AD-A183 300 THERHRLLV STRILE ﬁROHﬁTIC STRUCTURES FROH HCVCLIC
PRECURSORS 1 PARA-POLYP.. (W) FORCE NRIGHT
RERONRUTICRL LABS WRIGHT- PﬂTTERSON FB 0 .

UNCLASSIFIED M R UNROE ET AL. JUL 87 AFHNAL-TR-87-4865 F/G 773




)
st W e et
IR




AD-A185 300

NI SCAT 3,

I N N S R RS P NN\ YUY OV USRS UI N RN RN RELY PIDURITTI N YL AN 1 . ¥

0T FILE COPY

AFWAL-TR-87-4065

THERMALLY STABLE AROMATIC STRUCTURES FROM ACYCLIC

PRECURSORS I: para-POLYPHENYLENE MODEL COMPOUNDS
FROM 3-DIMETHYLAMINOHEX-5-EN-1-YNES

Marilyn R. Unroe and Bruce A. Reinhardt
Polymer Branch

‘Nonmetallic Materials Division D I '*< :

July 1987

Final Report for Period 1 March 1985 to 30 March 1986

Approved for public release; distributiorn unlimited.

MATERIALS LABORATORY

AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AFB, OH 45433-6533

el A AN A A AR R AR R TEAGW

L il oY

o

LS
R R ARG

oo ey



Unclassified ' -y >
) Form Approved
N REPORT DOCUMENTATION PAGE OMB No. 0704-0188
‘ 1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
2. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT
Y Approved for public release
ry '2b. DECLASSIFICATION / DOWNGRADING SCREDULE | Distribution Unlimited
o ‘ Unclassified
R 4. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
* . AFWAL-TR-87-4065
o 6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
5 . Materials Laboratory (if applicable)
;;i_ AF Wright Aeronautical Lab AFWAL/MLBP
., 6c. ADORESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
e Wright-Patterson Air Force Base, OH 45433-6533
o 82. NAME OF FUNDING / SPONSORING 8b.-OFFICE SYMBOL ] 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
;.: ORGANIZATION . (if applicabie)
:: Air Force Systems Command
o ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
L Wright-Patterson AFB, OH 45433-6533 PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. | NO. NO ACCESSION NO.
O 61102F | 2303 Q3 07
" 1. TITLE (include Security Classification)
Eh Thermally Stable Aromatic Structures From Acyclic Precursors I: para-Polyphenylene Model
;:\ Compounds From 3-Dimethylaminohex-5-EN-1-YNES
£ 12. PERSONAL AUTHOR(S)
‘ Marilyn R. Unroe and Bruce A. Reinhardt _
\» 13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [15. PAGE COUNT
\ Final FROM Mar 85 TO Mar 86 July 1987 J3
::: 16. SUPPLEMENTARY NOTATION
-
“ .
17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessery and identify by block number)
W FIELD GROUP SUB-GROUP para-polyphenyls closure acyclic eneyne
" \ 07 03 cinnamyl bromides bis-amine dimethylamine
;' .& a7 Stevens rearrangement thermally stable ammonium bromides
M . ABSTRACT (Continue on reverse if necessary and identify by block number)
a:: Condensation of N,N-dimethyl-(3phenylprop-2-ynyl) amines with cinnamyl bromides of various
* structure afford cinnamyldimethyl-(3-phenylprop-2-vnyl) ammonium bromides in high yield.
_ Without isolation, the ammonium salts can undergo both [3,2] and [1,2)base catalyzed
‘ Stevens rearrangements to the corresponding 3-dimethylamino-1,4-diphenylhex-5-en-l-ynes.
:: . Subsequent heating of the rearranged products closes the [3,2] linkages preferentially
-,: forming the all para-polyphenyls which are isolated easily from the reaction mixtures.
:‘l \\—
v:' - ! v*\\‘\\
(N \v \'
)
" \
8
(3
"
* 20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
o BI UNCLASSIFIED/UNLIMITED L] SAME AS RPT  [Jpric users ]} Unclassified
o, 228 NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE gn(lude Area Code) | 22¢ OFFICE SYMBOL
' Bruce A. Reinhardt 513-255-9162 AFWAL /MLBP
' DD Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE
Py UNCLASSIFIED

