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For  the invest igat ion we took the o leores in  of Pinus pumila  (Pall.) Regel .  (Japanese stone pine) col lected 
in August 1974 in the Poronai  region of the Sakhalin oblast .  It  was sepa ra ted  into acid {80%) and neutra l  (20%) 
f rac t ions  by the usual  method [1]. Chromatography  of the neut ra l  f ract ion on SiO 2 yielded a hydrocarbon  f r ac -  
tion (50.5%) and a f rac t ion  of oxygen-containing compounds (49.5%). 

The hydrocarbon  f rac t ion  was invest igated by the GLC method. Eleven monoterpenes  were  detected:  ~-  
pinene (71.1%), ~- thujene  (9.6%), camphene (2.1%),fl-pinene (2.7%), A~-carene (1.8%), myrcene  (~ 0.5%), l imo-  
nene (2.7%), f i -phe l landrene  (3 .0%),T- terpinene (~ 0.5%), terpinolene (6.0%), and p - cymene  ( t races) ,  The sesqui-  
t e rpenes  were  r ep re sen t ed  by 26 hydrocarbons  of which we identified 17 compounds by the method of addit ives:  
cyc losa t ivene ,  a -  longipinene, longicyclene,  longifolene, ~/- e lemene ,  s ib i rene ,  caryophyl lene,  a -  humulene, /3-  
ylangene, a - a m o r p h e n e ,  a - ,  T - ,  and e - m u r o l e n e s ,  ~ - ,  ~/-, and 5-cadinenes,  and a - c a l a c o r e n e .  The main com-  
ponents of this mix ture  were  longifolene, ~ - m u r o l e n e ,  a-humulene,  and caryophyl lene.  No di terpene hydroca r -  
bons were  detected.  

The acid f rac t ion  of the o leores in  was t rea ted  with diazomethane and the products  were  sepa ra ted  chro-  
matograph ica l ly  into a mixture" of methyl  e s t e r s  of r e s in  acids (92.5%) and methyl  e s t e r s  of ace toxy-subs t i tu ted  
and hydroxy-subs t i tu ted  r e s in  acids  (7.5%). As was found by GLC, the mix ture  of methyl  e s t e r s  of r e s in  acids 
consis ted  of the e s t e r s  of the following acids : (13E)-labd- 8(20), 13-dien- 15- oic (copaiferic) (49.3%), i s o p i m a r a -  
8 ,15-dien-18-oic  (17.1%), i sop imar i c  (15.9), abietinic (9.2%), neoabiet inic {3.5%), l evop imar ic  (2.8%), dehydro-  
abiet inic (1.2%), and s a n d a r a c o p i m a r i c  (1.0%). 

The composi t ion found for  the mixture  of r es in  acids differs  sharp ly  f r o m  those of Pinus s ib i r i ca  R. 
Mayer  (Siberian pine) and Pinus kora iens i s  Sieb. et Zucc. (Korean pine), belonging to the same  sect ion (Cem- 
b rae  ) as the Japan  stone pine. This difference is e x p r e s s e d  in the absence  of l amber t i an ic  acid f r o m  the oleo- 
r e s in  of the Japanese  stone pine and a lso  by the fact  that in the l a t t e r  the main components  of the mix tu re  of 
acids a r e  copai fer ic  and i sop imara -8 ,15 -d i en -18 -o i c  acids,  which a r e  p rac t i ca l ly  absen t  f r o m  the o leores ins  Of 
the above-ment ioned  spec ies  of l>inus L. Copaifer ic  acid was f i r s t  found in coni fe rs .  We isola ted its methyl  
e s t e r  by chromatographing  the mix ture  of methyl  e s t e r s  of the r e s in  acids on SiO 2 + 5% of AgNO3. Copaifer ie  
acid was p rev ious ly  obtained by Oloff [2] f rom sc l a reo le  and it was then isolated by Bevan [3] and by Delle [4] 
f rom two plants of the fami ly  Leguminosae .  

