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h re-examination of Pznus longzfolia turpentine has revealed the additional constituents a-thujene, myrcene, limonene, 
and terpinolene. Additional constituents recognized in Pinus  taeda turpentine are myrcene, p-cymene, limonene, and methyl 
chavicol. p-Carene n-asnot detected in either turpentine. 

Pseudo- or p-carene, a likely constituent of es- 
sential oils on biogenetic grounds, has not yet been 
isolated although it has been suggested as a constit- 
uent of Pinus sylvestris,1,2 Pinus longifolia,3s4 and 
Pinus taedd turpentines. In  no case has p-carene 
been obtained as a major component of a fraction 
or concentrate nor has it been adequately charac- 
terized by derivatives or degradation products.6 

Some physical properties of @-carene have been 
approximately predicted5 by consideration of reg- 
ularities associated with exocyclic double bonds, 
the anticipated values being b.p. ca. 70-75" (20 
mm.), n g  ea. 1.480, and d:5 ca. 0.870. With this 
guide, we have re-examined samples of P. taeda 
and P. longifolia turpentines using efficient stills 
and the sensitive refractive index-density chart5,' 
for the detection of minor components. 

Loblolly turpentine.  This turpentine from P. 
taeda has been previously examined by Mirov, 
Wang, and Haagen-Smit8 who identified (+) a-pi- 
nene (85%) and (-)p-pinene (12%). The properties 
of the distillation fractions reported by Mirov, et al.,  
when plotted on the refractive index-density chart 
(see Fig. 1) led one of us to suggest" that @-carene 
might be a constituent of the turpentine. Through 
the kind intervention of I)r. N. T. hfirov a further 
sample whirh closely resembled in physical ron- 
s tmts  thai examined by Mirov, ct nl., was oh- 
t ained. 

Our examination of this sample confirmed the 
predominance of a-pinene (7 173 and @-pinene 
(227,) but the refractive index-density curve (Fig. 
1) did not reproduce that drawn from the data of 
Mirov, et al., and no indication of the presence of p- 
rarene was found. However in addition to the two 
pinenes, myrcene, limonene, and p-cymene were 
identified (the latter by ultraviolet absorption 
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only) and together totalled about 1% of the tur- 
pentine. Methyl chavicol comprised a further ca . 
lY0 of the turpentine, unidentified sesquiterpenes 
about I%, and an unidentified a,@-unsaturated ke- 
tone of b.p. 88" (10 mm.) perhaps Other 
unidentified substances amounted to a further 3- 

The n-d curve of Mirov's sample shows the pres- 
ence of a substance easily separated from a-pi- 
nene by its higher volatility and having a higher 
density but 10%-er refractive index than a-pinene. 
This is suggestive of the presence of tricyclene but 
in our sample traces only of the substance were de- 
tected by the slightly displaced position of the 
points for the first two fractions. Other minor con- 
stituents were revealed in fraction 26 by a maxi- 
mum ([.ID -3.3') in the optical rotation and in 
fractions 27 and 28 by a convexity preceeding the 
approach to  cis-decalin in fraction 29. 

Xew derivatives for the characterization of a- 
and @-pinene were prepared in the S-benzylthiuro- 
nium salts of the peroxide-catalysed adducts of 
thioglycollic acid and the respective terpenes. The 
derivatives, prepared easily in good yield, exhibit 
the same disadvantages as the corresponding deriva- 
tives of acyclic olefins 

I n d i a n  turpentine. The refractive index-density 
( w r w  of the fractionated P. longifolia tiirpmtintx 
(see Fig. I11 of ref. 5 )  confirms the presence of the 
previously reportedlo constituents a-pinene, 8- 
pinene, and 3-carene. The terpenes, limonene (pre- 
viously suspected as a constituent1,'O a-thujene, 
myrcene, and terpinolene, indicated as constitu- 
ents by inspection of the n-d curve, hare now been 
confirmed by the preparation of derivatives. Frac- 
tion 31, (see ref. 5) the boiling range of which ap- 
proximated the boiling point predicted for p-carene, 
was ozonized but yielded no steam-volatile car- 
bonyl compound6 derived from p-carene. There is 
thus no evidence to suggest the presence of @-car- 
ene in this sample of Indian turpentine. 

4%. 

A synthesis of @-carene is being attempted. 

EXPERIMEh-TAL 

Loblolly turpentine. A sample of oleoresin f r o m  Pinus  
taeda kindly supplied by Mr. W. Langdale of Florida, U.8.A. 

