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Diterpenoids of the kaurene group have been found in many natural sources [1]. They are of interest  
mainly as biogenetic p recursors  of the gibberellins. Our previous results [2] have shown that mass spec- 
t romet ry  may prove to be a promising method for analyzing the structure of kaurene derivatives. The 
following compounds have been studied: 

I. CH 3 H 2 

|i. CO~H H 2 

IlL CO~CH~ H 2 ~i h: 

IV', GO2CH 3 H,~-OH . ~ , . ~  

V. COtCH 3 H,d.-OH 

Vl. C02CH s 0 

co~c~ ~q~ 

We have obtained the mass spectra of compounds (II)-(VI) for the f i rs t  time. 

The mass spectrum of (-)-kaurene (I) (Fig. 1) is character ized by the presence of intense peaks of 
the molecular ion and of fragments formed by the ejection of 15, 43, and 59 mu (m/e 257, 229, and 213). 
In the mass spectrum of (Ia), analogous peaks are found at m/e  259, 229, and 213. Consequently, in the 
case of the M-43  and M - 59  ions, C1y , Ct6 , and, probably, Ci5 are  lost, and the elimination must take place 
in complex fashion with the migration of several  hydrogen atoms. Therefore,  it is to be expected that the 
presence of other functional groups in the molecule may substantially affect the intensities of the peaks of 
the (M-43) and (M-59) fragments. 
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Fig. 1. Mass spectrum of (-)-kaurene. 
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Mass  spec t rum of ( - ) - k a u r e n - 4 a - o i e  acid. 
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Fig. 3. Mass  spec t rum of the methyl  e s t e r  of ( - ) -  
k a u r e n - 4 a - o i c  acid. 

When one of the geminal  methyl  groups  was rep laced  by a ca rboxy  group (II) or  a methoxycarbonyl  
group (1"~), new peaks  connected with the el iminat ion of the subst i tuent  appeared  in the m a s s  spec tman 
(Figs.  2 and 3). The mos t  impor tan t  rou tes  of f ragmenta t ion  of these  compounds and the poss ib le  compo-  
sition of the ions a r e  shown in Scheme 1 for  kaurenoic  acid (1-I). 

I AI m/e 123 ,4= role t21 I 

i" I "~1H*HD 

m/e 241 S~ m/e ~48 S~m]s 10,~ m/e 87 

Scheme I 

As can be seen,  the spli t t ing out of 43 and 59 mu fo rms  s t rong peaks  with m / e  259 and 243. 

Cleavage of the Cs-C10, C5-C6, and C 6 - C  7 bonds with localizat ion of the charge  in the region of r ing 
A or C leads to the appearance  in the m a s s  spec t rum of a number  of peaks  in the range  of medium m a s s  
numbers :  m / e  109, 121, 123, and 148. The appearance  of the cor responding  f ragments  is  apparent ly  
caused  by the local izat ion of the charge  on the qua te rnary  carbon a toms  Ci0 and C 4 and in the region of the 
double bond. Thus,  the format ion of f r agments  A 1 and B 2 may  be connected with the eject ion of the sub-  
st i tuent at C 4 as the resu l t  of the s imple  c leavage of the C4-Ct9 bond, so that  the posi t ive  charge  is  s t a -  
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Mass  s p e c t r u m  of the methyl  e s t e r  of 7fl-hy- 
d r o x y - ( - ) - k a u r e n - 4  a -  oic acid. 
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Fig. 5. Mass  s pe c t rum of the methyl  e s t e r  of 7 a - h y -  
d r o x y - ( - ) - k a u r e n - 4 a -  oic acid. 

bil ized by a double bond and the appearance  of B 1 by the ionization of the C 1 6 - C ~ 7  double bond with sub-  
sequent c leavages  of the aUyl bonds. All these  peaks  a r e  also p re sen t  in the m a s s  spec t r a  of the kau ran -  
16-ols  [3], where  the i r  appearance  f r o m  a pa r t i cu l a r  pa r t  of the molecule  was conf i rmed  by the spec t r a  of 
the deutero  analogs.  

Analogs of the f r agmen t  with m / e  87 [shifted to m / e  101 in the spec t r a  of (]:II)-(VI)], which a r e  a lso  
p r e s e n t  in the s p e c t r u m  of 16c~-hydroxy-(-) -kaurenoic  acid, a re  absent  f r o m  the spec t r a  of the c o r r e -  
sponding aldehyde and alcohol [3]. The fo rmat ion  of this  f ragment ,  i t  appea r s ,  i s  best  r ega rded  as taking 
p lace  f r o m  M +, in which the ca rboxy  group is  pro tonated  by the hydrogen at C~ or  Ct, which is  avai lable  
for  migra t ion  [4]. Apar t  f r o m  routes  1 and 2 (see  Scheme 1), the fur ther  convers ion  of such a M + may  
cons i s t  in the back-migra t ion  of one of the hydrogen a toms .  In actual  fact, in the m a s s  spec t rum of the OD 
analog of the acid the peaks  with m / e  247 (M-HCO2D) , 241 ( M - C H s - H C O I D )  , 213 (M-CsHT-HCO2D) , 269 
( M - C H 3 - H D O )  , and 88 a re  pa r t i a l l y  shifted to m / e  248, 242, 214, and 87, r espec t ive ly .  A s i m i l a r  ex-  
change of hydrogen between the ca rboxy  group and the hydrocarbon skeleton has been obse rved  for  ca rbox-  
yHc acids of the adamantane  s e r i e s  [5]. 

