Neutrals in Southern Pine Tall Qil

A.H. CONNER and J.W. ROWE, Forest Products Laboratory, FS-USDA,

Madison, Wisconsin 63705

ABSTRACT

Black-liquor soap skimmings from commercial
pulping of southern pine wood contained 4.8% neu-
trals by wt. The neutrals were quantitatively analyzed
and more than 80 compounds found. All of the com-
pounds that comprised 0.1% or more of the neutrals
were identified; these included 0.3% a-terpineol, 2.5%
diterpene hydrocarbons, 8.1% resin alcohols, 10.0%
resin aldehydes, 0.5% resin acid methyl esters, 1.2%
norditerpene alcohols, 16.8% labdane diterpenes,
2.1% other diterpenes, 32.4% steroids, 0.6% triter-
penes, 0.7% polyprenols, 6.1% wax alcohols, 5.7%
stilbenes, 4.4% lubricating oil, and 8.6% minor
(<0.1%) constituents. Sitosterol, campesterol, stig-
mastanol, pinosylvin dimethyl ether, lignoceryl and
ceryl alcohols, agathadiol, isocagatholal, communol,
abietal, and diterpenes with the pimarane or iso-
pimarane skeleton were the major components.

INTRODUCTION

After concentrating the black colored liquor remaining
from kraft (sulfate) pulping of conifer wood chips, a semi-
solid soap is salted out that is skimmed off and acidified to
yield crude tall oil. Tall oil is a complex mixture of 40-60%
fatty acids, 40-55% resin acids, and 5-10% neutral compo-
nents (1,2).

The neutral constituents have no commercial value, In-
creased information on tall oil neutrals could lead to new
products and improved utilization of tall oil fatty and resin
acids. These neutrals also cause losses of the fatty and resin
acids during refining of crude tall oil due to esterification.
During distillation of crude tall oil, the neutral components
also contaminate the resin and fatty acid fractions and the
distilled tall oil, and are major components in the forerun
and the pitch. For example, tall oil heads contain 25-60%
neutrals, tall oil fatty acids, 1-10% neutrals, tall oil rosin,
3-7% neutrals, and tall oil pitch, 20-35% neutrals. However,
part of these neutrals are artifacts of the distillation
process.

Southern pines (pines growing in the southeastern US)
are the major domestic source of pulpwood and tall oil.
Although the extracts of Pinus spp., especially the oleo-
resinous exudates and the heartwood phenolics, have been
investigated in some detail, the neutral components from
southern pines have not. Sandermann and Weissmann (3)
have studied the neutrals from American tall oil heads, and
Joye, et al., (4) have carried out a cursory gas liquid chro-
matography (GLC) analysis of the neutrals from gum,
wood, and tall oil rosin. The neutrals in European (5,6) and
Canadian (7-9) tall oils have been studied. A detailed analy-
sis of the neutral components in a pooled sample of black-
liguor soaps from several mills pulping 100% southern pine
is reported here,

EXPERIMENTAL PROCEDURES

Melting points were measured in evacuated capillaries,
and were corrected. Optical rotations were obtained in
CHClj3 (c1). All percentages of individual compounds were
obtained from GLC analysis by normalization of peak
areas.

Extraction of Black Liquor Scap Skimmings

A combined sample of black-liguor soap skimmings
(9267 g) from commercial pulping of southern pine wood
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was dissolved in benzene:methanol (1:1). Portions were
added to a large volume of dilute NaOH and continuously
extracted with diethyl ether:benzene, The combined ex-
tracts contained residual acidic components which were re-
moved slowly and incompletely by exhaustive washings
with dilute NaOH. The extract was concentrated, acidified,
washed with water to neutral pH, diluted with diethyl
ether:methanol (9:1), and passed through excess DEAE-
Sephadex (10) to remove completely these residual acids.
This yielded 449 g of neutrals (4.8% of the soap skimmings).

Fractionation of Neutrals

Crystallization of the neutrals several times alternately
from methanol and from heptane yielded a crystalline frac-
tion (111 g) and an oily fraction (338 g). Each fraction was
analyzed separately,

The crystalline fraction was a relatively simple mixture
that contained the bulk of the sterols, wax alcohols, and
triterpenes. The wax alcohols were separated from the
crystalline fraction via the urea canal inclusion complex
(11). The 3B-hydroxysterols were isolated from this frac-
tion as the digitonides, which were subsequently cleaved by
dimethyl sulfoxide (12). The remainder of the fraction was
the triterpenes. The oily fraction was a complex mixture of
diterpenes, stilbenes, polyprenols, steroids, and lubricating
oil.

