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Levopimaric acid and abietic-type acids in rosin were found to form Diela-Alder type condensation producta with acrylo- 
nitrile. Two endo adducts of levopimaric acid were isolated. These are probably structural isomers differing in the position 
of the nitrile group. Amino alcohols were prepared from these adducts by reduction with lithium aluminum hydride. Amino 
acids were prepared from one adduct by catalytic hydrogenation. 

Levopimaric acid, a constituent of gum oleoresin, 
forms Diels-Alder addition products under mild 
conditions with maleic anhydride,2a benzoquinone,' 
esters of acetylene dicarboxylic acid14 and the naph- 
t h o q u i n o n e ~ ~ ~ ~ ~  Under more vigorous conditions it 
has been suggested2a that levopimaric acid is in 
equilibrium with other abietic-type acids. Hence, 
all the abietic-type diene acids should react with 
the more active dienophiles under the proper condi- 
tions. 

This laboratory has reported on the reaction of 
the abietic-type diene acids with fumaric acid.6 In 
continuing a study of the diene reaction we have 
treated all of these acids in rosin with acrylonitrile, 
isolated and characterized the major products 
formed. Although Arbuzov and Khismatullina7 ob- 
tained a noncrystalline adduct melting a t  80-90", 
[aI9 - 12.5', from the reaction of acrylonitrile with 
a rmxture of resin acids, they assumed that their 
product consisted of only one isomer. 

In this laboratory, a mixed adduct was obtained 
in 97% yield by refluxing an acrylonitrile solution of 
pure levopimaric acid for three hours. The neutrali- 
zation equivalent and elemental analysis of the 
cyclohexylamine salts of the mixed adduct formed 
agreed with that calculated for a diene type con- 
densation. The ultraviolet spectrum indicated that 
no conjugated diene system remained. 

The reaction product was separated by partition 
chromatography into two isomeric adducts; 42% 
of I, [a]: +88.8' and 55% of 11, [a]: 0". The 
finding of two of the four possible endo isomeric 
forms was expected since only two isomers were 
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found in the adduct of abietic acid and fumaric 
acid.6 It is reasonable to assume that the condensa- 
tion is effected from only one side of the levopimaric 
acid molecule and that the difference in rotation of 
the two forms depends on the position of the nitrile 
group. No assignment of structure for the two 
forms has been made. Only one product has been 
reported for the maleic anhydride, benzoquinone, 
and a-naphthoquinone adducts which have sym- 
metrical structures. 
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Figure 1 

The two adducts of acrylonitrile and levopimaric 
acid were also separable by fractional crystalliza- 
tion. Adduct I crystallized from alcohol-water 
(70:30) and would not crystallize from benzene. 
Adduct I1 crystallized from benzene. Unchanged 
resin acids were separated from the reaction mix- 
ture aa their cyclohexylamine salts. The amine 
salts of the two isomeric adducts were very soluble 
in wet acetone, but could be crystallized readily 
from dry acetone. 

Amino alcohols were prepared from I and I1 by 
reduction in a dry ether suspension of lithium alumi- 
num hydride. The amino alcohol from I was iso- 
lated as the hydrochloride in 87% yield. The cor- 
responding product from I1 crystallized from the 
ether solution in 76% yield. Examination of the in- 
frared spectra showed complete elimination of the 
nitrile and carbonyl bands for each product. When 
adduct I1 was catalytically -hydrogenated in acetic 
acid for two hours, two moles of hydrogen per mole 
of I1 combined to form the corresponding amino 
acid. Adduct I1 was also hydrogenated for eighty 
hours, absorbing three moles of hydrogen per mole, 
eliminating ammonia and resulting in the saturated, 
secondary amine. Presumably the greater length of 
treatment and a lower concentration of catalyst 
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favored the side reaction leading to the secondary 
amine.* 

Gum rosin containing approximately 58% of abie- 
tic-type acidss was treated with acrylonitrile a t  
atmospheric pressure and a reaction temperature of 
225O. Separation of the product by partition 
chromatography gave fractions of adduct I com- 
prising 18.8%, adduct I1 comprising 17.6% and 
unreacted resin acids (principally dehydrc- and di- 
hydroabietic and dextro- and isodextropimaric 
acids) comprising 34% of the acids placed on the 
column. A fraction obtained by stripping the 
column with benzene contained 25.6% of the acids 
placed on the column. The infrared spectrum of this 
fraction indicated a nitrile content of about half 
that of adduct I or 11. 

