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FOREWORD

This report was prepared by the Polymer Branch, Nonmetallic Matérials

_ Division. The work was initiated under Project'No. 2419,‘“Nonmeta1]ic and

Composite Materials," Task No. 241904, Work Unit Directive 24190415, L
"Structural Resins." It was administered under the direction of the Matérials .
Laboratory, Air Force Wright Aeronautical Laboratoriés; Wright-Pattérson Air
Force Base, Ohio, with Dr F. E. Arnold as the AFWAL/ML Work Unit Scientist.
This report describes work conducted from June 1981 to December 1982.

The work described in this report was conducted by Dr F. L. Hedberg,
Marilyn R. Unroe, 1Ist Lt Patricia M. Lindley and Marilyn E. Hunsaker. The
manuscript was released by the authors in August 1983 for publication as a
Technical Report. o ‘
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SECTION I
- INTRODUCTIGN

A novel, 1ow-cost nethod of preparat1on of acety]ene tern1nated
sulfone (ATS) resin systems was recent1y developed as part of an A1r Force
sponsored research program (References 1 and 2). The three-step method

~was based uﬁon an U1Tmann condensation reaction of 1,3-d1bromebenzene with’,'
4,4'-sulfonyldiphenol, followed by catalytic repracemeht ef brOmine‘atoms’
by terminal acetylene groups. The scope of this method'was subsequent1y
shown to include a number of low-cost bis-phenols (Reference 3). The
various resins obtained from the method show pctential as inexpensfve:
composite matrix reS1ns anq_adhesives for adranced aerospace applications ,‘
where moisture insensitivity end thermooxidatiVe stability up to 350°F‘are
required. ‘ | | : |

The major limitation in the new preperative method oCcurred in the
first synthetic step, where an uncontro]]ab]e mixture of different ]ength
bromine terminated oligomers was produced. Selective ta11or1ng of the
resin length was desired in drder to cbtain a’ba]ance between
processability, toughness, and use temperature' Greater o]igomeric Tength

- in acetylene terminated resins has been found to correlate w1th 1ncreased
| toughness (Reference 4). However, greater 1ength also causes a rise in |
inifial'g1ass transition temperature (Tg) which hurts processab111ty, and
-~ a fall in ultimate Tg after cure, 1owerfng use temperature, as both Tg’
values converge toward the Tg of the corresponding 11near po]ymer

As the result of in- house research into this problem,
substantially improved modification was deve]oped for the U]lmahn
condensation of 1,3- a1bromobenzene and 4 4'-su1f0ny1d1phen01 wh1ch not

only afforded comp]ete sto1ch1owetr1c control of the average 011gomer




length, but also afforded a significant enhancement of the yield for the
reaction (Reference 5). The scope of this modification has been explored
with other low-cost bis-phenols, and the results of this exploratory

research are the subject of this report.




- SECTION II

RESULTS AND DISCUSSION

Three Tow-cost bis-phenols, resorcinol, bis-pheno] A, and
4,4'-thiodiphencl, were reacfed:in varying stoichiometric fatios with
either 1,3-dibromobenzene or 1;4fdibromobenzehe,'énd cuprous oxide in
2,4,6-co]11dine, under conditions similar to ihose previodsly reportéd fdr"
the prepafation cf the ATS resin systems (ReferénCé 5),vto,form bfomine"'
terminatéd oligomers as shown in eq.‘l. The c0nditj6n5'USed fok these
Ullmann type reactidns, and thé results therefrom, are-compiled‘in Table 1;‘,‘}3“f
Conversion @f sdme of the bkomine‘terminated o1igomer mixtures to thé‘  e
corresponding aceiy]ene terminafed mixtures was carkiedvout as shownjih
eq. 2 and 3, utilizing conditionélsimi1ar to:tﬁosevpréviously deScribed L
for the ATS systems (References 1 and 2). The 0verallﬂy1e1ds'for‘the
bromine to acetylene cénversiOn together with thermbmechanfca1 |
characterization‘data are shoWh in Table 2;V‘Generic acronyms‘éppjied tqy
“these resin systéms are ATP: resofcinOI?based; ATB:; bis—phendi AfbaSed;',,

{

and ATT: 4,4'-thiodiphenol-based.
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| TABLE 1
'ULLMANN REACTION CONDITIONS AND RESULTS

