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Because of their special properties, the essential oils of the genus Juniperus are widely used in medicine and in 
the food industry. Thus, the cedrol fraction of J. semiglobosa Rgl. and J. seravschanica Kom. are used for the 
treatment of supurative and poorly healing wounds and ulcers and also in osteomyelitides [I]. The whole oils of these 
plants are used for the perfuming of high-quality tobaccos and soaps, and for the preparation of perfumes and 
toothpastes. 

J .  p s e u d o s a b i n a  F i s c h .  et  Mey  (Turkes t an  jun iper )  which g rows  in Kazakhs t an  (Al ta i ,  T a r b a g a t a i ,  Dzhunga r sk  
A l a - T a u )  and in S i b e r i a  (Sayany, T r a n s b a i k a l i a ,  M a r i t i m e  T e r r i t o r y )  i s  a s e m i d e c u m b e n t  sh rub  wi th  a g r a y i s h - g r e e n  
a c e r o s e  l e a f  and l a r g e  b r o w n i s h - b l a c k  oval  f r u i t  [2].  

The essential oil of the Turkestan juniper was separated preliminarily by high-vacuum fractionation and by 
chromatography on alumina. From the fractions obtained, substances of individual composition were obtained by gas- 
liquid chromatography. 

The c o m p o n e n t s  i s o l a t e d  w e r e  iden t i f i ed  by c o m p a r i n g  t h e i r  p h y s i c o c h e m i c a l  p r o p e r t i e s  and IR s p e c t r a  wi th  
t hose  g iven  i n t h e  l i t e r a t u r e  and,  w h e r e  n e c e s s a r y ,  by the  p e r f o r m a n c e  Of su i t ab le  qua l i t a t i ve  r e a c t i o n s  and the 
p r e p a r a t i o n  of c h a r a c t e r i s t i c  d e r i v a t i v e s .  

The amounts of the substances in the whole oil and in its fractions were determined by the normalization and 
internal standard method, suitable freshly-isolated terpenoids absent from the essential oil being used as the internal 
standard. 

The  g a s - l i q u i d  c h r o m a t o g r a p h y  was  c a r r i e d  out on a UKh-1  i n s t r u m e n t  and the IR s p e c t r a  w e r e  r e c o r d e d  on a 
UR-20  s p e c t r o m e t e r .  

E X P E  R I M E N T A L  

The  e s s e n t i a l  o i l ,  ob ta ined  in ou r  l a b o r a t o r y  by the  s t e a m - d i s t i l l a t i o n  of f r e s h l y - c u t  s m a l l  f l o w e r s  of the f r u i t -  
b e a r i n g  j un ipe r  ( co l l ec t ed  in the  Panf i lov  r e g i o n  of t he  A l m a - A t a  region)  had the fo l lowing  c o n s t a n t s :  d~  0.8696, n ~  
1.4695, [ a ] ~  - 3 5 . 7  ° , ac id  no.  0, e s t e r  no.  ]3 .5 ,  y ie ld  1.85%. 

F o r  the  c o n c e n t r a t i o n  of  the ind iv idual  componen t s  in the f r a c t i o n s ,  the t e r p e n e  p a r t  of the e s s e n t i a l  oi l  was  
d i s t i l l e d  off unde r  v a c u u m  through  a W i d m e r  co lumn.  Dis t i l l a t ion  was  cont inued  unt i l  the  a p p e a r a n c e  of oxygen -  
conta in ing  compounds  as  d e t e r m i n e d  by g a s - l i q u i d  c h r o m a t o g r a p h y  and by IR s p e c t r o s c o p y  in the  1600-1800  and 3 4 0 0 -  
3650 c m  -1 r e g i o n s .  The  r e s u l t s  of the d i s t i l l a t i on  of the e s s e n t i a l  oi l  {1487 g) a r e  g iven  be low:  