(9) Sutherland, J .  Am. Chem. SOC., 75, 5947 (1953). 
(10) Simonsen, J. Chem. SOC., 117, 570 (1920). 
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was partially lost in transit through damage to the con- 
tainer. The 2817 g. of oleoresin on steam distillation yielded 
390 ml. of oil of constants dZ5 0.8592, n'z 1.4683, and [a]= 
+24.1'. A further 65 ml. of similar oil was recovered from 
the resin-contaminated wrappings of the container. 

The combined oils (425 ml.) were fractionated a t  20 mm. 
in a 20 inch Lecky Ewe11 still with reflux ratio 12 to fraction 
22 inclusive, when the boiling point just exceeded that of 
@-pinene. The residue (32.5 ml.) to which was added cis- 
decalin (15 ml.) as chaser, was cut into 16 fractions at 10 
mm. pressure in a one-metrc Bower Cooke type still at re- 
flux ratio 30. 

(+)a-Pinene. Fractions 2 [b.p. 52.5-52.7' (10 mm.), n'," 
1.4639, d:5 0.8546, [a]%: $38.3'1 to 12 correspond very 
closely in physical propcrtics to a-pinene and fraction 2 
oxidized by Delepine's niethod,l1 J ieldcd a mixture of race- 
mic pinonic acid, m.p. 104-105', and active pinonic acid, 
m.p. G2-64'. 

Thioglycollic acid adduct of a-pinene. Fraction 7 (1 ml.) 
and freshly distilled thioglj-collic acid (2 ml.) wcre shaken 
with a small drop of ascaridolc until homogcncous (4 hours) 
and allowcd to stand a further 24 hours. The reaction mix- 
ture in ether was extracted with mater until free from thio- 
glycollic acid and then titrated with 1.75 N XaOH (Bromo- 
thymol Blue). The aqueous layer was iun into an aqueous 
solution of an equivalent amount of S-benzylthiuroniuni 
chloride and the precipitated salt was washed with cold 
acetone to romove the adsorbed indicator and dried to give 
2.02 g. (83% yield) of the crude salt, m.p. 158-159". After 
several crystallizations from acetone-methanol (2 : 1 ) color- 
less needles, m.p. 161-162' (immersed at EO"), [a]*; 
-20.5" (c ,  0.68 in &OH) were obtained. 

Anal. Calc'd for C20H30S202SZ: C, 60.85; H, 7.6G; IS, 
7.10. Found: C, 60.6; H, 7.77; K, 7.13. 

(-)@-Pin~ne. Fractions 18 to 20 correspond very closely 
in phj  sical properties n i th  @-pinene. The fractions 13 to  
17 lie on thc straight line between the points for a and @- 
pinenes in the n-d chart and hcnrc show the absence of eam- 
phenc.5 

Fraction 20 [b.p. 59.9' (20 mm.) n': 1.4766, d:' 0.8649 
[a]= -19.0°] ozonized in 85% acetic acid at  0' and woiked 
up with a zinc dust reduction gave a 507, yield of crude 
nopinone from which thc characteristic semicarbazone, m.p. 
185", and 2,4-dinitrophenylhydrazone,12 m.p. 145-146", were 
preparctl. 

Thioglycollic acid adduct of @-pinene. A procedure similar 
to that used for the a-pinene adduct gave an 83% yield of 
crude salt of m.p. 157'. Several crystallizations from acc- 
tone-methanol gave colorless needles, m.p  156.6-157.5' 
(immersed at 150°), 

Anal .  Calc'tl for C20HaoSZ02Sp: C, 60.85; H, 7.66; N, 7.10. 
Found:C,GO.9;H,i.GG:N,7.12. 

Mixtures of the a-pinene and p-pinene dcrivativcs show 
little or no depression of melting point below that of the 
@-pinene salt. 

.112/rcene. The physical properties of fraction 24 [ l  nil ,  
b.p. 63-70' 120 mm.) dZ5 0.8265, n'; 1.4705, [a]': -4.4', 
emar = 7100 a t  226 mp] suggested the presence of about 
40% of myrcene, taking emax. for pure m y r ~ c n e ' ~  as 1.84 X 
lo4 a t  224.5 nip. Refluxing TI ith maleic anhydride in toluene 
for one hour and subsequent hydrolysis, yielded the chai- 
actcristic diI)asic acid, m.p. 118-119' from acetonitrile, 
not depressed t)y an authentic sample. 

p-Cymene. J'I:wtion 25 [2 ml., b.p. 70-72" (20 mm.) dz5 
0.8392, nz; 1.i731, [a]': -2.7'1 was cnlculatcd from the 
ultraviolet altborption peak a t  226 mp to contain about 17yo 
of myrcc'ne x id  also showed minor peaks at 2G4 nip arid 
275 inp which can be attributed to the prcsencc of p-cymene. 
One milliliter of the fraction was shaken with exccss thio- 

-16.5' ( c ,  1.56 in MeOH). 