The carbonyl components were separated from a portion
of the oily fraction as their Girard hydrazones (13) using
Amberlite IRC-50 as the acid catalyst (14). The hydrazones
were cleaved with dilute sulfuric acid. Girardation was used
only as a qualitative method for separating and identifying
the carbonyl components. These components were subse-
quently re-isolated and quantitated on fractionating the
oily fraction by the methods below,

The remaining 38-hydroxysterols were isolated from the
oily fraction as the digitonides, and were cleaved as before.
The sterol free oily fraction was chromatographed over
silica gel (40X). This column was eluted with petroleum
ether (PE), PE:benzene mixtures, benzene, and then ben-
zene: methanol mixtures. PE eluted the lubricating oil. PE:
benzene eluted the following fractions: a) the diterpene
hydrocarbons; b) a mixture of diterpene hydrocarbons and
squalene; c) a mixture of 8-epimanoyl oxide and pimaral; d)
a mixture of resin aldehydes; and, finally, ¢) a2 mixture of
resin aldehydes and resin acid methyl esters. Benzene eluted
the following fractions: a) methyl dehydroabietate; b) cis-
and trans-pinosylvin dimethyl ether, ¢) a mixture contain-
ing trans-pinosylvin dimethyl ether, 3,5-stigmastadien-7-
one, 3,5-campestadien-7-one, resin alcohols, manool, 13-
epimanool, 15,16-dinorlabd-8(17)-en-13-one, cycloartenol,
and 24-methylenecycloartanol; and, finally, d) a mixture of
wax alcohols, resin alcohols, trans-communol, 18-norditer-
pene alcohols, 8(17),£-13-labdadien-15-0l, and geranyl-
geraniol. Benzene:methanol eluted the following fractions:
a) a mixture of wax alcohols; 18-norditerpene alcohols,
geranylgeraniol, 9,10-secodehydroabietan-18,10-olide,
hydroxymanool oxide, 4-campesten-3-one, 4-stigmasten-3-
one, 4,6-campestadien-3-one, 4,6-stigmastadien-3-one, -
terpineol, and an unknown serratene aldehyde; b) iso-
agatholal; ¢} 19-hydroxy-15,16-dinorlabd-8(17)-en-13-one;
d) agathadiol; and, finally, €) a mixture of agathadiol,
8(14),15-pimaradiene-33,18-diol, and 8,11,13-abietatriene-
15,18-diol.

The individual fractions obtained from the crystalline
and oily fractions were routinely analyzed by thin layer
chromatography (TLC) and GLC. These fractions were frac-



SEPTEMBER, 1975 CONNER AND ROWE: NEUTRALS IN SOUTHERN PINE TALL OIL 335

TABLEI

Composition of Southern Pine Tall Oil Neutrals

Compoundl %
Monoterpene 0.3
a-Terpineoldb,d.f.g 0.3
Diterpenes 41.2
Hydrocarbons 2.5
Pimaradiened:e:h 0.7
Sandaracopimaradiened.€,h 0.1
Isopimaradiened.¢-h 1.0
Abietadienec-d.e,h 0.4
Dehydroabietaned.e.h 0.2
Neoabietadiened.® 0.1
Resin alcohols 8.1
Pimarola ;b,d,d"e.g" h'j 3.3
Sandaracopimaroid »d.d"e.8",h"j 0.3
Isopimamlal»b'»dsd'»e’g’yh',j 3.6
Abietoldses 0.5
Dehydroabietoldse.) 0.3
Neoabietold €. 0.1
Resin aldehydes 10.0
Pimarald,b.d.e.gh 3.1
Sandaracopimarald.e 0.2
Isopimarald.b.d.e.g.h 3.7
Abietal®;b.¢.d.¢ (mp = 4547 ) 1.7
Palustral/levopimarald-® 0.1
Dehy droabietal?,bd.¢,8.h 0.9
Neoabietald.e 0.3
Resin acid methyl esters 0.5
Methyl pimarated,e,gh Trace
Methyl sandaracopimarated.® Trace
Methyl isopimarated.¢,g.h 0.1
Methyl abietated.® Trace
Methy! dehydroabietated.b.d.e.g:h 0.4
Norditerpene alcohols 1.2
18-Norpimaroid.e.f,l] 0.2
18-Norsandaracopimarold.f:i Trace
1 8-Norisopimarold,e,f,1,j 0.4
18-Norabietol d:f,j 0.3
18-Nordehydroabietold:f i 0.3
Labdanes 16.8
ManOOla’a,’b’b,rd’ﬁg,sh rilﬁgl 0.2
1 3-Epimanooia'»i's52' 0.1
trans-Communold b c.c’ d.e’ g h’ 3.7
trans-Communatd,® 0.3
Agathadiola»bﬁ,d'se*»ﬁf’ag 6.4
Isoagatholaid,a’;b,b’ 8" i’ 4.4
8(17),E-13-Labdadien-15-0lab',d" ¢’ ,g". 0’ 0.3
8-Epimanoyl oxided,b,¢,2
(mp = 44-44.5C, [a] 3’ - 9.6°) 0.7
Hydroxymanool oxide? 0.2
15,16-Dinorlabd-8(17)-en-13-oned.b.d.e.g.h 0.1
19-Hydroxy-15,16-dinorlabd-8(17)-en-13-one? 0.4
Other 2.1
Geranylgeraniold.a»b,d.f.g 0.9
8(14),15-Pimaradiene-38,18-diol2
(mp = 179.5-180.5 C, [a] 3’ + 93°) 0.5
9,10-8ecodehydroabietan-18,10-olide2 0.6
8,11,13-Abietatriene-15,18-diol 2 0.1
Steroids 324
Cholesterold.f Trace
Campesteroldsd'sf’fl 2.5
Campestanolfl 0.3
Sitosterol3,a,b,b ,d,d 1.t 5.8’ 25.1
Stigmastanol? oL Eg R 1.9
Cycloartenold ,b',d.d'.g".n’ 0.5
24-Methylenecycloartanola,,b'adrd’sg/’h' 0.8

