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trap. Pure pinacolyl chloride (8, 9.2 g, 49% yield) distilled next at
30-35 °C (oil bath) (20 Torr): ir (neat)2® 2975 (s), 2860 (m), 1455
(m), 1375 (m), 1360 (s), 1270 (m), 1190 (m), 1070 (s), 860 (m), 725
(m), and 664 cm™! (s); NMR (CDCls, 4 M) 6 1.08 (s, 9, 3 CHy), 1.51
(d, 3, CH3CH, J = 7.0 Hz), 3.83 (q, 1, methyne, J = 7.0 Hz); mass
spectrum m/e (rel intensity) 107, 105 (M* — 15) (2, 6), 89 (22), 57
(100). .
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Semiconducting charge-transfer polyurethanes were prepared by condensation of 2,5-bis(2-hydroxyethoxy)-
7,7,8,8-tetracyanoquinodimethan with 1,1’-diisocyanatoferrocene or 4,4’-diisocyanatotetrathiafulvalene. Powder
compactions of the black polymers have electrical conductivities of 3 X 1073 and 1.66 X 10~7 ohm~! em~1, respec-
tively. Condensation of 4,4’-bis(hydroxymethyl)tetrathiafulvalene with 4,4’-diisocyanatotetrathiafulvalene gave a

polyurethane which was converted to its iodide. The iodide has an electrical conductivity of 2 X 1076 ohm~! em

The syntheses of monomers are described.

Although many semiconducting organic polymers have
been synthesized, the goal of an organic polymer having
metallic conductivity has remained elusive. The recent
demonstration of metallic conductivity in the charge-trans-
fer complex of 7,7,8,8-tetracyanoquinodimethan (TCNQ)
and tetrathiafulvalene (T'TF)!:2 suggested that polymers
containing these materials might display metallic conduc-
tivity if properly oriented. The literature contains many
examples of electrically conductive polymers in which
TCNQ:~ is present as a counterion in a polymeric quater-
nary ammonium ion.? To prepare a polymer containing co-
valently bound TCNQ, it was necessary to synthesize a
TCNQ derivative containing suitable reactive functional
groups on the ring. The sequence of reactions used to syn-
thesize 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquino-
dimethan (1) is shown in eq 1.

~1

2,5-Bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodi-
methan (1) is a stable red compound with mp 228-232 °C.
A charge-transfer polymer was prepared by reaction of 1
with 1,1’-diisocyanatoferrocene* to give a black polyure-
thane, 2, containing electron-acceptor TCNQ units alter-
nating with electron-donating ferrocene units. Inasmuch as
the polymer is insoluble in organic solvents, electrical con-
ductivity measurements were performed on a compacted
powder. The value obtained was 3 X 1078 ohm™! cm™1,
which is similar to that reported for a TCNQ complex of
poly(3-vinylbisfulvalenediiron).?

A nonpolymeric model charge-transfer complex of 2,5-
bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan
and 1,1’-bis(methoxycarbonylamino)ferrocene* (3), was
prepared to compare its properties with those of the
charge-transfer polymer 2. The donor and acceptor compo-
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nents in each case should have similar redox potentials.
The black charge-transfer complex 3 has an electrical con-
ductivity of 2.4 X 107! ohm~! em™1. The ultraviolet spec-
trum of 3 in acetonitrile solution shows mostly free 2,5-bis-
(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan with
only 1.5-2% of the corresponding anion radical. As is gener-
ally the case, the nonpolymeric charge-transfer complex
showed substantially higher electrical conductivity than
the polymeric charge-transfer complex.

A second charge-transfer polymer was prepared by reac-
tion (eq 2) of the diol 1 with 4,4’-diisocyanatotetrathiaful-

D=<ST

0\/\0@ I\H—[ | le

CN 0

(2)

valene which was obtained from 4,4’-tetrathiafulvalenedi-
carboxylic acid® by the Curtius reaction. The resulting
black polyurethane, 4, was found to be amorphous by x-ray
analysis. The polymer 4 has an electrical conductivity of
1.66 X 1077 ohm™! ¢m™! and is, thus, substantially less
conductive than the ferrocene-containing polymer, 2. If the
diisocyanatotetrathiafulvalene is a mixture of cis and trans

(4,4’ and 4,5") isomers, this would introduce disorder into
“the polymer perhaps accounting for the absence of crystal-

linity.