 EXPERIMENTAL^^ 

Acryhztrile adduct of lwopimaric acid. Levopimaric acid, 
raja. -266", was prepared according to the proeedure of 
Harris and Sanderson.ll A mixture of 10 g. (0.03 mole) of the 
:evopimaric acid and 20 ml. (0.31 mole) of acrylonitnle was 
heated a t  110" in an oil bath with stirring under nitrogen for 
3 hr. The mixture became homogeneous after 1 hr. and after 
s hr. was poured into 200 ml. of water. The water was heated 
to boiling and decanted leaving a white gum which mas dis- 
solved in 100 ml. of benzene. The benzene solution was 
nashed with water. Evaporation of the benzene and drying 
under vacuum 3 hr. at 100" gave 11.5 g. (98yo) of the crude 
product, [a]:: +37.6", neut. equiv. 358, m.p. 11%118". 
The product gave a cyclohexylamine sait from acetone solu- 
tion which could not be recrystallized to constant melting 
point and rotation. The yield of salt was 80%. 

.Inal. Calcd. for C2&&02: C, 76.60; H, 10.20; N, 6.16; 
neut. equiv. 454.7. Found: C, 76.64; H, 10.31; N. 6.17; neut 
equiv. 454.5. 

Chromatographu separation of the products frons the ho- 
pamaric aerd-aerylonitrile reaction. The adduct was subjected 
to a partition chromatographic technique similar to that de- 
scribed by Ramsey and Patterson1* with the exception that 
furfuryl alcohol was replaced with monoacetin as a com- 
ponent of the ststionary phase and a mixture of isooctane- 
benzene (85: 15) was used for the mobile phase. The chroma- 
tographic tube was 27 mm. 0. D. X 200 cm. long. The elut- 
ing solvent was prepared by saturating 1 1. of the isooctane- 
benzene with 48 g. of the 2-aminopyridine-monoacetin mix- 
ture (25 : 75). The column was packed with 45 g. of silicic 
acid which had previously been mixed with 34 g. of the 2- 
aminopyridine-monoacetin phase separated from the iso- 
octane-benzene wash. A 550 mg. sample was placed on the 
column and developed with the isooctane-benzene. The 
effluent waa collected in 10 ml. fractions and the milliequiva- 
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lenta of acid in each fraction determined by titration with 
alkali. The first peak, eluted a t  100 ml., contained 3% of the 
product and waa not invedigated. The second peak, eluted a t  
450 ml. contained 42% of the acids placed on the column. h 
third peak eluted at 640 ml. contained 55% of the resin 
acids placed on the column. The fractions forming each peak 
were combined, acidified with acetic acid and washed with 
water. The solution waa concentrated to 15-20 ml., cyclo- 
hexylamine added and the amine salt allowed to form over- 
Gght. The white crystals were collected, washed with pen- 
tane and dried in a vacuum desiccator over calcium sulfate. 

Separation of addvet I. The solution from peak 2 gave a 
90% yield of the acid as the cyclohexylamine salt; [a]? 
+68.5'; neut. equiv. 455.0; m.p. 207-208.5'. The free acid 
was obtained by dissolving 158 mg. of the amine salts in 3 
ml. of alcohol, adding an excesa of 3N acetic acid, diluting 
with water to 30% by volume and storing in the refrigerator 
overnight for crystalhation; yield 89%. The sample was re- 
crystallized from alcohol-water and the crvstals dried a t  100" 
under vacuum; neut. equiv., 355.2; m.p. 191.0-192.0"; 
lalY +88.2". . _ _  

Separatwn of d u d  11. Peak 3 was worked up in a similar 
manner to give an 89% yield of cyclohexylamine d t ;  [a] a. 
0'; m.p. 188.5-189.5"; neut. equiv., 454.3. The free acid was 
obtained by suspending 200 mg. of the amine salt in 10 ml. 
of benzene, washing with 3N acetic acid, and washing with 
water until neutral. The solution was evaporated to 2 ml. 
and 2 ml. of isooctane added. The crystals which separated 
were dried a t  140°, under vacuum, yield 78%; neut. equiv.. 
355.8; m.p. 181.5-182.5"; [a] 'd 0". 

Separation of produck rrystallization. The reaction 
product of 34 g. (0.11 mole) of levopimsric acid, [ajy 
-270" and 26.5 g. (0.5 mole) of acrylonitrile was recrystal- 
kwd tx-ice from a 50: 50 benzene-isooctane mixture and once 
from benzene to give 9.3 g. of adduct 11. Drying in vacuum 
a t  la0" for 4 hr. gave the analytical sample; m.p. 1 8 1 . s  
182.5'; [a]: 0". Admixture with adduct I1 ob@ed by 
partition chromatography gave no depression in melting 
point. 

