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ABSTRACT: 1,4-, 4,9-, and 1,6-diethynyldiamantanes (3a-c) were prepared from diamantane and polym- 
erized a t  250-275 "C to give clear thermoset resins that showed onsets of degradation between 518 and 525 
"C in air or helium (TGA). Nickel(I1) acetylacetonate or tetrakis(tripheny1phosphine)palladium catalysts 
lowered the polymerization temperature to 210 "C. A copolymer prepared from a mixture of 3a (35%), 3b 
(58%), and 3c (7%) exhibited onset of major degradation at 476 "C in air. 

Introduction 
Recently, we reported the first example of polymeri- 

zation of an acetylene-terminated cage hydrocarbon, 1,3- 
diethynyladamantane. The polymer was a thermoset resin 
that was stable to 475 "C in air and exhibited less than 5% 
weight loss in air after 100 h at  301 O C . l  This unusually 
high thermal stability for an aliphatic hydrocarbon poly- 
mer presumably results from the presence of adamantane 
units in the polymer backbone, which due to their 
"diamond-like" structure retard degradation reactions 
resulting from either nucleophilic or electrophilic attack, 
or from elimination reactions.293 Although 1,3-diethynyl- 
adamantane gives a polymer with good thermal and ther- 
mooxidative stability, the high content of acetylenic groups 
in the monomer results in an exothermic polymerization 
and a high cross-link density. 

Diamantane is a cycloaliphatic cage hydrocarbon 
(C14H20) containing an "extended cage" adamantane 
s t r~cture .~7~* We postulated that replacement of ada- 
mantane units in poly( 1,3-diethynyladamantane) with an 
extended cage diamantane unit would reduce the acety- 
lenic content of the monomer and give a polymer with a 
lower cross-link density without compromising thermal 
stability. Although diamantane has been of interest to 
synthetic chemists for many its use in polymers 
has not been reported. In this paper we report the 
synthesis of acetylenic derivatives of diamantane and their 
thermal polymerization to give materials with thermoox- 
idative stabilities significantly greater than those of the 
corresponding adamantane polymers. 

Experimental Section 
Instrumentation and  Materials. 13C and 'H NMR spectra 

were recorded in CDC13 with a Bruker, AC-200 FT NMR 
spectrometer and the chemical shifts are reported in ppm down- 
field from tetramethylsilane. IR spectra were recorded in CHZ- 
Clz by use of a Perkin-Elmer Model 700 spectrometer. Thermal 
analyses (DSC and TGA) were performed on an Omnitherm or 
a Du Pont 990 thermal analyzer system. DSC measurements 
were made at  a heating rate of 10 "C/min in air, whereas TCA 
measurements were made at  a heating rate of 20 "C/min in air 
or helium at  a flow rate of 20 mL/min. GLC analyses were 
conducted using a Shimadzu Model GC-14A chromatograph 
employing a 30-m SE-30 column. Elemental analyses were 
performed by Galbraith Laboratories, Inc., Knoxville, TN. Dia- 
mantane was prepared by a literature procedure from norbor- 
nadiene in three steps.l1JZ Aluminum bromide, purchased from 
Alfa, and vinyl bromide, potassium tert-butoxide, and DMSO, 
purchased from Aldrich, were used as received. 

A1Br3-Catalyzed Bromination of Diamantane. The pro- 
cedure for the synthesis of dibromodiamantanes, by Vodicka et 
al.,'O was modified as follows. Diamantane (50 g, 266 mmol) was 
added over 1 h to stirred liquid bromine (200 mL) at  0 "C. Next, 
aluminum bromide (5.4 g, 20 mmol) was added and the mixture 
was stirred a t  0 "C for 3 h and at  ambient temperature for 16 h. 
Bromine was removed under reduced pressure and the residue 
was dissolved in CH2Cl2. The solution was washed with 10% 
aqueous NaZS03 solution, water, and brine, dried (MgSOd), and 
stripped of solvent under reduced pressure. The residue was 
triturated with pentane, filtered, and dried to give 67 g (73%) 
of a mixture of dibromodiamantanes, which contained (by GLC 
analysis) 33 % 1,4-dibromodiamantane (la), 57 5% 4,9-dibromo- 
diamantane ( lb) ,  and 10% 1,6-dibromodiamantane (IC). 