24-Methylenelophenola' b'f g Trace
Citrostadienolal!b')d’dl’f, xg,’hI:Q' 0.2
Obtusifoliold:d"f.f 0.1
Cycloeucalenold’d"fvf’ 0.1
4-Stigmasten-3-onea’b,c’d’f’g’h 0.2
4-Cam[:»esten-s-onedff Trace
4,6-Stigmastadien-3—onecxd’f 0.1
4,6-Campestadien-3-onedxf Trace
3,5-Stigmastadien—'7-one3>br‘3vd>g’h»i 0.5
3-5-Campestadien-7-oned 0.1
Triterpenes ) 0.6
Squalenea:b’d:f’g 0.2
Serratenedioldb.d:84 0.1
21-Episen‘atenediala:b:d»g,i 0.1
3[3-Hydroxy»14-serraten-21-onea’b’d:g»i Trace
Unknown serratene aldehyde 0.2
Poly prenols? 0.7
Wax Alcohols L 6.1
1-Hexadecanol (cetyl alcohol)? ’,d , Trace
1-Octadecanol (stearyl alcohol)a’ .d Trace
1-Eicosanol (arachidyl alcohol)? d’ 0.3
1-Heneicosanol?’ A Trace
1-Docosanol (behenyl alcohol)d;b.d.8.k 0.8
1-Tricosanol?,b,d,8,k Trace
1-Tetracosanol (lignoceryl alcohol)? b.d.gk 3.7
1-Pentacosanold,bd:g.K Trace
1-Hexacosanol (ceryl a!cohol)ayb»dsgsk 1.3
1-Octacosanol (montanyl alcohol)2:D:d,g:kK Trace
Stilbenes 5.7
trans-Pinosylvin dimethyl etherd,b.c,d.gi 5.6
cis-Pinosylvin dimethyl etherd 0.1
Minor Constituents 8.6
(<0.1% each)
Lubricating Oi13,b,d.k 4.4

1Methods of identification are indicated for each compound as
follows: a, NMR; b, IR; ¢, UV; d, gas liquid chromatography (GLC)
on SE-30 or SE-30/EGiP; e, GLC on DEGS; f, GLC on other liquid
phase(s); g, thin layer chromatography (TLC) on 8iO5; h, TLC on
AgNO3/Al,03 (8i03); i, minimum mp; j, near IR; k, tetranitro-
methane; €, optical rotation. All letters with prime sign refer to a
derivative of the compound.

2New natural product, the structure of which will be discussed
in a forthcoming paper.

tionated further by rechromatography on silica, AgNO3-
silica, alumina, or AgNQg-alumina (15,16} and by prepara-
tive GLC, distillation, or crystallization of the product or a
suitable derivative. Numerous chromatograms were required
for further fractionation, and often the same component
was obtained from different chromatograms.

The individual components were then identified by com-
paring with authentic reference compounds or reference
data by one or more of the following methods as indicated
in Table I: Nuclear magnetic resonance (NMR), infrared
(IR), ultraviolet (UV), TLC (silica, AgNO3-silica), GLC
(SE-30, DEGS, OV-17, PPE-20), optical rotation, mp, and
mixture mp. The proof of structure for the 5 new natural
products will be published separately.