Type of ~ -Dibromobenzene: - Reaction k. b=l
Bis-Phenol B1s-Pheno] Mole Ratio Time/hrs ~ Yield n>
BPA 20:12 19.5 93 94/6
BPA 10:1° 20.5 ‘89 - 89/11
BPA 10:1a 17 64 89/11
BPA 4:1a 67 81 60/40
BPA 2:1b 72 64 23/77
BPA 2:1a 49 76 40/60
TDP 10:1b 8 83 -77/23
TDP 10 1a 20 70 87/13
TDP 4 1a 10 77 60/40
TDP 2 1a 93 65 22/78
RES 10 1a 18 80 85/15
RES 2:1 21 49 45/55
Key: BPA: Bis-phenol A
TDP: 4,4'-thiodiphenol
RES:- Resorcinol :

a: 1,3-dibromobenzene used

b: 1,4-dibromobenzene used

c: Y1e1ds were determined by column chromatograph1c ‘

isolation and gravimetric analysis of n=1, n=2, and
n>2 components, with the molecular weight of the n>2
component approx1mated as the n= 3 component




TABLE 2

YIELDS AND Tg VALUES FOR CONVERSION OF BROMINE TERMINATED GLIGOMERS
TO ACETYLENE TERMINATED OLIGOMERS

Tg init®

-5
-11
1

1
2

-25
-26
-14

5

156'(Tm)
138 (T7)

n=1/n>1 % yield
ATB2 89/ 79
52/48 66
23/77 44
ate®  89/11 64
' 40/60 57
ATP?  100/0 76
ATT®  100/0K -
75/25 76
60/40 75
22/78 57
AT 10070 -
97/3 52
a.
b. from 1,4-dibromobenzene .
c. samples contain some residual solvent
d. by TICA
e. by TMA
f. by DSC
g. cured 4 hrs @ 250°C in Np
h. cured 16 hrs @ 218°C in N
i. cured 8 hrs @ 287°C under vacuum
j. heated in DSC to 450°C and recycled
k'

Tg cured

26595 9

2028+ I
1609> P

34780 1
168;’ J
144.° J
1122 J

n(>n€.=f"I

from 95% 1,3-dibromobenzene/5% 1,4-dibromobenzene

obtained by column chromatography from oligomer mixture




-A preparation of ATP and ATT resins hés beéh pfévidusly reported
'a(Reference 3). The néw method of synthesis, howéver, affords bcth
sUbstantial]y improved yieldé and control of oliQomer 1ength whichkwas‘not
~ obtained in the ear]fer work. The ATB resins have not been previous1y |
reported. - " o |

Yields at high dibromobeniene/bié-pheno] ratios were vefy»good for
‘211 three resin sysiems as had‘been found with brpminevtefminatéd ATS; '
Reaction times were faster than wiih ATS, however, indicating thatvthe ‘
three bis-phenols uéed were more reactive than 4,4‘—su1fohy1dipheno1 under
the Ullmann reaction conditions employed. Further evidence of this:‘
‘enhanced reactivity can be seen in the yiers obtaihéd at 2:1 |
stoichiometry which wére éf least twice as gFeat as obtained:for'ATS.
This result permitted a variatibn in the ratio of.n=1/n>1 componéﬁts in
- the product, as>de£ermihed by chromatographic éna]ysis,‘from 9:1kto 134.
- The n=1/n>1 ratic was chosen as an easily obtafned measuré of q]igomer

length from co]umn'chromatogfaphic analysis.

One problem which occurred at the 1owér n=1/n>i ratios was the ‘
formation of small amounts of product with a singTe bkbmine afom.lvfhis
- product was not discernible by TLC analysis until after reaqfioh with
- 2-methy1-3-butyn-2-01 (eq.2) with which it forms a series of oligomeric
mono-adducts, easily sebarab]e'by~chromatography fkom the}bis-adducts;
Leaving the mono-adducts in thé mixture at this point will result in an
inseparable mixture of mono-ethynyi terminated o]igomérs 1n‘thé final
resin after cleavage of acetone (eq.3), but retention would be preferable
- economically. The presénce of 5-10% of the‘monoéacety1ehe terminated  |
: componént (1-[3-ethyhy1phenoxy]-3-phenoxybenzene) in acety]ene'terminated '
quinoxaline (ATQ) resins haskbeen found to be benéficia1 for‘processing |

