,

2— p lcoline , 2 ,6—lut id ine , and isoqulnol [ne were dist illed from barium oxide
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undet  i tt t rt ’gen

Monomer: ; . Sehacy I clii or I h~ (Eas I ni~iu Kod ak) was dl st I led at  ie~dnt e•d

pressure under n i t  rogeu .  Ti i’ep h tha i oy I c hi  or ide (Al d r icl* Chem. Co. ) WaS

tecryst at  i t  zeil t rem n — lu~x~ nt ’ . 2, 6( 7)—It t ~ (p—hydroxypheny l ) I i t  rat l*la fit Ival ene

pn~part’tl accord lug to our pLe v tons I y pub I t shed eight step synt i tes  s2~ Start lug

vi lb t 1cc 6 — h y di’ o~ y acet  op itenone’ in ?9X eve tail yield. However, monomer 4 was

found to ~~ unstable In the a Er ait~t t)*ts teqti [re’d a inodif teat ion of the last

step a:; de~ser  [bed below .

To ~ ~ ti ‘en :; ton  of 2 , 6( 7)b is (p—acetoxyphenyl ) t e t t’;i [hi a f u l v a  lime (0.61 g,

1.0 mrne’l ) In met  hanoi (20 ml ) , tcvtI r~i~ [Re ’ by dr~ e (3 ml) was added . The react ton

was stirred at room t emper.i t Li r e, WII l i e the color changed f rom orange to blood

reel . At t e L ’ 1 ~ , cIeox~gena ted c.’.i t i ~ i was z i d e i e ~d anti  a *‘ed ~ rec I p tate was f ii t e’ r e d

under ut t rogen. Rec rys [a iii ;~a t t o n  [torn n i t  rogena I etl pr e— b o i i  in~ met hanoi gave’

go I den :i E r  :; t ’ i t :;  i t L~~’ ~‘ cy s t  ., 1 s (wl* I ch we i~e~ ;; I or t ’d in VII I  iner t  at nio~ pher~ ) mel t I ng

at  207—20 8°c. l r (K Il t’)  l boO , l ’~’e8 , ~~~~~ L Y ~~, 1382 , 1248 , 1172 , 919 , ~2! , 760

enf ~ ; NMR ( lcM~O - I ~ ) ~S6 . 1.’. - 1.4 1 (tinti I I p l et • aromatIc , 811) , 6. 9~ (:; , 2, ring ii)

3.62 (s, 01%, 711) . Ana l .  Caicet f o r  C1811 1 ~~~~ C, SS. 61; II, 3.09; S, 33.02.

Found : C, SS.56; H, :1.10; s, 32.87.

Polymer I ‘ ia t  b i t  . 1 . Low t e ’rnper aturc solut Ion polymer I ia I loi*s . Two m eth od s

were u sed as givei* below.

Method A. 2,6(7)—flEs(p—tiydroxyphettyi) t et c’athtiaful valcne (0. 388S g, 1.0 mutol)

was pi aced In a dried , SO ml f la sk  equ t ppe ’d w i t h  a magnet Ic st Irrer nitel & t e s s u r e —

equal I i  tu g d rop p ing funne l  whEe l ,  Wa: ; f i t  ted u~ itit a drying tube filled witit

cal c turn chlor ide .  Purl !  led N ,N—el [methy l  ace’ t a r n  Ide (1 ml) and purl !  led pyr Id tue

(0. 1584 g, 2 mutol) were added wi th a p [pet [uto the flask and the’ mix ture  was

cooled (lee b ath)  wi t i t  s t i r r i n g .  Sebacyl chloride (0.239 1 g, I mmol) , in 1 ml

of pur l  f le d  1 , 2— cli chio ro ethmane , was added dc’opwise to the c’ooled eliol ~ol ut  Ion

fo i l  owed by st i r rin g  at room temperature  for 1 21* . The ~~~ ymer was tWeei1~ it  .tt eel

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _
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• by add tug the rc.Ie’ I ton :;e~ tnt ie’i, to 100 ml of water , collected by sue Lion

li l t rat tot,, and w.tshett t hoiougltl y with water. After drying over phosphorus

peut sox 1d ’ at 110°C (0. 2 [or r) I ot 681i , 0. 50 g (90%) of polymer was obt:n t ned .