RESULTS AND DISCUSSION

The methods used for the fractionation of the neutrals
are, except for minor changes, the methods successfully
used in this laboratory to study pine bark terpenoids
(17-22). In some cases, these methods yielded mixtures of
related compounds, e.g., the wax alcohols, which were ana-
lyzed as a group without further fractionation. The analysis
of the tall oil neutrals is presented in Table I, which in-
cludes the individual compounds and the methods used for



336 JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY VOL. 52
DITERPENES OTHER NEUTRALS
R

13 ~.
oH ~F

™ 3 O

HO
MANOOL (13R) 8-EPIMANOYL OXIDE SERRATENEDIOL (R = CtOH)

13-EPIMANOOL (135)

14
13 15

CH_OH

N

R
19
£-COMMUNOL (R = CH,OH) AGATHADIOL (R = CH,0i)
t-COMMUNAL (R = CHO) IS0AGATHOLAL (R = CHO)

8(17),E-13-LABDADIEN-15-0L (R = CH3)

PIMARADIENE

ISOPIMARADIENE (A'}
SANDARACOPTMARADIENE (n871%

3
) DEHYDR! TANE
8(14),13(15), CABIE

ABIETADIENE (A7 o1
NEOABIETADIENE (A

HYDROCARBONS (R = GH,)

RESIN ALCOHOLS (R = CH,OH)

RESIN ALDEHYDES (R = CHO)

RESIN ACID METHYL ESTERS (R = cooc,)
NORDITERPENE ALCOHOLS (R = OH)

FIG. 1. Diterpenes in southern pine tall oil.

their identification. Because the composition of commercial
tall oils varies, all the neutral components of 0.1% or more
were examined to ensure the identification of all of the
major neutrals in any southern pine tall oil.

The diterpenes in tall oil are based on the pimarane,
isopimarane, abietane, and labdane skeletons (Fig. 1)
analogous to the known resin acids. Geranylgeraniol is
generally recognized as the biogenetic precursor of the di-
terpenes. It is widely distributed in plants and has been
reported from Pinus sylvestris and tall oil (5,23). The diter-
pene hydrocarbons have been reported from several pines
(4,17,18,24-32). The resin alcohols (4,18,25,26,28,30,32-
40) and the resin aldehydes (25,26,31,32,35,36,41-45) are
widely distributed in Pinus spp., and have been reported in
tall oil (3,4,6-9). Neoabietadiene and sandaracopimaral have
not been previously reported in Pinus spp.

Several 18- and 19-norditerpene alcohols recently have
been reported from the pines (17,18,30,37,46-48), but not
from tall oil. Several publications (49-54) question whether
norditerpene alcohols are natural products or are formed by
autoxidation of the corresponding aldehydes. Axial (C-19)
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FIG. 2. Triterpenes, steroids, and other neutrals in southern pine
tall oil.

aldehydes apparently autoxidize more readily than the
equatorial (C-18) aldehydes. The 18-norditerpene alcohols
from tall oil probably are formed by autoxidation, most
likely during chip storage and pulping of trace amounts of
the corresponding C-19 aldehydes or of the more common
C-18 aldehydes. Therefore, traces of 19-norditerpene alco-
hols and norditerpene olefins in the tall oil neutrals are to
be expected, although their presence was not proved con-
clusively.

Although the neutrals were at times dissolved in metha-
nol, care was taken to avoid conditions that could lead to
esterification, e.g., the formation of resin acid methyl
esters. Naturally occurring methyl pimarate, isopimarate,
sandaracopimarate, palustrate/levopimarate, dehydro-
abietate, abietate, and neoabietate have been reported in
the Pinaceae (27,32,37,38,55).

The labdane compounds are a major fraction of the tall
oil neutrals. Iscagatholal (contortolal) was first isolated
from Pinus contorta bark (17,56). It has been reported
since in P. koraiensis oleoresin (46) and Cupressus semper-
virens (57). Agathadiol (contortadiol), also first reported as
a natural product in P. contorta bark (19,56), has been
reported in other Pinus spp. (19,38,58-61). 15,16-Dinor-
1labd-8(17)-en-13-one has been found in P. monticola bark
(37) and in Dacrydium kirkii (62). The related compound
19-hydroxy-15,16-dinorlabd-8(17)-en-13-one has been
found in P. banksiana bark (18). 8(17),E-13-Labdadien-15-
ol is a known natural product reported in P. banksiana (18),
P. pumila (63), Larix sibirica (64), and D. kirkii (62). trans-
Communol (elliotinol) was first reported in P. elliottii (40),
and has been reported since in tall oil (4), in P. quadrifolia
(30), and in Agathis australis (65). 8-Epimanoyl oxide has
been found only in Chamaecyparis nootkatensis {66,67).
Surprisingly, the well known epimers of this compound,
manoyl oxide and 13-epimanoyl oxide (68), were not
detected among the tall oil neutrals.

