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T h e  E l e c t r o n - I n d u c e d  D i s s o c i a t i o n  
of  s o m e  M o n o t e r p e n o i d s  

The  s tudies  p rev ious ly  r epo r t ed  u p o n  ce r t a in  s te ro ids  
a n d  t r i t e rpeno ids  h a v e  now been  e x t e n d e d  to  some mono-  
t e rpeno ids  and  the i r  der iva t ives .  

These e x p e r i m e n t s  were  genera l ly  c o n d u c t e d  wi th  an 
e lec t ron b e a m  energy  of some 12-15 e lec t ron  vol ts ,  a 
p rac t ice  p rev ious ly  descr ibed  ~ wh ich  has  t he  effect  of 
s impl i fy ing  the  m ass - spec t rum.  Compar i son  w i t h  m a n y  
of t he  pub l i shed  mass - spec t r a  ~ wh ich  have  been  ob t a ined  
unde r  more  usual  cond i t ions  show l i t t le  a l t e ra t ion  in  t he  
m a i n  fea tures  of t h e  ' c r a c k i n g - p a t t e r n '  and  a l though  re- 
la t ive  in tens i t ies  of t he  f r a g m e n t  ions w i th in  a s p e c t r u m  
m a y  change  s o m e w h a t  w i t h  t h e  e lec t ron  b e a m  energy  t h e  
o rde r  of in tens i t i es  is unaf fec ted .  

The resul ts  are  s h o w n  in t he  following Table.  

A compar i son  of t he  f r a g m e n t a t i o n  p a t t e r n s  of t he  hyd ro -  
ca rbons  shows t h a t  t he  p robab i l i t y  of e l imina t ion  of a 
m e t h y l  g roup  is re la ted  to  t h e  molecu la r  s t ruc tu re  and  
d iminishes  a long the  series A s carene,  c amphene ,  ~- and  
7-fenchene,  t r icyclene,  cyc lofenchene ,  to  m-pinene a n d  
d ipen tene ,  and  c a m p h a n e .  This  effect  is in a g r e e m e n t  
w i t h  t h e  obse rva t ions  p rev ious ly  discussed 1 t h a t  (a) t he  
p resence  of g e m - d i m e t h y l  groups  a n d  (b) t h e  m e t h y l  g roup  
be ing  allylic to  a double  b o n d  are two  cond i t ions  wh ich  
faci l i ta te  g roup  e l iminat ion.  W h e n  b o t h  occur  toge ther ,  
as in  c a m p h e n e ,  t h e  e l imina t ion  is v e r y  m u c h  more  
m a r k e d  t h a n  w h e n  on ly  one  is p resen t .  In t he  absence  
of  bo th ,  t h e  loss of  t h e  m e t h y l  g roup  is no t  v e r y  marked ,  
t h e  excep t iona l  case be ing  z] 3 carene.  I n  th i s  c o m p o u n d  
t h e  p a r e n t  molecu la r  ion is smal l  u n d e r  t h e  p r e s e n t  ex-  
p e r i m e n t a l  cond i t ions  t h e  m o s t  p r o m i n e n t  p e a k  corre-  
s pond ing  to  a mass  of  121. T h u s  r ing  s t r a in  m a y  be  in-  
v o lved  in  d e t e r m i n i n g  t h e  n a t u r e  of t h e  f r a g m e n t a t i o n  
process .  

A second  fea tu re  c o m m o n  to  t he  c o m p o u n d s  c a m p h e n e ,  
a- a n d  6-fenchene,  t r icyclene ,  cyc lofenchene ,  a n d  ~-pinene 
is t h a t  t h e  base  p e a k  i.e. t h e  m o s t  a b u n d a n t  f r a g m e n t  ion  

p r e s e n t  co r re sponds  to  t he  loss of 43 mass  uni ts .  Th i s  
m a y  be  read i ly  cor re la ted  wi th  t he  loss of t he  br idge  s t ruc-  
t u re  CsH~ and  a f u r t h e r  hyd rogen .  Such reac t ions  which  
involve  h y d r o g e n  t r ans fe r  are k n o w n  to  occur  w i t h  v e r y  
g rea t  facili ty.  I t  is cons idered  by  McLAFFERTY 8 t h a t  such  
r e - a r r angemen t s ,  especial ly  those  t h a t  al low the  fo rma t ion  
of double -bonds ,  are f avoured  over  s imple  b o n d  fissions 
as t h e y  resu l t  in t he  fo rma t ion  of one bond  for each  b o n d  
broken.  Moreover ,  such  r e - a r r a n g e m e n t s  involve  t h e  mi-  
g ra t ion  of a h y d r o g e n  a t o m  on  the  r - c a r b o n  a t o m  to t h e  
r u p t u r e d  bond.  This  is s u p p o r t e d  b y  all t he  cases l is ted b y  
the  obse rva t ion  t h a t  t h e  largest  f r a g m e n t  of low mass  
o b t a i n e d  has  M/e L~ 41 resu l t ing  f rom the  ex t r ac t i on  of 
one  h y d r o g e n  a t o m  f rom each  f r a g m e n t  w i t h  t he  fo rma-  
t ion  of a h y d r o g e n  molecule ;  a pa r t i cu la r ly  c o m m o n  form 
of r e - a r r angemen t .  