Anal. Calcd. for CnHpNOr: C, 77.70; H, 9.36; N, 3.94; 
neut. equiv. 355.5. Found: C, 77.59; H, 9.34; N, 3.92; neut. 
equiv. 355.5. 

The cyclohexylamine salt was prepared by neutralizing an 
acetone solution of the acid with the amine. The crystals 
which formed were collected, washed with a little acetone and 
dried in an evacuated desiccator over calcium sulfate, 
[a]: Oo; m.p. 190.5-191.5". 

dna2. Calcd. for GsH,&O~: C. 76.60; H, 10.20; K, 6.16; 
neut. equiv. 454.7. Found: C, 76.41; H, 10.12; N, 6.17; neut. 
equiv. 455.1. 

The isooctanebenzene filtrate from the fvst crystalliea- 
tion was evaporated and the residual resin, 22.0 g., was dis- 
solved in 200 ml. of acetone containing about 1% water, and 
neutdized with cyclohexylamine. The salt which crystal- 
b e d  overnight consisted mostly of unchanged resin acids. 
Another recrystalkation of this salt, from 150 ml. of a c e  
tone, was done to gain further separation of the adduct from 
the unchanged acids. The liquors from the first and second 
~ i - y ~ t s l l i s e t i ~ ~  were then evaporated to onefourth volume 
and 16.2 g. of crystals collected. Recryatallhation from alco- 
hol-water and drying in a vacuum desiccator over calcium 
sulfate a v e  the d v t i c a l  samde. Yield 11.2 E.: lal? - .  - . -  
+~.5";m.p. 207-208.ii~. 

Anal. Calcd. for G&&NzOz: C, 76.60; H, 10.20; N, 6.16; 
neut. e~uiv., 454.7. Found: C, 76.45; H, 10.18; N, 6.15; 
neut. eqkiv.,. 455.0. 

The salta were dissolved in alcohol-water (70 : 30) and the 
acid freed by addition of 3N hydrochloric acid. The acid was 
recrystallbed from alcohol water (70:30) to yield 8.6 g. 
(52% of the calculated quantity by chromatographic analy- 
sis) of adduct I, [a].,. +88.8"; [a]: (1.1% chloroform) 
+93.7"; m.p. 191.5-192.09 Admixture with I obtained by 
partition chromatography gave no depression in melting 
point. 
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Anal. Calcd. for CDH&OI: C, 77.70; H, 9.36; N, 3.94; 
neut. equiv. 355.5. Found: C, 77.82; H, 9.34; N, 3.90; neut. 
equiv., 355.0. 

H e d w d ~ o n  of I and I1 by lithium aluminum hydride to ule 
corre-qonding amino alcohols. A solution of 3.00 g. (0.00s 
mole) of I in 60 ml. of dry ether was added slowly to a sus- 
pension of 4.80 g. (0.126 mole) of lithium aluminum hydride 
in 100 ml. of dry ether under nitrogen. The solution was 
stirred and heated at reflux under nitrogen 4 hr. and cooled. 
Escess hydride was decomposed with water, 5 ml. of 20% 
sodium hydroxide added, and stirring continued 15 min. 
Separation was effected by filtration and leaching the 
granular mass with 200 ml. of ether. The ether was washed 
until neutral and evaporated to dryness giving a 93yo yield. 
A partially crystaltine product having [a]: +88.7" was ob- 
taiiied from an alcohol-water solution. This material showed 
complete absence of nitrile and carbonyl absorption in the in- 
fmred. The hydrochloride was prepared by adding 10 ml. of 
6 S  hydrochloric acid to 10 ml. of alcohol containing 0.3 g. of 
the reduction product heating a t  reflux for 5 min. and cool- 
ing. The crystalline hydrochloride was obtained in 8770 yield, 
m.p. 317.0-318.0" dec. 

dnizl. Calcd. for C&,oCINO: C, 72.31; H, 10.55; C1, 9.28; 
X, 3.67. Found: C, 72.13; H, 10.40; GI, 9.18; N, 3.57. 

Adduct I1 was reduced as described above for the reduc- 
tion of adduct I. Evaporation of the ether yielded 2.38 g. 
( i 6 O ; )  of the amino alcohol. Recrystabation from ether 
and drying at 100" in vacuum for 3 hr. gave the analytical 
san.ple, [a]: 0"; m.p. 117-117.5". 

