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The quest ion of the p r e sence  of sy lves t r ene  (m-mentha-6 ,8-d iene)  in the turpent ine oils isolated f r o m  
the o leores in  of var ious  spec ies  of coni fers  has so fa r  been disputed in the l i t e r a tu re  [1-3]. The p r e sence  
of this  hydrocarbon  in Swedish turpent ine oil f r o m  the o leores in  of Pinus s i l v e s t r i s  was f i r s t  shown by the 
fact  that sy lves t r ene  dihydrochloride was obtained f rom a f rac t ion  (bp 173-175°C, d 2° 0.8612, [a] D + 19.5 °) 
of this oil [4, 5]. Subsequently, the p r e sence  of sy lves t rene  in other  turpentine oils [6-8] and essen t i a l  oils 
[9] f rom this spec ie s  of conifer  was conf i rmed by this method. 

Wallach [10] d i scovered  a quali tat ive react ion  for  sy lves t rene  which consis ted in the fact  that a dilute 
solution of sy lves t r ene  in acet ic  anhydride or  in glacial  acet ic  acid with the addition to it of a drop of con- 
cent ra ted  H2SO 4 acquired  an intense blue colorat ion.  This  react ion  was used to demons t ra t e  the p r e s e n c e  
of sy lves t r ene  in many turpent ines  and essen t ia l  oils of coni fers .  

La te r  [10-12] it was shown that the hydrocarbon regenera ted  f rom sy lves t rene  dihydrochlor ide  boiled 
at a t e m p e r a t u r e  3-5°C higher than the f rac t ion  of the oil f r o m  which this dihydrochloride was obtained. 
F u r t h e r m o r e ,  the " sy lve s t r ene"  f rac t ions  of oils frequently did not give the cha rac t e r i s t i c  colora t ion  with 
the Wallach reagent .  It was a s sumed  that the sy lves t r ene  dihydrochloride was formed not f r o m s y l v e s t r e n e  
but f r o m  another  t e rpene  i somer i c  with it, p r e sen t  in natural  oils  [13]. In actual  fact,  it was soon shown 
that sy lves t r ene  dihydrochloride is fo rmed  f r o m A  3- and A4-carenes  [14], that the " sy lve s t r ene"  f rac t ions  of 
turpent ine and conifer  essen t ia l  oils contained not sy lves t r enebu tA3-ca rene ,  and that pure  samples  of sy lve-  
s t rene  do not give a colora t ion in the p re sence  of the Wallach reagent,  this react ion  being cha rac t e r i s t i c  
for  m-mentha - l ,3 (8} -d iene  [15]. 

On the bas i s  of this information,  it was assumed  that sy lves t rene  and other  hydrocarbons  of the m -  
menthane s e r i e s  were  not p re sen t  at all  in natural  turpentine oil and essent ia l  oils [1-3]. 

We have shown that sy lves t r ene  and m-men tha - l , 3 (8 ) -d i ene  are  components  of the industr ial  tu rpen-  
tine oil obtained f r o m  the o leores in  of Pinus s i l ve s t r i s .  

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

The ~ pinene was disti l led off under industr ial  conditions f rom the turpentine oil of the o leores in  of 
P.  s i l v e s t r i s .  The residue (350/0, Table 1, Figure 1) was disti l led through a column with 20 t heo re t i ca lp l a t e s  
at a reflux number  of 10. The f rac t ions  containing sy lves t rene  (I) and m-men tha - l , 3 (8 ) -d i ene  (II)amounted 
to 20 and 3% of the weight of the turpentine oil, r espec t ive ly .  

G a s - l i q u i d  chromatography  was p e r f o r m e d  on a LKhM-7A ins t rument  in a cap i l l a ry  column (40,000 x 
0.25 ram) with t r i c r e s y l  phosphate at a ra te  of flow of H 2 of 30 m l / m i n  and of hydrogen of 300 m l / m i n  at 
130°C. 

Sylves t rene .  The sy lves t r ene  f rac t ion  (I) (5000 g) was twice f rac t ional ly  disti l led at 20 m m  Hg in a 
column with an eff iciency of 120 theore t ica l  p la tes  at a reflux number  of 100. This gave f rac t ions  {Ia) (500 
g) and (Ib) (15 g) (see Table 1 and Fig. 1), containing, respec t ive ly ,  3°/0 and 45% of sy lves t rene .  Even t r a c e s  
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TABLE I .  P r o p e r t i e s  of the Frac t ions  and of the Sylvest rene and 
the m-Mentha -  t, 3 (8)-diene Isolated f r o m  Them 

Fractions and 
hydrocarbons 

~sidue 
Sylvestrene fraction (I) 
Sylvestrene fraction (In) 
S~lvesttene fraction (Ib) 
S),lvestrene 
Svlvesttene [17] 
nl-Mentha-l,3(8)-diene fraction (II) 
m-Mentha-l,3(8)-diene fraction (IIa) 
rn-Mentha-l,3(8)-diene fraction (IIb) 
m-Mentha-l,3(8)-diene 
m-Mentha- 1,3(8)-dien¢ [17] 