)
4

A . - LI (S T4 L) » - A A S S LR L R A LA A PRI T
NUPOTICRCII AN A OIS Mo .O.. W .\ o X i Wmm&ﬁﬁmlﬁdn .‘ \';.\'kx';\‘._'.‘A‘,.A,A_J~L'.f d’s.‘ﬁ.’.\.{-.".r.‘.*




FOREWORD
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Laboratory, Air Force Wright Aeronautical Laboratories, Air Force Systems
Command, Wright-Patterson Air Force Base, Ohio with Dr. I. J. Goldfarb as
the Materials Laboratory Project Scientist. Co-authors were Marilyn R. Unroe
and Bruce A. Reinhardt, Materials Laboratory (AFWAL/MLBP).

This report covers research conducted from March 1985 to March 1986.

The authors wish to thank Marlene D. Houtz and Edward J. Soloski for the
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SECTION I
INTRODUCTION

As part of a continuing Air Force research effort directed toward the
development of new high performance structural materials, a substantial amount
of work has involved the synthesis and characterization of various totally
aromatic rigid-rod polymers (Reference 1). Representative examples of this

class of all para rodlike molecules are poly (p-phenylenebenzobisthiazole)

(PBT) and poly (p-phenylenebenzobisoxazole) (PBO).
N S 0.
/4
/) N\ /
S N n N N n
PBT PBO

The intractable poly (p-phenylene) is another member of this class of

n
poly(p-phenylene)
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materials which has thus far received little attention in this laboratory.

Poly (p-phenylene) has been studied extensively the past 25 years

(Reference 2) because of its excellent thermal stability. These materials,

however, have had rather limited applications because their extreme

insolubility and exceptionally high melting points make fabrication

extremely difficult, Generally the materials previously prepared were of low )
or indeterminate molecular weight and in some cases were contaminated with

metal impurities.

It was postulated that a new synthetic method which generated the
p-polyphenylene linkage in situ from a previously prepared high molecular
weight acyclic backbone would afford a method for obtaining pure samples of
p-polyphenylenes. In addition, such a synthetic route has the potential
for producing a soluble prepolymer which could be fabricated before

cyclization to the more rigid poly (p-phenyleune).

The object of the current research effort is to develop a synthesis of
p-polyphenyl model compounds of high purity via an in situ method which
could be extended to the synthesis of high molecular weight poly
(p—phenylene) polymers. The route chosen to accomplish the proposed
synthesis involves the previously reported (Reference 3) base catalyzed
rearrangement of allylpropynylammonium cations to
3-dimethylaminohex-5~en~1-ynes which could then be thermally cyclized to

the all para linked polyphenyl system of the desired chain length.

The synthetic method developed for the para linked model compounds would

then be applied in future work to produce polyphenylene polymers containing

a high degree of para oriented linkages.




SECTION 1I
RESULTS AND DISCUSSION

1. Synthesis of Aryl Propenyl Bromides

All the aryl propenyl bromide starting materials were prepared via the
corresponding aldehyde and alcohol intermediates. The alcohol,
(E)-2,3~-diphenyl-2-propene~l-ol (1), was obtained with slight modifications of
the known procedure (Reference 4) in 951 yield by the sodium borohydride
reduction of the corresponding aldehyde (Reference 5). Treatment of 1 with
phosphorous tribromide afforded the aryl propenyl bromide 2 in 50% yield

(Reference 6).

NaBH, /CH,OH

@_//—CHO 5°C — RT,4h__ @_//—c“zOH
| 95%
1

PBr, / (C,H,), O

. 5°C—RT,16h @_//—CHzBr
50 %
2
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The palladium catalyzed phase transfer reaction of 4-iodobiphenyl with acrolein N

v
was carried out using conditions similar to those described in the literature I
} (Reference 7) to afford the resulting biphenyl olefinic aldehyde 3 in 40% i
yleld. Reduction to form 4 followed by the standard treatment with phosphorus ..
tribromide produced the desired bromide 5 in high yield. 1
[

-8

A

i
N
| + 2 CH,=CH—CHO "
i

NaHCO,;, Pd(OCOCH,), X
(CH,)N*CI7THCON(CH,), ;