The inherent viscosity in CF3COOH Wa:; 0 . 14 measured a t  a concent ra t ion  of

0. ’~ g/d l at 30°C.

Method B. 2 .6 ( 7 ) ’— REce (p — hyd c ’oxy p h e ny l) t c t r at h i a fu lv a i en e  (0.3885 g, 1 uunol) was

placed in .i d r ied  50 ml f l a sk  equipped wi th  a magnetic  s t i r r i n g  bar.  N ,N—Dinc thy l~

acetamide (DMA c), 1 ml , t r i e t h yl a m in e  (0.2024 g, 2 mmcl) were added with  s t i r r i ng.

A solut ion of sebacyl chlor ide’ (0.239 1 g, 1 mmcl) ,  dissolved in 1 ml of p u r i f i e d

N ,N — d t m e t h y l a e e t a r n i e l e  (UMAc) , was added all at once to the s tir red  diol susp ension

wi t  bout coot tug. A l t e r  ~deh i t i o n , the polymer i a  tion mixture  was s t i r r ed  at

20—2 ~°C for 12 1*. Then wa t er (100 ml) was ndded . The resti 1 [lug polymer was

f l i t  creel , washed t horentgicly wit Ic wa te r , and the brown solid product was dr ied

over phosphorus l~’ntaox 
[tit ’ a t  80°C (0.2 t o rr )  for 48h g iv ing  0.54 g (98%) . The

inherent v iscos it y In CF 1C0011 WaS 0. 1 6 measured at  a concern t rat I on of 0.5 gfd 1

at 30°C.

2. Typ ical hI gher I t’mperature solution polymerization. 2,6(7)—Bis(p—hydroxy—

pht’ny I) tet m’ath La fu lv.’* l & n ~ (0. 3885 g. 1 mumol) was placed in a dried , 50 ml , f lask

equ ipped wh It a magnet ic  st i r rer  and condenser. p -Xy lene (1 ml) and p y r id i n e

(0. 1584 g, 2 mmcl) were added and the f lask  was heated under nitrogen. Sebacy l

chlor ide (0.239 1 1 rnrno .1) , dissolved in 1 ml of p—xy l ene , was added all at. once

to the boi l ing  diol suspension c’:Ith vigorous s t i r r ing .  The reaction was stirred

at r e f l ux  for l 2Ic. The p olymer was obtained by preci p i tat io n  from cold wat er

(100 m l ) ,  f i l t r a t i o n, w a t e r— w a s h i n g ,  and dry ing in vacuo (80°C, 0.2 torr) over

phosphorus pentaoxide for  681c. The r e su lt ing  orange solid (0.26 g, 99% yield)

had fli,,h~’0-24 in CF3COOH .

SynthesIs t  of Bromine Complexes. Two preparative methods were used . Small

sample~; of’ tcoiye~~ter S (en t ree  2 , Table IV) and 6 (entree 6 , Table 11) were
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We’ I gliod tnt o a wa t cii g I a:; s • Tite ’ samp le ;; we i’e subject t’d t o  e’XceSS b t’om (no V .mpor

(in a e’ l.o:;t’d booker In the  pre: ;ence of a 1~~) (or  10 m m • liii’ pci yrnt~ rs tu rn ed

black and .cppea reel t o  sot L e ’ci • : ;e ’ntc’ w )c~t I , elcir I ug the I tea trient . Amc ;t I ys It.; 1)1 t In ’

b romine compi cx of “ gave C /,7.09 , II 3.81 , Bc’ 20. 71 . This cor i’espont!s to t h e

cmuper t C’.I 1 i~t inn 1 a (C78lL 2~
04~~

%t t ( • ~ 
inos t closely hosed on t h e  Ca t’boii a no I ~~ i

where theory  reqeitres C 6’l .09. hI :~.66, i~’ 2?. 30.

Ana l y s i s  of lic e ’ bi’otuiue ’ coinphi ’x  of 6 gave C 48.’)8, ii 2.42, Bc’ 16.67 • This

corresponds to t h ’  ciupe r I e’O 1 lot inn I a (C 2 ~,il 11,04 S48 11 •4 ~, 
hosed on t h e  carbon

an .c I ys is whet’.’ t h eory “ewi I red C 68. 9~I , II 2 .22 , Bc’ 18.65.