A typ ica l  f r a g m e n t a t i o n  process  m a y  the re fore  be  
w r i t t en  

+ + +. 
@ @ 

C7H9 + Call6 • + H2 
+ CaH~ + H2 @ 

CTH~ + C a l l 6 +  H2 

The presence  of an allylic s y s t e m  m u s t  obv ious ly  f avour  
t h e  ini t ia l  r u p t u r e  of t h e  CsH ~ f r agmen t .  The  a i t e r lmt ive  
m o d e  of  b r e a k - d o w n  w h i c h  m i g h t  occur,  name ly ,  t h e  
mig ra t i on  of a h y d r o g e n  a t o m  f rom t h e  r ing  to  t h e  CaH~ 

1 R. I. REED, J. chem. Soc. 1958, 3432. 
A. P. I. Reports, Project No. 44. 

a F. W. McLAYFERTY, A.S.T.M.E-14 Committee on ~Iass Spec- 
trometry, May 1958. 
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sys tem does no t  seem to  do so in these systems.  This  is, 
however ,  observed  in t he  b reak-down of t he  camphane  
molecular  ion 

->- C~H n + Call  5 + H~ 

- - ~ "  @ 

->- C~Hx~ + Call 7 

Rdsumd 

Les au teurs  on t  t rouv6  que lques  corr61ations ent re  la 
fo rmat ion  des ions les plus abondan t s  et  la disposi t ion 
des l iaisons-6thyl6niques dans  les ions mol6culaires  de 
quelques  terp6nes.  

* J. H. BEYSON, personal communication. 
5 j .  H. BEYNON, R. G. LESTgR, and A. E, WILLIAMS, A.S.T.M. 

E-14 Committee on Mass Spectrometry, May 1959. 

where the  ions of masses 95, 43, and  41 are v e r y  abundan t .  
Ring-s t ra in  seems an i m p o r t a n t  fac tor  in all these sys tems 
as the presence of the  gem-dimethyl bridge sys tem gives 
a conformat iona l  r ig id i ty  to the  molecule.  This  is suppor ted  
by the  fact  t h a t  t he  e l imina t ion  of 43 uni ts  f rom 1-methyl-  
4-isopropylcyclohexane while marked  is no t  as intense as 
in the  sys tems  discussed*, 

O the r  p r o m i n e n t  f ragments  which  occur  in cer ta in  of 
the spectra ,  n a m e l y  mass 68 in dipentene,  and 75 in 33 
carene m a y  readi ly  be in te rpre ted  as a l lyl ic-bond fissions. 
The  p r o m i n e n t  peak  of  mass  79 in the  e- and  &fenchenes  
is no t  readi ly  expla ined  on this  basis w i thou t  pos tu la t ing  
hydrogen  migra t ions  also and  this  sys tem is to be fu r the r  
examined .  

These s tudies  have  been  ex tended  to pulegone and to  
c a m p h o r  to  a l low of compar i son  wi th  the  hydrocarbons .  
In  accordance  wi th  prev ious  observa t ions  4,~ the  p redomi-  
nan t  process seems to  be t he  e l imina t ion  of carbon  mo-  
noxide.  The  remain ing  f ragments  m a y  be ob ta ined  as 
follows 

C~HI~ + CO 

.... _ _ +  CaHT,+ C6H90 • 

C~H9 + CeHTO • 

giving f r agmen t  ions of 57,43, and 28. I n  a s imilar  w a y  
camphor  yields f ragments  of masses 41,43, and 81. 

o 
- - ~  C~H~ + H 2 + C~H~O • 

0 
C~H7 + C~HgO 

- - t ~  Calls  " + H ,  + CO + C6H , 

The o the r  s ignif icant  f r agmen t  ion a t  low energies, 55, is 
not  so read i ly  in te rpre ted .  

I t  is concluded,  therefore,  t h a t  the  pr incipal  f r agmen t  
ions ob ta ined  in th is  series of compounds  may ,  w i th  two  
exceptions,  be ob ta ined  d i rec t ly  f rom the  carbocycl ic  
skeletons.  T h e y  do n o t  a t  least  a t  t he  low energies used 
require  re -a r rangements  of this  skeletal  s t ruc tu re  for the i r  
in te rpre ta t ion .  

