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As is  well known, a s e r i e s  of bicyclic  di terpenoids of the labdane group with a conjugated sys tem of 
double bonds in the side chain, such as the bi formenes  [1] anti communic acids [2, 3], is  p resen t  in some 
plants which produce them in the fo rm of mix tures  of three i somer s ;  i .e. ,  thedehydrat ion of thei r  biogenetic 
p r e c u r s o r s  (manool o r  i ts  allyl i somer ,  or  t h o r  oxidized forms) in vivo takes place in these plants nonse-  
lect ively (the i s o m e r s  with A 11'13 ethylerdc bonds are  ar te fac ts  formed in the p roces s  of isolat ion [2, 4]). 
However,  since there  is  still l i t t le factual information,  it is  unknown whether  the dehydration of these  p r e -  
c u r s o r s  in vivo always gives mix tures  of all three  possible dienic products  and, if  they a re  obtained, in 
what rat io.  Consequently, the study of the i somer i c  composition of the labdane di terpenoids with conjugated 
double bonds in the side chains isolated f rom plant mate r ia l s  is  of biogenetic and, possibly,  taxonomic 
in te res t .  

Compounds of this type, widelydis tr ibuted in the f i r  (Abies) genus the i somer i c  composition of which 
has not been studied, a r e the  abienols [5]. Four  abienols have been descr ibed  in the l i t e ra ture :  Al2-cis-  (I) 
[6, 7], A12-trans - (II) [8-10], i so -  (III) [10, 11], and A13-cis-neo- (IV) [4, 8] -abienols .  We have also syn- 
thesized A13-trans-neoabienol (V). These compounds a re  charac te r i zed  by a high lability and s imi la r  p ro -  
per t i es ,  in consequence of which the i r  isolat ion f rom natural  sources ,  separat ion,  and identification a re  
associated with g rea t  difficult ies.  

In o r d e r  to find a convenient and rapid method of identifying the abienols (I)-(V) we undertook a com-  
para t ive  study of the i r  mass  spec t ra .  

The previously undescribed Al3-trans-neoabienol  (V) was synthesized by the i somer iza t ion  of c i s -  
neoabienol (IV) with dimethyl  sulfoxide on heating. The s t ruc tu re  and s t e r eochemis t ry  of the substance 
(apart  f rom the configuration of the A 13 double bond) follow from the s imi la r i ty  of i ts  IR, mass ,  and NMR 
spect ra  to the corresponding spec t ra  of A13-cis-neoabienol (IV) and f rom chemical  t ransformat ions .  The 
hydrogenation of compound (V) gave te trahydroabienol  (VI), and i ts  autooxidation with a i r  led to the known 
a, E-unsaturated hydroxy ketone (VII), which is  also formed by the autooxidation of A13-cis-neoabienol (IV) 
[12 ]. The s t e reochemis t ry  of compounds (IV) and (V) with respec t  to the A 13 double bond follows f rom their  
NMR spect ra .  Cardenas [13] has shown that the resonance signal of the proton at Ci3 in 1-a lkyl-  and 
1,2-dialkylbutadiene der ivat ives  shifts downfleld by 20-40 Hz on passing f rom the t rans  to the cis 
i somers .  In the diterpenoids (IV) and (V)~ the protons at C12 resonate  in the fo rm of doublets with 
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F ig .  1. M a s s  s p e c t r a  of  c i s - a b i e n o l  (I) (a), t r a n s - a b i e n o l  
(II) (b), i s o - a b i e n o l  (HI) (c), A i S - c i s - n e o a b i e n o l  (IV) (d), 
and A l 3 - t r a n s - n e o a b i e n o l  (V) (e)o 
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C12 resona te  in the fo rm of doublets with cen te r s  at 6.40 and 6.02 ppm, respec t ive ly ,  i .e .Lneabieuol  (IV) 
has  the c is  configuration and i t s  i s o m e r  (V)~ the t rans  configuration~ with r e spec t  to the A13 double bond. 