Manool and its 13-epimer are of widespread occurrence
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(68). Although 13-epimanool is common to the Pinaceae,
manool has never been reported in this family. Manool or
13-epimanoo! or both have been reported from Canadian
tall oil (7-9). Although these epimers are difficult to dis-
tinguish by spectral and physical means (56), they can be
distinguished as the 3,5-dinitrobenzoates (DNB). The pure
mixture from tall oil could not be crystallized, buts its DNB
was crystallized alternately from methanol and from
hexane to constant mp = 94.5-96.5 C, [a] 3* + 14°. The mp
was undepressed on admixture with authentic manool DNB,
mp = 103.5-104.5 C, [a] 3* + 8°, but was depressed on ad -
mixture with authentic 13-epimanool DNB, mp=
119-121 C dec., [a]}? + 33°. It was identical to manool:
epimanool DNB by NMR, IR, and TLC. These data, es-
pecially the optical rotation and mp, indicate that the iso-
lated compound is a mixture of ca. 75% manool and 25%
13-epimanool. This has been confirmed by the NMR spec-
tra of the free alcohols (69, Conner and Rowe, unpublished
data).

Cycloartenol, 24-methylenecycloartanol, cycloeucalenol,
obtusifoliol, 24-methylenelophenol, and citrostadienol
(24-ethylidenelophenol) (Fig. 2), which are all present in
small amounts in the tall oil neutrals, are among the com-
pounds postulated as intermediates in the conversion of
squalene to sitosterol (70). Cycloartenol and 24-methylene-
cycloartanol, which are widely distributed in higher plants
(70), have been reported in Pinus sylvestris (5,32) and P.
elliottii (71). 24-Methylenecycloartanol has also been iso-
lated from P. monticola bark (37). Cycloeucalenol, 24-
methylenelophenol, and obtusifoliol are now recognized as
common trace sterols in plants (70), but have not been re-
ported in the Pinaceae. Citrostadienol (72), which has been
found in P. sylvestris (5,32,51), is a common component of
higher plants (70), and probably is accompanied invariably
by trace amounts of 24-methylenelophenol (73,74).

4-Stigmasten-3-one, 4,6-stigmastadien-3-one, and 3.5-
stigmastadien-7-one may be merely autoxidation products
of sitosterol. They occur admixed with lesser amounts
of the corresponding campestane derivatives, analogous to
the occurence of campesterol in isolations of sitosterol.

Stigmastanol is normally present in most sitosterol isola-
tions (75), and occurs with lesser amounts of campestanol.
The dehydrosterols in the neutrals were separated quantita-
tively by chromatography of the crude sitosterol acetate on
AgNOj-silica. This method is preferred to the usual method
of analysis for the dihydrosterols by acetylation and oxida-
tion (73,75).

Serratene derivatives have been reported in bark of
various Pinus and Picae species (17,20,21,27,28,37,76-79).
Indeed, serratenediol was first found in Pinus banksiana
bark (21,78). No further work is planned on the serratene
aldehyde due to decomposition of the isolated sample,
probably by autoxidation of a tertiary aldehyde (49-54).

Pinosylvin dimethyl ether is common to the pines as are
the wax alcohols (22). Polyprenols have been reported in
higher plants (80-84), in birch tall oil (5), in Pinus strobus
(79), and in Larix decidua (85). Although most polyprenols
isolated contain 6-13 isoprenoid units, the polyprenols
found in the tall oil neutrals contain ca. 18 isoprenoid units
(by integration of the NMR spectrum) analogous to those
found in P. strobus and L, decidua. Pinoprenol acetates and
piceaprenol acetates (10-19 isoprenoid units) have been iso-
lated from P. sylvestris needles and Picea abies needles, re-
spectively, but were not detected in the wood (86).

As expected, the tall oil neutrals are similar to the neu-
trals obtained on extraction of pine wood. Sterols and di-
terpenes comprise the major neutral components. Sito-
sterol is the major sterol and, indeed, the major single com-
pound. The major diterpenes are the labdanes, resin alde-
hydes, and resin alcohols.
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