N2, RT,24h ,,-—cuo ;
40% B
3 i

.
%
M. OH !“

abs oM N

5*—RT,4h __ //"‘:"'z°H N

87% N

~

4

3
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PBr3I(CQH5)2o A
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The dialdehyde 6 was synthesized in low yield (10%) via the crossed aldol
condensation of phenylacetaldehyde with terephthaldehyde. Treatment with
sodium borohydride gave essentially a quantitative yield of the dialcohol 7.
Conversion to the dibromide 8 was smoothly carried out as before with

phosphorus tribromide in diethyl ether.

2 @—- CH,CHO + OHC—@— CHO

KOH/C,H;OH ,CeH
-5-0°C.4h OHC—y
10% Y—cHo
CeHs
6
NaBH.IC,HSOH /CqH
5C—RT 24h HOHzC—\\_@__
99 % )‘-cn,ou
C,H;
7
PB’;,(C:Hs)zo /C‘H
5°C—RT48h_ BerC—\\@,
78 % >\—co-|,sr
CeHy
8 :
5
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2. Synthesis of Aryl N,N-Dimethyl~2-propyn-l-amines 10a-d

The previously published method (Reference 8) for the synthesis of
N,N-dimethyl-3-phenyl-2~propyn-l-amine was found to be unsatisfactory for the
synthesis of the aryl N,N-dimethyl-2-propyn-l-amine starting materials. A

one-step method, similar to one previously described (Reference 9) involving .
the palladium catalyzed substitution of halide by the alkyne functionality of
N,N-dimethylamino-2-propyne gave the desired products l0a-d in moderate yield
(40-61%). Piperdine is a superior solvent to triethylamine when using the

more insoluble p-terphenyl halides. Analytical and spectroscopic data for

the amines prepared are summarized in Tables 1 and 3.

X'—Ar—X? 4+ 1-3 HC=C—CH,N(CH,),

9 a-c
P(C¢H;);, Cul
(P(C¢H;),), PdCl,
amine solvent/N:
60—106° C,24h __  (CH,),NCH,—C=C—Ar— C=C—CH,N(CH,),
40— 61% 10a-c
or
Ar—c -=_C_ CHz N(CH3)2
s | x' x? Ar 10d
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3. Polyphenyl Synthesis l5a-g, 2la-b

The syntheses of the p-polyphenyls were carried out employing a three-step,
one-pot procedure starting from the appropriate aryl propenyl bromide and the
corresponding aryl N,N-dimethyl-2-propyn-l-amine. Room temperature
addition in triglyme afforded high yields of the bis ammonium salt 11.
Upon treatment with potassium t-butoxide the ammonium salts undergo a N
Stevens rearrangement to three possible isomeric unconjugated enynes 12-14.
The reaction mixture containing the various isomers was then heated to 190°¢
at which temperature only the linkages containing terminal olefinic bonds
aromatize. Due to extreme differences in solubility only the fully
‘ aromatized polyphenyls 15a-g precipitate from the reaction mixture with the

partially closed 16 and unreacted 14 remaining in solution.
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(CH,)'NCH2~E-AI’ _E-CHIN(CH3)2 * 2 Ar ’J—CHQB' ——Rl—»
10 a-c
Ar\= ;R
- 'y R 4 ’
Br N(CH,), /\\gi\r R Ar
), V' ~N(CH,),
s f
Ar KOt-CH, A _A _ _ Ar
/ / (-2 NH(CH,),)
Vi /i
( . (CH,;),N /
(CH; )2(" Bf Ar' R Arl R
R/ \Ar' 12 15a-g
11
R Ar R Ar
/)'S/N(CH,), @
/i
/
Ar Ar
/ //
i i Ar’ / - Ar’
(CH,),N (CH,),N
R R
13 16
R
, // N(CH3)2
Ar - ///
7’
/// —Ar’
(CH,),N //
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Polyphenyls containing pendant phenyl groups 2la-b were synthesized in an
analagous manner. Analytical and spectroscopic data for all polyphenyls
prepared are summarized in Tables 2 and 3. In all cases the products
containing pendant phenyl groups exhibited increased solubility and lowered
melting points when compared to their corresponding unsubstituted analogs.
The p-septiphenyl 15e, p-octiphenyl 15g and the phenyl substituted
p-noniphenyl 21b showed very limited solubility in boiling
1,2,4-trichlorobenzene and final purification could only be accomplished by

vacuum sublimation or soxhlet extraction.
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B' N CH,),
LY Ar
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: Af
N\
| \M 18
f; Alr
i (CH,)QN C.H,
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TABLE 3