The see’o nd m e t  imoel I nv olve d  heat  tug sma l l  amounts  of a poly cste t ’  suspect s ton

in :t S0~,. Cc’
~I:, 

:;.~1it t  ion of bromine at 800 for  10 mi tt . In thic; met hod a

subs taut i . i l I  V to r~ er .mIuelumct of hi ow I t ie Was I uctu pot’ a I ed . The re ’sul I lug  pal yr .;t’rs

vol e f t  I t o  red w.m:;hod i e’pea t ed  I ~ w i t h  CCI ~, , and dr ted 24h in v~c ctnt . The br etnc t u ~

V 
comp lex of S ~‘bt.i t oed in l i i i ; ;  way nna lv : ’ cd  for C 33.3?, II 2.70, Br 61.36. Th E :;

cot’ i’espond:; t o  lb . ’ I ~ i uiul a [C2~ U~~ 0J4S/,i~v 
~ 

based on t ice carbon anal ~‘s is where

t heory m • ecj ci i r ’:; C 1% . .1 .’ , ii :‘ . , Br 4 t .01

Analys.i~ of t in’ brout I tie ’ cetcn p l O~ 01 6 pt ep;tre.i In the’ s~nco w.cy gave C 40. 36,

Ii 1.87 , Br ?c. . (e) . Tic Is corm’ .’spond~ to [C 1,it 1 404S:,iir i ~~~~ 
based ctti t h e c~ rhon

analysis where’ theory reqcctre:~ C 60.36, II I . S ~, Br 32.96

Re:;ul V s mitt Disc  us:; I ot t

~ t’yj’arot_ tcn of 1’ l~ est ers. 2 ,6(7) ‘-II I s  (p-~byel t’o.’cyphm.’nyt) tot roth iafctl va loin’ ,

4 , is un:; t oh 1 c En a Ir  , q im felt Iv urn lug I row on or.inge ccl cc’ to dark brown .

The’ ru’ for.’, it ~ repa r at  ion f ront  2 , 6(7)  ~8 ~ ( —a ~ I ( txyphenyl)  to I ra tb [of ul vol one’

(equ~cr ion 1) ?‘~ and re’cryst :ml I I iat Ion fr on t ,net it .iccol should he cai r fed out tintiec’

nt I. reigen antI in nit rogen.m I i’d tiolVen t • A f t  or l’ec rys tal it  ~:a I ion from meth anol

AcOir~ 4 ( I )

i’ • 95%

—
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a see’ i c:; of saint  ton i~o 1 ye’occdemm: ;o I I nie; we it’ car r Lcd out a t  v~m r b u s  cond it iun~

W i t  ii 5oIslOV I e’li.l or Edt ’ or I e’l ’. . I t i c t  ha loyl ciii or ide as shown In  cqu~c t Iou  (2)  .

ge’ict ’ r . t  I inc t hod ;; woe c e’ntp 1 ovcd - ~~ t hod A i ova Ived tlit~ slow, d ro~r.: i .e add I t  i o,i

of d iacid chloe’ Edo in solvent t o  .i st Er red  suspension of d j ot  and base In

ann thor so 1 vent  a t  0°C. Two mu o l e- : ;  of base were used per mol e  of di ol . Upon

cotuplt ’ t ion of the add it ion of the  ci j ocid  s o l u t i o n, the polymerization solu t i o n

was st irre’d for 12k at  ?O_ ?r 0 before  t he polymer was isol ate ’d . Method B

involved prepa r Eng two sotu t I uo~; of equal vo ‘turn.’. ~)ne sol L it  on conta  tne’d t Ice

d Eel , 2 eqecivalents  of base, and solvent. Thet other conta [tied the d lie Ed

ch lo r ide  and solvent  . The d i  ac Id  c hml o r  I eI . ~ sa iu t i o u  was added all at  once to

the d iet  solo lion wi th  s t i r r i n g  bu t  w i t h o u t  cooling . These r eact  ions were

st, ii ’red for 1 ?Ii a t  20_ ?50 . Th ’  polymer was tiie’~~ col l ect ed .  Method A was tised

in cases where dual  so lvent :;  we r.~ employed whi le  r. iethod B was fo .l towed in

si ii~~lt ’ so lvent  e’eae [b us .  Represemit ~c iv ..’ low tempera t ore  soint ion po tyco ndon-—

s.c t ions and j~oi yin~’m’ V I Se’O5 it los ~iro g i von in  Tabi e I for 5 (sobocy l pol ymers)

and Tab to ‘II for 6 ( t o  re ’p im t i c . ;  toy l po l yr,;oc’s)