Fraction Bp (pressure 40 mm Hg) Wt. of fraction, g 

I 66.6--66.8 599 
II 66.8--68.4 242 
I II 68.4--72 264 
IV 72 --74.1 59 
V 78 --88 13.2 

High-boiling fraction 
(still residue) 307 

Analysis of the fractions showed that fraction V included a small amount of oxygen-containing substances, and it 
was therefore added to the high-boiling fraction. The high-boiling fraction, on storage in the cold, gave large 
colorless crystals with mp 86.5 ° C (methanol) giving no depression of the melting point with eedrol [3]. 
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To isolate the bulk of the cedrol ,  the high-boil ing fract ion (320 g) was diluted with an equal amount of methanol .  
The cedrol that deposited (110 g) was separated off and rec rys ta l l i zed  from methanol.  The r ema inde r  of the essent ia l  
oil,  p resen t  in the mother  l iquors ,  was washed free from methanol with water and, after  drying,  was ehromatographed 
on a lumina  (activity II-III ,  ra t ios  1 : 60 and 1 : 100). This led to a complete separat ion of the hydrocarbons f rom the 
oxygen-containing fract ion of the essent ia l  oil.  

In this way the essent ia l  oil was separated p re l imina r i l y  into monoterpene and sesqui terpene  hydrocarbons 
eedrol ,  and an oxygen-containing fract ion.  

The terpene hydrocarbons.  A gas- l iquid  chromatogram of the terpene hydrocarbons  of the essent ia l  oil ( s ta in less  
steel  column 505 cm long and 0.4 cm in d iameter ;  s ta t ionary phase--polyethyleneglyeol-1000,  15% of the weight of the 
solid ca r r i e r - - INZ-600 ,  0.25-0.5 mm;  rate  of flow of hydrogen 70 m l / m i n ;  t empera tu re  90 ° C) showed 12 peaks. 

4 
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Fig. 1. Chromatogram of the sesqui terpene 
hydrocarbons of the essen t ia l  oil of the 
Tunkestan juniper  : 1) ~ - c e d r e n e ;  3) fi- 
e lemene;  4) f l -eedrene;  2) "/-cadinene; 8) 
a r - c u r c u m e n e ;  10) ca lamenene;  11) 

ca laeorene.  

The terpene hydrocarbons were identified by their  preparat ive  isolation from the appropriate  f ract ions  on 1.0 x 
x 450 cm columns containing 25% of polyethyleneglycol-2000 or 25% of polyethylene glycol adipate. The re su l t s  of a 
compar i son  of the proper t ies  of the components obtained and their  IR spect ra  with those reported in the l i t e ra tu re  [4] 
pe rmi t  the conclusion that the following compounds were eluted success ively  from the column: 1 -~ -p inene ,  d -  
camphene,  1-fl-pineae,  d - sab inene ,  A3-carene,  f l -myrcene,  1 -~-phe l l andrene ,  1-1imonene, 1-f l -phel landrene,  T- 
terpinene,  p -cymene ,  and terpinolene.  

Sesquiterpene hydrocarbons .  A gas- l iquid  chromatogram of the sesqui terpene hydrocarbons (copper column 3.8 
m long and 0.4 cm ind iamete r ) ;  s ta t ionary  phase PEG-1000, 15%on Celi te 545, 60-80 mesh;  t empera tu re  180 ° C; ra te  
of flow of hydrogen 55 ml /min)  had 11 peaks (Fig. 1). The components to which these peaks corresponded were 
isolated on columns (3.80 × 0.7 cm) containing the same phases as were used in the isolat ion of the terpene 
hydrocarbons,  but the sesqui terpene  hydrocarbons were f i r s t  separated into a number  of f ract ions  by vacuum 
dis t i l la t ion.  The physicochemical  proper t ies  of the sesqui terpene hydrocarbons isolated from the essent ia l  oil of the 
Turkes tan  juniper  are  given in Table 1. 

A compar ison  of the proper t ies  of the components isolated and their  IR spect ra  with l i t e ra tu re  data [4,5] permi ts  
the conclusion that peaks 1, 3, 4, 7, 8, 10, and 11 belong, respect ively ,  to / - ~ - e e d r e n e ,  / - f i -e lemene ,  / - f l -cedrene ,  
/ -y -cad inene ,  d - a r - c u r c u m e n e ,  / - ea lamenene ,  and d-ca lacorene .  

Oxygen-containing fract ion.  The chromatogram of this fraction of the oil (Fig. 2) was obtained on a copper 
column (245 × 0.4 cm) filled with polyethyleneglycol-2000 (15%) on Celite 535, 60-80 mesh,  at a column t empera tu re  
of 160 ° C with Hz as the c a r r i e r  gas at 60 m l / m i n .  