MICROANALYSES OF PRODUCTS 10a-d, 15a-g and 2] a-b

PRODUCT KO. CALCULATED (PouND) (2
10a C  79.95 (79.84)

H  8.39 ( 8.41)

N 11.66 (11.43)
10b C 83.50 (83.80)

H 7.60 ( 7.61)

N 8.86 ( 9.10)
10¢ C  85.67 (84.96)

B 7.19 ( 7.22)

N 7.4 (7.32)
10d C 88.75 (88.51)

H  6.75 ( 6.85)

N 4.50 ( 4.77)
15a c 94.20 (94.15)®

H 5.80 (5.90)
15b C  94.34 (94.36)

H  5.66 ( 5.69)
15¢ ¢ 94.28 (94.23))

H  5.71 ( 5.86)
15d C 9.39 (94.38)®

H  5.61 (5.64)
15e C 94.3 (93.43)®

H  5.66 ( 5.89)
15£ C  94.42 (94.33)®

H  5.58 (5.71)
Lg C 94.39 (93.09)®

H 5.61 (5.75)
2la C 94.34 (94.25))

H  5.66 ( 5.68)
21b ¢ 94.47 (93.2)M

H  5.53 ( 5.66)

(a) Analyses performed for C, H, N on a Perkin-Elmer Elemental Analyzer Model 240C.

(b) WO3 added as a combustion aid.

14
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SECTION II1

K EXPERIMENTAL

All amine solvents, commercially available, were distilled and stored over
molecular sieves (Linde, 4A) before use. The following reagents were obtained
from Aldrich Chemical Co. and were used without further purification:
1,2,4-trichlorobenzene (99%), triglyme (99%), l,4-diiodobenzene (98X, 9a,
XI-XZ-I, ) 4,4'-dibromobiphenyl (98%, 9b, Xl-Xz-Br,), and

3-bromo-l-phenyl-l-propene (technical grade).

(E)-2,3-Diphenyl-2-propene-1-ol (1):
X The alcohol 1 is prepared by modification of a known procedure (Reference 4) in
which sodium borohydride (3.1lg, 82.0 mmol) is added in increments over a 5-min

N ' period to a suspension of (E)-2,3-diphenyl-2-propenal(Reference 5) (17.05g,

? 82.0 mmol) in cold (SOC) methanol (400 ml). The flask is allowed to warm to
i room temperature and is stirred for 4 h. The pure product 1 is obtained by
3 ) precipitation of the colorless solution into water (1000 ml) to give white

; needles: 16.07g (95%); m.p. 72-73°C [Reference 4, m.p. 68-69°C].

!

by ]

' (E)-1,1 -{1-(Bromomethyl)-1,2-ethenediyl]bis[benzene] (2):

E A solution (Reference 6) of phosphorous tribromide (6.99g, 25.8 mmol) in

diethyl ether (30 ml) is added dropwise over a period of 20 min to a cold (5°C)

solution of alcohol 1 (16.25g, 77.4 mmol) in diethyl ether (200 ml). The flask

. -
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is warmed to room temperature and stirred for 16 h. The solution is poured
into 5X aqueous sodium hydroxide and the ethereal layer is separated from the
base. After washing with water (2 X 1200 ml), the ether is removed by
distillation to give a yellow oil consisting of crude product. Pure product 2
is isolated by chromatography on a silica gel column (Woelm DCC, Scm dia X 60cm
H) using petroleum ether/dichloromethane (4:1) as the eluent and the drying of
similar fractions of eluate in a warm oven (SOOC) at reduced pressure (30mm Hg)
to afford a light-yellow oil: 10.50g (50%).