110

+ c1 L-~ c1

~~ç} 0~~R4 (2)

S R —(CII

6 R~~’ -~ci.~-
In ser t  Tables I and II
-___

Al though the polymers were isolat  i t t  In excel I t ’itt y I t ’tds, the molec,utar
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w.’ Eghit s remo m e d  low over I_he en t I it ’ ser I es. In  order to dot  cnn toe tint I itt  1 ~~~~~

of base st rength in these polymer [~~ot b its , aucines w i t h  a wide ’  range of plC0

vol ii .’:; v o t e’ I t ’:; ted - A:; shown in Tab 1. I I I  , t he; c I;; no cor te l  a t  iou bet  e~et’  ii

base’ s t r e n g t h  and the resul I tug polymer ‘ v i s cos i t y desp i t o  a change in base

st rength over a rouge of six power s of t on .

Inser t  Table I ll

Although the pol ycoudensa t ion proceeds readily at  room t emperatur e  in ~ol v~ nt s

such as N ,N— di ntetby lacctamtd e ’ (DMAc ) , 1, 2—d ichioroethane , tetr~’cmethy1ene seil foite

(‘VMS) , hwxamc t hyl  phosp hort  r tam ide’ (hI ~lrA ) , and chcloro foi ’nc , only low mn olc cu l  or

weight poi yes t e e’s , we’re ’ ob at  nod . The use of hi gher tempera tore ;; was

considered . Thus, add i t  inmi s  of d ia~’Id ch lor ide  to hot (1101 solut tons , In the

presence’ of base, Eel towed by heat i °i’, a t  to ft ox fo r  I ?lc was t r led . Th ese

resei l ts are sutuinor i::t’d in Table IV .  Indeed , the molecular  wei ghts  of S d id

show an increase.  Bowever, po lycondonso t I cci:; using tereph thai cy 1. clii cr 1 d,’ at

highe r t e mn p era t u r e’s gave 6 wI t h  I OWt’l’ m o le c ula r  weights than were ohto (ned at

lower ter iperat  ur e .

Insert  Tab I e l V ~~~~

The incremental addit  ton m eth od was employed to see I I  the m olecu lar

weights could be increased. Thus , E nd iv! dual polycondenso I ions we’re’ carr it ’d

out w i t h  tercphthaloyl ch l or i d e : 4  r a t i o s  of 98/ 100 , 99/ 100 , 1/ i , 10 1/ 100 in

t etrameth ylene sui f one accord ing to method A . The resulting polymers exh ibI t ed

in heren t v iscosi ties of 0.10, 0.16, 0.28, and 0.16 respectively. This den t onI rates

that the molecular weights were relatively low for reasons other than poorly

matched M 1/M 2 ratios.

Characterization. Pol yesters S and 6 gave elemental ana lyses In excellent

agreement w it h  theory . For example , for  po lymer S (entree I , Table IV) Caled .

C 60.60, ii 6.69, S 21.08; Found C 60.38 . Ii t,. 75 , S 22.96. For polymer 6 (en t ree’

2, TahIt’ Ii) Calod : C 60.21 , ii 2.71 , S 24.73; Found : C 60.87 , II 2.85 , 5 24.95. Tic.’ it ’

spectra were also In accord with str cme’t ores S anti 6. E st e r  earhony l ~hstc t’pt Letcc
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os II! Fed .11 1 a) - I / it) rn .iisI i . ;  Ii ;;p ’~ t i i  e~ , ht  I bit .~d hi. ; s! t 810 , 170
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Po 1 ~ ~‘ .;imtI 6 c.- ’  i .‘ i ’ i ’  h ote l \ :‘ ‘ I t ib h .  in CV 1C0011 t c Os ’ i i  I t’~ ’; l ‘ r . it  til t .