- properties without hurting mechanical properties (Reference 6 and ;Y;'




Whether or not this is true for the ATP, ATB and ATT resins will have to
be determined. The increased amounts of mono-adduct formed at the lower
n=1/n>1 ratios may be due to slower formation of the n>1 components
permitting reductive debromination as a side reaction to become more
competitive. TLC analysis of progress of the Ullmann ether reaction
indicated the initial formation of the n=1 component to be significantly
more rapid than subsequent formation of the n>1 components. This effect
can be attributed both to the lower amount of dibromobenzene present at
later stages of the reaction and possibly to lower solubility of the
larger copper complex intermediates required for formation of the n>1
components.

For composite applications requiring a maximum use temperature of
177°C, a minimum Tg after cure of 220°C was desired. Additicnally, an
initial Tg below ambient temperature was desired for melt prccessability

and for a substantial window between the initial Tg and the onset of cure.

Initial Tg values should increase within an AT'%esin family with
increasing molecular size. By contrast, Tg after cure values should
decrease with increasing molecular size because of lesser crosslink
density. Thus, as the n=1/n>1 ratio decreases, the Tg before cure and the
Tg after cure should converge toward the Tg of the corresponding high
molecular weight polymer. To some extent this trend can be seen in
Table 2. Accurate initial Tg values were difficult to obtain because of
problems with solvent removal from some of the samples, while after cure
Tg values were obtained by differing curing cycles and measurement
techniques.

The high Tg after cure values required for 177°C applications were

obtained in the ATB systems only at high n=1/n>1 ratios for the




51,3—dibromobenzene based systems. By contrast, satisfactory high after

cure Tg values were obtained ovek;a'Wide range of n=]/n>1 ratios for all the

1,4-dibromobenzene based systems. - The increase in rigidity obtained,by ‘

changing the ends of the molecule from a meta to'arpara orientation on]d

be expected to provide a corresponding‘increase in Tq after'cuhe, What is

,surprising is the 1arge'degree of enhancement of after cUre Tg‘obtained for

the lower n= 1/n>1 rat1os ‘where the enhancement in r1g1d1ty pertains only to

a re]at1ve1y small percent of the mo1ecu1e | |
o In the ATT systems, very low after cure Tg va]ues were obtalned for the

1,3-dibromobenzene based mater1a1s except for the compos1t1on w1th no n>1

components present. Compar1son of the range of these va]ues with the range

'for the correspond1ng 1,3- d1bromobenzene based ATB compos1t1ons 1nd1cates a

substantially greater f]ex1b111ty for the th1od1pheny1ene 11nkage versus the',
1sopropy11dened1pheny1ene 11nkage | '
The only ATT system prepared fromrl,4-dibromobenzeneicontainedrnone of:d
the n>1 components and showed no indicatiOnrof,a Tg after ‘cure. ‘A major
drawback to this material, howeyer, was the presence of a}crysta1ljne ‘
melting point at 156°C which coqu cause severe processing‘problems.
Two different methods for potentially incfeasingltouohness in a

thermoset resin are to increase the average oligomer length, thus increasing

~ the distance between crosslinks, or to increase the flexibility of the R

backbone structure. The drawbacks to the formerAmethod’are the correspondjng ‘
increase in initial Tg and decrease in cured Tg with increasing‘Tength as
discussed previons]y. The drawback to the 1attep method ishthe‘cotresponding
decrease in cured fg with’increasing f1exib111ty;f Comparatfve mechanica1

pkoperties evaluation of some of the resins shown in Table 2 shouid provide .




some insight into the correlation between crosslink density and backbone
flexibility, and toughness. Some preliminary results of this evaluation
have been reported (References 8 and 9).

Isothermal ageing in air at 260°C was carried out on a 1,3-dibromobenzene
base, (n=1/n>1) = 85/15 sample of ATB which had been cured for 16 hours at
218°C under nitrogen. After 78 hours, only a 2% weight loss was noted.

The temperature was raised to 316°C, causing a marked increase in rate
of weight Toss, with 19% additional weight loss over a 13 hour period.