We did not se t  ou r se lves  the task of a detailed invest igat ion of the decomposi t ion of the abienols under  
the action of e lec t ron  impac t ,  s ince the m a s s - s p e c t r o m e t r i c  f ragmenta t ion  of labdane di terpenoids  has  been 
d iscussed  fa i r ly  fully by Enzell  and Ryhage [14], but l imited ou r se lves  to a compara t ive  study of the m a s s  
spec t ra  of the abienols (I)-(V). Here  we give only the poss ib le  f ragmenta t ion  pathways leading to the f o r m a -  
tion of the cha rac t e r i s t i c  f r a g m e n t a r y  ions that enable these compounds to be dist inguished f rom one another .  

As can be seen f rom Fig. 1, in the m a s s  spec t r a  of the s t ruc tu ra l ly  i s o m e r i c  abienols there  a r e  c h a r -  
ac te r i s t i c  peaks  by means  of which they can be identified unambiguously.  Thus,  in the spec t ra  of c i s -  and 
t r ans -ab i eno l s  (I) and (II) the in tense  peak with m / e  134, in the spec t r a  of isoabienol  (III) the in tense  peak 
with m / e  191, and in the spec t r a  of c i s -  and t rans -neoab ieno ls  (IV) and (V) the two intense peaks  with m / e  
195 and 177 can be regarded  as cha r ac t e r i s t i c .  So fa r  as concerns  the spec t r a  of the s t e r o i s o m e r i c  c i s -  
and t r ans -ab ieno l s  (I) and (II), and also the c i s -  and t rans -neoab ieno ls  (IV) and (V), they di f fer  only by the 
in tensi ty  of  a n u m b e r  of peaks ,  and this d i f ference  is  re ta ined with a d e c r e a s e  in the ionizing voltage.  

S C H E M E  1 
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R, m/e 134 c rn/e lg l  D~ rn/e 191 F, rn/e 148 

The resu l t s  of a compar i son  of the m a s s  spec t r a  of the abienols (I)-(V) has shown that the s t ruc tu re  
of the side chain affects  the s tabi l i ty  of the mo lecu l a r  ion. In the m a s s  spec t r a  of the c i s"  and t r a n s - a b i e n -  
ols  (I) and (II), as  in o the r  labdane compounds with an equatorial  hydroxy group at  C 8, the peaks  of the mole -  
cular  ions have a low intensi ty ,  and the f ragmenta t ion  p r o c e s s  may  be cons idered  to s t a r t  f rom the dehydra t -  
ed ions A and B [14] (Scheme 1). In the region of high m a s s  number s ,  the m a s s  spec t r a  of these abienols 
a re  p rac t i ca l ly  identical:  decomposi t ion takes  p lace  mainly  with the succes s ive  ejection of a w a t e r  mo le -  
cule and the side chain and leads  to the f r a g m e n t a r y  ions C and D ( m / e  191). The i r  subsequent  f r a g m e n -  
tat ion gives ions with m/e  137, 123, 109, e tc . ,  that a re  cha r ac t e r i s t i c  for  labdane interpenoids  [14]. However,  
the m a s s  spec t r a  of the c i s -  and t r ans -ab ieno l s  (I) and (iI) d i f fe r  with r e s p e c t  to the in tens i t ies  of the 
peaks  of the ions with m / e  272 (A and B), 191 (C and D), 148 (F), and 134 (E). The ion E i s  formed f rom 
the ion A with a semtcyc l ic  double bond as the resu l t  of the c leavage of the C 6 - C  7 and Cg-C10 bonds and 
the local izat ion of the charge  on the aliphatic f ragment ,  and the ion F i s  fo rmed  f rom the ion B with a t r i -  
substi tuted double bond which decomposes  main ly  in the manner  of a r e t r o - D i e l s - A l d e r  react ion  [14] (see 
Scheme 1). 