Polarographic reduction of 1 in acetonitrile solution
showed two one-electron reduction waves with half-wave
potentials of +0.16 and —0.40 V (vs. SCE). The difference
of 0.56 V between the two waves is anomalously large. It is,
in fact, the largest difference observed for any substituted
TCNQ. The structurally similar 2,5-bis(2-acetoxyethoxy)-
7,7,8,8-tetracyanoquinodimethan (3) showed half-wave po-
tentials of +0.03 and —0.42 V. The difference in half-wave
potentials of 0.45 V is more characteristic of other substi-
tuted TCNQ’s. A possible explanation is that intramolecu-
lar hydrogen bonding occurs to stabilize the anion radical
of 1. However, the anomalous spread between half-wave
potentials is not observed with 2-bromo-5-(2-hydroxy-
ethoxy)-7,7,8,8-tetracyanoquinodimethan (6), which has
half-wave potentials of +0.24 and ~0.21 V.

To synthesize a polymer containing TTF units, 4,4’-

bis(hydroxymethyl)tetrathiafulvalene was synthesized by
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the reduction of 4,4’-tetrathiafulvalenedicarbonyl chloride
using lithium tri-fert-butoxyaluminum hydride. The re-
sulting diol was then combined with 4,4’-diisocyanatotetra-
thiafulvalene to give the polyurethane 7.

J[SSHZ ]]/ . J[z HZ]/ Nco__>
(Il) NH
jio\/[sHZ]/\ —[sHj 7

7

CH,0H

The TTF polyurethane, 7, is a brown polymer for which
a solvent could not be found. Even in the absence of an
added = acid, this polymer has a remarkably high electrical
conductivity, 2 X 108 ohm™! cm.~! When the polymer was
suspended in an acetonitrile solution of iodine, a black
polymeric complex was obtained containing about one io-
dine atom per TTF unit. The poly-TTF iodide has a con-
ductivity of 2 X 1078 ohm~! cm™1, two orders of magnitude
greater than the uncomplexed polymer.

Ueno, Masuyama, and Okawara’ have recently reported
the synthesis of polymeric tetrathiafulvalenes by coupling
of  4,4-polymethylenebis(1,3-dithiole-2-ylium  perchlo-
rates). The polymers prepared by the Japanese workers, al-
though insoluble, were converted to charge transfer com-
plexes with TCNQ and DDQ.

The failure of the polymers in this study to show the
very high electrical conductivities characteristic of several
nonpolymeric charge-transfer complexes is probably 4 re-
sult of geometric constraints. The polymer is probably un-
able to achieve the high degree of orientation required to
enable the donor units and acceptor units in the polymer
backbone to form the face-to-face stacks®-1° which play an
important role in the conductivity of, for example, TTF-
TCNQ.

Experimental Section

2,5-Bis(2-acetoxyethoxy)-p-xylylene Dichloride. In a 3-L
flask equipped with a mechanical stirrer, thermometer, reflux con-
denser, and gas inlet tube was placed 372 g (1.315 mol) of 1,4-bis-
(acetoxyethoxy)benzene (prepared from the reaction of acetyl
chloride with 2,2’-p-phenylenedioxydiethanol at reflux), 99 g of
paraformaldehyde, 220 m! of acetic acid, and 440 ml of concentrat-
ed hydrochloric acid. The mixture was stirred while bubbling in a
stream of gaseous hydrogen chloride while maintaining the tem-
perature at 50-55 °C. After 2 h, the mixture was cooled and fil-
tered. The filter cake was washed with water and recrystallized
from methylene chloride to give 120 g of 2,5-bis(2-acetoxyethoxy)-
p-xylylene dichloride, mp 130.5-133 °C.

Anal. Caled for C16H2oClaOg: C, 50.67; H, 5.32. Found: C, 50.58;
H, 5.70.

2,5-Bis(2-acetoxyethoxy)-p-xylylene Dicyanide. In a three-
neck, 2-1. flask equipped with a mechanical stirrer, thermometer,
and reflux condenser under a nitrogen atmosphere were placed 336
ml of anhydrous dimethyl sulfoxide and 58.5 g of sodium cyanide.
Then 190.7 g of 2,5-bis(2-acetoxyethoxy)-p-xylylene dichloride
was added portionwise at a rate such that the temperature rose to
50 °C and remained near 50 °C during the addition. When the ad-
dition was complete, stirring was continued at 50 °C for 1 h, and
the mixture was then heated to 85 °C, cooled, diluted with a large
volume of water, and filtered. The filter cake was washed with
water and with ether. Recrystallization from dioxane gave 105 g of
2,5-bis(2-acetoxyethoxy)-p-xylylene dicyanide, mp 168-169.5 °C.