A 1,4-dibromobenzene based (n=1/n>1) = 100/0 sample of ATT which had
been cured for 8 hours at 287°C under vacuum was isothérmal]y aged in air
at 316°C. Ninety—four hours were required to attain 19% weight loss, and
42% weight loss was observed after 200 hours.

The difference between the ATB and ATT samples can be attributed either
to greater stability of the thioether linkage versus the isopropylidene
linkage or to greater stability of the crosslinking site derived from a
para ethynyl groupkversus a meta ethynyl group. While the former
explanation is the more likely, further isothermal ageing comparisons will
be necessary to draw a more definite conclusion.

Interest in the ATP resins has centered on their use as reactive
plasticizers for ATQ resins analogous to the previously described utilization
of 1-(3-ethynylphenoxy)-3-phenoxybenzene (References 6, 7, and 10). For
this purpose, it was most desirable to maximize the amount of n=1 product
which was purified by distillation at the bromine terminated stage before
conversion to ATP. As shown in Table 1, an 80% yield of purified
1,3-bis(bromophenoxy)benzene was obtained from the Ulimann reaction. The

amount of n>1 oligomers obtained in this case was approximated from the

10

-




vweight of the residue in the still after dist111atioh.y It was a1§o found
thet a 76% yie]d‘of bromine terminated ATP wes obta%nediwhen}the UT1mann
reaction was carried out in co111d1ne with CuO 1nstead of Cu20
The new synthet1c method was also applled to the synthes1s of
1-(3- ethyny1phenoxy) 3- phenoxybenzene using 3- phenoxypheno1 |
1 3-d1bromobenzene, and Cu20 in 2 4 6-collidine. An 87% y1e1d of
1-(3-bromophenoxy)-3-phenoxybenzene was obtained after d1st111at1on and
th1s was converted to the acety]ene term1nated product in 72% overall y1e1d.
As noted previously, the format1on of the brom1ne term1nated 011gomers‘
was accompaﬁied by the formatioh of small amounfsfdfrmono-bromo‘derivatives
which were'distinguishab1e only after reaction with 2-methy1-3-bdtyn-2-q].
The mono-adduct formed in this reaction was separab1e by thin 1ayer or
cd]umn chromatograbhy due fo the distinct‘polarity of the terfiary a}Coho].
Small amounts of other 1mpurities with'Rf values immediate1y higher than

the monomer and with R va]ues between monomer and dimer were d15t1ngu1shed

f
dur1ng TLC analysis of the bromine terminated oligomers. When 1so1at1on
of these components by column chromatography was performed it was found

“monomer as to be indistinguishable upon elution on a TLC strip

that additional components were 6btained with R values so near the_‘

- (1:1 hexane:chloroform). The depth of the fria]s'was Timited due td the
paucity of crude materia1’avei1ab1e with which to work’and'the 1imitations’
of the Finnegan 4021 GC/MS/DS mass spectrometer used’to‘characteriie :
| compounds of molecular weight greater than 600 g/mol. !prever, the
compounds were identified as components in bothkthe bromine’termihated'

(Table 5) and acetylene terminated oligomers (Tables 3 and 4), and the,”

use of 1,3-dibromobenzene versus 1,4-dibromobenzene did not inf]uence the

11




magnitude of the presence of these compounds. Some of the compounds
present in the largest quantities in ATB mixtures derived from
1,3-dibromobenzene include 3,3'-diethynyldiphenylether (compound I) and
2,2'-[4-(3-ethynylphenoxy)phenyl-4'-(3-[3-ethynylphenoxy]-phenoxy)phenyl]-
propane (compound Ila). The sulfide analog (compound IIb) of compound Ila
was identified as well as the para substituted analogs of compounds I, Ila

and IIb in ATB and ATT mixtures derived from 1,4-dibromobenzene.

' HC=C @,O@ C=CH

compound I

e Q. jegeonel

= (CH )2 compound 1la

R

S: compound 1Ib

» \

In the ATB systems the amount of compound I ranged from 1% to 3% by
weight while the amount of compound IIa was found as low as 1% to as high
as 10% of the total sample weight. The amount of these compounds can be
reduced by azeotroping some of the collidine and water initially generated
although complete removal of these compounds was not possible regardless
of the amount of azeotroping done. The representative column chromato-
graphs of an ATB resin, ATT resin and the bromine terminated precursor to
an ATT resin (Tables 3, 4 and 5) summarize the isolation of some of these

compounds and their characterization by mass spectrometry.

