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COMPOSITION OF THE VOLATILE OIL FROM THE 
FOLIAGE AND TER1iINAL BRANCHES OF SIERRA 
JUNIPER, JUNIPEU3 OCCIDENTALIS, HOOKER 

INTRODUCT ION 

ßierra Juniper (Juniperu occiclentalia, Hooker) Is 

native to altitudes ranEln from 500 to 6000 feet in 

California, OreEon, Washington and western Idaho, It 
occurs in pure fore3t form in areaa of entra1 and eastern 
Oregon. Sierra Juniper is a low broadheaded tree 20 to 65 

reet hith with thick trunk and stout horizontal branches. 
I4aturo leaves are scale like, over1appin like tiny 
shin1es but with points of the 1onest needles standinç 
out from the branch in successive groups of three around 

the twig, Each leaf is marked on top by a white, resin- 
ous exudate. Fruit is berry-like (rnorpholoEically a cone) 

about 1/3 Inch in diameter, bluish black with whitish 
bloom, scattered thickly alonp, the branchiets and matur- 

at the end of the second season. 

xhe existence of extensive stands of Sierra Juni- 
per in proposed reclamation areas makes utilization of 
this raw material important. The possible presence of 

comnerciaI1y valuable products made it advisable to 
determine the composition of the volatile oil present in 
the foliage and terminal branches. (For simplicity the 
term foliage will 'be used hereafter in referring to this 
material), A previous analysis (12,p.613-6l5) of this 
oil was performed by lynn and Fischer on a sample that 
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had been isolated three yeara prior to the analytical 
work. The oil had realnified and required steam distilla- 
tion to rectify it. Since it is weli known that auto- 
oxidat ion, polyrnerizat ion and isomorizat ion readily occur 
among the members of the terpeno series, it seemed 

desirable to analyze a fresh sample of the oil. 
Lynn and Flacher reported that the oil is made up 

of acetic acid, 0.2 percent; phenols, 0.5 percent; hih 
boumE material and losses, 14 percent; bornyl acetate, 
40 percent; free borneol, Il percent; opheilandrene, 
para-cymene, and probably camphene, 35 percent. The 

volatile oil obtained from the wood of this species has 
been reported (ll,p.2204) as beine composed of codrene 

and cedrol. These two compounds are present in most of 
the genus uniporus, 
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COLLECTION AND PREPARATION 0F THE 
FOLIAGE AND TERMINAL BRANCHES 

Fo1iae Bamples for this $tudy were obtained 

January 24, 1953 and May 9, 1953 in eastern Oregon between 

Siaters and Bend, where there are nearly continuous stands 

of the 31erra Junl.por. The samples consisted of terminal 

branches up to 1/4 inch in diameter, and the accompanying 

foliae, No attenipt was made to separate branches which 

had berries from those which did not have them. Jo insure 

a representative sample, the material was obtained from 

40 trees, varyinE from saplinEs to trees three feet in 

diameter, The method of sampling was to cut from five to 

ten pounds of material from each tree with pruning shears. 

Th13 of necessity limited the height from which the sample 

was taken to about ten feet above the Eround. 

It has been reported (2,pp.882-884) that comminu- 

tion and storaEe have a decided effect on the yield of 

oil that may be obtained from material of this type. The 

recommended comml.nution is that obtined from an ensilage 

machine, This reduces the material to optimum Size for 

steam distillation. 

Therefore, the sample was comnitnuted in an ensilage 

machine from which half of the knives had been removed. 



The reduced material was thorouily mixod and placed in 
covered 50 gallon cans, The cans wore stored in a 

constanthumidity, constant-temperature cold room. 



OIL CONTENT OF T1 FOLIAGE 
AND TERMINAL BRANCHES 

The quantitative determination of the oil content 

was made by steam distillation of 100-125 ram samples in 

a Clevener apparatus (9, vol.I,p,317). The distillation 

reriod was 16-22 hours, Shorter periods did not volatil.- 

ize all of the oil, while no noticeable increase in the 

oil content was observed for distillation periods Ereator 

than 22 hours. 

Samples of 100-150 grams were oven-dried for 24 

hours at 105CC to determine the moisture content. Lack 

0f uniformity in the results of these determinations 

seemed to be caused by the inclusion of differinE propor- 

tions of woody material in the samples. The reproduci- 

bility could probably have been improved by taking 1arer 

samples; however the bulk of the material limited the 

size of the sample that could be handled. Further corn- 

mmnution should also improve the results but was undosir- 

able because of the accompanying, loss of oil. 

Results of a series of moisture and oil determina- 

tiens are shown in Table 1. In most cases the determina- 

tiens were made on the same date and the value for the 

percentage of oil is based on the oven dry-wei(ht of a 

sample determined the same day. 



TABLE i 

uantitat ive Determination of Oil 
and Moißture Content 

Moisture eontønt 
Percent 

45,2 

35.7 
31 , O 
40,5 
47,2 
45 . O 
44.7 
45,0 
43.9 

Oil content 
(haaed on oven- 
dry weicht) 

tercent 

2.28 
1.82 
2 03 
2,13 
1 86 
I 79 
2 04 
I 84 
i 53 
i 93 
2.41 
2,72 
2,23 
2,34 
2,04 
I , 89 

/verae 42.7 Average 2.05 
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RECOVERY OF THE OIL 

For the isolation of a volume of oil suitable ror 

ana1y3is, batch distillation of' the fo1iae wa carried 

out in a atill available at the Chemistry Department of 

Oreon State Co11ee. The steam as conducted trito the 

bace of the BtiIl pot and to a jacket surrounding the 

lower portion of the sttli. Pressure of the steam in the 

etfil could be regulated from O-20 pounds per square inch 

by adjustment of a valve In the condenser system, The 

still pot had a capacl.ty of 12-14 pounds of fresh material. 