The f rac t ion  of the methyl  e s t e r s  of hydroxy-subs t i tu ted  and ace toxy-subs t i tu ted  r e s in  ac ids  fo rmed  a 
complex  mix ture ,  but the two leas t  polar  e s t e r s  p re sen t  in approx imate ly  equal amounts and making up about 
80% of the f rac t ion  were  isola ted and purif ied by chromatography  on SiO 2. The f i r s t  e s t e r ,  having [~]~+  39.2 ° 
(c 1.03) and n~  1.5110 was identical ,  according  to i ts  IR, UV, and NMR spec t r a  with the methyl  e s t e r  of  ace ty l -  
agatholic acid, p rev ious ly  synthes ized by C a r m a n  [5] and then isola ted by Caputo [6] f r o m  the o leores in  of 
Copai fe ra  mult i juga Hayne. The second es t e r ,  having the fo rmula  C23H3604 (high-resolut ion m a s s  spec t rome t ry )  
was an i s o m e r  of methyl  acetylagathola te .  Since the IR and UV spec t r a  of the two e s t e r s  were  s im i l a r ,  it may 
be a s sumed  that the second e s t e r  is an i s o m e r  of methyl  acetylagathola te  with r e s p e c t  to the acetoxy group. 
This is conf i rmed by the fact  that  the NMR s p e c t r u m  of the second e s t e r  d i f fers  qual i ta t ively f r o m  the NMR 
s p e c t r u m  of methyl  acetylagathola te  by the p re sence  of the signal of an additional t e r t i a r y  methyl  group, and al-  
so  by the p r e sence  of a b road  one-pro ton  mult ip le t  at  4.41 ppm in place of the AB s y s t e m  of protons that  is 
p r e sen t  in the s p e c t r u m  of methyl  acetylagathola te .  This  mul t ip le t  can be ass igned  to a proton a t a  secondary  
group. The resu l t s  obtained, and a lso  biogenetic cons idera t ions ,  p e r m i t  s t ruc tu re  (I) to be proposed for  the 
e s t e r  isolated.  
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By reducing the e s t e r  (I) with l i th ium t e t r ahydroa lumina te ,  we obtained the co r r e spond ing  diol  with mp 
160-163°C (from ethanol).  The oxidat ion of this  diol  with ch romium t r iox ide  in py r id ine  gave an oxo aldehyde 
the UV s p e c t r u m  of which was v e r y  s i m i l a r  to that of the ( t3E)-6-oxolabd-8(20) ,13-d ien-15-a l ( I I )  which we 
syn thes ized  f rom l a r i xy l  ace ta te  [Xmax 239 nm (loge 4.10) and Xmax 230 nm (log e 4.17), r e spec t ive ly ) .  Con- 
sequently,  the secondary  acetoxy group in the e s t e r  (I) cannot be at  C 7 or  Ct2. Since the oxo aldehyde f rom the 
e s t e r  (I) was not ident ica l ,  acco rd ing  to TLC, with the oxo aldehyde (ID, the posi t ion of the acetoxy group at  C 6 
is  a l so  excluded and one of four p o s s i b l e  p o s i t i o n s - C  1, C 2, C 3, or  C t l - r e m a i n s  for  i t .  

Monache [7] i so la ted  f rom the o l eo re s in  of Copai fe ra  mul t i juga  Haynem a hydroxy ac id  for  which the mos t  
p robab le  s t ruc tu r e  of l l - h y d r o x y l a b d - 8 ( 2 0 ) , 1 3 - d i e n - 1 5 - o i c  acid was proposed .  The NMR s p e c t r u m  of the ace-  
tate  of the methyl  e s t e r  of this  acid  given in Monache 's  paper  and the NMR spec t rum of (I) d i f fe r  by the magni-  
tude of the chemica l  shift  and the shape of the s ignal  of the proton at  the s econda ry  ace toxy group, which shows 
the nonidenti ty of these  two compounds.  In view of the sma l l  amount of the o l eo re s in  of the Japanese  stone pine 
ava i lab le  to us,  we were  unable to obtain addi t ional  in format ion  on the posi t ion of the ace toxy group in the 
e s t e r  (I). 