12
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TABLE 3

'SUMMARY OF A REPRESENTATIVE COLUMN CHROMATOGRAPH OF ATB/OATB

: FROM 95/5 1,3- DIBROMOBENZENE/1 4- DIBROMOBENZENE WITH [n= 1/n>1] 27/73<'

THF

13

R

Fract1on ‘ ‘ ‘Dry wt . Mass Spectrum ‘ :
No. ' E1uant (g) M+1(M/Z) Compeund
1 cyciohexane 0.01 219
2. cyc]ohexane' 0.01 - -
3 , - 0.01 311 ATP
4 M “negl. 311 ATP
5-8 4:1 cyc]ohexane CC]4 0.10 429 ATB
9 2:1 cyclohexane: CC]4 0.03 .- -
10 ccl 0.11 511 Ila -
11 " - 0.06 - .
12 " 0.06 - -
13 " 0.02 - -
14 CHC]3 : - 0.05 - -
15 THF 0.01 - -
TABLE 4
SUMMARY OF A REPRESENTATIVE COLUMN CHROHATOGPAPH ~
OF para-ATT/OATT(FROM 1,4- DIBROMOBENZENE wITH [n-1/n>1] 97/3)
Fraction , ' . Dry Wt. JMass Spectrum '
No. Eluant @ Compound
1-2 1:1 cyc]ohexane:CC]4 © 0.58 218, I (para)
3-7 " : 3.99 418 ATT
8-13 " 0.96 - 510 1Ib (para)
14-15 ccl 0.43 418, 510 ATT, IIb (para)
16 e 0.11 418, 510 s
17 CHC13 0.12 : ‘ -
18 0.17 -




TABLE 5
SUMMARY OF REPRESENTATIVE COLUMN CHROMATOGRAPH OF BATT/O0BATT
A BROMINE TERMINATED ATT PRECURSOR
. (FROM 95/5 1,3-DIBROMOBENZENE/1,4-DIBROMOBENZENE WITH [n=1/n>1] = 75/25)

Mass Spectrum

Fraction Dry Wt. (CIMS, Methane)
No. Eluant (). L Compound
1 cyclohexane 0.03 329 I (Br terminated)
2-4 " 0.24 529 ATT (Br terminated)
5-6 " 0.01 621 1Ib (Br terminated)
7-10 2:1 CC14:cyc10hexane 0.06 621 1Ib (Br terminated)
11 cCl 0.04 - -
12 " 0.04 - -
13 " 0.01 - -
14 " 0.01 - -
15 CHC13 0.02 - -

14




SECTION III
CONCLUSIONS

The new method for synthesis:of acetylene terminated 61igbmérs
described herein appears to be quite general for various bis—phenb1$ or
mono-phenols. Further modifications of the method should enhahcevits_ :
potential for economical manufacfure. Suggested modifications inélude thé |
following: |

1. Use ih the Ullmann ether Step of a catalytic‘amOUnt of cuprous
oxide together with a stoichiometric amount of sbdium oxide or sodiUm
carbonate would afford soluble sodium bromide instead Of;inso1ub1e coppér
bromide and facilitate both the reaction work-up and waste proddcts'dispo§a1.’

2. Use of a polymer suspended tetrakis tripheny]»phbsphine pa11adium
catalyst for the second step of the reaction would pekmit reuse of the
catalyst as well as eliminate the need for a cata1yst‘remqva1boperation’ ;
or a triphenylphosphine removal operation in the work-up. |

- 3. If a polymer suspended pa11adium catalyst is not successful, the

necessary palladium removal step could be facilitated by using an ion-exchange o

type column containing complexing agents such as ethylenediamine or
2,2'-bipyridine attached to a po1yher. | |
4. An ion-exchange column containing a quaterniéating agent such
as methyl iodide could be used for removal of‘triphenyiphOSphine, A
successful quaternization based femoval of tripheny]phbSphine from
ATB has béen reported from a recent'éontractua1 effort (Réfereﬁce i]).
5. Replacement of carbon tetrachloride as a work-up solvent ih

the Ullmann ether reaction would bé necessary for safety reasons.
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Toluene-cyclohexane mixtures may be found with similar solvating ability. An
alternative approach which could be used for resins consisting solely of the
n=1 component would be vacuum distillation of the bromine terminated n=1
componént.