015H13Br cale. C 65.93 H 4.76 Br 29.30

(273.2) found 67.46 4.91 29.46

1

B-N.M.R. (CDCl,/TMS ., 60 MHz): =4.40 (s, 2H,-CH,-); 7.10(s, lH, H);

t
6.40-7.50 ppm (m, 10Harom) (Figure 1).

I.R.(neat) =3080, 3060, 3010, 2950, 1600, '560, 1200, 765, 750, 690 cm-1
(Figure 10).

E.I.M.S. [70 ev]: m/z=274 (%, 6, 8Br), 272 ', 6, "%Br), 193 (100).

(E)-3-(1,4-Biphenyl)-2~propenal (3):

The aldehyde 3 is prepared by modification of a known procedure (Reference 7)
in which a mixture of 4-iodobiphenyl (Aldrich, 10.00g, 35.7 mmol), acrolein
(Aldrich, 4.03g, 71.9 mmol), sodium bicarbonate (7.56g, 90.0 mmol),
tetra-n-butylammonium chloride (Aldrich 96%, 11.60g, 41.7 mmol), and palladium
acetate (Strem, 2.24g, 10.0 mmol) in degassed N,N-dimethylformamide (100 ml) is
stirred at room temperature under nitrogen for 24 h. The mixture is poured
into water (700 ml) and the resulting precipitate is filtered and air dried.
The precipitate is stirred vigorously in boiling heptane (600 ml) for 15 min
and filtered hot. The pure product 3 is afforded as a light-yellow solid upon
cooling of the filtrate to room temperature: 3.00g (40%); m.p. 110-112%.

CISHIZO calc. C 86.51 H 5.8l
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(208.3) found 86.30 5.91
1y N.M.R. (CDCL,/TMS, , 60 MHz): =6.55-7.00 (m, 2H, ~CH=CH-); 7.40-7.80 (m,

9Harom); 9.85 ppm (d, 1H, CHO, J=8.5 Hz) (Figure 2).

E.I.M.S. [70 eV]: m/z=208 (M*, 100).

(E)-2,3~-Diphenyl-2-propene-1-ol (4):

The alcohol 4 1s prepared in a manner similar to 1 using aldehyde 3 (4.00g,
19.2 mmol), sodium borohydride (0.36g, 9.5 mmol) and absolute ethanol (40 ml).
Upon recrystallization from isopropanol/water (3:1) (200 ml) pure product 4 is
afforded as a white powder: 3.52g (872); m.p. 161-162°¢.

C.,.H,,O calc. C 85.68 H 6.71

15814

(210.3) found  85.42  6.80

lg-N.M.R. (COCL,/TMS,  , 60 MHz): =3.15 (s, 1H, OH); 4.25 (d, 2H, CH,,
J=4 Hz); 6.40-6.48 m, 2H, -CH=CH-); 7.40-7.80 ppm (m, 9Harom) (Figure 3).

E.I.M.S. [70 eV]: m/z=210 (M', 89), 167 (100).

(E)-1-[1-(Bromomethyl)-1,2-ethenediyl]~4~biphenyl (5):

Phosphorous tribromide (288g, 10.6 mmol) in anhydrous diethyl ether (5 ml) is
added dropwise over a period of 15 min to a cold (5°C) suspension of alcohol 4
(3.85g, 18.3 mmol) in diethyl ether (50 ml). The flask is allowed to warm to
room temperature and stirred for 24 h. The product 5 is obtained from
precipitation of the ethereal solution into water (400 ml) and
recrystallization of the resulting solid from hexane (100 ml):

4.42g (90%); m.p. 130-131°C.

C15H13Br calc. C 65.95 H 4.80 Br 29.25

17




(273.2) found 67.77 29.06

1

4.80
H-N.M.R. (CDClslTHSint, 60 MHz): =4.20 (d, 2H, CHZ’ J=6 Hz); 6.40-6.65

(m, 2H, ~CH=CH-~); 7.45-7.85 ppm (m, 9H

arom) (Figure 4).
81

Br; 272 (", 4, 7°

E.I.M.S. [70 ev]: m/z=274 (M', 4, Br); 193 (100).
(E,E)-3,3-[1,4-Phenylene]bis[2-phenyl~-2-propenal] (6):

