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E a r l i e r  [1] f rom the o leores in  of P icea  a janensis  Fisch.  (Yeddo spruce) we isolated the sesqui terpene 
compounds oplopanone, "X-cadinol ,  n and b i sabo lo l .  In the presen t  paper  we r epor t  the isolation f rom the 
same o leores in  of a new sesqui te rpene  diol ajanol (I), C~5H2802, mp 59-60°C, [a ]~  - 3 4 . 8  °. 

The NMR s pec t rum  of ajanol (Fig. 1) exhibits  the s ignals  of an isopropyl  group (two doublets at 0.78 
and 0.82 ppm, J = 6.5 Hz), of an angular  methyl  group (1.05 ppm), and of a methyl  group attached to a qua- 
t e r n a r y  carbinol  carbon a tom (1.44 ppm). The signal of a proton attached to the same carbon atom as the 
hydroxy group appea r s  in the f o r m  of a t r ip le t  at 3.74 ppm (J = 10 Hz). The magnitude of the s p i n - s p i n  
coupling constant  and the shape of the signal shows that this proton in te rac ts  only with two neighboring 
axial  hydrogen a toms [2]. 

When ajanol was  subjected to catalyt ic  hydrogenat ion conditions, no absorpt ion of hydrogen tookplace ,  
and when it was  heated with selenium, eudalene was obtained. Consequently,  ajanol has  a 7 - i sopropyl -  
4,10- dimethyldecal in  skeleton.  

The acetylat ion of ajanol (I) gave a monoaceta te  (II) and the oxidation of (I) with ch romium tr ioxide 
gave a hydroxy ketone (III) (1702 and 3540 cm- l ) .  The absence f rom the IR spec t rum of the hydroxy ketone 
(III) of an absorpt ion band for  - C H 2 - C O -  shows that the secondary  hydroxyl  group can be located only at 
C~. According to the NMR spec t rum,  the t e r t i a r y  hydroxy group is located at C 4. This posit ion of the hy- 
droxy groups in ajanol was conf i rmed by the fo rmat ion  of an (~,p-unsaturated ketone (IV) in the dehydrat ion 
of the hydroxy ketone (III) with SOC12 in pyridine.  
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Fig. Z. NMR spec t rum of ajanol (I) i nbenzene  (100 MHz). 

Novos ib i rsk  Insti tute of Organic Chemis t ry ,  Siberian Branch,  Academy of Sciences of the USSR. 
Trans la ted  f rom Khimiya Pr i rodnykh Soedinenii, No. 6, pp. 736-741, N o v e m b e r - D e c e m b e r ,  1972. Original 
a r t ic le  submit ted June 21, 1971. 

© 1 9 7 t  Consult(mrs Bure(m, ~ division o /  Plenum Publishing Corf)or(~tion, 227 ges t  ]7th Street, \ e ,  York, \ .  Y. lOOll. 
:\'o part of  tl~is fmblication rna~ be reproduced, stored in a rctrievul s~stem, or trcmsmitted, in tiny/orm or b~ tznv me(tns, 
electronic, mechanical, photocopying, microfilming, recording or otherwi,~e, uit]lot~t written pcrmission o f  t/~e pub/is]let. 1 
cop,/ of  thi,s urticle is (w(dlablc from the publisher for ,~15.00. 

714 



TABLE 1. Chemical  Shifts (6) of the Methyl Groups and 
Pro tons  at C~ and C~ 

Anguli~r methyl 1 111 V l l  
CCI4 0,98 0,99 1,26 
C6He i ,05 0 ,96  1 ,06  
A* (Hz)  + 4 , 2  - -  + 1 2 , 0  

CH s at C~ 
CC14 ! ,42 1,13 1,30 
C6H6 1,44 1,16 1,43 

,Isopropyl • 
CC14 0,91 0,85 0,90 0,87 0,98 0,93 
Cell6 0,78 0,82 0,83 0,76 0,96 0,90 

H - -  Ca 
CCI~ 3 , 6 6  - -  4,30 
C6H6 3 , 7 4  - -  4,35 

H - -  C~ 
CCI, -- 2,10 -- 
C~H6 -- 1,78 - -  
A (Hz)  - -  + 1 9 , 2  - -  

* Difference  between the chemica l  shif ts  in CC14 and C6H 6. 

The equator ia l  na ture  of the two OH groups  was  found f r o m  the NMR spec t r a  of ajanol taken in CC14 
and in benzene [2]. The value of ACC14-SC6H6 for  the angular  methyl  was  ve ry  smal l  (+4.2 Hz). A con- 
f i rma t ion  of the equator ia l  posit ion of the C 4 hydroxy group is the fact  that  the dehydrat ion of ajanol mono- 
aceta te  (II) f o r m s  the unsa tura ted  aceta te  (V), as well  as  the i s o m e r  (VI).  

