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The use of H-donors to increase yields of distillable liquids in direct coal lique-
faction is well-documented (1,2,3). Several mechanisms have been proposed including
the radical-trapping of hydrogen from the H-donors (4,5). Another mechanism sug-
gested on the basis of thermochemical data (6) is a transfer of a hydrogen atom
(radical) to an aromatic compound. This transfer is energetically favorable when
specific atoms in the aromatic molecule are attacked. Phenanthrene, for example, is
stabilized by 38 kcal/mole when attacked by a hydrogen radical to form the 9-hydro-
phenanthryl radical. This addition of hydrogen has not been studied to any extent at
either of the model compound level or the process level.

Another reaction which may resemble the radical addition reaction was observed when
1,1'-binaphthyl was heated with an H-donor to form the thermally stable perylene
(PER) (7). An H-donor was essential for coupling and different H-donors produced
perylene in different yields. This reaction was used to study the relative ability
of an H-donor to transfer its hydrogens at the high temperatures and pressures used
in liquefaction. The coupling reaction appeared to have potential as a system to
study this variety of H-transfer which may have important implicstions in the direct
coal liquefaction process.

Problems encountered in this method of evaluating H-donors included the low yields
of perylene and the low solubility of perylene in many solvents. Molar ratios of
perylene to starting materials ranged from 1 x 10 2 to 28 x 10 2 after 1 hour reac-
tion at 470°C. It was thought that a higher conversion of substrate would improve
the reliability of the analytical method and would allow for shorter reaction times.
One solution to the problem connected with the coupling to form perylene would be to
find another molecule which would react by a similar mechanism but would give higher
yields of a thermally stable product under similar reaction conditions. Copeland,
Dean, and McNiel (8) reported that o-terphenyl (OTP) gave higher (60 pct) yields of
coupled product, triphenylene (TP), than binaphthyl (18.7 pct) gave perylene when
reacted with decalin at 490°C with a catalyst and hydrogen for 3 hours. Triphen-
ylene was very stable and this reaction appeared to be a good alternative candidate
for evaluation of H-donor reactivities. Several reactions were carried out with the
o-terphenyl (Wiley Organics) and various H~donors at 470°C for 1 hour without hydro-
gen gas in small microreaction vessels. The results of these reactions are summar-
ized in Table I and are compared to previously obtained results with 1,1-binaphthyl

.
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TABLE I

MOLAR RATIOS OF PRODUCT OF REACTANT FOR REACTIONS OF o-TERPHENYL
AND 1,1'-BINAPHTHYL WITH H-DONORS AT 470°C FOR 1 HOUR*

H-Donor TP/OTP x 10 2 PER/BN x 1072
9,10-dihydrophenanthrene 2.05 3.1
1,2-dihydronaphthalene 2.47 3.4
1,2,3,4-tetrahydronaphthalene 2.51 1.3
fluorene 5.91 2.0
4,5-dihydropyrene 1.65 14.1
1,2,3,6,7,8-hexhydropyrene -~ 28.0
indane 0.42 1.27
1,2,3,4-tetrahydroquinoline 0.37 --
1,2,3,4-tetrahydroisoquinoline 0.40 1.38
2,3-cyclohexenepyridine 0.88 --
indoline -~ 3.84
5-indanol 0.49 1.24
indene 1.92 3.19

*Obtained by (Mole % coupled product)/(Mole % starting OTP or BN + sum of mole % of
by-products)

The ratios of coupled product to starting materials were less satisfactory than
those of binaphthyl in predicting H-donor ability. Some H-donors which promoted
higher yields of perylene from binaphthyl also produced higher yields of triphenyl-
ene from o-terphenyl. There were exceptions including fluorene, 4,5-dihydropyrene
and 1,2,3,6,7,8-hexhydropyrene which gave differing amounts of coupled product and
in some cases even gave opposing trends. It was found with both substrates that
many H-donors known to be good donors at lower temperatures did not give significant
amounts of coupling at the higher temperatures used. This was particularly true of
the heteroaromatic compounds with hydrogen attached to the heteroatom such as with
1,2,3,4-tetrahydroquinoline.

The conversion of o-terphenyl to triphenylene was not as great as expected based
upon the three-fold yield of triphenylene over perylene (Equation 1). Moreover, very
close to the peak of triphenylene in the gas chromatogram (using 6' x 2 mm ID 3 pct
Dexsil 300 on Supelcoport 100/120 with programmed temperature) were several peaks
analyzed by GCMS to be quatraphenyls (MW 306). Large amounts of biphenyl from the
cracking of the terphenyl also reduced the possible yield of triphenylene and this
complicated the analysis and the possible implications of the reactions to lique-
factions.

Kinetics of the conversion of o-terphenyl to triphenylene were studied and compared

with previous results of conversion of 1,1'-binaphthyl to perylene under similar
conditions. The results are summarized in Table II.
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TABLE II

PSEUDO FIRST ORDER RATE CONSTANTS FROM THE CONVERSIONS OF o-TERPHENYL
AND 1,1'-BINAPHTHYL TO TRIPHENYLENE AND PERYLENE RESPECTIVELY

H-Donor o-Terphenyl 1,1'-Binaphthyl
(k, min 1) (k, min !)

9,10-dihydrophenanthrene 7.0 x 103 1.2 x 10_2

1,2,3,4-tetrahydronaphthalene 7.4 x 103 1.9 x 10 2

1,2~dihydronaphthalene --- -

The similarity between the products and the similar rate constants for each H-donor
implied that the same mechanism was involved. When modeled as a first order reaction
(Table II), o-terphenyl conversion was slower than binaphthyl conversion. It was
interesting that 1,2-dihydronaphthalene formed no more coupled product with either
binaphthyl or o-terphenyl after 45 minutes substantiating a similarity in the mech-
anism. The lower rate constants and the extra side products formed with o-terphenyl
led to the conclusion that this system was less advantageous binaphthyl than
coupling in the study of H-donor solvents.

Dibenzo(c,g)phenanthrene (DBP) (Equation 1) was investigated as another substrate
likely to be a substitute for o-terphenyl and binaphthyl. Its structure suggested
the possibility of facile coupling which could lead to enhanced rates and greater
yields of coupled products. Dibenzophenanthrene was synthesized by coupling
l-tetralone to bis-dialin (BD) which was then reacted with maleic anhydride (9,10).
The adduct was then brominated, dehydrobrominated, decarboxylated, and finally
dehydrogenated to the desired dibenzo(c,g)phenanthrene, (Equation 1).

The low yield (7.5% overall) of dibenzophenanthrene was quite poor compared to that
in the synthesis of binaphthyl (60%) from the common intermediate, 1,1'-dialin. The
final product separated on an alumina chromatographic column with petroleum ether
was 89% (VPC) pure. A small amount of this compound was reacted with 9,10-dihydro-
phenanthrene in the microreactor under the usual conditions. The yield of 8%
coupled benzo(1,12)perylene (BP) product was an order of magnitude larger than
either triphenylene or perylene. The retention time of the coupled product, ben-
zoperylene, of 20.5 minutes was significantly longer than the retention times of
other peaks in this reaction or of any component found in hydrogenated anthracene
oil used as an experimental H-donor. There appeared to be no side reactions except
some transfer of hydrogen from H-donor to the dibenzophenanthrene. Thus preliminary
results indicate dibenzophenathrene might have distinct advantages over binaphthyl or
o-terphenyl and would provide a very promising system to apply to the study of
H-transfer reactions.
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