We acknowledge with gratitude the provision of a sample of 
pulegone by Dr. G. BUCrtANAN, The University of Glasgow, of ZI 3 
earene by Dr. L. N. OWEN of the Imperial College of Science and 
Technology, London, and part of the mass-spectrum of camphor 
by Mr. W. SNEDD~N of The University of Glasgow. 

T. GILCHRmT (in part)  
and R. I. REED 

Chemistry Department, The University o/Glasgow, July 
27, 1959. 

T h e  E f f e c t s  o f  N u c l e a s e s  

o n  P h o t o s y n t h e t i c  C O  2 F i x a t i o n  

The occurrence of nucleic acids in chloroplas ts  has  been  
recognised for qui te  somet ime x b u t  v e r y  l i t t le  is known  
abou t  the i r  function,  except  possibly an  i n v o l v e m e n t  in 
the  propaga t ion  of chloroplasts.  I t  has been ind ica ted  
t h a t  the  a c t i v i t y  of R N A  ~ could be l inked to  t he  syn thes i s  
of  specific proteins  i.e. enzymes  invo lved  in p h o t o s y n -  
thesis  3. I n  v iew of some recent  observa t ions  on nucleic  
acid  cont ro l  of prote in  and polysacchar ide  syntheses  i t  
was considered of in teres t  to  s tudy  whe the r  and  to  w h a t  
e x t e n t  the  CO 2 f ixa t ion  react ions in pho tosyn thes i s  are  
nucleic  acid dependen t  processes. 

Y o u n g  cul tures  of Chtorella pyrenoidosa and  Nostoc 
muscorum were used. The  cells were cent r i fuged in t he  
cold  in an  M S E  centrifuge,  suspended in phospha t e  buf fe r  
of p H  7-0 and  incubated  wi th  deoxyr ibo-  or  r ibonucleases  
for 2-2.5 h a t  37°C. The  cells were then  cent r i fuged  again,  
resuspended in phospha te  buffer  al lowed to metabol i se  
NaHxdCO3 (obtained f rom the  RadiochemicaI  Centre,  
Amersham,  England)  for a fur ther  per iod  of 2 h a t  25°C. 
The  cells were ex t rac ted  in ho t  80% ethanol ,  f i l tered and 
the  residue washed in 80% ethanol .  An a l iquo t  of t he  
f i l t ra te  was t ransferred to stainless steel  p lanche t s  for 
count ing  wi th  an end window r -coun te r  and  ano the r  
ch roma tog raphed  two d iment ional ly  on W h a t m a n  No. 1 
fi l ter paper  wi th  phenol-water  bu tano l  acet ic  w a t e r  
(4 :1 :1)  as the  developing solvent  4. The  rad ioac t ive  areas  
on the  ch romatograms  were located b y .  exposure  to  
X - R a y  films and counts  were t aken  d i rec t ly  on paper .  
The  DNase  (1 X cryst) used was ob ta ined  f rom the  Nut r i -  
t iona l  Biochemical  Corporation,  Cleveland,  Ohio, U.S.A.  
and RNase  (5 X cryst.) was suppl ied by  S igma  Chemica l  
Co., St. Louis, Missouri, U.S.A.  

Nuctease t r e a t m e n t  resul ted  in s l ight  inh ib i t ion  (less 
t h a n  10%) of  the  incorporat ion of  a*C into  the  80% e tha-  
nol-insoluble fraction.  E x a m i n a t i o n  of t he  e thano l  soluble 
fract ion however  revea led  r a the r  severe  effects  on the  
synthesis  and metabo l i sm of xdCO~ f ixa t ion  products .  The  
effect  of nuclease t r e a t m e n t  on the  t o t a l  incorpora t ion  of 
xdC into the  alcohol-soluble f rac t ion  and  the  more  impor -  
t a n t  products  of xdCO~ f ixa t ion  dur ing  a 2 hpho tosyn thes i s  
is shown in the  Table .  I t  appears  t h a t  t he  CO~ f ixa t ion  
process in C. pyrenoidosa is more  suscept ible  to  nuelease 

1 E. t. RABINOWITCH, Photosynthesis and related processes, Vol. 2, 
Part 2 (Interscience Publishers, Inc., New York 1956). 

2 The following abbreviations have been used: DNA, deoxyribo- 
nucleic acid; RNA, ribonucleic acid; DNase deoxyribonuclease; 
RNase, ribonuelease. 

S G. BRAWERMAN and E. CHARGAFF, Biochim. biophys. Acts 31, 
164 (1959): 

4 B. B. BISWAS and S. P. SEre, Nature 181, 1219 (1958). 