Anal. Caled for C1sHaoN2Og: C, 59.99; H, 5.59; H, 7.77. Found: C,
59.97, 59.98; H, 5.89, 5.79¢ N, 7.41, 7.52.
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2,5-Bis(2-hydroxyethoxy)-p-xylylene Dicyanide. A mixture
of 20.8 g of 2,5-bis(acetoxyethoxy)-p-xylylene dicyanide, 200 ml of
acetonitrile, and 200 ml of dioxane was warmed with stirring until
solution was complete. Then 80 ml of 10% hydrochloric acid was
added, and the solution was stirred at room temperature for 3 days
at which time a precipitate was observed. In subsequent prepara-
tions an improved yield was obtained by allowing the hydrolysis to
proceed for 6 or 7 days. The mixture was filtered, and the filter
cake was washed with water, dioxane, and ether and dried to give
12.8 g of 2,5-bis(2-hydroxyethoxy)-p-xylylene dicyanide, mp 179
180.5 °C.

Anal. Caled for C;3HigN2Oy C, 60.86; H, 5.84; N, 10.14. Found:
C, 60.84; H, 5.83; N, 9.91.

The infrared spectrum of the product shows no absorption at-
tributable to carbonyl. )

2,5-Bis[2-(tetrahydro-2-pyranyloxy)ethoxy]-p-xylylene Di-
cyanide. A mixture of 45 g of 2,5-bis(2-hydroxyethoxy)-p-xylylene
dicyanide, 250 ml of tetrahydrofuran, 150 ml of dihydropyran (Al-
drich Chemical Co.), and 330 mg of p-toluenesulfonic acid mono-
hydrate was stirred at reflux for 1.5 h after a homogeneous solution
was obtained. The solution was evaporated in vacuo, and the resi-
due was stirred with cold water and dried in vacuo to give 78.5 g of
solid. The crude product was dissolved in benzene and passed
through a 3-in. column of basic alumina. The eluate was boiled
while adding heptane. On cooling and adding additional heptane,
there was obtained 49 g of 2,5-bis[2-(tetrahydro-2-pyranyloxy)-
ethoxy]-p-xylylene dicyanide as an isomeric mixture. An analytical
sample (mp 90-93 °C) was obtained by recrystallization from cy-
clohexane.

Anal. Caled for Co4H3oNoOg: C, 64.85; H, 7.26; N, 6.30. Found: C,
65.19, 65.27; H, 7.30, 7.13; N, 5.91, 5.97.

2,5-Bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodi-
methan, A stirred mixture of 87.4 g of the 2,5-bis[2-(tetrahydro-
2-pyranyloxy)ethoxy]-p-xylylene dicyanide, 25.6 g of sodium
methoxide, and 400 ml of dimethyl carbonate was distilled over a
period of 2.5 h until the temperature of the distillate reached 85
°C. An additional 200 ml of dimethyl carbonate was added, the
mixture was cooled in an ice bath to 5-10 °C, and 31.5 ml of cyano-
gen chloride was slowly distilled into the reaction flask while stir-
ring. After stirring for 2 h at 5 °C, the mixture was slowly warmed
to 50 °C and then evaporated in vacuo. The gummy, dark residue
was treated with 500 ml of warm 10% aqueous sodium hydroxide
and Darco, and filtered. The filtrate was cooled and acidified with
dilute hydrochloric acid. The dark gum which precipitated was ex-
tracted with methylene chloride, treated with Darco, dried, and
evaporated to 11 g of red oil. The red oil was dissolved in acetoni-
trile and treated with a solution of 10.3 g of N-iodosuccinimide in
acetonitrile. The solution was evaporated in vacuo, and the dark,
gummy residue was washed well with water and hexane. The resi-
due was treated with methanol, diluted with water, and filtered.
The filter cake, which was free of iodine, was boiled with 350 ml of
methanol and filtered hot to give 3.1 g of orange solid. Two recrys-
tallizations from acetonitrile gave 2.3 g of dark purple-red needles
of 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan, mp
228-232 °C. From a second extraction of the dark, gummy residue
with 500 ml boiling 10% aqueous sodium hydroxide was obtained
ah additional 1.2 g of 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracyano-
quinodimethan, mp 225-230 °C.