F r o m  the f rac t ion  of neu t ra l  oxygen-conta ining compounds of the o l eo re s in  by ch romatography  we ob- 
ta ined the total  ca rbonyl  compounds of the f rac t ion  under  inves t igat ion.  These  compounds cons i s ted  of d i t e r -  
pene a ldehydes  (95%) and methyl  e s t e r s  of r e s i n  ac ids  (about 5%; de te rmina t ion  f rom the in tegra l  in tens i t i es  of 
the s igna ls  of the COOCH 3 and CHO groups in the NMR s p e c t r u m  of the carbonyl  f rac t ion) .  The f rac t ion  of c a r -  
bonyl compounds was t r ea ted  with sodium t e t r ahyd robo ra t e  in aqueous ethanol.  This reduced  the a ldehydes  to 
the cor respond ing  a lcohols  while the methyl  e s t e r s  r ema ined  unchanged. The mix ture  of a lcohols  a f t e r  the 
s epa ra t i on  of the methyl  e s t e r s  on a column of SiO 2 was analyzed by NMR (100 MHz) both d i r e c t l y  and in the 
fo rm of the ace t a t e s .  I s o p i m a r a - 8 , 1 5 - d i e n - 1 8 - o l ,  i sop imar ino l ,  l evopimar ino l ,  and neoabie t inol  were  found in 
the same  ra t io  as  the co r r e spond ing  ac ids  in the ac id  f rac t ion  of the o leo res in ,  and a l so  dehydroabie t inol  and 
pa lus t ro l .  The r e l a t ive  amount of dehydroabie t inol  in this  mix ture  was app rox ima te ly  twice that  of the c o r r e -  
sponding ac id  in the ac id  f rac t ion  of the o leores in .  

In addit ion to the d i te rpene  a ldehydes  obtained in a m i x t u r e ,  f rom the f rac t ion  of the oxygen-containing 
compounds of the o l eo re s in  inves t iga ted  we i so la ted  and ident i f ied manoyl  oxide, c i s -  abienol ,  (13E)- labd- 8(20), 
13-dien-  15- ol, and i sop imar ino l ,  and a l so  13 ,14-bisnor labd-  8(20)-en- 13-one, i so la ted  p rev ious ly  by Cambie [8] 
f rom the wood of Dacryd ium k i rk i i  F.  Muell. The main components  of the f rac t ion  of oxygen-conta ining com- 
pounds were  a ldehydes  (25%), c i s - a b i e n o l  (10%), and (13E)- labd-8(20) ,13-dien-15-01 (40%). I s0cembro l  and 4, 
ep i i socembro l ,  the main neu t ra l  d i te rpenoids  of the o l eo re s in  of the S iber ian  pine and the Korean pine,  were  
p r e s e n t  in the o l eo re s in  inves t iga ted  only as  t r a c e s .  They were  detected with the aid of TLC (SiO 2 + 5% of 
AgNO3) in the crude c i s - a b i e n o l  f rac t ion .  

Thus, the composi t ion  of the mix ture  of neu t ra l  d i te rpenoids  of the o l eo re s in  of the Japanese  stone pine 
a lso  d i f fers  cons ide rab ly  f rom those of the S iber ian  pine and the Korean  pine, which is e x p r e s s e d  above al l  in 
the  p redominance  of labdane d e r i v a t i v e s  and the ve ry  sma l l  amount of cembrane  d i te rpenoids .  

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

The IR s p e c t r a  were  r e c o r d e d  for  solut ions in CC14 on a UR-20 ins t rument ,  the UV spec t ra  for  solut ions 
in ethanol  on a Specord UV-VIS ins t rument ,  and the NMR s p e c t r a  were  obtained on Var ian  HA-100 and V a r i a n  
A-56/60A ins t rumen t s  using solut ions in CC14 with TMS as in te rna l  s tandard ,  5 sca le .  The opt ical  ro ta t ions  
were  m e a s u r e d  on a Ze i s s  p o l a r i m e t e r  using solutions in ch lo roform.  

G a s -  liquid ch romatography  was p e r f o r m e d  on a Khrom 4 ins t rument  with a f l ame- ion iza t ion  de tec to r .  
Conditions for  the ana lys i s  of the mono te rpenes :  column 3.7 m × 3 mm; 10% of TCEP on Chromosorb  P; t ° 
= 74°C; c a r r i e r  gas ni t rogen,  24 m l / m i n .  Conditions for  the ana lys i s  of the s e squ i t e rpenes :  a) column 50 m 
x 0.2 mm; Tween-60;  t °= 100-190°C at a r a t e  of p r o g r a m m i n g  of 2 deg /min ;  c a r r i e r  gas ni t rogen,  5 m l / m i n ;  
b) column 50 m × 0.2 mm;  Apiezon L; t ° = 130-200°C at a r a t e  of p r o g r a m m i n g  of 2 deg/min;  c a r r i e r  gas 
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nitrogen, 7 ml/min. Conditions for the analysis  of the methyl es te r s  of the res in  acids:  column 2.5 m x 3 mm; 
5% of XE = 60 on Chromaton with a grain d iameter  of 0.200-0.250 mm;  t ° = 214°C; c a r r i e r  gas nitrogen, Pexc 
= 0.46 atm. 