The new method of synthesis was most successful from a standpoint of both
yield and purity with resins containing a high ratio of n=1/n>1 components. The
most promising materials with respect to processability and use temperature were, o
in fact, the 1,3-dibromobenzene based ATB and ATT resins with the highest ratios
of n=1/n>1 components. High n=1/n>1 ratio ATB resins have been determined to
be easily processable and to be tougher than the corresponding ATS resins
(References 8 and 9). The very high n=1/n>1 ratio ATT resins displayed the
greatest range of TQ values (-25°C - 347°C for n=1/n>1 = 100/0) and, as discussed
earlier, appear to be more flexible (and thus possibly tougher) than the ATB
resins, therefore warranting further evaluation. The third promising material
obtained this study was the low n=1/n>1 ratio ATB system based upon 1,4-
dibromobenzene. The major advantage of this system, currently under evaluation,
is the inherent toughness expected from the greater average oligomer length. A
second advantage, the significantly lower cost of 1,4-dibromobenzene versus
1,3-dibromobenzene, is expected to be only temporary since a planned large
scale manufacture of 1,3-dibromobenzene should make the prices more comparable
(References 12). The major synthetic difficulty with the 1,4-dibromobenzene
based systems seems to be a significant slowing of the reaction beyond the n=1
stage versus the 1,3-dibromobenzene based systems. Formation of n=1 components
was roughly comparable in rate for both 1,3- and 1,4-dibromobenzene, This
difficulty could be due to lower solubility of the 1,4- substituted copper
complex intermediates. If this is the case, a mixed solvent system such as

N,N-dimethylacetamide-2,4,6-col1idine may be useable.
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SECTION IV
EXPERIMENTAL

1. Instrumentation

Proton nuclear magnetie resonence ('H NMR) Spectre were recorded 6nva
Varian EM-360A spectrometer using 10% weight/vo]umerso1utionslin
deuterochloroform (Aldrich 99.6% gold Tabel) with tetramethy1silanelas an}
iﬁterna] standard. Melting points were obtained using a MeT-Temp capillary
melting point apparatus. Elemehta] analyses and mess spectra (EIMS andZCIMS)
were performed by the Analytical Branch of the Air Fokce Wright Aeronautical
Labofatories, WPAFB, OH. The mass‘spectra were performed on e Finnegah 4021’
GC/MS/DS using a methane purge for CIMS and trai]er gases frbm the gase
chromatograph for EIMS. 'G1ass teansition temperatures (Tg's) were |
determined by diffefenfia] scanning calormetry (DSC) on a Dupont 9907u$ing -

a nitrogen‘purge.

2. General Preparatioh'of'BrOmine Terminated 01igomers. fkdm'4,4‘-thibdipheho1

or bis-phenol A

The appropriate molar amounié,(see Table 1) of either‘4,4'efhiodipheno1
or bis-phenol A and either 1,3-dibromobenzene or 1,4-dibromobehzene\were
combined with cuprous oxide (2 x the molar quantity of bis-phenol) and |
2,4,6-collidine (G'X the molar quanfity of bis-pheno]); " The hixtufe Was o
stirred vigorously and heated at 170° until TLC analysis fndicatedvthe' :
absence of both starting bis;peno1_and monosubstituted pheﬁdT. Work-up and

n=1/n>1 ratio determinations were carried out as previously described for

_ATS (Reference 5). Satisfactory analyses were obtained for the n=1

derivatives from both bis-pheno1§.
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3. Preparation of 1,3-bis(3-bromophenoxy)benzene and 1-(3-bromophenoxy)-

3-phenoxybenzene was carried out using a 10:1 molar ratio of 1,3-dibromobenzene

to either resorcinol or 3-phenoxyphenol. The procedure was the same as
described above except that hexane was used in place of carbon tetrachloride
during'the work-up, and the products were distilled. 1,3-bis(3-bromophenoxy)
benzene boiled at 225°C at 0.65mm. 1-(3-bromophenoxy)-3-phenoxybenzene
boiled at 215°C at 2.5mm. Satisfactory analyses were obtained on both
compounds. For one preparation of 1,3-bis(3-bromophenoxy)benzene, cuprous
oxide was replaced by an equivalent amount of cupric oxide.