AmL of the 
desired 
hydro- 
carbon 

O , 4  
3,0 

45,0 
98m5 

0,5 
5,0 

1,4780 
1,4755 
! ,4772 
1.4760 
I, 4740 
1,4744 
1,5130 
1,4949 
1,5030 
1,5140 
1,5140 

O, 8738 
0,8420 
0,8517 
0,8489 
0,8448 
O, 8446 
0,9180 
0,9057 
0,8630 
o, 8669 
0,8658 

l~,l~. 
deg 

- -  12,0 
-- 54,8 
- -  50,5 
+ 37.2 
~II I ,7  
t-121,0 
--  9,5 
- -  0 ,8  

0 
0 
0 

15 17 18 19 
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Fig. 1. GLC of the res idue f r o m  the 
dist i l lat ion of the turpentine oil; 
sy lves t r ene  f rac t ions  (I-Ib) and m -  
mentha-  1,3 (8)- diene f rac t ions  (II-Iib): 
peaks  {%): 1 ) t r i cyc l ene  (traces);  2) 

pinene (8.1); 3) camphene (0.2); 4) 
fl pinene (3.8); 5) myrcene  (0.4); 6)A 3- 
ca rene  (43.4); 7) (~-terpinene (1.5); 
8) component  X 1 (0.2); 9 ) sy lves t r ene  
(0.1); 10) l imonene and dipentene (32.1); 
11) fl phellandrelle (2.7); 12) component  
X 2 (0.3); 13) y terpinene (0.1); 14 )p -  
cymene (5.7); 15) component  X 3 (0.1); 16) 
terpinolene (1.2); 17)component  X 4 
(traces);  18)component  X s (traces);  19) 
m - m e n t h a -  1,3 (8)-diene (0.1). 

of A3-carenewere absent from fraction fib). It must be men- 
tioned that sylvestrene and limonene are extremely difficult 
to separate both by fractional distillation and by preparative 
GLC. 

Fraction fib) (2.2 g) was vigorously shaken with 50% 
aqueous AgNO 3 for 30 min [16]. The mixture was cooled to 
-5°C, and, after 2 h, the sylvestrene adduct (CIoH16 " 2AgNO3) 
was filtered off and washed with diethyl ether. The adduct 
(yield 69.2% of the theoretical amount), with mp 210.5-211.5°C 
(decomp) was decomposed with water at 60-70°C. Sylvestrene 
was obtained (yield 71.4%), its structure being confirmed by 
elementary analysis and by UV and IR spectroscopy. The 
dihydrochloride of this hydrocarbon (yield 79.7%) had mp 
72.5-73°C and [(x]~ +26.6 ° (c 4.5; chloroform) [17, 18];nitro- 
sochloride (yield 37.4%), mp 113.5-114°C and [o~]~+326 ° (c 
0.46; chloroform) [19]; tetrabromide (yield 72%), mp 137.5- 
138.5°C and [o~]~+62.6 ° (c 0.48; chloroform) [18]. 

The sylvestrene did not show the characteristic colora- 
tion with the Wallach reagent [15]. 

m-Mentha-l,3(8)-diene. Fraction (If) (4000 g) contain- 
ing 0.5% of m-mentha-l,3(8)-diene was twice redistilled at 
10 mm Hg through a column with an efficiency of 120 theoreti- 
cal p la tes  at a reflux number  of 80. Frac t ions  (Ha) and (lib) 
(see Table 1 and Fig. 1) containing, respec t ive ly ,  5% and 34.7% 
of m - m e n t h a -  1,3 (8)-diene were  obtained. 

Frac t ion  (rib) was purif ied on a PAKhN-03 p repa ra t i ve  
ch romatograph  with a column (8000 × 4 mm) filled with de- 
act ivated Inza diatomite b r i ck  (grain s ize 0.25-0.5 ram) im-  
pregnated  with diethyleneglycol azelate  (30%); rate  of flow of 
hel ium 20 m l / m i n  at 125°C. This gave m-men tha - l , 3 (8 ) -d i ene  
with its cha rac t e r i s t i c  p rope r t i e s  (see Table 1). With the 

Wallach reagent  it gave an intense blue colora t ion  [15]. UV spec t rum:  log e 4.22 at 244 nm [20]. The e l e -  
men ta ry  analys is  and IR spec t rum conf i rmed the s t ruc tu re  as that of m - m e n t h a - l , 3 ( 8 ) - d i e n e  [17, 20]. F r o m  
the te rp ine ,  c a r v e s t r e n e  dihydrochlor ide  with mp 50.5-51.5°C [21] was isolated (yield 21.7%). 

On being heated with laaleic  anhydride, the m-men tha - l , 3 (8 ) -d i ene  i somer i zed  into m - m e n t h a - l , 3 -  
diene which fo rmed  an adduct (yield 47%) with mp 308-309°C (decomp) [19]. 

C O NC LUSIONS 

It has been  shown that an industr ia l  sample  of the turpentine oil f r o m  the o leores in  of Pinus s i l v e s t r i s  
contains,  in addition to monoterpenes  of the p -menthane  se r i e s ,  monoterpenes  of the  m-men thane  se r i e s :  
m-men tha -6 ,8 -d i ene  and m-men tha - l , 3 (8 ) -d i ene .  
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