. ;cc ~I ;;olubIe ’ Em ; ILM1’A , L)~’tSi), ai;~i I)~t L~ ott h e a t  Lu g. They Were 0:iiy p a r t  l a i t y

stitub to In TIIF and . ioe t  cue . ind I c i ss il ii i ;  le i n oh leiretorm , u m e t h y  1 emie c h i o t i d e’,

t o t  t’ j c’l; Ic ; eel  hone, d iox~ ite ’ , ci t o t  Icy I e th ’i ’, be ’ui~ e ’cce I _ u i  ue’fle , au di ln’x.’in e . We

w ere  not .ui ’ to t o  ohi~ ~; In t’epl’ esecm t o t  Iv.’ go 1 p,’titieztt (cii citt’ontatograpi; i t ’ m ci i ocular

;~li I ci; ’ t .‘i ’i i I I , L t  i 0:15 SIlit ’t’ ~ and t~ we c e oct I y p.; it  to th y so l u b l e  It; T1IF’.

‘flue g 1,: ss t t o u t s  I t  I etc I ei: ;l  .‘ i . i  t i c ; . ’  (‘l’~.) o t put yt’ster ~ was observed a t  140°

by d i. i t  et’.’nt  tal st’.1 lc i t j I p ~ ~‘,; l t t i  Lm.’t m’ v (I)SC) .11 0 hoo t iccg r a t e  of 200 m i n ’1 
. •1

Tic i may h ’  e ompa r .1 to I he r e’pe t ’t t h ot  Itemupo l yc;mer s of 7 do cc~c I so f ten C V eO

at  :1000 . “~ ~~~~~~~~~ r u s t  t o  ‘t , t h ~’ T~ eit pelyost c;’ 6 could not h~’ det ec t  i’d , pr t ’su:r.abl

ht ’c’ou;s,’ I t  I s t’xpt’e’ ted Ic Lie ye iv i i i  e~i i .  Tlct ’rrmegr.cv (r iot r to  am;.; lyse’s (TC~ ) an d

cli t ~ t ’ cen t  t. ;l t ics ’ ciii.; 1 a no Iv  Sc ’;; (ii I’A) wcc’t’ ca rt . It ’d out I a t ‘i°C ri I n~ ~ ~ nd 10°C muin t

t’.’spt ’e’ t I ve ly  on bet it ‘i occ i 1’ . ‘Vyp I c;c I I Iceriuegc.uns at.’ shiowi ; for  each pal y ost  or

.i n Ft tires 1 and -
) 
. 1’hc ,’ 0 I’A t c i  iv s of ~i .‘xh lb i t  t ’d a st ron~ cxc I herr; at abc;;

0 0 I i ’  wit ; ~ic ocr  c c l  .11011 we l l is j t  Ii t’; :\ ; ;  Ut! i ‘‘s showing thc.c t~ Li ce .ini t to 1 b c;;; of

we I l i t  o,’e ;;t r.’d at alien t i c  I ;; t ’ia pe ’t’ .l t c it e .  ‘f l i t’ doccopu:; i t  ~cn te ’mpet ’.c t ur ’ f or

10’ .’ we ( g u t  1 ci;;;; w, c ; ;  ~~ ‘)0°C [or bet it ~ ~ t c t  6 i i i  c i t  I t o c ~.’ul .

The cc i g in ci ~$0° e’xor lconn was found to lie due’ to a r e a ct  ion  of the’ TTF

t i t l e  1 Ot i S .  Pnre~ t o t  r.i Ut I at ; ;  lv.; Ion .’ wi : ;  stu d  it’d a;; a model. ecir.cpeund. No t horci.; 1,

de’ctimpo:; It I ,in of 1’TF ooctic’:; .; t i t  S m~’ it  tug pot mit , ( 11 s— 1190) . h owever , at

L enip.’r.it i t t, ’:; .lti.iVO ~ 5 0 0 i t  tlceoapest ’s ~.
‘ j I_h ~ ,cs e’vol;;t (cc; b oUt icc air acid nu der

n i t  reigs ’m c . At I_ or  11’F I a t o  Ised onl y hi’ I .‘f iv  t o  2800 and cooled • i t  has totall y

di ’e ;immmpo; ;ed . ;it ’coi ’d l u g  t 0 t i c . ’ it ’  :;pt’~’ r ,i  ci tic. ’ r c m  I due . iTheic po lyeste r  S was

he:i I .‘d in so.; 1 t’eI t umbes at  780° ( I n  a I r ci under  m i t t  rogeut) , t he  It  b:ucds .;t 770

am id 720 cmii” ~ , ehcar .cc I_ er  1st 1.’ of tic .’ ci (sub:; t (t ot e d  1’TF nue ion:;, ci Ls.cppear over

o per Lcd ot — 5  m I n u t e s .  Them: ; , tic.’ TTF nut: 1 ,‘u ;; .1 ;; t h er m a L l y  degt’.;dod . The

-- ~~~~ ~ I.T
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: L
ester carboimy l baud :; at 1740 cm ’~ r em a i n  u ndiminished . 