(11) Delepine, Bull. SOC. chim., [ 5 ]  3, 1369 (1936). 
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Chenz. D ~ p t . ,  I,  KO. 38 (1950). 

glycollic acid mid later steam-distilled after the addition of 
excess aqueous alkali, yielding 0.2 ml. of oil. This oil was 
still contaminated with myrcene (ca.  7%) and another uni- 
dentified ultraviolet-absorbing const,ituent (a-phellandrene 
or a-terpinenc?) but showed enhanced peaks a t  528 inp, 
264 mp, and 273 mp corresponding to the absorption maxima 
(259 m p ,  265.5 mp, and 273 mp) of pure p-cymene in 957, 
alcohol.14 

Limonene. Of fraction 25, 1.0 ml. was brominated in ether 
to yield 0.14 g. of crude dipentene tetrabromide of n1.p. 
ca. 117" rising after four crystdlizbtions from ethyl acetatc 
to m.p. 122-123' and showing no depression when mixed 
with authentic dipentene tetrabromide. 

Methyl chavicol. Fraction 33 [b.p. 88.3-88.5' (10 nini.) 
d t 6  0.9592, n'i 1.5108 [ a ] % . 5  +1.0"] oxidized with per- 
rnnnganatc,15 gave anisic acid of m.p. nnd misture m.p. 
182-183" and a lesser quantity of honioanisic acid, m.p. 
84-85'. The ultraviolct absorption of fraction 33 in alcohol 
showed maxima a t  226 m p ,  278 mp, and 284 m p  for which 
E was 6G50, IzlGO, and 1180 respectively (rf. polyanethole'6 
with cmnx I500 and 1280 a t  278 mp and 284 nip respectively). 
The analytical figures and optical rotation for this fraction 
reveal the presence of an impurity in the methyl chavicol. 

Anal. Calc'd for C10H120: C, 81.04; I€, 8.10; OCH,, 20.9. 
C, 79.9; 80.0; H, 8.95; 8.i9 OCH3, 13.4. 

L'nidentzlfed ketone. Fraction 32 [l).p. 87.5-88.3' (10 
nim.) d:5 0.9677, n': 1.5055, 1.57 g.] yielded on treatment 
with Brady's reagent 0.75 g. of crude 2,4-dinitrophcnyl- 
hydrazone forming dark red crystals, m.p. 210.5-212', 
after three crystsallizations from ethyl acetatc. 

Anal .  Calc'd for ClaH2oiYiaO4: C, 57.82; H, G.07; N, 1C.86. 
Found: C, 56.37; H, 5.53; N, 14.28. 

The ultraviolet absorption spectrruii measured in alcohol 
showed absorption maxima a t  258 mp and 380 nip, E:%, 
being 445 and 853 respectively. 

Indian  turpentine. Of a sample of Pinus lonyifolia turpen- 
tine, (ng  1.4735, dz5  0.8631, [a]'D4 $0.9"). 450 nil. werc 
fractionated under 20 mm. pressure in a 6 ft. l'odbielniak 
Hcligrid still with a reflux ratio ca. 20. The terpenes were 
collected in 10-ml. fractions and t,he density and refr:ict,ivc 
index of each fraction mas measured. The fractions, plotted 
in a n-d chart and joined in order, arc shown in Fig. I11 of 
rcf. 5. 

a-Thujene. The physical constants of fraction 1 [b.p. 51" 
(20 mm.), n': 1.4023, d:" 0.85283 indicated a mixture of 4% 
of a-thujene in a-pinene. Fraction 1 (6.7 g.) oxidized by 
Delepine's method, yielded 4.9 g. of crude pinonic acid, m.p. 
G3-G5", and an oily mother liquor lyhich was heated in a 
stream of carbon dioxide at  2GO" for one hour. The oily 
layer (0.1 6.)  from the distillate, after ~ a s h i n g  with sodium 
bicarbonate solution, was treated with seniicarbazidc 
acet'ate. The erudc semicarbazonc, ni.p. 110-120°, after 
repeated cryst,allization from aqueous :dcohol, henzcne- 
petroleum ether, and alcohol yielded 5 nig. of thujalictone 
semicarbazonc, m.p. 140-142.5". This wvas not depressed in 
melting point, by the addition of an autheritic saniple of the 
sanie nielt,iiig point prepared from authentic a - th~ je i i e '~  
from Eucalyptus dives oil. 