4. Conversion of Bromine Terminated Oligomers to Acetylene Terminated

Oligomers was carried out as described for ATS (References 1 and 2). With
the 2:1 dibromobenzene:bis-phenol products, it was found more convenient
for transfer to dissolve the bromine terminated oligomers in 1 part of
pyridine and dilute with 2 parts of triethylamine. The presence of
pyridine did not appear to influence the yield when compared with using
triethylamine alone.

Tg values for the acetylene terminated resins (Table 2) were
determined by TMA analysis under nitrogen at 10°C per minute. Samples of
acetylene terminated resins were cured as described in the footnotes to
Table 2.

5. Chromatograph of ATB based on 95/5 1,3-dibromobenzene/1,4-

dibromobenzene

A sample of ATB was prepared according to the previously
metioned experimental procedures and a portion (0.47g) was chroma-
tographed on a silica gel column (Woelm DCC, 45.6g, 2cm dia x 28cm L)

using the eluant scheme listed in Table 3. Mass balance was achieved
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after evaporation and drying of the fractibns in a 50°C oven Undek’reduced
pressure of 2 h. The n=1/n>1 (wt. ratio) was determined to be’27/73. o
Analysis of compound I: mass spectrum (CIMS) (relative 1ntensity):
M/Z 247 (16, M+29), 219 (100, M+1), 130 (15). "‘ |
Analysis of ATP: mass speétrUm (CIMS), M/Z (re1éfivé infénsity) 339
(17, M+29), 311 (100, M+1), 283 (10, M-27). H
Analysis of ATB (n=1): o0il; Anal. Calc'd for C31H2402:  C, 8§.88g H,
5.66. Found: C. 86.67, 86.41; H, 5.77, 5.75; mass spectrum (CIMS), M/Z
(relative intensity) 457 (13, M+29), 429 (83, M+1), 235 (1b0, M—ﬁOﬂCECH).V
Analysis of compound IIa: mass spectrum (CIMS), M/Z (re1ativé ihtenSity)
549 (1, M+29), 521 (14, M+1), 327 (4, M-POPC=CH), 235 (100;'M-¢o¢cth).f k
Analysis of ATB (n=2): o0il; Anal. Calc'd for'C52H4204: C,‘85;48;‘ﬂ,
5.75. . Found: C, 84.26, 84.70, 85.21; H, 5.66, 5.76, 5.79. B
Analysis of ATB (n=3): o0il; Anal. Calc'd for C73H6006: C, 84;88;‘H,
5.81. Found: C, 82.97, 82.02; H, 5.98, 5.76. | o
6. Chromatograph of ATT based on 1,4-dibromobenze

The crude ATT (7.04g) which was prepared accbrding tb prerous1y noted
expérimenta1 procedurés was suspended in 1:1 cyc]ohexanezcm4 with éqme 7
“heating and chromatographed on a si]icé‘ge1 co1umn‘(WOe1m DCC,.2739, 5cm"
dia x 30cm L) using the eluant scheme listed in Table 4. Like fraétioné
were combined,vevaporated to dryness, and dried in a 70°C oven under reduced'
pressure for 4 h. Mass balance waﬁ‘not achieved; howeVer, the‘dry weights
aftér chromatography accounted for 90% of the crude material. The‘h=1/né1 o
;(wt; ratio) was determined to be 97/3. " | k,

Analysis of compound I (para): mass spectrum (EIMS), M/Z (re1ative ‘ 
intensity) 218 (100, M*), 189 (45, M-CHO), 163 (5-M-C,H.), ne (10,
p-HOPC=CH), 101 (23, pc=c). o e
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Analysis of ATT (para, n=1): mp 150-152°C; 'H NMR 6.8-7.5 (dd,
aromatic, 16H), 3.1 (s, methine, 2H); mass spectrum (EIMS), M/Z (relative
intensity) 418 (100, M+), 301 (23, M-p-0pC=CH), 285 (18.5, M-S-PC=CH), 209
(49.5, M++), 184 (57.5, C_H,-S-C H4), 171 (35, 184-CH), 101 (65,