The m a s s  s pec t r a  of e s t e r s  of the ep imer i c  7-hydroxykaurenoie  acids (IV) and (V) (Figs.  4 and 5) 
a r e  s i m i l a r  to those of the unsubst i tuted acid and es t e r .  The d i f ferences  a re  due main ly  to the p re sence  
of a s e r i e s  of peaks  in the spec t r a  of the hydroxy e s t e r s  (IV) and (V) due to the spli t t ing out of H20. 

m/e 332 ( M + ) ~ - +  m/e 314 5~9-+ role 255; 
60 t5 

m/e 234 +- mie 314 _0_+ role 254---* mie 239. 

In this case ,  the split t ing out of 43 and 15 mu i s  of secondary  impor tance .  

The re  a r e  cons iderable  d i f fe rences  in the in tens i t ies  of the dehydration peaks  for  the e p i m e r s  (ease 
of dehydrat ion),  

i (s',4) + J:~i L [ (M) + = 

which p rove  to have a cons iderab le  influence on other  routes  of f ragmenta t ion  also.  Thus,  the peak with 
mite 164 [B 1 in (rr)], containing a hydroxy group (shif ted to m / e  165 in the m a s s  spec t rum of the OD analog) 
i s  f a r  s t ronge r  in the m a s s  s pec t rum  of the ~ ep imer ,  while the opposite appl ies  to the m / e  146 peak. 
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Mass spec t rum of the methyl  e s t e r  of 7-keto-  
( - ) - k au ren -4 e -o i c  acid. 
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The format ion of a f ragment  with m / e  149 in the (~ ep imer  (m/e  150 in the OD analog) may  be explained by 
a - c l eavage  with the localization of the charge on the hydroxy oxygen. 

02CH s 

role f4 9 
Scheme 2 

This route of fragmentat ion becomes dominating in the methyl e s t e r  of 7-ketokaurenoic acid (VI). 
The 1V[ + peak and that of the cha rac te r i s t i c  f ragment  with m / e  147 [m/e  147 in (Via)] a re  the maximum 
peaks in the spec t rum (Fig. 6). 

The splitting out of a methoxycarbonyl  group with the success ive  or  simultaneous elimination of 32 
and 28 mu also leads to a s trong peak with m / e  270 while, as follows f rom the mass  spec t rum of (via), the 
total contribution of the e -hydrogens  to the r ea r r angemen t  amounts to about 38%. The splitting out of 43 
mu, which is cha rac te r i s t i c  for  the e s t e r  of the unsubstituted acid (HI) and, to a smal le r  extent, for  the 
7-hydroxy e s t e r s  (IV) and (V), is  not observed  in this case.  

Thus, the mass  spec t ra  of the 7-subst i tuted methyl  e s t e r s  iV) and (VI) a re  cha rac t e r i zed  by the 
p resence  of f ragments  resul t ing f rom ce-cleavage with m / e  149 iV) and 147 (Vi), which may be useful for  
determining the posit ions of substi tuents in i somers .  The s te reochemica l  di f ferences  a re  sufficient for  
the identification of the ep imers  (IV) and iV) f rom the i r  mass  spectra .  

EXPERIMENTAL 

The mass  spec t ra  were  taken on a s tandard MKh-1303 ins t rument  fitted with a complete ly  metal l ic  
sys tem for  introducing the sample d i rec t ly  into the ion source  at an energy of the ionizing e lec t rons  of 
45 eV. 

( - ) -Kaurene  (I) was obtained f rom the cul ture liquid of F. moni l i forme,  mp 49.5-50.5°C, [ e ]D-78  °. 
The oxidation of (I) with a mixture  of OsO 4 and NaIO 4 in 90% aqueous dimethylformamide (20°C, 4 h) gave 
16-oxo-17-nor - ( - ) -kaurene  with mp 116-119°C. The la t te r  was conver ted  by a method s imi la r  to that de-  
scr ibed  previous ly  into 17-D2-kaurene (Ia) by the Wittig react ion with CD31919h 3. 

( - ) - Ka u ren -4e -o i c  acid (II) and i ts  methyl  e s t e r  (TIT) were  kindly given to us by 19rof. 19. R. Jef fer ies  
(Australia).  

The methyl  e s t e r  of 7-oxo-( - ) -kaurenoic  acid (VI) with mp 111-114°C was p repa red  by the hydro-  
genolysis of 7fl-hydroxykaurenolide by a known method; the epimer ic  hydroxy e s t e r s  (IV) and (V) were  i so -  
lated as minor  components in the chromatographic  purif ication of iV'I). 

The 6-D2-analog of iVI) (Via), with mp 109-112°C was obtained by boiling (VI) in a mixture  of DzO 
and absolute dioxane (15 : 85) in the p resence  of t r a ce s  of NaOD. 
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SUMMARY 

For subsequent analytical use of the laws of fragmentation, the mass spectra of (-)-kaurene (I) and 
its derivatives (H)-(VI) have been studied. 
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