Pyrolyses of Certain Resin Acids at 800°C
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Benzene solutions of levopimaric acid, abietic acid, dehydroabietic acid, and methyl
dehydroabietate were pyrolyzed at 800°C on Vycor glass to yield tars containing the

following general spectrum of products:

toluene, styrene, indene, naphthalene,

2-methylnaphthalene, 2-vinylnaphthalene, acenaphthylene, phenanthrene, fluorene,

and 2-phenylnaphthalene.

The pyrolysis of methyl dehydroabietate in the absence

of benzene indicated that toluene, styrene, indene, fluorene, and 2-phenylnaphtha-
lene were the result of secondary reactions of pyrolysis products with phenyl radicals.
Analysis of the products resulting from the pyrolysis of retene, under the same con-
ditions, indicates that the high yield of naphthalene-related products obtained in the
resin acid pyrolyzates must arise from A-ring cleavage in the parent molecule before

complete aromatization occurs.

The studies of the thermal behavior of resin acids in the past
have been largely confined to relatively low temperatures (below
400°C). The work of Arbuzov and Khiamatullins (7) along
with the observations of other authors (17) indicates that the
four conjugated dienoic acids—neoabietic, palustric, abietie,
and levopimaric—thermally isomerize, and disproportionation
occurs in a slow irreversible step to yield dehydroabietic acid.
Since low-pressure pot distillation of dehydroabietic acid
vielded a pentahydro retene, and heating in the presence of
various catalysts converted resin acids to retene and 1-methyl-
phenanthrene (6), high-temperature pyrolysis of resin acids
would be expected to produce a high yield of phenanthrene-type
products.

In the course of our continuing investigation of the effect of
heat upon resin acids (16, 18), we have started the first-known
study of the reaction of resin acids under high-temperature
pyrolytic conditions. In this paper we report that at 800°C on
Vycor glass, resin acids fragment to give naphthalene deriva-
tives as major products in contrast to an initially predicted high
vield of phenanthrene products.

EXPERIMENTAL

Materials. Levopimaric Actd. Levopimaric acid was
isolated from pine gum by means of its 2-amino-2-methyl-
propanol salt (11, 15). The free acid was recrystallized from
warm methanol, [«]®p —276° (C, 2.0 in 959, EtOH) [lit.
(11) [a]?D —276°].

Abtetic Acid. This resin acid was prepared by the mineral
acid isomerization of levopimaric acid as described by Schuller
et al. (Z4) and recrystallized from methanol; [«]?%p —102°
(C,2.0in 959 EtOH) [lit. (14) [«]*D —106°].

Dehydroabietic Acid. Dehydroabietic acid was isolated from
disproportionated rosin by means of its 2-aminoethanol salt
according to the method of Halbrook and Lawrence (5). The
free acid was recrystallized from 959, EtOH; [a]*p +60.7°
(C,2.0in 959 EtOH) [lit. (5) [a]®D +62°].

Methyl Dehydroabietate. Methyl dehydroabietate was pre-
pared by the reaction of the free acid with diazomethane in
diethyl ether. The ester wasrecrystallized from hot methanol;
[«]®D +59.8° (C,2.0in 95% EtOH) [lit. (8) [a]®D +61°].

Retene. Crude autooxidized retene was dissolved in a mini-
mum of benzene and passed through a basic alumina column
(300 grams; Woelm, W-300, activity grade I). The retene
fraction was eluted off with the first 300 ml of benzene to yield
22.4 grams of crude retene (729, by gc analysis). The picrate
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of the crude product was prepared according to the method of
Vogel (19) in hot 959, EtOH. The picrate (909, retene) which
formed separated upon cooling, was recrystallized from a min-
imum of hot 959, EtOH to yield 27.9 grams (95% retene by glc)
of the picrate; mp 122.5-4°C [lit. (7) 123-4°C). The picrate
was dissolved in 200 ml of benzene, was passed through 200
grams of basic alumina (Woelm, activity grade I), and was
eluted with 100 ml of benzene. The solvent was removed, and
the free retene was recrystallized twice from hot 959, EtOH to
yield 8.2 grams; mp 98.5-9°C [lit. (7) 98-9°C]; uv (95%
EtOH) Anax 300.5 (a, 61.5), 288 (a, 45.1), 279.5 (a, 61.5), 258.5
(a, 286), and 251 (a, 238) mu [lit. (9) Mmax 300 (a, 60), 287.5 (a,
48), 279 (a, 60), 258.5 (a, 290), and 250 (a, 210) mu]. (Ge
analysis indicated sample to be 979, retene.)