To determine optimum conditiona for the distilla- 

tion, the first three runs were carried out with the 

steam at different pressures. The first was carried out 

at atmospheric pressure, the second at 7-9 pounds per 

square inch, and the third at 14-17 pounds per square inch. 

At atmospheric pressure 20 liters of distillate had 

to be collected to obtain 43 milliliters of oil, a 

separatory funnel bein used to separate the oil from the 

distillate, The oil to water ratio at 7-9 pounds pressure 

was 45 mIlliliters of oil to 16 liters of water, while the 

ratio at 14-17 pounds pressure was 46 milliliters of oil 

to 12 liters of water, A further increase in pressure 

caused the oil to turn a darker yellow than the oil 

obtained at the lower pressures and gave it a slightly 
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different odor. Therefore, conditions adopted for the 

remaining distillations were: a pressure of 14-16 pounds, 

a distillation rate of 4 liters per hour and collection 

of 12 liters of distillate. 

3ome of the oil was dispersed in the aqueous layer 

of the distillate and could not be separated by salting it 

out, freezing it out or by ailowinE the nixture to stand 

for 24 hours. Extraction of this oil with petroleum ether 

was found to be the only satisfactory method of recovery. 

In this manner about 1/4 of the total oil yield was 

recovered from the aqueous layer from each distillation. 

From 133.2 pounds of fo1iare, 1075 rams of oil 

were recovered, with the yields for individual batches 

varying from 1.50 to 2.08 percent and averainE 1.78 

percent. 



1HYSICAL AL) CHEMICAL PROPERTIES 
OF THE VOLATILE OIL FROM TifE 

FOLIAGE AND TERMINAL BRANCH MATERIAL 

The oil mechanically separated from the distillate 
had a liEht yellow color, while the oil extracted with 
petroleum ether was a reddish-orange. Both oils had the 
same typical odor of the £oliaEe. 

Density of the oil at 2000 WSS 0,9197, refractive 

index at 250C was 1.4783 and the specific rotation was 

23.68, Similarly, lynn and Fischer (12,p.1i) 

reported 0.9215 for the density, 1.4745 for the refractive 

index and +21.91 for the specific rotation, all measured 

at 25°C. 

The acid number determination resulted in a value 

of 4.96 as compared to 1.45 reported by Lynn and Fischer. 

The saponification numbers before and after acetyistion 
were 46.4 and 80.4, whereas Lynn and Fischer reported 

110,53 and 149.58 for these determinations, 

To determine the aldehyde content, the neutral 

sulfite method Elvon in the United States harmacopoeia 

and described by Guenther (9,vol. 1,p.283) was employed. 

This method consists of reactinE an exactly measured 10 

milliliter sample of oil with a saturated, neutral sulfito 
solution arid measurinE the decrease in the volume of oil. 

Since some of the oil does not separato from the solution, 
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this i.s not an exact method. However, by this method the 
value for the aldehyde content wa 6.7 percent. 

The iodine number was not determined because 

Guenther (9,vol. 1, p.305) states that it is of little 
value since it varies with the size of the sample and the 
period of contact. in addition the results do not agree 
with the theoretical values. 

To determine the boiling range, a 10 milliliter 
sample of the oil was distilled at atmospheric pressure. 
The first distillate had a boiling point of 150CC. When 

a temøerature of 180°C was reached the oil decomposed 

rapidly.. Only 35 percent of the oil distilled between 

these temperatures. 

A second boumE rance was determined at reduced 

pressure. At a pressure of 32 millimeters mercury, 43 

percent of the sample distilled between the temperatures 

of 76° and 109°C. To avoid higher temperatures the pres- 
sure was reduced to 20 millimeters mercury and an addi- 
tiont1 24 percent of the oil distUled between the 
temperatures of 1070 and 131°C. The pressure was further 

reduced to 10 mil1ieters mercury and a final fraction 
£ountinE to 24 percent distilled between the tempera- 
tures of 120° and 161°C. 
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CHEMICAL $EPAR&TION OF THE ALDEHYDE3 AND ACIDS 

since the acid number and the determination of the 
aldehyd.e content did not indllcte 1ar,e inounts of these 
components in the ofl, it seemed best to separate them 
chemically rather than try to isolate them by fractional 
distillation. The standard method for the separation of 
these components wa carried out on 280 rarns of the oil. 
The bisulfite extraction yielded 3,0 crams of aldehydes, 
or i percent of the oil. This is much less than the 6.7 
percent indicated previously. This difference is 
attributed to the method employed for the quant itat ive 

determination of the aldehydes. The basic extraction 
yielded 2.3 crams of phenols and 1.6 crams of acids. 
Since these were minor components of the oil they were 

put aside to he examined after the major components had 

been identified. 
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FRACTIONAL DISTILlATION OF THE NETJI'RAL COMPONENTS 

For the fractional distillation, a 36 inch Stedman 

column was used. This column was equipped with a heatinE 
jacket axd a constant reflux ratio head. A graph supplied 
by the manufacturer showed the voltaEe required to main- 

tain the proper temperature Eradient alonE the column. 

B. L. Bragg (5,p.237-238) studied the efficiency of the 
column under various conditions and his data were used in 

an attempt to obtain the best separation. 
A preliminary fractional distillation was carried 

out usine 290 grams of the oil remaining after separation 
of acids and aldehydes (oil from the aldehyde determina- 
tion was included to make it 290 grams). The distillation 
was divided into three phases. The distillation was 

started at a pressure of 28.2 millIliters mercury. When 

the temperature of the distillinF oil reached 100°C the 
pressure was reduced to 9,5 milliliters, The column was 

put on total reflux and after equilibrium conditions were 

again established the distillation was continued until the 
temperature of the distillinz fraction reached l000C 

aEain, The pressure was thon reduced to 1.0 millimeter 
mercury for the remainder of the fractionation. This was 

done to prevent polymerization and decomposition. After 
collection of 62 fractions the residue in the still was 



not uffioient for efficient fractionation in the Stedman 

column, Therefore, the residuo was transferred to a 

smaller flask equipped with an eiEht inch, insulated 
ViEreux type column and the distillation was completed at 
1O millimeter mercury. 