The hydrogenat ion of the hydroxy ketone (III) in acet ic  acid (PRO2) [3] led to epiajanol  (VII),  with mp 
84-85°C and [~]D + 18°, having an axial  secondary  hydroxy group. The equator ia l  proton at C~ of epiajanol 
(VII) r e s o n a t e s  in a weaker  field (4.30 ppm) than the cor responding  axial  proton of ajanol (3.66 ppm).  The 
half-width of the signal of this  proton in epiajanol  (6 Hz) is cons iderab ly  l e s s  than in ajanol (22 Hz), which 
a g r e e s  well  with the axial  nature  of the secondary  hydroxy group of epiajanol [4]. 

As shown in Tab le1 ,  in the NMR s pec t rum of epiajanol  (VII) the signal of the angular  methyl  group is 
found at 1.26 ppm in CCI 4 and 1.06 ppm in benzene.  This d i f ference  between the chemica l  shif ts  (+12 Hz) 
is  due to the 1 ,3-diaxia l  a r r a n g e m e n t  of the angular  methyl  group and the hydroxy group at C 6 [2]. 

The angular  proton at C 5 in the NMR spec t rum of the hydroxy ketone (III) r e sona t e s  at 2.10 ppm in 
CC14 solution and 1.78 ppm in benzene.  The posi t ive sign of A (+19 Hz) on pass ing  f r o m  CC14 to benzene 
shows that the proton at C 5 is axial  [2]. Consequently,  in ajanol (I) the r ings  a re  t r ans - l inked .  

The absolute configurat ion of ajanol (I) was  es tab l i shed  f r o m  an analys is  of the optical  r o t a to ry  d is -  
pe r s i on  (ORD) cu rves  and the c i r c u l a r  d i ch ro i sm (CD) of the hydroxy ketone (III) (Fig.  2a). The sign and 
molecu la r  ampli tude (a = +22.50) of the Cotton effect  (CE) co r re spond  to the fl or ienta t ion  of all  the alkyl 
groups  of ajanol (I) .  Fo r  the ~ , f l -unsatura ted ketone (IV) two CEs can be seen on the ORD and CD cu rves  
(Fig.  2b) at 316 and 236.5 nm for  the n - , r *  and v --*lr* t r ans i t ions ,  r e spec t ive ly  (R and K bands).  The sign 
of the CE in the region of the R band coincides  with that  of a s te ro id  a n a l o g -  c h o l e s t - 4 - e n - 6 - o n e  [5]. The 
l a rge  value of the posi t ive CE in the region of the v--" n* t rans i t ion  [6] co r r e sponds  to a r ight -hand hel ix of 
the bonds of the C = C - C  = O group of a toms .  

According to the chemica l  t r a n s f o r m a t i o n s  desc r ibed  and the c h a r a c t e r i s t i c s  of its spec t r a ,  the s t ruc -  
tu re  and absolute configurat ion of ajanol can be i l lus t ra ted  by fo rmula  (I) .  
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Fig. 2. ORD curve,  c 0.410 (1), and CD curve,  c 0.0148 
(2) of the hydroxy ketone (III) in n-heptane (a), and ORD 
curve,  c 0.270 (1) and CD curve,  c 0.00042 (2) of the ke- 
tone (IV) in n-heptane (b). 

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

The ORD and CD curves  were taken on a Spectropol spect ropolar imeter ,  the IR spect ra  on a UR-20 
instrument  (CC14) , and the NMR spect ra  on Varian HA-60 and HA-100 instruments  (internal standard TMS). 
The molecular  weights were determined mass  spec t rometr ica l ly  on an MKh-1303 instrument.  Gas - l iqu id  
chromatography was per formed on a "Khrom-2" instrument  with 10% of 1,2,3-tr is(2-cyanoethoxy)propane 
on Chromosorb W in a column 3.4 m long at a column tempera ture  of 160°C with nitrogen as the c a r r i e r  gas. 

Isolation of Ajanol (I). The fract ion of oxygen-containing sesquiterpenes of the oleoresin of the 
Yeddo spruce (50 g) obtained by the usual method [7] was distilled through a fractionating column. The 
fract ion boiling at 120-160°C (12 mm Hg) by repeated chromatography on sil ica gel yielded ajanol (I) (0.8 g) 
with mp 59-60°C, [~]~ - 3 4 . 8  ° (c 0.855; dioxane). IR spectrum, cm -1 : 870, 900, 940, 960, 980, 1050, 1150, 
1185, 1380, 1465, and 3620. 

Found %: C 75.56; H 11.74. C15H2802. Calculated %: C 74.95; H 11.74. Mol. wt. 240. 

The melting point of ajanol tosylate was 70°C. 

Attempted Hydrogenation of Ajanol. A solution of 50 mg of ajanol in 50 ml of alcohol was t reated 
with hydrogen over PtO 2 (10 mg) for 5 h. No absorption of hydrogen was observed.  After the usual work-  
ing up, the initial diol (I) was recovered  (45 mg). 