The benzene used as solvent was Baker-analyzed reagent.
Toluene, m-xylene, cumene, p-cymene, and 2-methylnaph-
thalene were purified by collection from ge¢; and diphenyl,
benzyl, 3,5-dimethylnaphthalene, phenanthrene, 3-methyl-
phenanthrene, and m- and p-terphenyl were recrystallized from
959, EtOH until gc analysis indicated at least 999, purity.

Apparatus. The pyrolysis apparatus consisted of a
vertically mounted Cenco Hevi-Duty Type 70-T electric com-
bustion furnace with a 12-in. heated chamber containing a
Vycor glass combustion tube (30 mm o.d. X 32 cm long with a
tapered end and a 3- to 4-mm opening) with a 24/40 joint at-
tached to the exit end. The combustion tube was randomly
packed with Vycor glass chips with a thermocouple placed in the
tube in the center of the heated area. A 24/40 female joint and
the thermocouple leads were sealed at the top of the tube with
sealing cement coated with liquid silicate. The tube was con-
nected in series to an air condenser, and ice trap, Dry Ice trap, a
gas-dispersion trap (containing 15 ml of acetone), and a final
Dry Ice trap. (The extensive trapping system was required to
trap the aerosol which formed upon cooling of the hot gases.)
A Temco portable pyrometer (calibrated by means of a Brown
Model 1117 potentiometer) was used to monitor the pyrolysis
tube temperature, and a Thermolyn Furnatrol 133 proportional
controller maintained the desired temperature. (Selective
insulation of the combustion furnace with asbestos paste
resulted in about only a 50°C temperature drop at the extreme
ends of heated area.)

Typical Pyrolysis Run. A side-arm addition funnel was
placed on top of the pyrolysis tube, and nitrogen gas (400 ml/
min was forced through the system. When the pyrolysis
temperature had stabilized at 800°C, 4 grams of the compound
to be pyrolyzed (as a solution of 10 ml of benzene or neat) were
placed in the funnel and added dropwise into the pyrolysis
tube. When the run was complete, the trapped material was
quantitatively removed with benzene, and the samples were
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subjected to gc analysis. In the experiment where methyl
dehydroabietate was run neat, it was heated with a heat lamp
and added dropwise.

Analysis of Products. Analytical and preparative gc
on the resin acid pyrolyzates were carried out on an F&M 500
using a 15-ft X !/4-in. copper column packed with 59, SE-30
on 60,/80 mesh Chromosorb W using a temperature program of
85~275°C at 2.90/min and a He flow rate of 60 ml/min. The
products had the following retention times relative to naph-
thalene: toluene, 0.22; styrene, 0.36; indene, 0.64; naph-
thalene, 1.00; 2-methylnaphthalene, 1.30; 1l-methylnaph-
thalene, 1.33; 2-vinylnaphthalene, 1.63; acenaphthylene, 1.70;
fluorene, 2.08; phenanthrene, 2.50; and 2-phenylnaphthalene,
2.92. The products were trapped off the ge and their uv, ir,
and retention time data were identical to authentic samples.

The products in the retene pyrolyzate were analyzed on a
12-ft X 3/g-in. copper column packed with 109, OV-17 on
60/80 mesh Gas Chrom Q using a temperature program of 80-
280°C at 5°/min and a He flow rate of 100 ml/min. Toluene,
styrene, and naphthalene were identified by retention time and
uv data. The phenanthrene-related products were collected at
260°C (100 ml/min He) and had the following retention times
relative to phenanthrene, 1.00; 2-methylphenanthrene, 1.35;
1-methylphenanthrene, 1.48; 2-vinylphenanthrene, 2.06; re-
tene, 2.86; and 1-methyl-7-vinylphenanthrene, 3.08.