Potassium hydroxide (56.00g, 1.0 mol) is dissolved in absolute ethanol (2.4 1)
in a 5.0 1 three-necked roundbottom flask fitted with a mechanical stirrer and
nitrogen inlet. The flask is cooled to 20°¢ by ice bath under a nitrogen
atmosphere and terephthaldehyde (200.00g, 1.5 mol) is added to the solution.
The mixture is then further cooled (—SOC) in a salt-ice bath for 30 min before
the dropwise addition of phenylacetaldehyde (396.00g, 3.3 mol) over a 2 h
period. The reaction is stirred under nitrogen for an additional 2 h
maintaining the temperature at -5 to 0°C. The bright-yellow precipitate is
filtered from the solution, washed with ethanol (0.56 1), hexane (0.5 1), and
air dried to afford the crude product 6 (120.00g, 192). Upon treatment with
decolorizing carbon (5.00g) the product is recrystallized twice from ethyl
acetate (4 1) to give 6 as small yellow plates: 43.00g (10%2); m.p. 198-199°¢.
024H1802 calec C 85.18 H 5.36

(338.4) found 84.91 5.52

I1.R. (KBr): =3080, 3060, 2830, 2720, 1665, 1660, 1395 cm-1 (Figure 11).
lﬂ-N.M.R. (CDZCIZITMsint’ 60 MHz): =1.4 s, 2H, -CH=CH-); 6.50-7.10 (m,
14 Harom); 9.30 ppm (s, 2H, CHO) (Figure 5).

E.I.M.S. [70 eV]: m/z=338 (M*, 100).

(E,E)-3,3-[1,4-Phenylene]bis[2-phenyl-2-propene-l-ol] (7):

Sodium borohydride (2.81g, 74.0 mmol) is added in increments over a S5-min




period to a cold (5°C) suspension of aldehyde 6 (25.00g, 74.0 mmol) in absolute
ethanol (220 ml). The flask is warmed to room temperature and stirred for
24 h. The reaction is precipitated into water (1500 ml) and the precipitate is
collected on a Buchner funnel. After drying in a 100°C oven at reduced
pressure 7 is afforded as a white powder which is used without further

¢ purification: 25:00g (99%); m.p. 195-196°C. °
Cc,,H, 0, calc. C 84.18 H 6.48

242272
(342.5) found 83.88 6.48

Y e -

(E,E)-1,4-Bis(3-bromo-2-phenyl-1-propenyl)benzene (8):

Phosphorous tribromide (5,28g, 19.5 mmol) in anhydrous diethyl ether (30 ml) is
added dropwise over a period of 15 min to a cold (5°C) suspension of bis— }
alcohol 7 (10.00g, 29.2 mmol) in diethyl ether (350 ml). The flask is warmed

to room temperature and stirred for 48 h, The resulting white precipitate is
collected on a Buchner funnel, and dried in a 100°C oven at reduced pressure

(30-mm Hg) to give 8 as a white powder which is used without purification:

10.76g (78%); m.p. 141-142°.

c,,R,.Br, calc. C 61.54 H 4.27 Br 34.19

24120872 :
(468.3) found  61.53  4.28 34.19 f
E.I.M.S. [70 eV]: m/z=470 (", 3, ®'B:81Br); 468 (%, 4, BlBr'%Br); 466 (', 2,

79. 79 A

. Br' “Br); 307 (100).

4,4"-Difodo-1,4":1",1"-terphenyl (9c) and 4-iodo-1,4':1'1"-terphenyl (9d):
A mixture of p-terphenyl (Aldrich 4.60g, 20.0 mmol), iodine (4.05g, 16.0 mmol),
and periodic acid (Aldrich 98%, 1.83g, 8.0 mmol) in a solvent mixture of acetic

acid/water/sulfuric acid (10:2:0.3)(75 ml) is heated to 100°¢ by oil bath and

-

stirred mechanically for 24 h. After cooling to room temperature (20-25°C) the

TRTAAAT QLT A kg we - AN NS L N
A RV Hoh B RN AT N



precipitate is collected and washed with 10% sodium bisulfite (500 ml). The
crude products are stirred in refluxing tolueme (250 ml) for 15 min and
filtered hot. The insoluble product 9c¢ is purified by two additional
extractions with boiling toluene (2x250 ml) and dried to afford a white solid:
3.00g (31%); m.p. 307-309°C (dec.) [Reference 14, m.p. 307°¢ (dec.)].