-

At tes~pt s to_Forn TCNQ and Co~~~1ec:es. Both pol yesters S and 6 were

r e f i u x e d  in  ace ro nit r i l e  w i t h  cqu iu ;ol .ar  amounts  of either TC~ Q or DDQ under

nitrogen for 241;. The produc t was washed with copious amounts of acetonit r ile . .

The ir spectra of the resulting product was identical to that  of S or 6 and

4 
showed no evidence of the presence of TCNQ or DDQ . Since polyesters S and 6

were both soluble in IEMPA , hot HMPA solutions of S or 6 were reacted with an

equivalent of TCNQ (or DDQ). After refI.uxing for 10—20 m m . ,  the solutions

were cooled , UMPA was removed in vacuo, and the residue was washed with

methanol and dried . Only pure polyester was recovered.

The uv—visible spectra of polyesters 5 and 6 were obtained independently

in IIMP A, as were the spectra o TCNQ and DDQ. Then I1~~’A solutions of the

polyesters were mixed with TCNQ or DDQ. No evidence of CT complexation was

obtained . Both polyesters exhibited strong absorptions at 420 rim , while TC~Q

in HMPA has two strong bands at 420 and 500 nm and DDQ absorbs at 405 nm in

ILMPA. Mixing IIMPA solutions of the polyesters wi th those of TCMQ (or DDQ)

gave spectra consistent with simply adding their individual spectra. No low

energy CT bands were observed .

Bromine Complexes. Both polyesters 5 and 6 were converted to bromine

complexes by exposure to bromine vapor in air at room temperature.. By this

treatment, 5 was converted to a solid analyzing (see experimental) for

fC23H2604S4Br1 99J~ while 6 gave a solid corresponding to (C26H14O4S4BrJ.49)~~.

The infrared spectra of polymers 5 and 6 exhibited absorptions at — 1600 cin 1
~

t~~s~4 + Br2~~~~~~~~~~ 

tRC~~ } R}

5 or . \ff ~~ 

~ 
:~

-
~:* 

R } 
~

- - 
-- - 

~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~
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which we a t t r ib u t e  to carbon—carbon double bond absorptions from the TTF

muolety . Upon treatment wi th  bromine vapor , the intensity of these bands

ren;ained undiminished suggc:stiu:~ the comp lex has a st ruett ir e  such as 7.

The esr spectra were obtained for the Brf complexes of polymers 5

and 6. Welcome’9 had previously reported a g value of 2.00789 gauss for

the tetrathiafulvalene radical cation in TTF—containing polymers which had

been oxidized to Br3 ” salts . Using solid samples , the Brf salt of S exhibited

a g 2.0075 gauss while the Br3 salt of 6 gave a g 2.0076 gauss. This

provides further evidence for the structure shown in 7.

Polyesters 5 and 6 were also treated with CC14 sOlutions of bromine to

give complexes analyzing for [C2gfl 26O4S4Br3 j31~ and (C26H 1404S4Br3 Ig1~~,

respectively. In order to see if bromine addition to the double bonds in the

TTF nucleus had occurred , the :ir spectra were recorded . The absorption at

“1600 cm’~ found in 5 and 6 was greatly diminished suggesting bromine addition

to TTF double bonds as implied by structure 8. Also , earbonyl absorption was

found at  lower frequencies, 1680—1700 cm 1, suggesting fur ther  structural

changes in the solid .

Attempts to prepare higher molecular weigh t condensation polymers from

monomer 4 are currently in progress.