Phenanthrene, 2-methylphenanthrene, and 2-methylphen-
anthrene yielded ir, uv, and retention time data identical to
authentic sample.

2-Vinylphenanthrene. Ir (KBr) vpmae 986 (vinyl CH wag),
890, broad (vinyl CH, wag and isolated ArH), 810 (2 ad]j
ARH) and 741 (4 adj ArH) em~1. TUv (959, EtOH) Amax
296.5, 270.5, and 263 mu, (CHCl3) Apax 303 mu, 294.5, 290.5
(shoulder), and 270 my [lit. (12) (CHCI3) Amax 295 and 270 mu .

1-Wethyl-7-vinylphenanthrene. Ir (KBr)vm.. 986 (vinyl CH
wag), 890, broad (vinyl CH, wag and isolated ArH), 810 and 798
(2 adj ArH), and 753 (3 adj ArH). Uv (959 EtOH) Amax
296.5, 270.5, and 263 (shoulder) mu, (CHCL;)Amax 300, 273, and
265 (shoulder) mu. The ir and uv data are in accord with the
proposed structure. The bathochromie uv shift, when com-
pared with that of 2-vinylphenanthrene, is consistent with
increased alkyl substitution at the l-position of the phenan-
threnering (2).

Calculation of 9 Yields. A benzene solution of weighed
amounts of toluene, m-xvlene, cumene, p-cymene, naphthalene,
2-methylnaphthalene, diphenyl, dibenzyl, 3,5-dimethylnaph-
thalene, phenanthrene, 3-methylphenanthrene, and m- and
p-terphenyl was prepared. The solution was subjected to gc
analysis under the same conditions used to analyze the pyrolysis
products. A plot of integration area/mg (response/mg) vs.
retention time (relative to naphthalene) was prepared and
found to be fairly linear with a negative slope. This plot was
used to estimate a repsonse factor as a function of retention
time for each product appearing on the chromatogram. The
measured area of each component was divided by the graph-
ically determined factor before percent by weight yield data was
calculated.

RESULTS

The pyrolyses of levopimaric acid, abietic acid, dehydro-
abietic acid, and methyl dehydroabietate were carried out by
passing these compounds in benzene solution, with nitrogen,
through a Vycor tube filled with Vycor chips at 800°C and a
contact time of 3.9 sec [calculated according to method of
Balandin and Tolstopyatova (3)]. As expected, considerable
carbonaceous and gaseous products (10) were produced which
were not collected or analyzed. The trapped pyrolyzates
vielded about 259, (based on initial weight of material used) of
ge analyzable compounds. Comparisons of the yields of the
major products identified in this study are given in Table I.

Table I. Major Products from Pyrolyses of
Resin Acids at 800°C
Benzene solution ofe
Methy] Neats
Levopi-  Abi- Dehydro- dehy- methy)
maric etic abietic droabie- dehydro-
Product  acid acid acid tate abietate
9% Yield® (Based on Total Weight of Ge
Volatile Material Present in Tar)
Toluene 25 23 16 £ 4.1 13 2.5
Styrene 7 15 17 = 0.9 16 Trace
Indene 2 3 2+0.4 2 Trace
Naphthalene 34 2 23 + 2.2 33 20
2-)Methyl-
naphthalene 2 5 4+1.3 3 4
1-Methyl-
naphtha-
lene 1 3 2+=0.8 2 3
2-Vinylnaph-
thalene 1 2 4+1.1 2 2
Acenaphthy-
lene 5 3 10 = 2.5 7 15
Fluorene 3 2 3+0.9 2
Phenan-
threne 15 10 8+ 1.0 11 19
2-Phenyl-
naphthalene 4 3 721 5 o
9% Yield (Excluding Reaction Products with Solvent)
Naphthalene 59 54 45 57 40
2-Methyl-
naphthalene 3 10 8 5 4
1-Methyl-
naphthalene 2 6 4 3 3
2-Vinylnaph-
thalene 2 4 8 3 2
Acenaphthy-
lene 9 6 20 12 15
Phenan-
threne 26 20 16 19 19

4 3.9 Seconds contact time. ?Products resulting from polym-
erization of solvent, i.e., biphenyls and terphenyls, are not included
in calculating yields.