Results of the fractionation alonE with some of the 
physical properties of the fractions are reported in 
Table 2. To improve the separation, fractions i through k 

were redistilled usinE an insulated, 14 inch Vireux 
column at a reflux ratio of 10:1 and a pressure of 53 

millimeters rnercury, The refractive indices of the new 

fractions were nearly the sanie as before the redistilla- 
tion, so no additional fractions wore distilled a second 

t 1mo, 

order that sharper cuts miEht be made in taking fractions 
dur1n the second fractionation, This preliminary exam-. 

ination indicated the presence of a borneol ester, 3ince 

bornool is a blEu melting solid, it was thought that 
saponification and the subsequent removal of the crystal- 
line borneol would make the fractionation more efficient, 

hith this in mind the remainder of the oil was 

divided into two portions for ease in handling and 

saponified, A 220 grain sample was saponified by refluxing 
it for two hours in an alcoholic sodium hydroxide solution. 



Frac tioriatia 
P r op 

i? r e s s u r e 
Cumulative mliii- 

l'raetion eiht Yield meters 
urnber rans percent nercury 

TÁ13LE 2 

_1 of the Neutrals, arid 

the Fractions Obtained. 

ßoi1in 
Point at 
Atrnos- 

Listi11atin phone 
. tremperature Pressure 

oc oc 

:i- 9.5 3.27 28.2 61-61.5 
2 4.1 4.6 28.2 61.5-62.5 
Z5 4.4 o.2 28.2 
4 4.3 '7.7 2.2 o3.b-b4 
b 2.2 8.4 2i.2 64-65 
6 3.0 .5 2b.2 65-,o.4 
' .v c. .j.4 : 

tz 
'JU. - 

t 4.7 11.9 28.2 68-70 
ç 2.7 12.9 2,.2 70-71.5 

10 3.8 14.1 2.2 71.b?5 
11 4.7 1.8 25.2 73-75 
12 3.2 16.9 2i.2 7-7o 
13 6.8 lb.3 2U.2 7b-77 
i1 7.6 20.9 28.2 77-77.8 
15 7.6 23.5 28.2 7r18..7U5 

16 7.6 26.2 28.2 78.5-79 
17 5.4 2.0 28.2 79-80 
18 3.9 29.4 27.4 80-81 
19 2.3 30.1 27.4 81-62 
20 2.6 1.0 27.4 82-84.5 
21 3.0 3.1 27.4 84.5-86 
22 1.c3 32.7 27.4 8689 
23 3.0 63.7 27.4 89.8-100.8 
24 1.5 3.2 9.5 60-83 
25 0.9 34.5 9.5 83-85.5 
26 1.7 65.2 .5 85.5-87 
27 5.1 37.9 9.5 87-88 
28 6.1 33.1 .5 8b-8ii.b 
2% 6.8 40.2 .b 88.5-89 
30 3.2 41.3 9.5 89-90 
31 7.5 9.5 90-91 
32 5.8 45.9 9.5 91-92 
33 1.9 6.4 9.5 92-93 
34 3.4 47.6 9.5 93-95 
3b 6.1 9.8 9.4 95-96 
36 2.5 50.7 9.4 
37 3.3 51.9 9.4 97-98 
$8 2.5 52.6 9.4 96-99 
39 5.2 53.8 1.0 46-47 
40 o.4 o6.0 1.0 47-48 
41 2.2 56.8 1.0 48-49.5 
42 1.b 57.4 1.0 49.5-L2 
43 3.5 58.5 1.0 52-53 
44 3.2 60.7 1.0 53 
45 3.1 61.8 1.0 53-54.5 
46 2.5 62.7 1.0 54.5-56 
47 2.1 1.0 56-53.5 
48 0.4 63.4 1.0 bO-b4 
49 5.8 bb.5 1.0 
50 2.0 66.0 1.0 
51 3.3 67.2 1.0 70-72 
52 4.6 68.7 1.0 72 
53 2.4 69.7 1.0 72-76 
b4 3.6 70.7 1.0 
55 1.0 71.0 1.0 78-80 
56 1.8 71.4 1.0 80-83 
57 4.2 73.1 1.0 83-86 
58 3.0 74.9 1.0 
59 2.1 75.5 1.0 39-91 
60 2.0 76.2 1.0 1-93 
61 2.0 76,5 1.0 93-94 
62 0.86 r73,7 1.0 94-96 

1.8 7/.2 1.0 96-100 
64 1.0 775 1.0 100-102 
65 2.4 77.9 1.0 122-129 
66 6,7 79.6 1.0 129-131 
67 1.8 80.3 1.0 129-131 
63 1.8 81.1 1.0 11-152 
hesidue 17.1 27.4 
Losses 38.8 100.0 