Dehydrogenation of (I). A mixture of 120 mg of ajanol (I) and 150 mg of selenium was heated at 270- 
300°C for 6 h. The dehydrogenation product was purified in the usual way. This gave 40 mg of eudalene; 
melting point of the picrate 91-92°C. A mixture with an authentic sample of eudalene picrate gave no de- 
press ion  of the melting point (91°C). 
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Acetylat ion of (I) .  A mix tu re  of 240 mg of ajanol in 1.5 ml  of pyridine and 1.8 ml  of acet ic  anhydride 
was  heated in the w a t e r  bath for  2 h. Then the reac t ion  mix tu re  was  diluted with w a t e r  and ex t rac ted  with 
e ther .  The ex t rac t  was  washed with wa te r ,  HC1 solution (5%), and w a t e r  again. Then it was  dr ied over  
Na2SO 4 and the e ther  was  dis t i l led off. The res idue  (210 rag), by p r epa ra t i ve  TLC (SiO 2 + gypsum),  gave 
ajanol monoaceta te  (H) (180 rag), mp 72-73°C, [a ]~  - 7 0  ° (c 0.248; n-heptane) .  IR spec t rum,  c m  -1 : 925, 
970, 1030, 1050, 1105, 1150, 1188, 1215, 1260, 1380, 1470, 1728, and 3535. 

The Hydroxy Ketone (III) .  With s t i r r ing ,  0.2 ml  of the Jones  reagent  (2.67 g of CrO 3 and 2.3 ml  of 
concent ra ted  H2SO 4 in 10 ml  of water)  was  added to a solution of 120 mg of (I) in 5 ml  of acetone at 0°C. 
Then wa te r  and ice we re  added to the reac t ion  mixture  and it was  ex t rac ted  with e ther .  The e the rea l  ex-  
t r a c t  was  washed to neutra l i ty  and dr ied over  Na2SO4, and the solvent was  dist i l led off. By p repa ra t ive  
TLC 100 mg  of (III) was  isola ted with n~  1.4810, [a ]~  + 28.4 ° (c 0.410; heptane).  Mol. wt. 238. ORD: 
[~]319 + 1250°, [a]280 -1000°  and CD: [8]302. 5 + 1000° (Fig. 2a). IR spec t rum,  cm -1 : 965, 1050, 1060, 1070, 
1135, 1197, 1210, 1270, 1390, 1465, 1703, and 3540. 

The a , f l -Unsa tura ted  Ketone (IV). A mix tu re  of 200 mg of the hydroxy ketone (III) ,  0.8 ml of pyridine,  
and 0.15 ml  of thionyl chlor ide  was  kept at 0°C for  30 min.  Then it was  poured into wa te r  containing ice 
and was  ex t rac ted  with e ther .  The ex t rac t  was  washed with wa te r ,  HC1 solution (5%7, and w a t e r  again. 
Then it was  dr ied over  Na2SO 4 and the e the r  was  dist i l led off. By p repa ra t i ve  TLC, the res idue  (130 mg) 
yielded 110 mg of (IV) with n~ 1.5005, [~]~ + 96.0 ° (c 0.270; n-heptane) .  IR spec t rum,  c m  -1 : 948, 955, 
1115, 1140, 1170, 1190, 1215, 1275, 1300, 1372, 1385, 1465, 1640, and 1696. UV spec t rum:  k m a x  248 nm 

(log a 3.68). NlVIR spee t rum (CC14): 1.63 ppm (3H; singlet,  > C = C  ,0 .93  PPM (3H; singlet,  

"CH:~ 

(Fig.  2b). 

Dehydrat ion of the Monoacetate (II) .  A mix tu re  of 150 mg of the aceta te  (II) ,  0.8 ml  of pyridine,  and 
0.13 ml  of thionyl ehlor ide  was  kept at 0°C for  30 min.  Then it was  t r ea t ed  as deser ibed  above. By p rep -  • 
a r a t i ve  TLC, the res idue  (110 mg) yielded 60 mg of a mix tu re  of (V) and (VI) (1 • 3, r e spec t ive ly ,  aeeord -  
ing to GLC and NMR) with n ~  1.4920, [al E + 2.2 ° (c 0.360; n--heptane). NMR spec t rum (CC14) : 5.30 ppm 

>C----C ; singlet) ,  4.38-4.84 ppm ( > C = CH2; multiplet) ,  1.97 ppm ( - O C O C H ~ ,  0.83 ppm C--CH3 ; 

( singlet) ,  and 0.80 and 0.88 ppm --CH ; two doublets,  J = 6.5 Hz). 
\ --CH3 

Epiajanol  (VII) .  The hydroxy ketone (III) (40 mg} was  hydrogenated in acet ic  acid (5 ml) ove r  PtO 2 
(60 mg).  After  the usual  working up, p r e p a r a t i v e  TLC on s i l ica  gel yielded epiajanol  (VII) (16 mg) with 
mp 84-85°C, [ a ]~  +18.0 ° (c 0.222; dloxane) and mol .  wt. 240. IR spec t rum"  910, 930, 1000, 1030, 1110, 
1160, 1190, 1210, 1380, 1470, 3540, 3615, and 3630. 

CONCLUSIONS 

F r o m  the neutra l  f rac t ion  of the o leores in  of P i eea  a ianens is  Fisch.  a new sesqui te rpene  diol of the 
sel inane type has  been  isola ted which we have cal led ajanol.  It has  been  es tab l i shed  that  it is se l inane-  
4 a , 6 a - d i o l .  
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