- u~. ~~~ 
:~‘:,:e. ,~~~~~
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Table 1
Solut -ion Pol ycondens.m L ions of 2,6(7) —B is (p’—hydroxy--—

phc’nyl) tet na t- lit a fulvalc~no w i t  h i Sebacy l Cii onide
at Lower (0~ 25°) Temperatures .a

Soivemitb Polymer
Yield , % flI nlt.C

DMAc~t/ 1,2—Dtchloroetliamu . pyridinc 90 0.14

DMAcd/ 1, 2—D ich I  oroe thamie tnie thylanilne 92 0.12

DMAcd pyr id in  81 • 0J2

DMAc d t r ietby lamine 98 0.16

1, 2—D ichioroethauc t r ie thy iamine 89 0.14
TMS’1 pyrid tue 96 0. 16
TNS~1 t r i e th yi~u in1ne 98 0.17

TMSd/i , 2—Ui ch ior oc  thane tr i ethy lamln e  99 0.17

1IMPAcI pyrid im ie 95 0.12

HNPAd triethylamnine 95 0. 13

HHPA d/ 1 , 2—D ich lo roe th ane  t r i e t hy l a mi n e  96 0. lit

Chloroform triethylam i nc 97 0.18

aAfl potytonden ”ttiofe~ were ca r r ied  out  using l of e-wh
monomer and 2 mnmo.1 of base in 2 nil of solvent at  2O~250 for
1 2h. hM(, time d A was emp loyed i m m react  ions usi ng mixed solvents.
Method B was mmsod wherever a single solvent was used . ~Measu r ed
at a concentration of O.Sg/dl in CF3COOII a t  300 . dDMAc~dimethyl_
acetamn ide , T~~ - - t e t r a m e t im y l cue suil. fc’ne , lIN I’A~ ltexanmet hyiphosphor irlamide 

- ~~~~~-~~~~~-~~~~—-~~~~~~~~~~~~- - --~~~~~~~~~~~~~ - . -
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Table II
Solut ion Polycundensatlous of 2, 6( 7)—Bis (p— hy droxy—

pheiiyl) tetrath tafulval ene with Tercphtbaloyl Chloride
at  Lower (O_ 2 5 0) l elmipe r a tures  . “

Po1y~imcrSolvent Base

- 

Yield , X 
- 

flinh.

Cu d 3 pyridIne 96 0.16

CIICI3 trluthylainine 98 0.25

TMSh pyr idin e  
- 

96 0.1?

ThiS)) trletlmyiamlne 98 0.28

DHAc~’ trletimyiamm ifne 98 0.25

8A11 polyconilen s;mt ion were conchuc ted by Method B and
employed 1 mmi mo l . o each nmor momne r and 2 tnmol . of base
in 2 m l .  of solvent at 20_250 for 12h.
1’TMS~ t c t r zume th yl emmeta m ifone , DMAc~’diuiet hy lacetaui lik .

, .

Table I ll
El t ect of time pK.1 of Added B.mae on l’olymner Molecular
Weight in Pu Iy eommdi ’n sat ion s of 2 ,6(7)—B is (p—hy dro xy—
pheny l  ) t et  ra iii t a f u l  val ene w E tim Sehacyl Chloride Using
Method A in C h l o r o f o r m .

Polymer
Base (p1

~a
) 

~
j j .

~~j  ~~~~~~~~~

Trie~th y lamlne (10.75) 97 0.18
N—Ethy limiorph oline (1.67) 96 0.14

2,6—Lutidinc (6.60) 99 0.20

2—P:Icoliue (5.94) 98 0.16

Pyridine (5.22) 90 0.14

Isoqulnoline (4.8 1) .98 0.12
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Table IV
HI gin’ r Temimpera Lure So 1 mu (on Po lycondeus.i t Ions
of 2,6(7) —Bls (p--hydioxyphenyl ) tvtrath.Lafulva l “no

w i t h  Sebacyl and Terepithaloyl Chlorides.”

Polymer Solvent Base Yield , Z

S p -x yi v u e  pyr ichine 100 0.24
rI p—xyloue t rE e t h y l a m i ne  98 0.22

6 p—xylene t r ie thy lamln e  99 0.11
• 6 p-xyiene pyridlnc 94 0.07

- 

6 toluene t r ietby lani lne 90 0.16

6 toltmene pyridlnt’ 90 0.15

“F.ach polycomidensat ion was carried out at re (1 umx for I ?Ii
using 1 mmoi • of each monomer and 2 mumitol. of base in 2 mmii .

1 of solvent.

J

L 
_____
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