Specific iefractive 
hotation Index 

L°']7 

154-156 26.2 1.4617 
1.4615 
1.4t320 
1.4628 
1.4t38 

159 34.3 1.444 
1.4tb1 
1. 4659 

16$ 6.5 1.4686 
1.4'701 
1.71U 
i .4762 
1. 4764 

169 7.7 1.4793 
1.4811 
1.4c320 

169 7.7 1.4809 
1.4795 
1 .4780 

174-177 7.6 1.4790 
1. 4789 
1.4804 

182 1.4774 
1. 4745 

193 16.7 1.4730 
1.4740 

197-200 1.4760 

1.4776 
200-203 1.4773 

1.4771 
205-209 13.0 1.4744 

1. 4720 
210 1.4704 

i 4 3 90 
209-210 1.4630 

1. 4689 
209-210 35.4 1.4699 

i 4704 
212 1.4743 

1. 4730 
.eÇ 1.±799 

10.2 1.4786 
1. 4780 
1.4810 
1.4860 
1.4920 
1. 4955 
1. 5042 

11.07 1.5060 
1. 5067 
1. 5060 
i .5060 
1. 5051 
1.5047 
1.o045 

10.8 1.5026 
I .50 17 
1. 5020 
1. 5016 
1. 5027 

-0.5 1.4986 
1.5027 
1. 5048 

-5.2 1.5080 
1. 5135 
1. 5147 
1.5175 

i'ecomposed on boi1in at 
atmospheric pressure. 

I-I 

4::- 



The alcohol was replaced with water, and the aqusous layer 

was separated troni the oil. The oil was washed with dis.- 

tilled water, dried over anhydrous sodium sulfate and 

placed in the refrigerator to allow the borneol to crys- 

tallize. A second sample of the oil was treated in similar 

fashion. The aqueous layers ori acidification and extrac- 

tion with ether yielded 38.07 grans of acidic material 

which was further separated into 18.87 rrams of phenols 

and 19,20 crams of acids. 

The borneol did not precipitate from the oil after 

standinE for one week inì the refrigerator, nor did it 

crystallize when the mixture was dissolved in hexane and 

cooled in a dry ice-acetone bath. 

Without further attempt to remove the borneol, the 

oil was fractionated again with the Btedman column, Dur 

this distillation the take oft" stopcock was manually 

operated at timos when the preliminary analysis indicated 

that a mixture was reaching the still head. This was 

done to increase the reflux ratio so that a better separa- 

tion mi1t be obtained. The procedure followed, was to 

alternately leave the stopcock open for one minute and 

closed for periods of one to five minutes depending on the 

boumE points of the suspected components 

After removal of fraction 23, the distillato 

reachth, the head of the blumn solidified and would not 
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drtin ofÍ in the convent.ona1 mariner. When the still head 

was heated sIiht1y the material aublixned, instead of 

me1ti and draininE the still. The diBtillat ion 

had to be discontinued so that the column could be washed 

out with hot hexane which on cooling precipitated the 

borneo?. Again unsuccessrul attempts were made to crys- 

tallize the borneo? troni the still residue. The still 

pot was replaced and the distillation was continued until 

the still head was again filled with aolid borneo?, The 

borneo? was removed from the column with hexane arid the 

distillation was continued without a column, usine a 

condenser filled with warm water. 

!ftor removal of the borneo?, the residue was not 

sufficient for fractionation in the Stedman column so 

distillation was completed using, an eight inch, insulated 

Vigreux column. The results of the fractionation along 

with sorno phyeica3 properties of the fractions are shown 

in Table 3. 

To remove any traces of oxygenated compounds, the 

first eleven fractions wore distilled over metallic sodium 

at atmospheric pressure, (Preliminary work on the low 

boiling fractions indicated that they were predominately 

terpeno hydrocarbons). Previous to distillation over 

sodium these fractions were pale yellow, while after this 

treatment all were colorless. No fractions beyond the 



1 rac- 
t ori 

. uinb e r 

i 
2 
3 

4 
b 

6 
7 

8 
g 

lo 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

hesidue 
L o s s e s 

height 
grams 

7.36 
7.45 
5.90 
6.85 
557 
7.10 
6.25 
b 78 
8.54 
7 O i 

4.72 
14.5o 
o so 
o 
.1 

4.84 
6.87 
5.52 
b 56 
3 40 
4.33 

13.67 
15.30 
10.26 
50.84 
22.00 
13.00 

C_) 

10.33 
rr 

20.87 
35 50 
32.20 

TABLE 3 

Iractionatlon ol' ap onifieci Oil 
arlQ i?rop6rties of the kractions 

Cumu- Pressure 
lative rn11i- 
Yield meters 

mere ur 

1.70 
3 58 
o .00 
6.65 
8.00 
9.71 

11.22 
12.2 
14.68 
l.38 
17.52 
e) 
¿:.J_ 

23.09 
2s.32 
2t3.44 
28.10 
29.43 
3077 
31.59 
o4.26 
37.56 
41.26 
43.76 
56.05 
61.35 
64.49 
66.05 
69.15 
7353 
78.63 
83.63 
92.21 

100.00 

29.1 
29.1 
29.1 
29.1 
29.1 
29.1 
29 1 
29 i 

29.1 
29.1 
28.0 
28.0 
28.0 
28.0 
28.0 
27 .0 
27.0 
27.0 
27.0 
9.4 
g 4 
9.4 
9.4 
9.4 
1.2 
1.2 
1.2 
1.2 
1.2 
1,2 
i 
.4.. L. 