Anal. Caled for C1gH12N4O4: C, 59.3; H, 3.73; N, 17.3. Found: C,
59.5; H, 3.73; N, 17.6.

Uv (acetonitrile) egqo 44 700, 412 43 100.

Polymerizationof 1,1'-Diisocyanatoferrocene with 2,5-Bis(2-
hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan. To a stirred
solution of 324.3 mg (1 mmol) of 1 and 268.0 mg (1 mmol) of 1,1’-
diisocyanatoferrocene (freshly recrystallized from hexane) in 8 ml
of dimethylformamide under an argon atmosphere was added
0.015 ml of dibutyltin dilaurate. The solution, which was initially
red in color, turned green and polymer precipitated. After stirring
for 20 h, 4 ml of methanol was added, and the mixture was filtered.
The filter cake was washed with dimethylformamide and then with
methanol to give 185 mg of black, insoluble polymer.

Anal. Calcd for (CogHooNgOgFe)n: C, 56.8; H, 3.40; N, 14.2.
Found: C, 55.3, 55.5; H, 3.50, 3.51; N, 13.6, 13.6.

The resistivity of a compaction of the black polymer is 8 X 103
ohm cm. The x-ray powder pattern of the black polymer shows
both crystalline and amorphous components.

Dilution-of the filtrate with methanol gave additional precipi-
tate, Filtration gave 362 mg of green-brown polymer.

Anal. Found: C, 54.2, 54.1; H, 3.65, 3.66; N, 13.1, 13.0.

The electrical resistivity of the green-brown polymer is 107 ohm
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cm. The infrared spectra of the black and green-brown polymers
differed greatly.

Nonpolymeric Model for Copolymer of 1 and 1,1'-Diiso-
cyanatoferrocene. To a warm solution of 162.1 mg of 1 in 15 ml of
acetonitrile was added 166.1 mg of 1,1’-bis(methoxycarbonylami-
no)ferrocene.* Upon concentrating the warm, deep-red solution
under a stream of nitrogen, a mixture of black crystals and crystals
of 1 separated. The crystals were redissolved, and the solution was
treated with 100 mg of additional 1,1’-bis(methoxycarbonylami-
no)ferrocene. The warm solution was concentrated under a stream
of nitrogen to a volume of about 10 ml. The solution was allowed to
cool to room temperature, and black crystals separated. Filtration
followed by rinsing with acetonitrile gave 268 mg of black 1:1 com-
plex.

Anal. Caled for CgongNeOgFe: C, 54.89; H, 4.30; N, 12.80.
Found: C, 54.76; H, 4.38; N, 12.89.

The resistivity of a compaction of the product is 24 ohm c¢m. The
ultraviolet spectrum of the complex in acetonitrile shows absorp-
tion characteristic of 1 and only 1.5-2% of the:anion radical of 1,
indicating a high degree of dissociation of the complex in solution.

4,4'-Tetrathiafulvalene Dicarbonyl Chloride. A mixture of
1.2 g of 4,4’-tetrathiafulvalenedicarboxylic acid,® 20 ml of meth-
ylene chloride, 1 drop of pyridine, and 1.7 ml of oxalyl chloride was
stirred overnight at room temperature and 3 days at reflux. The
mixture was cooled to room temperature and filtered to give 1.04 g
of 4,4’-tetrathiofulvalene dicarbonyl chloride as a purple solid, mp
240-245 °C, ir 1700 cm ™1 (COCl).

Anal. Caled for CgH2028,Cle: C, 29.18; H, 0.61. Found: C, 29.29;
H, 0.76.

4,4'-Diisocyanatotetrathiafulvalene. A mixture of 5.5 g of
4,4’-tetrathiafulvalene dicarbonyl chloride, 100 ml of anhydrous
acetonitrile, and 2.2 g of activated sodium azide was stirred at
room temperature for 15 min, at reflux for 2 h, and at room tem-
perature overnight. Then 400 ml of toluene was added, and the ac-

etonitrile was removed by distillation. The mixture was then -

stirred at 104 °C for 1.5 h and filtered hot. The filtrate was evapo-
rated in vacuo nearly to dryness, treated with hexane, cooled, and
filtered. The red filter cake was recrystallized from benzene-hep-
tane to give 2.82 g of 4,4’-diisocyanatotetrathiafulvalene as red
crystals, mp 156 °C dec; ir 2250 cm™! (NCO).

