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The diterpene hydrocarbon cembrene (I) is known as a component of the oleores in  of a number  of conifers  
of the family I>inaceae Lindl. [1 '6].  Its s t ructure  was established by Dauben [7] and Kobayashi [8]. Although 
cembrene is a comparat ively  access ib le  compound, its chemical  t ransformat ions  have sca rce ly  been investi-  

g a t e d .  There is information in the l i te ra ture  on the products of the part ial  hydrolysis  [7, 9], the photolysis [10], 
the i somer iza t ion  with iodine [11], and the acid cyclization [10] of cembrene.  Great  in teres t  is presented bythe 
oxidative t ransformat ions  of cembrene  and related compounds, since they may serve  as models for biosynthetic 
t ransformat ions  of simple cembrene diterpenoids into the highly oxidized cembrene derivat ives found inrmture. 
They also form methods of approach to physiologically act ive substances and, in par t icular ,  to analogs of 
juvenile hormones .  

In the present  paper  we descr ibe  the main products formed in the oxidation of cembrene  by chromium 
trioxide under mild conditions (in aqueous acetone) and in a s trongly acid medium (oxidation by the Jones r e -  
agent). 

The oxidation of cembrene with the Jones reagent gave a very  complex mixture of compounds f rom which, 
af ter  the separat ion of substances of an acid nature and unchanged cembrene,  we isolated six oxygen-containing 
substances denoted in the order  of their  elution f rom a column of S i O  2 a s  substances A, B, C, D, E, and F. 
Their  yields were  2, 10, 5, 2, 10, and 30%, respect ively (calculated on the cembrene that had reacted).  

Substances A and B are  i somers  of the general  formula C20H32 O. Their  IR spec t ra  pract ical ly  coincide 
and contain the bands of a nonconjugated carbonyl  group (1720 cm-1) and of a t rans-disubst i tu ted double bond 
(980 cm-1), According to their  UV spect ra ,  which are  also very  s imi lar ,  these compounds contain a conjugated 
dienic or  ~-enonic  sys tem,  and in each of them the oxo group is in the fl position to a double bond, as is shown 
by the value of the molar  extinction of the absorption band of the carbonyl group [Xmax 297 nm (~ 210) and 

max 297 nm (~ 209), respect ively] .  In the NMR spec t rum of substance B (Fig. 1, the values of the chemical  
shifts a re  given for the centers  of the signals) there are  the signals of the methyls of an isopropyl group (two 
doublets at  0.74 and 0.78 ppm, J -- 7.0 and 7.0 Hz), of a secondary  methyl group (doublets at  1.01 ppm, J = 7.0 
Hz), of two methyl groups on nonconjugated double bonds (at 1.42 and 1.45 ppm), and also two groups of signals 
in the 2.6-3.3 and 4.8- 5 .6-ppm regions the analysis  of which was per formed by means of double resonance.  The 
spect ra l  information obtained enables us to propose the s t ruc ture  of cembra -2 ,7 ,11- t r i en -5 -one  (II) for sub- 
stance B. 

The NlVlI~ spec t rum of substance A was qualitatively the same as the NNI~ spec t rum of the ketone (II) and 
differed f romthe  la t ter  only in the values of the chemical  shifts of the signal and of the s p i n - s p i n  coupling con- 
stants.  In view of this, and also of the fact that when the ketone (II) was t reated with sodium ethoxide in ethanol 
tt was par t ia l ly  eonverted into substance A, it may be concluded that substance A is the e N m e r  of ketone (II) 

at  C 4. 
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Fig. 1. NMR spect rum of substance B (II) {100 MHz, in benzene). 

Substance C with [~]~+ 44 ° (c 2.0) and n~ 1.5070 proved to be identical with the norcembrane  ketone (III) 
which we obtained previously [12] by the autooxidation of i socembrene,  and also by its oxidation with potassium 
permanganate in aqueous p y r i d i n e .  The ketone (III) is apparently a product of the oxidation of the isoeembrene 
formed f rom cembrene as a resul t  of revers ib le  acid isomerizat ion.  