After the saponification of a smal l  sample of this fraction of the oil, peaks 2, 8, 10, 15, 16, and 18 on the 
chromatogram had disappeared and there  was a re la t ive  inc rease  in the a reas  under  peaks 1, 12, 13, and 14. This 
shows that the chromatographic peaks that had disappeared,  corresponded to es te r s  of alcohols p resen t  in the oil in the 
free state.  

To ensure  the isolat ion and identification of the components,  two fract ions  not containing sesqui terpene alcohols 
were separated by vacuum dis t i l la t ion.  
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T a b l e  1 

No. of the 
peak on the n ~  Component 
ch . . . .  to- d200 [a] 2D0, deg 
gram identified 

(Fig. 1) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
tl  

0,9298 

0 .~04  

0.9139 
0.9036 
0.9173 
0.8830 
0.9267 
0.9321 
0.9526 

1.4941 
1.4922 
1.4981 
1.5026 
1.5048 
1.4992 
1.5076 
1.5036 
1.5049 
t.5195 
1.5474 

--67 

-;:9 
o 

M49.6 
+63.4 

+31 

a-Cedrene 

/5-Elemene 
/3-Cedrene 

7-Cadinene 
ar-Curcumene 

Calamenene 
Calacorene 

Table 2 

No. of the I 
peak on the n~  d20 [~1~. deg Comp . . . .  t chromato- ] Mp, °C 20 
gram identified 

(Fig. 2) 

2* 
3 
4 
6 
8 
9 

11 
12 
13 
14 
19 
2O 
21 

1.4303 I -- 
1.4239] 0.8"267 
1 •4558 0.9141 
1.4653 • -- 0.8646 

- -  175-- 177 1 
1.4794 -- O.uo51 
1.4803 I 0.9176 

t .4746 
1.4793 
t;41 I  5--86 5t 

- -  It 72Z74° i 

0 
+28 
--9.8 

+ ~ . 3  
+67 

o 
0 

~-7. 5 (ethanol 

Methyl n-nonyt ketone 
Thujone 
Linalool 
Camphor 
Terpinen-4-ol 
a-Ter pineol 
Borneol 
Nerol 
Geraniot 
Cedrol 
fl-Elemol 
Eudesmol 

*The other substances were identified by comparing their retention times with the retention 
times of  known substances. 
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The proper t ies  of the oxygen-containing compounds obtained from the essent ia l  oil of the Turkes tan  juniper  are  
given in Table 2. 

 lli , ,  A 
1 ~I,x}]lS] 78 10 ~13 1 4 1 5 B  ~ I8 20 21 

5 tO 15 20 25 38 35 rain 

Fig.  2. Chromatogram of the oxygen-containing compounds of the essent ia l  
oil of the Turkes tan  juniper:  3) methyl n-nonyl  ketone; 4) thujone; 6} 
l inalool;  7 ) l i na ly l  acetate;  18)camphor ;  9 ) t e r p i n e n - 4 - o l ;  10)borny l  
acetate;  11) a - t e rp ineo l ;  12) borneol ;  13) nerol ;  14) geraniol ;  15) neryl  

aeetate;  17) geranyl  acetate;  19) eedrol ;  20) e lemol ;  21) eudesmol.  

The substance respons ib le  for peak 2 is ,  according to the IR spect rum (Fig. 3,1) an es ter  (bands at 1738 a n d  
1180 om -1) the molecule of which has a methylenic  double bond (bands at 896, 1653, and 3081cm-1). It possesses  a 
s t rong pleasant  odor. Unfortunately,  because of the smal l  amount of this substance in the essent ia l  oil we were unable 
to es tabl ish  i~s nature .  The third substance eluted was a ketone (Fig. 3 ,2;  band at 1713 cm -1, absence of a band at 
2720 cm-1), the 2 ,4-din i t rophenylhydrazone of which had mp 58-60 ° C. 

F r e q u e n c y ,  a m  "1 

Fig.  3. IR spect ra  of the es ter  (1) (peak 2, Fig.  2), 
and of methyl n-nonyl  ketone (2) (IKS-14 s p e c t r o -  

photometer,  layer  thickness 0.010 ram). 