Anal .  Calrd. for C&H,$JO: C, 79.94; H, 11.37; E, 4.05; 
neirt equiv., 345.6. Found: C, 79.92; H, 11.29; N, 4.02; 
neut. equiv.. 344.8. 

Ca~alytie reduction of I1 to the amino acid. A solution of 
0.710 g. (0.002 mole) of 11 in 15 ml. of prereacted &kd 
acetic acid w a s  hydrogenated a t  atmospheric pres"? and 
r'ooni temperature over 0.iL g. of 5% palladium carbon cat- 
al! at. .4fter 2.25 hr. 2.04 nioles of hydrogen per mole of ad- 
duct had been absorbed. The catalyst was removed by 
filtration and the hj-drogrnated product evaporatpd to a 
vixoiis liquid under vacuum at 60". The amino acid was 
heated to boiling in 10 ml. of hydrochloric acidalcohol 
(30:iO) solution, filtered, and allowed to crystalhe. Two 
recrj stallizations and drying in a vacuum desiccator gave the 
analytical sample. The yield was 0.444 g. (56o/c), m.p. 318- 
310" dec., [CY]? 0". 

Anal. Calcd. for CUH,,ClN02: C, 69.76; H, 9.67; C1, 8.95; 
N, 3.54. Found: C, 69.65: H, 9.76; C1,8.88; N, 3.24. 

Cdalytic redudion of I1 on the swmdary amine. In another 
experiment, 1-22  g. (0.0034 mole) of I1 and 0.61 g. of the 
catalyst mere used. The hydrogenation was allowed to con- 
tinue for 80 hr. During this tinic 3.06 moles of hydrogen per 
mole adduct was absorbed. The product. after removal of the 
acetic acid was crystallized from 12 ml. of alcohol-6-V hy- 
drochloric acid (75:25) by heating to reflux and allonkg to 
cool, yield 85yc. Recryrt:tllixation and drying in vacuuni 

over calcium sulfate gave the analytical sample, m.p. 316- 
318" dec.; [ala" -5.10". 

Anal. Calcd. for CaH&lN04: C, 74.40; H, 10.30; C1, 
4.77; N, 1.88. Found: C, 74.10; H, 9.91; C1, 4.77; N, 1.82. 

Acrylonitrile adduct of rosin. An adduct was prepared using 
500 g. of WW gum rosin containing approximately 290 g. 
(0.96 mole) of abietio-type acids. The rosin was heated to 
200" with slow stirring and practical grade acrylonitrile was 
added a t  such a rate that the reaction mixture refluxed a t  
225". Heating a t  2W225" was continued for 7 hr. The mix- 
ture was then steam sparged to remove excess acrylonitrile. 
The increase in weight was 70 g. The product was dark 
brown, and had a neut. equiv. of 130; m.p., 96-104". 

Chromotogrclphzc separdim of wmponenfs in the rosin 
acrylonitrile addzlds. The partition chromatographic tech- 
nique for separation of the isomers was used to separate the 
reaction product into 3 peaks. A fourth fraction was eluted 
from the column by stripping with benzene. The &at frac- 
tion contained the unchanged resin acids amounting to 
34.2% of the acids placed on the column. The infrared 
spectra of the unchanged acids indicated the preaence of 
dextro- and isodextropimaric acids. Chromatographic sepa.- 
ration of the acids of this peak according to the method of 
Ramsey and Patterson as modified by Loeblich, et d.l* 

showed the presence of isodedropimaric and some abietic, 
neoabietic, and dehydroabietic acid. 

The second peak contained 18.8% of the acids placed on 
the column. Recovery from the eluting solvent as the cyclo- 
hexylamine salt gave an 83.4% yield of the acids in the peak. 
The acid was freed from the amine and recrystallized from 
alcohol-water to give the analytical sample; m.p., 191-192'; 
[ala. +88.0°. Admixture with I gave no depression in melt- 
ing point. 

The third peak contained 17.6% of the acids placed on the 
column. The acids were precipitated from the eluting solvent 
as their cyclohexylamine salt (98.5y0 recovery). The acid 
was freed from the amine and crystallized from benzene to 
give the analytical sample; m.p. 178-179'; [a]y  0". Ad- 
mixture with I1 gave no depression in melting point. 

The fourth fraction obtained by stripping the column 
with benzene contained 25.6y0 of the acids placed on the 
column. The acid was extracted from the eluting solvent 
with 2N sodium hydroxide. The aqueous solution was acidi- 
fied and extracted with ether, the ether washed with water 
dried, and evaporated to dryness; neut. equiv., 234. The in- 
frared analysis indicated about half as much nitrile as was 
present in the adduct. 
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