The melting points reported in the literature for this 
seniicarbazone, when prepared from ketonc, derived from the 
thujaketonie :widp, are 14l0,17*lS 141-142',1g 143°,20 and 

(14) Owcn and Sutherl:md, unpui,lishrd results. 
(15) Rasselstrom and Hainpton, J .  A1vz. ( 'hcvi.  Soc., 
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(18) Griitter, Helg, and Schinz, Helv. Chim.  Acta, 35, 
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145-1-lli0.21 The lower values result from the difficulty of 
crystallizing away the semicarbazone of 2,3-dimethylhept- 
2-en-6-one which Naves21 has sho\m is an impurity in crude 
thujakctonc. To avoid t,his, a further 109 mg. of crude semi- 
carbazone, m.p. 129-134", was hydrogenated in ethyl ace- 
tate using Adams's cat,alyst and absorbed very nearly the 
equivalent l o f  one mole of hydrogen. After two crystalliza- 
tions from ethanol and four from ethyl acetate, the product 
was obtaincd as a few milligrams of t.abular plates, n1.p. 
155-150°. The mother liquors yielded 48 mg. of less pure 
material, n1.p. 151-153.5", [CY]D 0" 3= 2" (CHCI,). Similar 
treatment of crude thujnket,one semicarbazone, m.p. 134- 
136", from E.  dives yielded an identical semicarbazone, 
m.p. 155-156", not deprersed on admixture rvit,h that from 
1ndi:in tuq)i:ntine. 

Found: C, 00.4; 11, 10.5; N, 21.6. 
This mclfing point is 1iighr.r than the values of Navesz1 

(151-152') und Wall:1ch22 (132-153") but approximates 
that ( l56", 1 3  151i-158°j~4 of t,he optically active semicar- 
hazone ( [a]* ;  -1G.45" iii CI-ICla). 

Myrcene. The physical properties of fraction 8 [n'," 
1.4709, da5 0.8465, b.p. 62-G5" (20 mni.) E ~ ~ ~ ~ .  3280 at, 224 
m p  in Et0131 indicated i myrcene cont,ent13 of ca. 18Tc. 
Reaction with maleic mhydride during 0.5 hr. on the water- 
hath arid siiliseqiient~ drolysis gave a 45y0 yield of the 
characteristic dicarho. ic :wid, m.p. 119", not depressed 
by :in autheutic sxixnple. 

(&)-Limonene. Of fraction 30 (n*g 1.4742), dZ5 0.8462, 
[CY] 'g -9.7" one nil. wa:: hrominated by Baeycr's method 
to yield (at, -30") 70 mg. of crude dipentene tetrabromide, 
m.p. 120-121.5". Several crystnllizations from alcohol gave 
fine needles. n1.p 122.5-123.5", not depressed by authentic 
dipentene bctrabromiilc. 

l'erpinolene. Of frnct,ion 32 ( n y  1.4850, di5 0.8551), one 
rnl. was brominnttd by Bayer's nicthod to j+ld 1.51 g. of 
crude t,erpir olenc tetrabromide, m.p. 105-106", which after 
tn-o cryst:tl.izntions from cthyl acetate, melted at  116.5- 

A n d .  Calc'd for C ~ O F I ~ ~ N O ~ :  C. 60.26; H, 10.62; K, 21.08. 
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117'. This depressed the melting point of birnilarl) prepaid 
authentic terpinolene tetrabromide which has been stored 
a t  5" for about a year. Several recrystallizations of the Pinus  
longijolia tetrabromide from ethanol, first lowered the n ~ p .  
to 96-97" and then restored it to 116-117". This niaterial 
gave a depression (n1.p. 97-98") with the starting material 
of m.p. 116.5-117°, hut no depression xvith the stored 
tetrabromide. 

The authentic terpinolene tetrabromide was a sample 
Tvhich had been prepared from terpinolene dibromide, m.p. 
69-70', which in turn had been prepared fiom terpinolene 
obtained from Melaleuca linariijolza oil,*s the constants of 
which showed good agreement with literature values for 
terpinolene.6,*,2fl The unstable and stable tetrabromides have 
caused confusion pre~iously,~7 and may correspond to the 
crystal forms A and B described by Henry and Paget20 who, 
however, make no reference to mixture melting point tests. 

Ozonolysis offractzon Si. A portion (4.2 6.) of this fraction 
was ozonized in ethyl acetate solution with a 50% calculated 
excess of ozone. After zinc dust and acetic acid reduction, 
initially a t  rooni temperature and later on the water-bath, 
0.38 g. of neutral, steam-volatile oil was separated. From 
this, after reozonization, less than 10 mg. of neutral, steam- 
volatile oil was recovered. 

Since nopinone, subjected to a similar reozonization may 
be recovered in 85% yield, the virtual absence of steani- 
volatile neutlal product from the treatment of fraction 31 
indicates tha t  appreciable quantities of 6-carene were not 
picsent. 
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