Boiling 
Point at ReÍrac- 
Atmos- Specific tivo 

Distilling pheric hotation Index 
Temperature Pressure r127 26 Lensity 

oc oc L J at 20C - 
60.5 154 1.4612 0.857 
60.5-62 154 1.4633 0.851 
62.8-65.7 155-157 57.1° 1.4650 0.845 
b6.0-67.5 loO-161 1.4659 0.844 

67.5-68.5 lbl-162 E3b.2° 1.4664 0.c339 

68.5-70 160 1.4664 0.838 

70-71.8 164-165 1.4682 0.843 

72.5-74.6 166-167 52.7° 1.4719 0.840 
74.8-7.2 1t8-170 1.4727 0.851 
7o.2-77.5 l70-1(1 9.93° 1.4795 0.800 
77.5-78.5 175 1.4838 0.876 

7B.5-79 175 8.57° 1.4842 0.8b3 

79 175 1.4349 0.864 
79-80 175-177 7.23° 1.4831 0.876 
80 176 1.4302 0.850 
80.9-82 177-178 1.4784 0.849 
82-84 17-l80 2.80° 1.4775 0.849 
84-87 181 1.4792 0.873 
87-89 139 3.08° 1.4828 0.902 
77.9-85 197 1.4786 0.942 
85.5-87 206-207 14.7° 1.4777 0.947 
87-88 206 1.4798 0.953 
88 207 19.8° 1.4801 0.949 
* 
60 216 1.4802 0.952 
70-81 11.07° 1.4950 0.947 
81-86 ** 1.4971 0.952 
86-91 10.30° 1.5020 0.956 
91-96 1.5045 0.960 
96-106 -0.58° 1.5055 0.963 
106-120 -13.7° 1.5069 0.966 

* .Lorneo1 solidified in the still column and rioad. 
** Lecomposed on bein ieated at atmospïeric pressure. 

H 



eleventh were purified in this manner since some decompo- 

sitien was noted during the distillation of that fraction. 

Table 4 is a tabuiation of the results of these distilla- 

t ions. 

Distillation of the First ileven Fractions 
Over Metallic Sodium 

Distilling 
Temperature veiEht Refractive 

Fraction eight degrees Recoered 
Number aItLB contiErade grains n5 

i 7.36 149-151 4.5 1.4636 
2 7,45 149-152 6.9 1.4642 
3 5,90 152-155 5.0- 1.4663 
4 6.85 152-156 2.0 1.4671 
5 5.57 156-159 9.65 1,4679 
6 7.10 160-161 8.00 1.4679 
7 6.25 164 2.0 1.4686 
8 5.78 164 4,3 1.4689 
9 6,54 168-170 8.0 1.4745 

10 7.01 168-172 5,0 1.4800 
11 4.72 172-174 4,5 1.4860 
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CHE1i.1CAL EXAMINAT ION 0F TRE FRAGT ION$ 

Identiricatlon ofFractions Distilling Between 60 

nd 68°Ç at 29 id111meters ercury. The physical proper- 

ties of these fractions indicated the presence or 

pinene. Treatment of 2,0 crams or oil from these frac- 
tians accord1n to a11ach's method ror the formation of 

a nitrosochioride derivative (24,p,25) produced 0.1908 

tram of crude nitrosochloride which melted at 105-1080C, 

After recrystallization from a methanol-.chloroform (2:1) 
solution the meltinE point was 113-114°C while the repart- 
ed value for the me1tin point of opinene nitrosochioride 

is 115°C, Sinionsen paints out however (19,p,179), that 
the melting point for this derivative is frequently 
reported as 105-108°C and. ta depeident on the rate of 
heating since it decomposes at the melting point. To 

confirm that this was pinene nitrosochloride it was con- 

verted to the nitrolpiperidine accordin6 to Wallach's 

procedure (23,p,181). The melting point of this deriva- 
tive was 11900 as compared to th literature value of 
118-ll9C. 

These fractions made up 10-12 percent of the total 
oil. From measurements of the optical rotation of these 
fractions, they must consist of a mixture of d snd di 
ocpinene. Tests were made for the presence of f'enchene 
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and thujene In these fract1on with noEative results. 
identification ot Fractions D1st11iiJeeen 68 

and 75°C at 29 Nillijneters ìíercury. The boumE ranE. l'or 

these fractions at atniopheric pressure was 160-1630C. 

The terpenes included in this boiIìn range are camphene, 

,3pinene and sabinene. Cainphene is a solid at room tern- 

peratures (rne1tin point 50°C) whIle these fractions were 

liquid and would not crystallize on being cooled to -10°C. 

Further evidence for the absence of camphene was provided 

when ria hydrochloride could be formed from these frac- 
tions. 

Neither pinene nor sabinene form crystalline 
addition products. The best method for the identification 
of either of those compounds is by conversion to its cxi- 
dation product. al1ach's procedure (25,p.270) was 

employed for the oxidation, with some slht modification 
in the final isolation of the product. 

To a solution of 15 trams of potassium permsnanate 
and 3.25 rarns of sodium hydroxide in 100 crams of water, 
were added 100 crams of crushed ice and 6 grams of oil 
from fractions 6 and 7 of the second series of fractions. 
The mixture was shaken for one hour, after which the 
unreactod oil was removed by steam distillotion. Only 

traces of unreacted oil were recovered. The manganese 

dioxide was removed by filtration and the solution was 
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evaporated under reduced pz'eeure to a volume of 100 

xnilliliters. Any non-volattlo neutrals were removed by 

ether extraeton and the solution was acidified with 

dilute sulphuric acid. The free acids were extracted 

with ether. liexane was added to the ether solution until 

it became cloudy. Slow evaporation of third o1ut ion 

caused the acid to precipitate. The melting point of 

this acid after three recryeta1lizatione from an ether- 

hexano solution was 59-600C, The value for the neutrali- 

zation equivalent was 187. The reported me1tin point of 

sabinenic acid is 57°C and its molecular weiEht is 184. 

Therefore it was concluded that Babinene is present in 

these fractions, which make up 4 percent of the oil. 

