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Abstract-The mass s p e c t r o m e t r i c  f ragmenta t ion  caused by e l e c t r o n  impact 

o f  germacyclohexane.  3 - m e t h y l -  and 4 -me thy l  d e r i v a t i v e s  and  t h e i r  

d e u t e r a t e d  s p e c i e s  were ana lyzed.  I n i t i a l l y  t h e  c leavage o f  Ge-C bond 

t ook  p lace,  f o l l o w e d  by l oss  o f  hydrocarbon mo ie t i es .  The whole fragmen- 

t a t i o n  processes can be exp la i ned  by t he  comb ina t i on  o f  e l i m i n a t i o n  o f  

hydrocarbon mo ie t y  ( n e u t r a l  and r a d i c a l )  and hydrogen t r a n s f e r  (McLa f f e r t y  

rearrangement) .  The base peaks were a t  m/z 74 (germanium c a t  ion  r a d i c a l )  

i n  c o n t r a s t  t o  t h a t  o f  1.1-dimethyl-I-germacyclohexanes a t  m/z 89. 

There have n o t  been known many k i n d s  of h e t e r o c y c l i c  compounds w i t h  a germanium 

atom(or  atoms) as t h e  r i n g  c o n s t i t u e n t .  Hence. mass s p e c t r o m e t r i c  s t u d i e s  on t h e  

r e l a t i o n  between t h e  s t r u c t u r e  o f  these  h e t e r o c y c l i c  organogermanium compounds 

and t h e i r  f r a g m e n t a t i o n  p a t t e r n  a r e  r a t h e r  scarce .  So f a r ,  s t u d i e s  on  mass 

s p e c t r o m e t r i c  f r agmen ta t i on  p a t t e r n s  have been repo r ted  o n l y  f o r  1 . l - d ime thy l - l -  

gerrnacyclobutanesl ,  germacyclopentanes2 and I-germacyclopentenes.3 We have p r e -  

v i o u s l y  a n a l y z e d  t h e  mass s p e c t r a  o f  1 , l - d i m e t h y l - I - g e r m a c y c l o h e x a n e s  and 

r e p o r t e d  t h e  f r agmen ta t i on  p a t t e r n s  wh ich  was p roved  much more c o m p l i c a t e d  as 

d e p i c t e d  i n  t h e  p r e v i o u s  r e p o r t s . 4  I n  t h i s  paper we d e s c r i b e  t h e  p rocess  o f  

f r agmen ta t i on  o f  germacyclohexanes,  Thus, we p repa red  some germacyc lohexanes  

t o g e t h e r  w i t h  t h e i r  I. I - d e u t e r a t e d  spec ies ,  and d e t e r m i n e d  t h e  i o n i c  spec ies  

genera ted  by e l e c t r o n  impact by a comb ina t i on  o f  t h e  s h i f t  t e c h n i q u e  based on  

t h e  compar ison w i t h  t h e  r e s u l t s  o f  deu te ra ted  and/or methy la ted  spec ies .  



EXPERIMENTAL 

The p r e p a r a t i o n  o f  germacyclohexane(GC) was descr ibed  by Mazerol les. 5  3-Methyl- 

(3MGC) and 4-methyl-(4MGC) I-germacyclohexanes were prepared i n  an e s s e n t i a l l y  

i d e n t i c a l  manner. 6 The i r  deu tera ted  species,  I, I-deuteriogermacyclo-hexane(GC- 

dq),  and i t s  3-methyl-(3MGC-dq) and 4-methyl-(4MGC-d2) d e r i v a t i v e s  were p repared  

b y  t r e a t i n g  t h e  p r e c u r s o r s  o f  G C ,  3MGC a n d  4MGC. I . 1 - d i c h l o r o - l -  

germacyclohexane, i t s  3-methyl- and 4-methyl- d e r i v a t i v e s  w i t h  l i t h i u m  aluminum 

deu te r  i  de. 

The c rude  p roduc t s  were d i s t i  l  l e d  by means o f  a  K a g e i r o h r  (BGchi GKR-50) and 

p u r i f i e d  by a  p r e p a r a t i v e  gas chromatograph (Shimadzu GC-3BT). The s t r u c t u r e s  

were con f i rmed  by spec t roscop i c  means i n c l u d i n g  1~ nmr (Va r i an  EM-390). 1 3 ~  nmr 

(JEOL FX-900) and ir(JASC0 200A) spec t ra .  

Mass spectra(GC/MS) were de te rm ined  w i t h  a  Hewlet t -Packard 9550A OP t ype  mass 

spectrometer .  The c o n d i t i o n  o f  gas chromatography  i s  as f o l l o w s :  c a r r i e r  gas. 

He; f l o w  r a t e .  1.2 m i /m in ;  t empe ra tu re .  100 C t o  200 C .  4  C / m i n ( a s c e n d i n g  

tempera tu re  method): column, c ross - l i nked  m e t h y l s i l i c o n e  (0 .2#  x 25m); i o n i z i n g  

energy. 70 eV; mass accuracy. 0  I mass u n i t .  