Substance D, according to its NMR, IR, and UV spectra,  was identical with (3E, 8E)- 5- isopropyl-  8- meth- 
yl t r ideca-  3,8- dien- 2,12- dione (IV) obtained previously by Robert  s [ 13] f rom the cleavage of c~_ duva- 4,8,13- tr ien- 
1,3-diol (cembra-2 ,7 ,11- t r ien-4 ,6-diol ) .  Roberts  assigned the cis configuration to the C 8 double bond of a -duva-  
4 ,8 ,13- t r ien- l ,3 -d io l ,  which, as Courtney [14] found, is e r roneous .  
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Substance E, having the molecular  formula  C19H3003, appeared to be an individual substance according to 
TLC on SiO 2 and SiO 2 + 5% of AgNO3, but its NMR spect rum (Fig. 2) shows that it is a mixture of two diastereo-  
i somer ic  compounds of the general  formula (V)* differing by the configuration o f  one of the two a symmet r i c  
centers  at C 7 and C 8. It is interest ing to note that the signals of the H 2 proton in the d ias te reo i somers  (V) ap- 
pear  at  different resonance frequencies in spite of the considerable remoteness  of this proton from the asym-  
metr ic  centers  at  C~ and C 8. The IR and UV spect ra  confi rm the s t ruc ture  (V)~ for these compounds [?'max 
228 nm (log e 4.22)-o~--enQne; Vmax, er~-l: 1720,2730 (CHO), 1360, 1685 (~-enone), 995 ( trans-disubst i tuted 
double bond)]. 

Substance F with [~]~ +6.05 ° (c 4.45) and n~ 1.4710 is, according to its spectra ,  identical with norsolana-  
dione (VI), the product of the autooxidation of (+)-solanone [15]. 

The oxidation of cembrene with chromium trioxide in aqueous acetone also leads to a complex mixture of 
products  f rom which we isolated the epimer ic  ketones (tI), the diketone (V), an unresolvable mixture of the 
epoxy aldehyde (V), and also two new compounds which we have called substances G and H. Theyields  and ra t ios  
of the react ion products va ry  with slight changes in the experimental  Conditions, but the main components of the 

Here and below the numbering of the atom remains  the same as in the normal  cembrene hydrocarbon skeleton. 
tThe epoxyaldehydes (V) are  also formed by the oxidation of cembrene with chromium trioxide in pyridine. 
Under these conditions the possibili ty of the occurrence  of ac id-cata lyzed rea r rangements  and isomerizat ions  
with the participation of the Ct~,Ct2 double bond is excluded. 
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mixture a re  always the ketones (II), the epoxy aldehydes (V), and substance H. Compounds (III) and (VI) were 
not detected in the react ion mixture.  

Substance G with [X]~ + 10.5 ° (c2.87) and n~ 1.5056 has the molecular  formula C20H320 and is an alde- 
hyde (Vmax: 1730 and 2720 cm-1) containing a t ransdisubst i tuted double bond (980 cm -1) and a fl-enone ~chromo- 
phore [Xmax298 nm (e 150)]. The NMR spec t rum of this substance has the signals of the methyls  of an iso- 
propyl group (two doublets at 0.72 and 0.78 ppm, J = 6.3 and 6.3 Hz), of two methyl groups on nonconjugated 
double bonds (1.47 and 1.55 ppm), of a te r t ia ry  methyl group (single at 1.17 ppm), of six olefinic protons (un- 
symmet r i ca l  multiplet in the 4.65-5.40 ppm region), and of the proton of an aldehyde group attached to a 
quaternary  carbon atom (single at 9.25 ppm). The spectra l  information obtained permits s t ruc ture  (VII)witha 
contracted cembrene  ring to be put forward for substance G. The signal of one of the C 6 protons (H6a) in the 
NMR spec t rum of substance G i s i n  a weaker field {doublet of doublets at 2.60 ppm, J~a, 7 = 11.0 Hz, Jsa, 6b =14.0 
Hz) than the signals of the other atlyl protons.  On doublet resonance with the superimposi t ion of a second radio 
frequency field at 5.10 ppm (the region of the resonance of the H 7 proton), this signal is converted into a doublet 
with Jsa, 6b = 14.0 Hz, which is an additional cOnfirmation of the co r rec tness  Of s t ruc ture  (VII). 
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Substance H with [ ~ ] ~ -  8.35 ° (c 5.40) and n~ 1.5000 has the molecular  formula C~0H3203. According to its 
IR spectrum,  it contains a t e r t i a ry  hydroxy group {3615 cm-1), an aldehyde group (2730 cm-1), a conjugated ca r -  
bonyl group (1675 cm-1), and a t rans-disubst i tu ted double bond (980 cm-1). The UV spec t rum [ lmax 223 nm 
(log ~ 4.14)] shows the existence of conjugation. It follows f rom these facts and f rom the NMR spec t rum (Fig. 
3, the values of the chemical  shifts a re  given for the centers  of the signals) that substance H possesses  the 
s t ruc ture  {VIII), containing two t rans-disubst i tuted double bonds. The identification of the proton multiplets in 
the 5.8-7.0 ppm region {Fig. 3) was per formed by recording the NMR spec t rum on an ins t rument  with a working 
frequency of 60 MHz, and the ass ignment  of the one-proton doublet of doublets with its center  at  6.2 ppm to H 6 
was confirmed by double resonance with the suppression of the signal of the aldehyde proton at 9.56 ppm. 