Identification of Fractions Distilling Between 5 

aid 80°C at 28 Lillixneterß iercury, Çornpound8 included in 

the boi1irir rango of theas fractions are: the terpinenes, 
the phellandrenea, limoneno, 3carene and para cymene, 

The absence of the torpineries wa indicated when no crys- 

talline hydrochloride could be formed from these frac- 

tions. A test for the presence of carene throuth 

nitrosate formation was negative, A color reaction to 

determine the presence of this compound wa also neEat ive, 

¡inp1oying Gaponenkov's procedure (7), 20 rnllhigras 
of a nitros ito derivativo wore formed from 2.0 crams of 

traction 15 (first series of fractions). After 



recrystallization the nitrosite melted at 1O811O0C with 

decomposition, A survey of the terpene nitrosites ex- 

clud.ed all but the phellandrene nitrosites, The rne1tin 

point of this nitrosite corresponded best to the litera- 
ture value for the melting point of the -nitrosite of 

Ll o.phellandreno (melting point --ll3°C), It Bhould be 

pointed out that there are six isomeric o.pheilandrene 

nitrosites and three isomeric ,pheliandrone nitrositea, 
henne the nitrosites are not ood derivatives to differ- 
entiate oand ,aphellandrene. However, the nitrosites are 

good derivatives for provine the presence of phellandrenes. 

Crystalline nitrosites were also obtained from 

fractions 17 and 20 from the first series of fractions, 

These nitrositea melted at 105-107°C. From the second 

series of fractions, nitrosites were formed from frac- 
tions 9 and 14, in yields of 0.2 and 0.1 grams respective- 

'y, The me1tin point of these nitrosites was 95-100°C. 

This corresponds to the me1tin point for ,phe?1andrene 

nitrosite, (me1tin point 97-98°C), or phellandrene 

d nitro site (melt in point 100°C). 

To differentiate between the isomers, 1.5 crams of 

fraction 9, of the second serios of fractions, and 0.75 

raxn of maleic anhydride were dissolved in ether and the 

solution was refluxed for thirty minutea, Ooo1in the 

solution did not separate an adduct, nor did evaporation 
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of the ether. Thia Lndicates the absence of ophellan- 

drone, since the conditions above have been recommended 

for the formtion of the mable anhydride adduct of 

o.phellandrone when both of the phollandrene isomers are 

present. A second attempt to form a male io anhydride 

adduct was made on 2 grains of fraction 12, of the second 

series of fractions. The method described above again 

produced no derivative. 

Promination serves as another method far distin- 

guishing the pheliandrene isomers. .s phellandrene forms 

a crystalline bromide while the odsorner forms only a 

liquid product. Therefore 1.0 gram of fraction 13 

(second series of fractions) was brominated according to 

the method of Baeyer (1,p.448). An oiiy bromide separated 

which crysta11ied after standing for three days in tho 

refrigerator. The melting point of this bromide could not 

be raised above 116-118°C. The literature value for the 

ne:itiri point of ,phe1iandrene tetrabromide is 118-119°C. 

Therefore ,'3phellandrene must be the isomer present in 

this fraction. 

In attempts to form ,3phellandrene tetrabromide 

from fraction 16 (first serles of fractions), a bromide 

with the melting point 122-123°C was isolated. It seems 

that this must be dipentene or dl-lixnonene tetrabrornide 

which melts at 12°C. The yield was only 50 milligrams 
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from 2.0 trairs of fraction 16, so after two recrystalli- 

zations there was insufficient derivative left for further 

purification, 

The ether solution of fraction 12 and maleic 

anhydride described above wa evaporated to dryness. The 

residue was taken up in 10 milliliters benzene and the 

solution was refluxed for one hour. when the solution 

cooled 0,1 rram of adduct was removed. After recrystalli- 

zation the adduct melted at 147°C, which is the literature 

value for the meltine point of the 1inonene-rnaloic anhy- 

dride adduct. From 2.0 crams of fraction 1 (second 

series of fractions), treatment with maloic anhydride pro- 

duced 0,5 gram of the same adduct. This confirms the 

presence of dl-limonons in these fractions. 

The presence of para-cyrnene was indicated in frac- 

tions 12 throu . h 14 (second series of fractions) 'by 

products obtained from the alkaline permanEanate oxidation 

of a 5 cram sample of oil from these fractions. The oxi- 

dation was carried out according' to L'allach's method for 

terpenos (26,p.297). An acid with a neutralization equiva- 

lent of 183 was isolated from the oxidation mixture. The 

acid melted at 156-157°C as compared to the literature 

value of 156-157°C for para hydroxyisopropyl benzoic acid, 

(calculated neutralization equivalent 180). Twenty mliii- 

grams of this acid were heated with dilute hydrochloric 
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acid at the boi1in point for ten minutes, The acid was 

filtered from the mixture and recrystallized from water. 
The acid now melted at 16O1610C, agreeing with the 
literature value for para-isopropyl benzoic acid. The 

above acids are th expected products from oxidation of 
para-cymene under the above conditions. 

The fractions distillinE between 75 and 80°C at 

28 millimeters mercury amounted to 10-12 percent of the 
oil and consisted of phellandrene, di-limonene, and 

para-cymene. In addition there is probably some ophel- 
landrene present in these fractions. 

identification of Fractions Distilliiig Between 81 

and 89°C at 28 1illirnsters iercury. The properties of 
these fractions corresponded to the properties of terpino- 
lene and terpinene. Normally >'terpinene occurs in 
small amounts when the o.isomer is present. 5ince 

terpinene had not been found in the lower boiling frac- 
tions, it did not seem likely that terpinene would be 

present tri these fractions. To determine if terpinolene 
was the conponent makinE. up these fractions, the method 

of Baeyer (l,p.448) was employed to brorninate 2.0 Eras 
or fraction 21 (first series of fractions). From the 
bromination mixture 0.71 cram of bromide was produced. 
After recrystallization from ethyl acetate the meltinE 
point was 115-1160C. The literature value for the 



rne1tin. point or terpinolene tetrabrornide is 116°C. 