Even though considerable carbonaceous materials were formed,
the standard deviations on the products identified in a number
of runs using dehydroabietic acid in benzene show that the
system as described does yield reproducible data.

The four compounds studied in benzene solution gave the
same general spectrum of products, the major ones being
toluene, styrene, indene, naphthalene, 2-vinylnaphthalene,
acenaphthylene, phenanthrene, fluorene, and 2-phenylnaph-
thalene. (Products resulting from the polymerization of
solvent—i.e., biphenyl and terphenyls—are not included.)

The analysis of the products from the pyrolysis of methyl
dehydroabietate in the absence of benzene showed greatly
reduced yield of toluene, styrene, and indene and the absence of
fluorene and 2-phenylnaphthalene, implying that these com-
pounds are predominantly produced by the reaction of pyrolysis
fragments with phenyl radicals.

Table I shows that naphthalene and its derivatives are the
major products in contrast to an initially predicted high yield of
phenanthrene-related products. The produect composition
from the pyrolysis of methyl dehydroabietate in the absence of
solvent indicates that the naphthalene derivatives result pri-
marily from the decomposition of the parent resin acid molecule.
The decrease in yield of naphthalene in the solvent-free run
would imply that approximately 109; of the naphthalene
formed in the presence of benzene is due to the reaction of
styrene with a C, unit, such as a vinyl radical (4). Also the
presence of benzene as a solvent does not appear to greatly affect
any of the primary pyrolytic reaction pathways.
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Retene (1-methyl-7-isopropylphenanthrene) was pyrolized
under the same conditions as used for the resin acids. The
pyrolyzate was analyzed by ge, and the products were identified
to be toluene, 5.29% (weight percent of gc volatile portion);
styrene, 4.6; phenanthrene, 16.7; 2-methylphenanthrene,
4.8; l-methylphenanthrene, 20.3; 2-vinylphenanthrene, 16.9;
retene, 0.9; and l-methyl-7-vinylphenanthrene, 19.4.

Theretene experiment establishes that the phenanthrene ring
system is quite stable under high-temperature pyrolytic condi-
tions and that few naphthalene-related compounds are pro-
duced. Therefore, the high yield of naphthalene products
during the pyrolysis of the resin acids must arise from cleavage
in the A-ring of the parent molecule before complete aromatiza-
tion oceurs. Precedence for rupture of the A-ring is the fact
that all compounds studied are converted to dehydroabietic
acid under very mild conditions (17) and that phenyl nucleus is
extremely stable to heat (4). Cleavage of the A-ring is most
likely facilitated by the ease with which the resin acids undergo
decarboxylation [differential thermal analysis and thermo-
gravimetric analysis indicate that resin acids began to readily
decarboxylate at 275°C (13) ].
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Preparation of Dimethyl o,a/'-Bis(diethylphosphono)adipate and
o,0. -Bis(diethylphosphono)adipamide
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Dimethyl

amide have been prepared by conventional methods.

«,0’-bis(diethylphosphono)adipate and «,a’bis(diethylphosphono)adip-

Some nuclear magnetic res-

onance and infrared data have also been described.

Research is being conducted at the Southern Regional Re-
search Laboratory to prepare new compounds containing phos-
phorus for use in the development of flame-retardant finishes
for cotton products. One class of compounds of interest was
dicarboxylic acid derivatives containing a phosphono group
attached to the a,a’ carbon atoms.

The only a,a’-bis{(diethylphosphono) derivatives of a dicar-
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boxylic acid reported are those for succinic acid, in which case
acetylenedicarboxylic acid was used as the starting material
(6,7). Because this method is not applicable with dicarboxylic
acids containing more than four carbon atoms, the objective
of the present investigation was to prepare a,a’-bis(dialkyl-
phosphono)dicarboxylic acid esters and amides by an alterna-
tive route.

Esters of a-(diethylphosphono)alkylcarboxylic acids have
been prepared by the Arbuzov reaction of triethyl phosphite
and the ester of the appropriate C;~Cys straight-chain a-
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