The m a s s  spec t r a  of the c i s -  and t rans -neoab ieno l s  (IV) and (V) d i f f e r  in the in tens i t ies  of the peaks  
corresponding to the ions G with m / e  195 and H with m / e  177, the connection between which is  conf i rmed 
by the p r e sence  of a metas tab le  ion with m / e  160.5. In the spec t rum of t rans -neoabienol  (V), the peak with 
m / e  177 i s  the max imum peak, and in the spec t rum of c is -neoabienol  (IV) i t  amounts  to ~ 60% of the max i -  
mum peak (m/e  43). The peak with m / e  195 is  a lso  approx imate ly  twice as s t rong in the spec t r a  of t r a n s -  
neoabienol (V). In con t r a s t  to the o ther  abienols ,  in the spec t rum of each of the two neoabienols  there  is  a 
peak with m / e  195 and a cons iderab ly  l e s s  in tense  peak of the m o l e c u l a r  ion with m / e  290. Thus,  the p r e s -  
ence of a Ali double bond s tab i l izes  the mo lecu l a r  ion and is  respons ib le  fo r  the f ragmenta t ion  pathway 
shown in Scheme 2. 
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The cons iderab ly  g r e a t e r  in tens i ty  of the peak with m / e  195 in the spec t rum of t rans-neoabienol  (V) 
as compa red  with that  of c i s -neoabienol  (IV) i s  apparent ly  due to the g r e a t e r  ease  of migra t ion  of a hydro -  
gen a tom f r o m  the side chain ( f rom Cl2) into the bicycl ic  pa r t  of the molecule  (to C 8) in t rans -neoabienol  
(v). 

In the m a s s  s pec t rum  of i soabienol  (III), the in tens i ty  of  the mo lecu l a r  ion amounts  to ~ 1.5%, Le. ,  it 
i s  g r e a t e r  than in c i s -  and t r ans -ab i eno l s  (I) and (II) but s m a l l e r  than in c i s -  and t r ans -neoab ieno l s  (IV) 
and (V). The m a x i m u m  peak in i t s  spec t rum is  that  with m / e  191, which is  also p re sen t  (but i s  not the 
m a x i m u m  peak) in the spec t rum of the c i s -  and t r ans - ab i eno l s  (I) and (II) and co r r e sponds  to the f r a g m e n -  
t a r y  ions C and D (see Scheme 1). In the m a s s  spec t rum of isoabienol  there  a r e  a lso  in tense  peaks  of the 
ions I with m / e  192 and J with m / e  177 fo rmed  as the resu l t  of the McLaf fe r ty  r e a r r a n g e m e n t  of the de-  
hydra ted  ion M - 1 8  and the subsequent  spli t t ing out of a methyl  group (Scheme 3). However ,  an a l te rna t ive  
scheme  of f ragmenta t ion  may  also  be postulated if  the split t ing out of w a t e r  takes  place  with the capture  
of a hydrogen a tom f r o m  the side chain. 
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The di f ferent  f ea tu re s  in the m a s s  spec t r a  of the abienols (I)-(V) mentioned above enable  them to be 
identif ied and give grounds  fo r  a s suming  that a combinat ion of GLC and m a s s  s p e c t r o m e t r y  m a y  se rve  as 
a rapid and re l i ab le  method fo r  the i r  de te rmina t ion  in plant m a t e r i a l .  

EXPERIMENTAL 

The m a s s  s pec t r a  were  obtained on an MKh-1303 i n s t rumen t  fitted with a g lass  s y s t e m  for  the d i rec t  
int roduct ion of the sample  into the ion sou rce  at a t empe ra tu r e  of the e v a p o r a t o r  of 60-125°C and of the 
ionizat ion c h a m b e r  of 150°C, and anioniz ing vol tage of 70 V (for s t e r e o i s o m e r i c  compounds,  also 50 and 30 
V). The NMR s p e c t r a  we re  r eco rded  on a Var ian  60 in s t rumen t  in carbon t e t rach lo r ide  (with hexamethy l -  
d is i loxane as in terna l  s tandard) .  The hydra te  of c i s -ab ieno l  (I) and c i s -neoabienol  (IV) were  i so la ted  f r o m  
dry  Canada b a l s a m  by chromatographing  the neut ra l  f rac t ion  on a column of s i l ica  gel impregna ted  with 
s i l ve r  n i t ra te ,  and the t r an s -  and i so -ab i eno l s  (II) and (HI) we re  obtained by the el iminat ion of acet ic  acid 
from_ the 13-mono___acetate of sc !a reo l  by heating i t  with dimethyl  sulfoxide [15]. The constants  of the ab ien-  
ols (I)-(IV) c o r r e s p o n d e d t o  those given in the l i t e r a t u r e .  