To confirm the presence of terpinolene, 4.0 grams 

of oil from fractions 16 and 17 (second serles of frac- 
tions) wore oxidized i.n alkaline permanEanate solution, 
according to the method of Wallach (26,p.297) . Two 

products wore isolated from the oxidation. I3oth wore 

neutral products but were easily separated because of 

differences in solubility in ethanol. The first product, 
which was quite soluble in alcohol, was recrystallized 
from ethyl acetato and melted at 148-149°C with as 

evolution. This is the reported value for para menthane 

1,2,4,8,tetrol, the product terpinolene should form under 
conditions of this oxidation. Three-tenths rarn of thia 
compound was isolated from the oxidation mixture. The 

second product isolated from the oxidation mixture was 

sparingly soluble in alcohol and amounted to 0.5 grani. 

This substance melted at 239-240°C after recrystalliza- 
tiori from a mixture of alcohol and water, Of the oxida- 
tion products that may he obtained from terpenes with 

boiling points similar to those of fractions 16 and 17, 

only para menthane l,2,1,5 tetrol has a melting pöint 
near this value, (melting point 237-238°C). Para enthano 

1,2,4,5 tetrol is the compound that is obtained from 

oxidation of 'terpinene by alkaline pormananate, No 

other derivative for this terpeno could be formed from 



theo fractions. The above fractions &ount to 3-5 per- 

cent of the oil. íerpinolene was identified and the 

presence of Ytorpinene was also indiated in these 

fractions. 

Identification of Fractions Distillin Between 85 

and 900G at9.5 il1iineters kìercury. The properties of 

these fractions indicated the presence of terpeno abo- 

hols. The fractions reacted slowly with metallic sodium 

and gave a positive hydroxamato test for alcohols. Elze's 

phthalic anhydride method, described by Guenther (9,vol.2, 

p.794), for the separation of primary and secondary 

alcohols from mixtures of terpeno alcohols was applied to 

these fractions, From 4.0 crams of fractions 28, 29 and 

30 (first series of fractions), 2.0 Erarns of an acid 

phthalato were obtained, The ester melted at 160-163°C 

without purification (uieltin point of bornyl acid 

phthaiate 164-165°C). The ester was saponified in an 

alcoholic solution of sodium hydroxide, which on dilution 

with water separated the crystalline borneol, meitinE 

point 202-203°C. The literature value for the meltin& 

po.nt of borneol is 203-204°C. 

Two grams of fraction 22 (second series of frac- 

tions) were treated with phenyl isocyanate as described 

by Palkin and associates (15,p.22). The reaction mixture 

yielded 0.4 pram of a urethane which melted at 135-137°C 



after recryatallizatlon, The me1tin point of d-t'orny1 

phenyl urethane is ]35O 

Terpthene 4-ol, a tertiary alcohol, is frequently 
found lu oil nxturos which contain sabinene. The 

reason that both of these compounds often occur in the 
same oil is that hydration of sabinene converts thts 
terpene to terpinen 4-ol. To show that terpirien 4.-ol was 

present 2.0 ararns of fraction 22 (second series of frac- 
tions) was treated according to Wallach's procedure for 
the formation of nitrosochioridos, After six days in the 

refr1erator 0,12 rarn of white crystals formed. The 

nitrosochioride melted at ll5-ll6C, reein, with the 
value Penfold (16,p.313) reported for the rnoltin point 
of terpinen 4-al nitrosochioride. The nitrosochioride 
was converted to the nitrolpipertdne which melted at 
171-173°C, The literature value for the meltin point of 

terpinen 4-01 nitrolpiperldine is 172-174°C. These frac- 
tion amounted to about IO percent of the oil and con- 

sisted of d-borneol and terpinen 4-01. 

Identification of Fractions Distil1inr Between 92 

and 990Cat 9.5 i11imetera Iercuy, At this po.nt in the 
analysis the character of the fractions collected from the 

two distillations was quite different. 
As may be noted from Table 3, 50.84 crams of solid 

borneol were collected fror: the seoond fractionation. An 
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addtiona1 18 grams of solid borneol were crystallized 
from fraction 24 of this series of fractions. The 

identity of the borneol was determined from its melt1n 
point and through formation of its 3,5-dinitro benzoate, 
nieltin point 155-156°C, 

From the first series of fractions no solid 
borneol was isolated. Fractions 33 through 44 correspond 
to the above boumE, range and remained liquid when cooled 
to -100C. These fractions reacted slowly with metallic 
sodium and cave a positive hydroxamate test for esters. 
Saponification of 2.5 granis of fraction 35 in alcoholic 
sodium hydroxide followed by dilution of the reaction 
mixture with three volumes of water caused separation of 
1.5 rams of crystalline solid, which melted at 201-203°C 

after recrystallization from hexano. The compound formed 

a 3, 5-dinitrobenzoate melt at 155-156°C, which con- 

firmed its identity as borneo?. 

The remainder of those tractions were saponified. 
To identify the acid portion of the ester, the acid was 

isolated as the sodium salt. An attempt to form the 
anflide from this salt was unsuccessful because the 
reaction flask was broken and. its contents were lost. 
From later work on the acids recovered from the saponifi- 
cation of the oil sample for the second distillation 
it was shown that the ester was borneol acetate, 



Identification of the HigJ Bo11in, Fractions Dts- 

tillingAbove 700C at 1.0 k111irneter liercury. The boilinß 
range of' these Ùactions as in the rance of e9qui.- 

terpenes and their alcohol derivativei, TeSts for aleo- 
hols were neative0 

The sesquiterpene, cedreno onc of the major 

components of Sierra Juniper wood oil. A color test per- 
formed on these fractions to indicate its presence was 

negat ive. 