For  adsorption chromatography,  unless specially mentioned, we used a i r - d r y  si l ica gel and as eluent in 
all cases  petroleum ether  with increas ing concentrat ions of diethyl ether.  

Separation of the Neutral  Frac t ion  of the Oleoresin.  The neutral  fract ion of the oleoresin (2.45 g) was 
chron~atographed on 40 g of SiO 2. Pe t ro leum ether eluted~l.24 g (50.5%) of hydrocarbons,  and diethyl es te r  
eluted 1.21 g (49.5%) of a f ract ion of the oxygen-containing compounds of the oleoresin.  The hydrocarbon f rac-  
tion was analyzed di rec t ly  by GLC. 

The fract ion of oxygen-containing compounds (1.21 g) was chromatographed on 30 g of SiO 2. The follow- 
ing compounds were eluted success ively:  15 mg of manoyl oxide (identified by its NMR and IR spectra) ; 300 
mg of a carbonyl  f ract ion;  20 mg of 14,15-bisnorlabd-8(20)-en-13-one (identical according to NMR and IR 
spectra ,  and also TLC, with an authentic sample synthesized f rom epimanool by Shenk's method [9] ; 60 mg of 
a mixture of two unknown compounds free f rom hydroxy groups according to their  IR spect rum;  120 mg of a 
fract ion the main component of which was cis-abienol ,  which was then isolated by chromatography on SiO 2 + 5% 
of AgNO3; 330 mg of a fract ion the rechromatography  of which on SiO2+ 51 of AgNO 3 yielded 60 mg of isopi- 
marinol ,  identified by compar ison with an authentic sample;  and 230 mg of (13E)- labd- 8 (20),13- dien- 15- ol, 
n~ 1.5210, [~]~ +27 2 ° (c 4.4), p-ni t robenzoate with mp 112-113°C (from CC14-ethanol); l i te ra ture  data [2]: p- 
nitrobenzoate ~ mp 107-108.5°C. Then another 230 mg of (13E)-labd- 8{20),13-dien- 15- ol was eluted (total yield 
of the lat ter ,  40%). 

Methyl Es te r  of (13E)-Labd-8(20),13-dien-15-oic (Copaiferic) Acid. When the mixture of methyl e s t e r s  of 
the res in  acids was chromatographed on SiO 2 + 5% AgNO3, methyl copaiferate was isolated f irst .  It had [~]~ 
+ 44.5 ° (c 2.02), n~ 1.5150; l i tera ture  data [4]: [~]~ ~46.5 ° (c 1.8). The NMR, IR, and UV spect ra  of methyl 
copaiferate  corresponded to those given in the l i terature  [4]. 

The Acetoxy Es te r  (I). The es ter  (I) was eluted f rom an SiO 2 column immediately af ter  methyl acetyl-  
agatholate. It had [c~]~+ 40 ° (c 3.65), n~ 1.5080; UV spect rum:  e m a x  222 nm (logX 4.08); IR spectrum,  cm- l :  

899, 3080 (~C=CH2 , 1030, 1155, 1250, and 1730 (COOCH 3 and OCOCH3); NMR spectrum, ppm: 0.70, 0.81, 

and 0.85 (3 H each, methyl groups at C 4 and Cl0); 1.95 (3 H, singlet, OCOCH__3); 2.12 (3 H, singlet, C13-CH3) ; 
3.60 (3 H, singlet, COOCH3); 4.41 (1 H, multiplet, Wl/2 = 14 Hz, proton in the geminal position to a secondary 

aeetoxy group); 4.54 and 4.85 (1H each, narrow multiplets, /~C=CH~); and 5.57 (1 H, narrow multiplet, Hi4). 

M + 376.2612; calculated for C23H3604, 376.2613. 

SUMMARY 

1. The composition of the acid fraction of the oleresin of Pinus pumila (Pall.) Regel. has been studied, 
and from it has been isolated, in addition to known compounds, the methyl ester of a new labdane acetoxy acid. 