13 p r e p a r a t i o n  of A13-trans-Neoabienol  (V). A solution of 1 g of A -c i s -neoab ieno l  (IV) in 4 g of d imeth-  
y l  sulfoxide was heated fu a sea led  tube at 124-126°C fo r  2 h. The solution was cooled, diluted with e ther ,  
washed with wa te r ,  and dr ied  with sodium sulfate,  and the e the r  was evapora ted  off under  reduced p r e s s u r e  
in a c u r r e n t  of n i t rogen without heating.  The res idue  (0.8 g) was ch romatographed  on a column containing 
24 g of s i l ica  gel ( impregnated with s i l v e r  ni t rate)  which was washed with a mix tu re  of benzene and light 
p e t r o l e u m  e the r  (78:22).  This  gave  90.4 mg of (IV), 196 mg of a mix tu re  of the neoabienols  (IV) and(V) 
and 88.8 mg of Al3- t rans-neoabienol  (V), mp 87-88°C (f rom acetoni t r i le) ,  [cl]~ + 10.7 ° (c 5; CHCI3); k ethanol 
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236.5 nm (log £ 4.37), mol. wt. 290 (mass spectrometry). The results of the elementary analysis of this 
compound corresponded to the calculated figures (empirical formula C20H340). IR spectrum (in CC14), cm-l: 
970 (trans-disubstituted double bond), 830, 1680 (trisubstituted double bond), 1925, 1645 (conjugated double 
bonds), 1130, 3590 (OH). NMR spectrum (5~ ppm); singlets at 0+75, 0.82, 0.84 (C 4 and C10-CH3), 1.68 (C13- 
CH3), and 2.10 (proton of an OH group), doublet with its center at 1.63 (C14-CH~), J = 7 Hz), one-proton quar- 
tet with its center at 5.34 (Clt-H~J H ~ Hil = 10 Hz; JI-ill, H12 = 15 Hz) upon which is superposed the reso-  
nance signalofthe proton at C14 with i~s cen~r  at 5.41, and a one-proton doublet with its center at 6.02 
(Ct2-H , J = 15 Hz). 

Hydrogenation of Al3-trans-Neoahienol (V). Compound (V) (5 rag) was hydrogenated to complete satur- 
ation over the Pt from 5 mg of Pro 2 in 2 ml of methanol. According to TLC, the product was identical with 
a sample of tetrahydroabienol (VI). 

Oxidation of A13-trans-Neoabienol (V) with Air. A solution of 25 mg of A13-trans-neoabienol (V) in 
0.5 ml of acetonitrile was kept in the refrigerator for one month and at 20-23°C for three weeks. The prod- 
uct which consisted of theinitial compound and a more polar substance was separated by preparative TLC 
on silica gel [solvent benzene-hexane (3 : 1) ]. This yielded 6.8 mg of the initial At3-trans-neoabienol and 
5.1 mg of the hydroxy ketone (VII) with mp 120-122°C (from ether). This material gave no depression of the 
melting point in admixture with an authentic sample of the hydroxy ketone (VII) having mp 121-123°C. Their 
IR spectra  taken in KBr tablets+ and their chromatographic properties were identical. 

C O N C L U S I O N S  

1. The synthesis of the previously undescribed At3-trans-neoabienol has been performed. 

2. A comparative mass-spectrometric investigation of five isomeric and stereoisomeric abienols 
has been performed. 

3. It has been shown that all five abienols can be identified from their mass spectra. 
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