Anal. Caled for CgHsN2S402: C, 33.57; H, 0.70; N, 9.79. Found:
C, 33.87; H, 1.16; N, 9.986.

Polymerization of Diisocyanatotetrathiafulvalene with
2,5-Bis(2-hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan.
To a stirred solution of 324.3 mg (1 mmol) of 2,5-bis(2-hydroxy-
ethoxy)-7,7,8,8-tetracyanoquinodimethan and 298.4 mg of 4,4'-di-
isocyanatotetrathiafulvalene in 8 ml of dimethylformamide under
an argon atmosphere was added 0.015 ml of dibutyltin dilaurate.
The solution gradually became viscous and gelled over a period of
a few hours. After 24 h, a few drops of methanol were added. After
15 min, excess benzene and methanol were added. The black poly-
mer (591 mg) was collected by filtration and dried at 65 °C (0.1
mm).

Anal. Caled for (CouH14NgOgSy)x: C, 47.2; H, 2.30; N, 11.62; S,
21.00. Found: C, 46.70, 46.20, 45.66; H, 3.17, 3.25, 3.24; N, 11.62,
11.20, 10.75; S, 20.98. '

No solvent was found for the polymer.

The electrical resistivity of the compacted polymer is 6 X 1010
ohm cm. The powder pattern of the polymer shows it to be amor-
phous. Differential scanning calorimetry shows a glass transition
at —32 °C, a small, broad endothérm at 88 °C, and a major exo-
therm at 270 °C. )

2,5-Bis(2-acetoxyethoxy)-7,7,8,8-tetracyanoquinodimethan,
A mixture of 500 mg of 2,5-bis(2-hydroxyethoxy)-7,7,8,8-tetracy-
anoquinodimethan, 40 ml of acetic anhydride, and 60 ml of aceto-
nitrile was stirred at reflux for 1.5 h and evaporated in vacuo. The
residue was recrystallized from cyclohexane-benzene and then
from 1-chlorobutane to give 326 mg of maroon plates, mp 144-175
°C dec.

Anal. Caled for CooH16H4Og: C, 58.88; H, 3.95; N, 13.72. Found:
C, 58.87; H, 4.14; N, 13.88. )

Uv (acetonitrile) 430 nm (e 48 100), 410 (45 600).

2-(2-Acetoxyethoxy)-a,a’,5-tribromo-p-xylene. A mixture of
20.8 g of 2-(2-acetoxyethoxy)-p-xylene, prepared by acetylation of
2-(2-hydroxyethoxy)-p-xylene (prepared in turn by the reaction of
2,5-dimethylphenol with ethylene carbonate at 180 °C in the pres-
ence of powdered potassium hydroxide), 300 ml of 1,2-dichloroeth-
ane, 59 g of N-bromosuccinimide, and 0.6 g of benzoyl peroxide
was stirred at reflux under a nitrogen atmosphere for 18 h. The
mixture was cooled, filtered, washed with 10% aqueous sodium bi-
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sulfite, washed three times with water, dried, and evaporated. The
residue was suspended in ether and filtered to give 17.8 g of 2-(2-
acetoxyethoxy)-a,e’,5-tribromo-p-xylene, mp 112.5-115.5 °C. Re-
crystallization from cyclohexane raised the melting point to 114-
117 °C. ’

Anal. Caled for C12H13Br30s: C, 32.39; H, 2.95; Br, 53.97. Found:
C, 32.63; H, 3.00; Br, 53.21.

NMR (CDClg) 8 7.5 (s, aromatic, 1 H), 6.95 (s, aromatic, 1 H),
4.54 (s, CHyBr), 4.45 (s, CH3Br), 4.04-4.5 (m, OCH,CH.0, total in-
tensity of 4.54-4.05, 8,5 H), 2.1 ppm (s, CH3CO, 3 H).