The formation of all the compounds obtained can be explained within the f ramework  of existing ideas on 
the oxidation of olefins by chromium trioxide [16, 17]. In a s trongly acid medium (oxidation with the Jones r~- 
agent), the react ion takes place at all the tr isubsti tuted double bonds of cembrene,  and in a weakly acid medium 
the p rocess  is r eg iospec i f i c -  the Cli-C12 double bond is not affected. 

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

The molecular  formulas  of all the compounds obtained were determined m a s s - s p e c t r o m e t r i c a l l y  on an 
MS 902 instrument;  the IR spec t ra  were  recorded  on a UR-20 spec t romete r  using solutions in carbon te t ra-  
chloride;  the UV spec t ra  (for solutions in ethanol) were obtained on a "Specord UV-VIS" spec t romete r ;  andthe 
NMR spec t ra  on Varian HA-100 and Varian A-56-60 A instruments  (using solutions in carbon te t rachlor ide  with 
HMDS as internal standard,  6 scale). T h e  angles of optical rotation were de te rmined  on a Zeiss po la r imeter  for  
solutions in chloroform.  Chromatography was per formed with a i r - d r y  si l ica gel using mixtures  of pet roleum 
ether  with increas ing proport ions of diethyl ether  as the eluents. 

Oxidation of Cembrene by the Jones Reagent. Cembrene (5 g) was dissolved in 70 ml of acetone, 7 ml of 
water  were added, the solution was cooled to  0°C, and 20 ml of the Jones reagent  were added slowly, dropwise. 
After  being s t i r r ed  for 30 rain at 0°C, the react ion mixture was poured into 200 ml of a saturated aqueous solu- 
tion of sodium chloride cooled to 0°C and was rapidly extracted with diethyl ether.  The e thereal  ext rac t  was 
washed with 5% aqueous sodium bicarbonate and dried with sodium sulfate, and the solvent was distil led off 
f rom it. The product  (3 g) was chromatographed on 60 g of SiO 2. Pe t ro leum ether  eluted 1.5 g of unchanged 
cembrene and then the f i r s t  epimer ic  ketone (II) (substance A) {0.07 g), [~]~+ 253.8 ° (c 1.3) and n~ 1.5055. NMR 
spect rum,  ppm: 0.74 and 0.78, 3 H each, doublets, J = 6.7 and 6.7 Hz- methyls of an isopropyl  group; 1.10 
ppm, 3 H, doublet, J = 6.5 H z - C 4 - C H 3 ;  1.45 and 1.60, 3 H each, Cs"CH 3 and C12-CH3; 3.39 ppm, 1 H, doublet 
of doublets, J = 10.5 and 12.5 Hz, H6a; 3.12 and 2.78 ppm, 1 H  each, multiplets broadened because of tong-range 
s p i n - s p i n  coupling, H 4 and H6b; 4.59 and 5.00 ppm, broad mul t ip l e t s -Hl l  and HT; ~ 4.88 ppm, 1 H, doublet of 
doublets, H2, J1,2 = 8.0 Hz, J2,3 = 15.5 I-Iz, J2,4=2.0Hz; and 5 .43ppm,1 H, doublet ofdoublets ,  H3, J3,2=15.5 Hz, 

J3,4 = 4.5 Hz. 
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F ig .  3. NMR s p e c t r u m  of s u b s t a n c e  H (VIII} (100 MHz). 

F u r t h e r  e lu t ion  y ie lded  0.35 g of subs t anc e  B ( ep imer  II) with [ a ] ~ +  169.6 ° (c6.0) and n2~1.5080;  0.18 g 
of the ketone (III); 0.07 g of the diketone (IV) with n2~1.4850; 0.35 g of a m i x t u r e  of the epoxy oxo aldehyde (V) 
( co lo r l e s s  v i scous  oi l ) ;  and 1.15 g of n o r s o l a n a d i o n e  (VI). 