64 6
=t +y, ' . .
CGH4C=CH Y, 75 (44, C6H3 ); Anal. Calc'd for C28H18OZS' C, 80.46; H,
4.31; S, 7.66. Found: C, 77.91, 78.54, 79.00; H, 4.26, 4.26, 4.34; S,
7.40, 7.58.
Analysis of compound IIb (para): mass spectrum (EIMS), M/Z (relative

intensity) 510 (100, M%),

~ 7. Chromatograph of- ATT (Bromine Terminated) Based on 95/5

1,3-dibromobenzene/1,4-dibromobenzene

A crude ATT (bromine terminated) mixture was prepared according to the
general preparation of bromine terminated oligomers by using a 95/5 isomeric
mixture of meta/para-dibromobenzene and 4,4'-thiodiphenol. A sample (0.50g)
of the mixture was chromatographed on a silica gel colump (Woelm DCC, 40.71q,
2cm dia x 25 cm L) using the eluant scheme listed in Table 5. Mass balance
was not achieved, but 92% recovery of the products was realized. Similar
fractions were combined and dried in a 40°C oven for 4 h under reduced pressure
and 60°C for 2 h under reduced pressure. The n=1/n>1 (wt. ratio) was
determined to be 75/25.

Analysis of compound I (Br terminated): mass spectrum (CIMS), M/Z

8 8]Br 7

(relative intensity) 359 (16, M+29, 8]Br ]Br), 357 (18.5, M+29, gBr),

79 81 81, 7

355 (2, M+29, "“Br 793r), 331 (38, M+1, ~ Br 81Br), 329 (78, M+1,  Br gBr),
79

327 (41, M+1, "“Br 79Br‘), 251 (50, M-Br+2H, 8]Br'), 249 (50, M-Br+2H, 79Br).
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Analysis of ATT (Br terminated, n=1): crysta11ized from CH Cl;/heXane, o

colorless needles, mp‘62—63°C 'H NMR 6,9-7.5 (m, aromatic, 16H), mass
+ 81

spectrum (EIMS), M/Z (re]ative 1ntens1ty) 530 (92, M Br),~528
(100, M*, B'r 7%r), 526 (27, M*, "B "r ), 357 (12, M-Br¢0+ &8y,
, : 7 ‘
355 (11, M-Brpo”, %), 341 (6, w-s-8rp”, %'Br), 339 (6, M-S sro*, "8r),

184 (47, C_H st C H4) 171 (50 184 CH), 157 (26 c Br) 155 (26,

64 6 4Br’f
+ 79

cHrt, er), 139 (36, 171- $); Anal. Calc'd for C24H]6025Br2 ¢, 54.55;
H, 3.03; S, 6.07; Br, 30.30. Found ¢, 54.71, 54 50; H, 3.14, 3.13; S,
6.07, 6.08; Br, 29.56, 30.15, 29.20, 29.20. B
Analysis of compouhd 1Ib (Br‘terminatédjﬁ ﬁaSs speéfhﬁm (CIMS), M/Z.
816r Blgr), 649 (14, w29, E'ar "%r),
647 (7, M+29, 'pr 793%), 623 (47, w41, Sor Blor), 622 (31, W*, ®lor Plar),
8lgr * 8l 7%y, 619 (38, M+1, "Opr 793r); :

(relative intensity) 651 (9, M+29,
79 81

621 (68, m+1, Slar ®'ar), 620 (35, W',
618 (38, M*, "%r "%Br), 541 (30, M-Br, k]Br);'539 (12, M?Br,f798r) 161
(24, 530-BreH), 373 (94, M-POPBr, °'Br), 371 (100, M-pOgBr, '°Br), 203
(19, 371-Br+H), 281 (54, M-gogoger, S'er), 279 (54, M-pogoper, 1 %Br),
83 (75, HBr+H, O'Br), 81 (80, HBr+H, 'Br). R
Analysis of ATT (Br terminated, n=2): colorless oil; Anal. CaTC'd
for CyHyg0,S Bry: C. 61.465 H, 3.415 S, 7.80; Br, 19.51. Found: €,
61.19, 61.36; H, 3.55, 3.54; S, 7.32, 7.06, 7.60; Br, 18.88, 18.93.
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