The analytical  resu l t s  pe rmi t  the assumption that this is an aliphatic ketone of nonterpene nature .  

Found, %: C 78.02; H 9.44. Calculated for Cl1H220, %: C 77.73; H 9.40. 

The proper t ies  of the substance isolated a re  s imi la r  to those of methyl n-nonyl  ketone and propyl heptyl ketone 
[6,4]. The mel t ing point of the semicarbazone  of our substance is 123-123.5 ° C, which is very  close to that of the 
semicarbazone  of methyl nonyl ketone (118 ° C [4], 123-124 ° C [7]) and differs markedly  f rom the melt ing point of the 
semicarbazor~e of propyl heptyl ketone (54-56 ° C [4]). 

The resu l t s  of a compar ison of the proper t ies  (see Table 1) and IR spect ra  of the other oxygen-containing 
compounds isolated with l i t e ra tu re  data has shown that the essent ia l  oil contains d- thujone,  / - l inalool  (peak 6), l -  
camphor ,  d - t e rp inen -4 -o l ,  bornyl  acetate,  d - a - t e r p i n e o l  l - b o r n e o l ,  nero l ,  geraniol  (peaks 8 -13 ,  respect ively) ,  d -  
cedrol (peak 19), / -e lemol  (peak 20), and eudesmol (peak 21) (see Fig.  2). 

Thus,  the essent ia l  oil of the Turkes tan  juniper  contains not less  than 43 components and may be regarded as a 
raw mate r i a l  for the production of highly active levorota tory ~-p inene  and cedrol .  The la t ter  is  used for the synthesis  
of cedrenyl  acetate [8] and eedrenecarboxyl ic  acids [9], which are  valuable in pract ice .  The high-boi l ing fract ion of 
the essen t ia l  oil possesses  a good perfume odor and can be used as a f ixture in var ious  per fumery  products .  
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CONCLUSIONS 

The essential oil of Juniperus pseudosabina Fisch. et Mey, obtained from small flowers by steam distillation has 
been investigated. It has been established that it contains not less than 43 components, of wich the following have been 
identified:/-(~-pinene (67%), camphene (0.5%), /-j3-pinene (3.5%), sabinene (0.5%), A3-carene (0.3~0, /~-myrcene (1.2%), 
a-phellandrene (0.1%), /-limonene (0.7%), /-fi-phellandrene (0.2%), 7-terpinene (0.3%), p-cymene (0.2~0, terpinolene 
(0.1%), methyl n-nonyl ketone (2.4%), d-thujone (0.3%), l-camphor (0.2%), d-terpinen-4-ol (0.3%), l-linalool (0.7%), 
l-borneol (0.3%), l-terpineol (0.4%), nerol (0.2%), geraniol (0.25%), d-eedrol (12%), elemol (0.3%), eudesmol (0.35%), 
and sesquiterpene hydrocarbons (5.6%): l -o~-cedrene, l - fl-elemene, l -fl-cedrene, d- 7-eadinene, d-ar-cureumene, 
l-calamenene, and d-ealacorene. 

REFERENCES 

i. N. V. Parlor, Plant Raw Materials of Kazakhstan [in Russian], Moscow, 1947. 
2. I. A. Gubanov and M. S. Bol'tsmanova, Medicinal Plants of Kirgiziya [in Russian], Frunze, 1963. 
3. M. I. Goryaev, G. A. Tolstikov, L. A. Ignatova, and A. D. Dembitskii, DAN SSSR, 146, 1331, 1962. 
4. M. I. Goryaev and I. Pliva, Methods of Investigating Essential Oils [in Russian], Alma-Ata, 1962. 
5. I. Pliva, M. Harak, and V. Herout, Die Terpene, Berlin, Akademie Verlag, 1960. 
6. F. Sorm, J. Mleziva, and Z. Arnold, Chem. listy, 43, 241, 1949. 
7. V. I. Isagulyants, Synthetic Odourous Substances [in Russian], Erevan, 373, 1946. 
8. S. A. Voitkevich, Maslozhirovaya promyshlennost, II, 18, 1959. 
9. M. I. Goryaev, G. A. Tolstikov, and L. A. Ignatova, USSR patent no. 182 714, 1966. 

25 October 1968 

Institute of Chemical Sciences AS KazSSR 

406 