2-(2-Acetoxyethoxy)-5-bromo-1-bromomethyl-4-dibro-
momethylbenzene. A mixture of 191 g of 2-(2-acetoxyethoxy)-p-
xylene, 550 g of N-bromosuccinimide, 2.8 1. of 1,2-dichloroethane,
and 5.5 g of benzoyl peroxide was stirred at reflux overnight, fil-
tered, washed with dilute sodium bisulfite solution and water
(three times), dried, and evaporated in vacuo. The residue, which
slowly crystallized, was twice suspended in 200 ml of ether and fil-
tered to give 183.4 g of solid, mp 94-109 °C. The product was crys-
tallized from cyclohexane and then from butyl chloride to give 85.7
g of 2-(2-acetoxyethoxy)-a,a’,5-tribromo-p-xylene, mp 113-114
°C. The second crop (21.3 g), mp 90-94.5 °C, was recrystallized
twice from butyl chloride—ether to give crystals of 2-(2-acetoxy-
ethoxy)-5-bromo-1-bromomethyl-4-dibromomethylbenzene, —mp
95.5-96.5 °C.

Anal. Caled for C1oH12BryO3: C, 27.6; H, 2.31; Br, 61.0. Found:
C,27.9; H, 2.32; Br, 61.28.

NMR (CDCls) é 8.0 (s, aromatic, 1 H), 7.0 (s, CHBrs, 1 H), 6.95
(s, aromatic, 1 H), 4.52 (s, CH2Br, 2 H), 4.15-4.56 (m, -CH2CHg-, 4
H), 2.1 ppm (s, CH2CO, 3 H).

2-(2-Acetoxyethoxy)-5-bromo-p-xylylene Dicyanide. To an
ice-cooled, stirred slurry of 3 g of sodium cyanide and 25 ml of an-
hydrous dimethylformamide was added 1.5 ml of trifluoroacetic
acid at a rate such that the temperature did not exceed 10 °C.
Then 4.45 g (0.01 mol) of 2-(2-acetoxyethoxy)-a,o’,5-tribromo-p-
xylene was added portionwise at a rate such that the temperature
ramained below 10 °C. After stirring overnight at ambient temper-
ature (in subsequent experiments, 80 min at 10 °C was found to be
sufficient reaction time), the mixture was poured into ice and
water and filtered to give 3.03 g of solid. Recrystallization from
butyl chloride~-heptane gave 1.89 g of 2-(2-acetoxyethoxy)-5-
bromo-p-xylene dicyanide, mp 121-124.5 °C. Recrystallization
from dioxane-heptane raised the melting point to 125-126 °C.

Anal. Caled for C14H;3NsBrOg: C, 49.9; H, 3.88; N, 8.31; Br, 23.7.
Found: C, 49.8; H, 4.01; N, 8.07; Br, 23.7.

-NMR (CDClg) 8 7.54 (s, aromatic, 1 H), 7.01 (s, aromatic, 1 H),
4,12-4.59 (m, --CH,CHyo-, 4 H), 3.82 (s, CH,CN, 2 H), 3.66 (s,
CH.CN, 2 H), 2.10 ppm (s, CH3CO, 3 H).

2-(2-Hydroxyethoxy)-5-bromo-p-xylylene Dicyanide. A so-
lution of 3.37 g of 2-(2-acetoxyethoxy)-5-bromo-p-xylylene dicyan-
ide in 20 ml of acetonitrile, 20 ml of dioxane, and 8 ml of 10% aque-
ous hydrochloric acid was stirred at 85 °C for 18 h and then poured
into ice and water. Filtration gave 2.54 g of 2-(2-hydroxyethoxy)-
5-bromo-p-xylylene dicyanide, mp 137.56-140.5 °C. Recrystalliza-
tion from methanol raised the melting point to 142-144 °C.

Anal, Caled for CioH;iNoBrOo: C, 48.95; H, 3.76; N, 9.50; Br,
27.1. Found: C, 48.46, 48.33, 48.57; H, 3.72, 3.62, 4.12; N, 8.82, 8.89,
9.80; Br, 26.9. '