C18H1212 calc. C 44,84 H 2,51 1 53.27

(482.1) found 44,81 2,55 52.36

E.I.M.S. [70 eV]: m/z=482 (M', 14), 226 (100).

The toluene extracts are combined and concentrated to 33%Z of the original
volume. Upon cooling to room temperature the precipitate is collected and

purified by recrystallization in toluene (250 ml) to give 9d as a white solid:

4.50g (632); m.p. 246-247°C [Reference 15, m.p. 246-247°C].

3,3'-Aryl-diylbis(N,N~dimethyl-2-propyn-l-amines) l10a-c; Typical Procedure:
The appropriate dihalo arene 9a-c (101.7 mmol) and l-dimethylamino-2-propyne
(Aldrich 98%, 310.6 mmol) in the designated amine solvent (1000 ml) are
degassed for 30 min at room temperature before the addition of
triphenylphosphine (Aldrich 99%, 3.8 mmol), cuprous iodide (Alfa 98%, 1.1
mmol), and dichlorobis(triphenylphosphine) palladium (II) (Strem, 1.0 mmol).

The flask is heated for 24-48 h and allowed to cool to room temperature. The

precipitate of ammonium halide salts is filtered from solution and washed with
amine solvent (200 ml). The solvent is reduced to one quarter of the original
volume by distillation under vacuum. The resulting concentrated solution is
then poured into 5Z hydrochloric acid (1000 ml) and the solution is adjusted to
pH 9 by addition of 5% aqueous sodium hydroxide. The suspension is extracted
with dichloromethane (3x300 ml) and separated. After drying over anhydrous

magnesium sulfate (10.00g) the pure product 10a-c is afforded upon distillation



AR IRAOEPrANEN KN AN EININILIFIRENYD BN AN Y Ny ™ *E 82 o8 4 > a'n ati . m‘F Bt . atth A%E @'t $

of the solvent and subsequent recrystallization (Table 1 and Figures 6-8,

12-14).

3-(1,4:1',4'-Terphenyl)-N,N~dimethyl-2-propyn-l-amine (10d):

The assymetric N,N-dimethyl-2-propyn-l-amine 10d is prepared in a manner
similar to 10a-c by reaction of 4-iodo-1,4':1',1"-terphenyl (9d, XI-H. X2=I,
5.00g, 14.0 mmol) and l-dimethylamino-2-propyne (Aldrich 987, 1.75g, 21.1 mmol)

in a degassed solution of piperidine (70ml) (Table 1 and Figures 9, 15).

para-Polyphenylenes 15a-g; General Procedure: !
A suspension of the bis amine 10a~c (1.0 mmol) in triglyme (50 ml) is degassed
for 20 min before the addition of 2, 5, or 3-bromo-l-phenyl-l-propene (2.0
mmol). The reaction mixture is stirred at room temperature (20-25°C) under
nitrogen for 24 h. Anhydrous potassium-t-butoxide (2.0 mmol) is added to the
solution and stirring is continued at room temperature under nitrogen for an
additional 24 h. The temperature of the reaction mixture is raised to 190°¢c
under nitrogen for 24 h and cooled to room temperature. The precipitate is
filtered from solution through a Buchner funnel, washed with methanol (50 ml),
distilled water (500 ml), and air dried. The product l5a-g is purified via

either sublimation or recrystallization (Table 2 and Figures 16-22).

para-Polyphenylenes 2la-b; General Procedure:

The polyphenylenes 2la-b are prepared in a manner similar to the preparation of
15a~g by the reaction of (E,E)-1,4-bis(3-bromo-2-phenyl-1-propenyl)benzene (8)
(1.0 mmol) with either N,N-dimethy1-3-phenyl-2-propyn-1—amine8 or 10d (2.0

mmol) (Table 2 and Figures 23-24).
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H NMR Spectrum of Compound 2.

1

Figure 1.
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Figure 9. 1H NMR Spectrum of Monoamine 10d.
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