Oxidat ion of C e m b r e n e  with C h r o m i u m  Tr iox ide  in  Aqueous  Acetone.  A so lu t ion  of 2.4 g of c h r o m i u m  t r i -  
oxide in  7 ml  of wa t e r  was  added to a so lu t ion  of 5 g of e e m b r e n e  in 70 ml  of ace tone  cooled to 0°C. The v igor -  
ous ly  s t i r r e d  m i x t u r e  was heated to room t e m p e r a t u r e  and was then left  for 18 h. Af te r  the s a m e  work ing  up as  
in  the p r eced ing  case ,  4.6 g of a p roduc t  we re  obta ined  which was c h r o m a t o g r a p h e d  on 70 g of SiO 2. The follow- 
ing  s u b s t a n c e s  w e r e  e lu ted  s u c c e s s i v e l y :  1.4 g of c e m b r e n e ,  0.1 g of the a ldehyde (VII), 0.5 g of a m i x t u r e  of the 
e p i m e r i c  ke tones  (II) with a p r e d o m i n a n c e  of the  m o r e  p o l a r  e p i m e r  ( subs tance  B), 0.25 g of a m i x t u r e  of un iden -  
t i ffed s u b s t a n c e s ,  0.07 g of the diketone (IV), 0.5 g of a m i x t u r e  of the epoxy oxo a ldehydes  (V), 0.6 g of a com-  
plex  m i x t u r e  of un iden t i f i ed  s u b s t a n c e s ,  and 0.8 g of the hydroxy oxo a ldehyde (VIII) .  
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S U M M A R Y  

1. The oxidation of c e m b r e n e  with ch romium tr ioxide in aqueous sulfur ic  acid (the Jones  reagent)  and in 
aqueous acetone has given n o r c e m b r a -  2,7,11- t r ien-  4- one, norsolanadione,  ( 3E, 8E)-5- i sopropyl -  8- me thy l t r i -  
deca-3 ,8 -d iene-2 ,12-d ione ,  and five new compounds the s t r u c t u r e s  of which have been es tab l i shed  on the bas i s  
of the i r  spec t ra .  

2. Oxidation with ch romium tr ioxide in aqueous acetone,  in con t ras t  to oxidation with the Jones  reagent ,  
takes  place s t e r e o s p e c i f i c a l l y - t h e  Cll-C12 double bond of cembrene  is not affected.  
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We a r e  studying for  the f i r s t  t ime  the alkaloids of the epigeal  pa r t  of the plant Haplophyllum p e r f o r a t u m  
growing in the Dzhungarian Ala -Tau ,  Kazakh SSR. The  plant,  col lected in the f lowering per iod,  was ex t rac ted  
with methanol .  The methanol ic  ex t r ac t  was sepa ra ted  into acid, neutra l ,  and bas ic  f rac t ions .  F r o m  the bas ic  
f ract ion,  compr i s ing  0.32% of the weight of the dry  plant,  we obtained evoxine (I) [1], and the new alkaloids 
g lycoper ine  (II) [2], and methylevoxine (III) [3],  and f r o m  a neutra l  f rac t ion  the lignane eudesmin,  the known 

: :alkaloids f l inders ine  (IV)[4] and 7 - i sopen teny loxy-T- fagar ine  (V) [5], and a new b a s e - h a p l a m i n e  (VI) [6], which 
proved  to be the  main  component  {0.143% of the dry weight of the plant) of the mix tu re  of ba se s .  No alkaloids  

w e r e  found in the  acid f ract ion.  The total  amount  of bases  obtained was 0.48% of the weight of the dry  plant,  and 
of these  1/3 was r e p r e s e n t e d  by the alkaloids isola ted f r o m  the neut ra l  f rac t ion  of the ex t rac t .  Thus,  the com-  
bined alkaloids of this plant  can be evaluated both qual i ta t ively and quanti tat ively only a f t e r  s epa ra t ion  of the 
bas ic  and the n e u t r a l  f rac t ions  of the ex t rac t .  

Of the subs tances  isolated,  only evoxine and the lignane eudesmin had been obtained f r o m  this plant  p r e -  
viously [7, 8]. F u r t h e r m o r e ,  we did not detect  sk immianine ,  which is p r e s e n t  in the plant H. p e r f o r a t u m  
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