Ether solutions of 2.0 grain samples from fractions 
51, 58 and 66 (first series of fractions) were cooled in 

an ice-bath and dry hydroEen chloride was passed into the 
solutions until, they were saturated. After standin for 
three days at 6CC, O.]. and 0.05 prams of crystalline 
hydrochiorides wore separated from fractions 51 and 58 

respectively. After recrystallization the hydrochiorides 
from both of these fractions melted at 116-117°C. The 

reported meltinE poInt for cadinene dihydrochioride is 
lrT-n$°c. 

Treatment of 1.0 pram samp'es of fractions 25, 27 

and 29 (second series of fractions) with a cold, saturated 

solution of hydrogen chloride in glacial aeetic acid 

produced 0,10, 020 and 0.15 grams of this same dihydro- 

chloride, 



Further evidence for the presence of cadnene wa3 

aupplied by the sulphur aehydrogeriation of a 15 grain 

sarople of rractlon 29. Ruziek's procedure wa employed 

with a 30 percent yield of cadalene. The cadalene 

tdentlfied through formation of' it picrate (rneltth 
point 114-114A5°C). The reported value for the molting 

point of' cadalone picrate is 115°C. Cadinene has been 

identified in the high boiling fractions which make up 

20-25 percent of the oil. 
Identification of the Acidic Components. Distil- 

latlon of the acids separated from the saponification 
mixture in the preparation of the second oil sample for 
fractionation yielded G grains of ether, 5.0 grams of 
acetic acid, 0.8 gram of a pale yellow oil, 1.4 grams of 
a red-orange oil and 4.5 grams of residue. 

The acetic acid was identified through a positive 
ferric chloride color reaction, formation of the para- 
bromo-phenacyl ester and the potassium salt. The para- 
bromo-phenacyl ester melted at 83.5-84.5°C, as compared 

to the literature value of 850C. The potassium salt was 

obtained by steam distilling the aqueous layer remaining 

after the saponification and removal of the acids. The 

condensate was neutralized and evaporated to dryness, A 

total of 14.6 grams of the potassium salt wore obtained 
by this method. The salt was recrystallized from methanol- 
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ether solution and melted at 289290°Ca The literature 
value for the rneltinE point of potassium acetate is 292°C. 

Atterpts to determine the neutralization equivalent of 
the red-oranEe oil showed that it was not completely 

soluble in baßic solution, so no further work wae done on 

this component. 

The phenolic fraction separated 1.3. rss of 

crystalline material which melted at 192-194°C after 
recrystallization from acetone, This compound was not 

identified, 
The remainder of the phenolic fraction was distilled 

yie1d2n 1.2.1 grams of pale yei1w oil and 5.6 grams of 
residue, The boiling range of the phenols at atmospheric 

pressure was 184-234°C. The refractive index for the 
phenol mixture was 1,5330 at 250C, The mixture was a 

pale yellow color and would not crystallize at -10°C. An 

alcoholic solution of the phenols save a rod-orange color 
with ferne chloride whtle an aqueous solution eave a 

purple-violet color with this reagent. The phenolic 
oortion of the oil was not characterized further. 



$U1ARY AND DISCUSSION 

The volatile oil obtained by steam distillation of 
the fo1iae arid terminal branches of Sierra Juniper i 
coiosed of opinene 10-12 percent; a mixture ot phe11an- 

drene (and probably sorne o<phellandrone), dl-limonene and 

para-cymene 1O..12 percent; sabinene 4 percent; terpinolens 
3-5 percent; terpinene 4-ol 6-8 percent; d-borneoi free 
and combined as bornyl acetate 22-25 rercent; cadinene 

20-25 percent; acetic acid free and combined a bornyl 

acetate 4-5 percent; phenols 1,0 percent; traces of aide- 
hydes, residue and losses i618 percent. Jossit1y 

terpinene is present in this oil, However, the only 

derivative obtained to Indicato its presence Was an oxi- 

dation product, The fat that no other derivative could 

be formed is riot surpr1sin in view of the fact that a 

number of instanee have been reported where a crystal- 
lino addition product could not be obtained because of 

the presence of other components which inhibit rystalli- 
zation, or form a similar product oaus1n separatIon of 
an oily eutectic. £enfold (16,p,311) cites specifically 
that the nitrosites of the ter'ptnenes are noted for not 

crystalitzinE when other components are present. 
It is nearly impossible to obtain rood separation 

of some of the mixtures in essential oils, To illustrate 
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the difficulty, a mixture of the pheiland.renes, limonene, 

para-cymene, terpinene and terpinolene would have a boil- 

in rane of 172-183°C. 

In addition to cadinene there might be other 

sesquiterpene present in the higher boiling fractions. 

L large number of the seaquiter)enes form hydroehioridea. 

However, only cadinene dihydrochioride was isolated. 

5ince the volatile oil from the wood of sierra Juniper 

contained the sesquiterpene, cedreno, appropriate trac- 

tions were tested for the presence of' this compound with 

negative results. 

About half of the amount reported as losses and 

residue w s a dark-sticky masa of residue, which was 

probably derived from some of the more easily polymerized 

terpenes such as the phellandrenes. 

Comparison of the composition of the fresh oil 

snp1e in this investigation with the one analyzed by 

Lynn and Fischer which had partially resinified, showed 

that the fresh sample contained opinene, sabinene, 

terpinolene, torpinene 4-ol, limonene, cadinone, and 

possibly 'terpinene in addition to the components re- 

ported present in the resinified oil. The presence of 

camphene, which Lynn and Fischer thought to te present 

but wore unable to identify because of insufficient 



material, could not be confirmed, It eem that the 

fract ion which the above authors tcuht to be camphene 

was actually sabinene. 
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