2-(2-Hydroxyethoxy)-5-bromo-p-phenylenedimalononi-
trile. A stirred mixture of 19.9 g of 2-(2-hydroxyethoxy)-5-bromo-
p-xylylene dicyanide (0.0674 mol), 7.38 g of sodium methoxide
(0.137 mol), and 160 ml of methyl carbonate was slowly distilled
until the head temperature reached 90 °C and all of the methanol
had been removed azeotropically. A gum had formed but solidified
on cooling. The solid was broken up manually and stirred at 5 °C
while 20 ml (at 0 °C) of cyanogen chloride was slowly added
through a gas inlet tube. The mixture was stirred overnight at am-
bient temperature after addition of methyl carbonate to facilitate
mixing. The mixture was filtered, and the filtrate evaporated to
31.2 g of a pale yellow oil. After washirg several times with hep-
tane, the oil was boiled with 170 ml of 10% sodium hydroxide solu-
tion, and the resulting red solution was poured gradually into 240
ml of cold 10% hydrochloric acid. The gummy precipitate, on
standing overnight in the acidic medium, solidified. The mixture
was blended in a Waring blender and filtered to give 13.1 g of solid,
mp 126-143 °C. Recrystallization from methylene chloride-hep-
tane containing a little dioxane followed by crystallization from
aqueous acetic acid gave 8.7 g of 2-(2-hydroxyethoxy)-5-bromo-p-
phenylenedimalononitrile, mp 150.5-153 °C.

Anal. Caled for C14HgN4BrQs: C, 48.71; H, 2.63; N, 16.23. Found:
C, 49.04; H, 2.87; N, 15.99.
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NMR (CD4CN) § 7.82 (s, aromatic, 1 H), 7.43 (s, aromatic, 1 H),
5.69 [s, CH(CN),, 1 H], 5.63 [s, CH(CN)s, 1 H], 3.75-4.37 (m,
~-CHyCHs, 5 H), 3.1 ppm (s, broad, OH, 1 H).

2-(2-Hydroxyethoxy)-5-bromo-7,7,8,8-tetracyanoquinodi-
methan. A mixture of 500 mg of 2-(2-hydroxyethoxy)-5-bromo-p-
phenylenedimalononitrile and 50 mi of bromine water was stirred
for 30 min and filtered. The filter cake was recrystallized from
benzene to give 236 mg of red crystals of 2-(2-hydroxyethoxy)-5-
bromo-7,7,8,8-tetracyanoquinodimethan, mp 213-217 °C dec.

Anal. Caled for C14H7NyBrOs: C, 49.00; H, 2.06; N, 16.33. Found:
C, 48.86; H, 2.25; N, 16.23.

Uy (CH3CN) 485 nm (e 4461), 413 (41 521), 390 (sh, 39 805), 280
(3157). .

4,4'-Bis(hydroxymethyl)tetrathiafulvalene. To a stirred slur-
ry of 6.5 g (0.0256 mol) of lithium tri-tert-butoxyaluminum hy-
dride and 30 ml of tetrahydrofuran under nitrogen cooled to —78
°C was added 1.81 g (0.00555 mol) of tetrathiafulvalenedicarbonyl
chloride. The mixture was stirred for 1 h at =78 °C and then al-
lowed to slowly warm to room temperature during which time the
purple solid became amber. After 3 h, the solvent was removed in a
stream of nitrogen and water was added to the residue under nitro-
gen. The mixture was filtered under nitrogen, and the filter cake
was stirred under argon with 10% sodium hydroxide solution for 1
h and refiltered. The filter cake was extracted with methanol, and
the extract was diluted with aqueous sodium hydroxide and con-
centrated somewhat in vacuo causing separation of rust-colored
crystals which were collected by filtration and washed with water
to give 368 mg of 4,4’-bis(hydroxymethyl)tetrathiafulvalene which
begins to decompose at 160 °C.

Anal. Caled for CgHgS409: C, 36.34; H, 3.05. Found: C, 36.67; H,
3.29.

NMR (MeySO-dg) 6.41 (s, 2 ring H), 5.39 (t, J = 5.5 Hz, OH, 2
H), 4.15 (d, J = 5.5 Hz, ~CH,0, 4 H), 3.27 ppm (s, Hz0, 1 H). Ad-
dition of DO causes disappearance of the 5.39 and 3.27 ppm peaks
and a new exchange singlet appears at 3.78 ppm while the 4.15
ppm CHjy peak collapses to a singlet.

Tetrathiafulvalene Polyurethane (7). To a stirred, refluxing
mixture of 108.9 mg of 4,4’-bis(hydroxymethyl)tetrathiafulvalene,
118 mg of 4,4’-diisocyanatotetrathiafulvalene, and 15 ml of aceto-
nitrile under argon was added 0.1 ul of dibutyltin dilaurate cata-
lyst. After 2 h, the mixture was filtered under argon, and the filter
cake was twice mixed with acetonitrile and centrifuged to give 167
mg of brown polymer. The infrared spectrum shows carbonyl ab-
sorption at 1730 cm™! and NH absorption at 3400 cm™L.