Synthesis of 1,4-, 1,6-, and  4,9-Diethynyldiamantanes. 
Aluminum bromide (0.6 g, 2.2 mmol) was added, portionwise, to 
a solution of a mixture of dibromodiamantanes la-c (2.0 g, 5.5 
mmol) in vinyl bromide (25 mL) at  -30 OC. The mixture was 
stirred at  -30 "C for 1 h, diluted with CHZC12, and slowly added 
to 2% aqueous HCl(200 mL). The organic layer was separated 
and the aqueous layer was extracted with CHzClz (3X). The 
combined organic layers were washed with 2% aqueous HCl, 
water, and brine, dried (MgSOI), filtered, and stripped of solvent 
under reduced pressure to give 3.3 g of a colorless oil. The oil 
was dissolved in DMSO (25 mL) and potassium tert-butoxide 
(3.1 g, 28 mmol) was added. The resulting mixture was stirred 
at  room temperature for 3 days, diluted with CH2C12, and slowly 
added to an ice/water mixture. The organic layer was separated 
and the aqueous layer was extracted with CHZC12. The combined 
organic layers were washed with water (5X) and brine, dried 
(MgSO,), filtered, and stripped of solvent under reduced pressure 
to give a brown semisolid residue. The residue was chromato- 
graphed over silica gel (90% hexane/CHtClz) to give, in order of 
elution, 500 mg (37 %) of 4,9-diethynyldiamantane, 45 mg (3% ) 
of 1,6-diethynyldiamantane, and 350 mg (26%) of 1,4-diethy- 
nyldiamantane. 

4,9-Diethynyldiamantane (3b): IR (CDC13) 3350,2950,2150, 
1400, 1360 cm-l; lH NMR 6 2.03 (s, 2 H), 1.80 (s, 12 H), 1.71 (8, 
6 H). Anal. Calcd for CleHzo: C, 91.47; H, 8.53. Found: C, 
91.60; H, 8.50. 

1,6-Diethynyldiamantane (3c): IR 3350, 2975, 2150, 1360 
cm-1; 1H NMR 6 2.25 (s, 4 H), 2.19 (s,2 H), 1.85 (br s, 12 H), 1.55 
(s, 2 H). Anal. Calcd for CleHm: C, 91.47; H, 8.53. Found: C, 
91.79; H, 8.44. 

1,4-Diethynyldiamantane (3a): IR 3350, 2950,2150, 1450, 
1260 cm-1; lH NMR 6 2.43 (br s, 1 H), 2.30 (br s, 1 H), 2.13 (8, 
1 H), 2.03 (s, 2 H), 1.92 (br s, 2 H), 1.79 (m, 13 H). Anal. Calcd 
for CleH20: C, 91.47; H, 8.53. Found: C, 91.65; H, 8.39. 

Polymerization of 4,9-Diethynyldiamantane: Typical 
Procedure. A sample of 4,9-diethynyldiamantane (275 me) was 
sealed in a glass tube and heated at  220 "C for 6 h, 230 OC for 
4 h, 240 "C for 2 h, 250 OC for 6 h, and 275 "C for 16 h to give 
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Table I 
*F NMR and Melting Point Data of Diethynyldiamantanes 

13C NMR, ppm 

E a 
.- 60- 

40-  

20 

0 

O i  

compound mp, "C C=CH ring carbons 

. I  

1, i 
4,9-Diethynyldiamantane I, 

\,\. !\ 
Homopolymer in 

-Helium 
\. 

...... Air 
\. 

1,3-Diethynyladamontane \, :; 
Homopolymer in \, t,, 

\, '., 

\ ;.. 
-- 

Air 
<',. , . . . . . . . , , . , . _...._, 

*:. 

1,4-diethynyldiamantane (3a) 
4.9-diethvnvldiamantane (3b) 196 92.2. 67.1 

88 92.1, 69.7, 90.7, 67.1 43.7, 43.4, 40.6, 39.9, 37.1, 37.1, 36.4, 35.6, 35.2, 26.3 

1;6-dieth~;ldiamantane (3cj 176 90.8; 69.6 

a transparent, light brown polymeric rod. The polymer was post- 
cured in air at 300 "C for 16 h. 