2. In the hydrocarbon fraction of the oleoresin 11 monoterpenes and 26 sesquiterpenes have been found 
(and 17 of the latter have been identified). 

3. The composition of the fraction of neutral oxygen-containing diterpenoids from P. pumila differs con- 
siderably in its diterpenoid components from the corresponding fractions of the oleoresins of botanically re- 
lated species-P, sibirica and P. koraiensis. 
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A number  of inves t iga t ions  has been published recen t ly  on the deve lopment  of a technology for  the produc-  
tion of e x t r a c t s  f rom coniferous  raw m a t e r i a l  [1]. The main component of the e s sen t i a l  oil of Abies  s i b i r i c a  
{Siberian f ir) ,  r e spons ib le  for  the smel l  of the oil ,  is  bornyl  ace ta te  [2]. 

Seve ra l  methods of de t e rmin ing  the amount of e s t e r s  a r e  used:  saponif ica t ion [3], gas ch roma tog raphy  
[2], and c r y s t a l l i z a t i o n  out f rom the e s s e n t i a l  oil (for bornyl  acetate)  [2]. The s tandard  method of sponif ica t ion 
based  on the t i t r a t ion  of the ac ids ,  is  inappl icable  to a CO 2 e x t r a c t  of the f i r ,  s ince  the l a t t e r  has a pronounced 
co lo r  and t i t r a t ion  of the acids  does not show a d i s t inc t  change in the co lor  of the ind ica tor .  The gas chromato-  
graphic  method is  unsui table  for  working with s m a l l  amounts  of CO 2 ex t r ac t s ,  s ince  these  e x t r a c t s  contain a 
l a rge  amotmt of nonvolat i le  subs tances ,  and working with sma l l  s amples  does not enable the amount  of nonvola- 
t i le  f rac t ion  to be de te rmined .  C rys t a l l i z a t i on  out f rom the e s sen t i a l  oil  cannot be used in the case  of CO 2 ex- 
t r a c t s  because  the p r e s e n c e  of waxes,  s t e r o l s ,  and r e s i n  ac ids  in the CO 2 ex t r ac t s  i m pa r t s  a v i scous  cons i s ten-  
cy to i t  which i n t e r f e r e s  wi th the  fo rmat ion  of c r y s t a l s  and is a s soc i a t ed  with l a rge  l o s s e s .  

We have used the r eac t ion  of e s t e r s  with an a lka l ine  solution of hydroxylamine  [4]. This reac t ion  fo rms  
hydroxamic  ac ids .  The product  of the reac t ion  of these  ac ids  with sa l t s  of t r iva len t  i ron  gives the solution a 
p ink-ye l low co lor  (pH 2.0 +0.2). The r eac t ion  takes  p lace  in accordance  with the equations 

NaOH 
RCOORt + NH,, ~ RCONHOH + R1OH, 

3RCO (NHOH) q- FeCla -+ 3HCI + Fe [RCO (NHO)]a. 

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

By using a scheme for the planning of expe r imen t s  by the method of s t e e p e s t  ascen t ,  we found the opt imum 
condit ions for  p e r f o r m i n g  the r eac t ion  [5]. As the opt imizat ion  p a r a m e t e r  we used the opt ical  densi ty  of the 
co lo red  produc t  Y formed.  As the independent va r i ab l e s  we chose the following: 

X 1- the amount  of hydroxylamine  hydroch lor ide ,  ml;  • 
X2- the  amount of NaOH, ml;  
X a - t h e  t ime for  the f i r s t  s tage of the p r o c e s s ,  min;  
X4- the  amount of HC1, ml ;  
X s - t h e  amount  of FeC1 a, ml;  
X6- the  time" for  the second s tage  of the p r o c e s s ,  min. 

We u s e d  a 20% solut ion of hydroxylamine  hydroch lor ide ,  a 0.5 N solution of NaOH, a 5 N solut ion of HC1, 
and a 6% solut ion of FeC1 a p r e p a r e d  in 0.1 N hydroch lor ic  acid.  Al l  the solut ions were  used  in the f r e sh ly  p r e -  
p a r e d  s ta te .  The planning m a t r i x  for  the expe r imen t  and the r e s u l t s  a r e  shown in Table 1. 
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