Anal, Caled for (CigH10N2SgO4)x: C, 34.89; H, 1.83; N, 5.09.
Found: C, 33.52, 33.47; H, 2.17, 2.16; N, 5.35, 5.30.

Reaction of Tetrathiafulvalene Polyurethane with Iodine.
A mixture of 30 mg of 7, 10 ml of acetonitrile, and 14 mg of iodine
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was stirred under argon for 3 h and filtered in a nitrogen atmo-
sphere to give 35.5 mg of black polymer.

Anal. Caled for CigH;0048sNaIo: C, 23.88: H, 1.25; N, 3.48.
Found: C, 23.94, 23.97; H, 1.56, 1.54; N, 4.16, 4.29.

Electrical resistivity of compaction 2 X 106 ohm cm.
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dicyanide, 58268-33-0; 2,5-bis(2-hydroxyethoxy)-p-xylene dicyan-
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75-4; 1,1’-bis(methoxycarbonylamino)ferrocene, 12277-09-7; 4,4'-
tetrathiafulvalenedicarbonyl ! chloride, 58268-37-4; | 4,4'-tetrathia-
fulvalenedicarboxylic : acid, *51751-19-0; 1 methylene i chloride, | 75-
19-2; 4,4'-diisocyanatotetrathiafulvalene, 58268-38-5; 2-(2-acetoxy-
ethoxy-a,a’,5-tribromo-p-xylene, 58268-39-8; 2-(2-acetoxyethoxy)-
p-xylene, 58268-40-9;  2-(2-acetoxyethoxy)-5-bromo-1-bromo-
methyl-4-dibromomethylbenzene, 58268-41-0; N-bromosuccini-
mide, 128-08-5; -2-(2-acetoxyethoxy)-5-bromo-p-xylene dicyanide,
58268-42-1; 2-(2-hydroxyethoxy)-5-bromo-p-xylylene dicyanide,
58268-43-2; 2-(2-hydroxyethoxy)-5-bromo-p-phenylenedimalono-
nitrile, 58268-44-3; 4,4’-bis(hydroxymethyl)tetrathiafulvalene,
58268-45-4; 4,4’-diisocyanatotetrathiafulvalene polymer, 58268-
58.9; 2,5-bis(hydroxyethoxy)-7,7,8,8-tetracyanoquinodimethan
1,1’-diisocyanatoferrocene polymer, 58298-32-1; 2,5-bis(hydroxy-
ethoxy)-7,7,8,8-tetracyanoquinodimethan  4,4’-diisocyanatotetra-
thiafulvalene polymer, 58268-57-8.
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Photochemical irradiation of chlorine substituted 1,5-hexadien-3-ones has led to the synthesis of 1-chloro-, exo-
5-chloro-, and endo-5-chlorobicyclo[2.1.1]hexan-2-one. The nature and utility of the photocycloaddition is dis-
cussed. Bromination of bicyclo[2.1.1]hexan-2-one has been carried out using lithium dialkylamide to form the en-

olate.

Strained bicyclic and polycyclic compounds continue to
play an important role in the understanding of many as-
pects of organic chemistry,! including theoretical studies,?
solvolytic reactivity,® thermal rearrangements,* and reac-
tivity of strained ¢ bonds.’ For this reason, synthetic ef-
forts in this area have been extensive. For some time now,
we and others have been interested in the chemistry of bi-
cyclo[2.1.1]hexanes, an area far less studied than that of
the homologous bicyclo[2.2.1]heptanes, owing to the ready

availability of the latter. In this paper we report extension
of our previously noted synthesis of bicyclo[2.1.1]hexan-2-
one® to the preparation of functionally activated bicyclo-
[2.1.1]hexan-2-ones, needed for various studies, some of
which are reported in the accompanying paper.”

Most synthetic routes to the bicyclo[2.1.1]hexane nucle-
us have involved either ring contractions from bicyclo-
[2.2.1]heptanes!a8 or bicyclo[3.1.1]heptanes®s™? or photo-
chemical cycloaddition of acyclic precursors.®i® Other