Results and Discussion 
Monomer Synthesis. Diethynyldiamantanes were 

prepared from diamantane in three steps. Diamantane 
was reacted with bromine in the presence of aluminum 
bromide a t  0 "C to give a mixture of 33% 1,Cdibromo- 
diamantane (la), 57 % 4,9-dibromodiamantane (lb), and 
10% 1,6-dibromodiamantane (IC) in 73% yield.1° The 
mixed dibromodiamantanes la-c were reacted with vinyl 
bromide and catalytic aluminum bromide to give the cor- 
responding bis(2,2-dibromoethyl) adducts 2a-c in a quan- 
titative yield. High dilution and low temperatures (-30 
"C) in the alkylation reaction were used to suppress the 
disproportionation/isomerization of dibromodiaman- 
tanes.1° The bis(2,2-dibromoethyl) compounds 2a-c 
were dehydrohalogenated with potassium tert-butoxide 
in DMSO to give a mixture of isomeric diethynyldiaman- 
tanes 3a-c in 66% yield. This mixture contained 1,4- 
diethynyldiamantane (3a; 39 % ), 4,9-diethynyldiamantane 
(3b; 56 % ), and 1,6-diethynyldiamantane (3c; 5 5% ) and was 
separated by column chromatography. The melting point 
and 13C NMR data of the diethynyldiamantanes are 
presented in Table I. The number of differentiated ethy- 
nyl groups and ring carbons in 13C NMR is consistent with 
the symmetry properties of each isomer. The high 
symmetry of 4,9-diethynyldiamantane (3b) is reflected by 
its relatively high melting point and the presence of three 
ring carbon signals in the l3C NMR. 
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Polymer Synthesis and Characterization. The 
melting points of pure diethynyldiamantanes 3a-c (Table 
I) are lower than the onsets of their thermal polymeri- 
zation (250 "C), and thus, samples of 3a, 3b, or 3c could 
be thermally polymerized as melts a t  250-275 "C to give 
transparent, light brown, voidless polymers. Polymers that 
were heated a t  275 "C for several days were incompletely 
cured, as indicated by DSC analysis. Samples that were 
postcured at  300 "C for 16 h, however, did not exhibit any 
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Figure 2. Isothermal aging of poly(4,9-diethynyldiamantane) 
and poly( 1,3-diethynyladamantane). 

detectable DSC transitions between 25 and 450 "C. The 
fully cured samples exhibited onsets of major degradation 
(TGA) between 522 and 526 "C in air and 518 and 522 "C 
in helium. A typical thermogravimetric trace is shown in 
Figure 1. Comparable values for the adamantane-based 
polymers were 475-476 "C for the onset of major decom- 
position in air or helium.' The diamantane polymers 
underwent a continuous weight loss above 525 "C, with 
residues at 750 "C ranging from 1.1 to 2.4% in air and 16 
to 57 % in helium, respectively. An isothermal aging study, 
conducted on a 20-mg sample of the polymer derived from 
4,9-diethynyldiamantane, exhibited a 2.1 ?6 weight loss a t  
325 "C after 800 min in air (Figure 2). Under similar 
conditions, a fully cured sample of poly( l,&diethynylad- 
amantane) lost 2.7 5% of its weight (Figure 2). The polymers 
were insoluble in common organic solvents, such as dichlo- 
romethane, acetone, and hexane, and showed no measure- 
able weight gain in water a t  room temperature. However, 
in boiling water the polymers gained between 0.2 and 0.3 ?6 
by weight after 24 h. The low moisture uptake of these 
materials is noteworthy and reflects the wholly hydro- 
carbon nature of these polymers. 

In the presence of nickel acetylacetonate or tetrakis- 
(tripheny1phosphine)palladium catalyst, polymerization 
occurred below 210 "C. In contrast to the clear polymers 
obtained from thermal polymerization, materials obtained 
from the metal-catalyzed polymerizations were opaque 
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Table I1 
Thermogravimetric Analysis of 
Poly(diethyny1diamantanes) 

onset, "C wt residue (750 "C), % 
polymer air helium air helium 

1,4- 524 519 2.4 57 
4,9- 526 518 1.1 34 

copolymeP 476 1.2 
1,6- 522 522 1.2 16 

a Copolymer of 35% 1,4-diethynyldiamantane, 56% 4,9-diethy- 
nyldiamantane, and 9% 1,6-diethynyldiamantane. 

with a dark metallic luster. Thermal properties (DSC and 
TGA) of these polymers, however, were similar to those 
of uncatalyzed polymers. 

A copolymer of 3a (35 % ), 3b (58% ), and 3c (7 % ) was 
prepared by stage-heating a mixture of diethynyldiaman- 
tanes 3a-c in a sealed tube to 275 "C and then postcuring 
the copolymer in air a t  300 "C for 16 h. The copolymer 
was similar in appearance to the uncatalyzed homopoly- 
mers, and like the homopolymers did not exhibit any DSC 
transitions between 25 and 450 "C and was insoluble in 
common organic solvents. The thermal stability of the 
copolymer, however, was lower than that of the homopoly- 
mer, with the onset of major degradation (TGA) at 476 "C 
in air. 

Conclusion 
We have demonstrated that acetylene groups on highly 

hindered cage compounds, such as adamantane and dia- 
mantane, can be polymerized thermally to give thermoset 
polymers. The presence of diamantyl groups enhances 
the thermal stability of the resulting thermoset resins by 
nearly 50 "C (TGA) over the corresponding adamantane- 
based polymers. Further studies are under way to 
determine the source of this increased stability and on the 
synthesis of other diamantane-based polymers. 
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0; H*C=CHBr, 593-60-2; diamantane, 2292-79-7; nickel 
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