RESULTS AND DISCUSSION 

The mass spec t rum o f  t h e  p a r e n t  compound GC i s  g i v e n  i n  F i g u r e  1 .  I n  t h e  

spectrum a  group o f  peaks assoc ia ted  w i t h  t h e  f i v e  s t a b l e  i so topes  o f  germanium 

were observed. The i n t e n s i t y  o f  each o f  f i v e  peaks corresponds t o  t h e  p o p u l a t i o n  

o f  s t a b l e  isotopes.  The i n t e n s i t y  o f  mo lecu la r  ions(M+'  ) i s  s u b s t a n t i a l ;  t o  t h e  

c o n t r a r y ,  r e l a t i v e  i n t e n s i t i e s  o f  i o n s  o r i g i n a t e d  f rom hyd roca rbons  a r e  v e r y  

weak. The m o l e c u l a r  i ons (M+ '  ) may i n i t i a t e  c l e a v a g e  o f  e i t h e r  Ge-H o r  Ge-C 

bonds. S ince  t h e  bond energy i s  68 kca l  mol-1 f o r  t h e  former and 59 k c a l  mol-1 

f o r  t h e  l a t t e r  bond, t h e  c l eavage  o f  Ge-C bond i s  more f avo rab le .  I n  Tab le  1. 

t h e  mass s p e c t r o m e t r i c  c h a r a c t e r i s t i c s  o f  compounds i n v e s t i g a t e d  a re  summarized. 

R e l a t i v e  i n t e n s i t i e s  o f  i ons  generated f rom GC and GC-dq were compared t o  o b t a i n  

i n s i g h t s  i n  t h e  c leavage processes. Deutera ted  ions  show an inc rease o f  r e l e v a n t  

mass number. There seems, however, no i s o t o p e  e f f e c t  upon t h e  r e l a t i v e  i n t e n -  

s i t i e s .  

T h i s  i s  a l s o  t h e  case w i t h  me thy l - subs t i t u t ed  species,  e.g..  3MGC, as compared 

w i t h  GC. Tak ing  a l l  these obse rva t i ons  i n t o  c o n s i d e r a t i o n ,  we l i k e  t o  p ropose  

t h e  f r agmen ta t i on  processes as dep i c ted  i n  F i g u r e  2. 
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F i g u r e  1. Mass Spectrum of Gerrnacyclohexane(GC). 

Tab le  1. I n t e n s i t y  of Base Peak and Molecu lar  Ions R e l a t i v e  t o  T o t a l  I o n i z a t i o n .  

p~ 

compound 

GC 

GC-d2 

3MGC 

3MGC-d , 

4MGC 

4MGC-d 2 

base peak molecular ion 

mlz % 
70 

7 4  8.8 

7 4  11'6 

8 9  5'9 

( 7 4  5.6) 

7 4  6.6 

130 6 '2  

( 7 4  7.31 

7 4  8'8 

mlz % 1 
70 

1 4 6  3.8 

148 2 '1  

160  1'7 

162 1'3 

1 6 0  2'3 

162 1'3 

mlz based on 74Ge 

I n  F i g u r e  2. base peak a t  m/z 7 4  corresponds t o  t h e  peak due t o  74Ge c a t i o n .  

As i s  shown i n  F i g u r e  2, t h e  main pathway o f  f ragmenta t ion  i n i t i a t e s  w i t h  



t h e  c leavage o f  Ge-C bond, f o l l o w e d  by e l i m i n a t i o n  of n e u t r a l  spec ies  t o  y i e l d  

t h e  base peak ion. A l l  fragment ions  w i t h  s t r o n g  r e l a t i v e  i n t e n s i t i e s  c o n t a i n  

german i  urn. 

.H' j-C2H, 

' + R  

1-R.  -R' ' y 2  I 
CHI-Ge: GeR - . + 

R Ge 
9 2  ra.7, 76 C3'.@) 74 (100.0, 
90L10.5) 75 ( 5 5 ' 1 )  7 4  (100.0) 

F i g u r e  2  Fragmenta t ion  Process o f  Germacyclohexane. 

Fragmenta t ions  o t h e r  than  shown i n  F i g u r e  2 a re  a l s o  poss ib l e .  One such process 

i s  a  McLa f f e r t y  rearrangement7 i n  which a  hydrogen atom r e a r r a n g e s  v i a  a  f i v e -  

o r  six-membered c y c l i c  t r a n s i t i o n  s t a t e s ( F i g u r e  3 ) .  A p o s s i b i l i t y  o f  a  d i r e c t  

e l i m i n a t i o n  of cyc l oa l kane  m o i e t i e s  cannot  be  d e n i e d ( F i 8 u r e  4 ) .  I o n i c  s p e c i e s  

generated i n  t h e  processes dep i c ted  i n  F i gu res  3 and 4 a re  i d e n t i c a l  w i t h  those  

generated i n  t h e  processes dep i c ted  i n  F i g u r e  2. Hence t h e  ions  observed may be 

o r i g i n a t e d  f rom more than one processes. The q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  each 

c o n t r i b u t i o n  i s ,  however, imposs ib le  from t h e  p resent  da ta  alone. 

I n  o rde r  t o  p rove  t h e  ex i s t ence  o f  processes d e p i c t e d  i n  F i g u r e  2, f r agmen ta t i on  

p a t t e r n s  o f  3MGC t o  4MGC-d2 were determined and t he  s u b s t i t u e n t  s h i f t  e f f e c t s  
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to base peak 

F igure  3. McLafferty Rearrangement v i a  Five- and Six-Membered 

Cycl i c  T rans i t ion  States.  

F igure  4 Fragment Ions Formed by E l iminat ion of  Cycloalkane Moiet ies.  



were analyzed.The r e s u l t s  a re  summarized i n  Tab le  2. E v i d e n t l y ,  t h e  r e l a t i v e  i n -  

t e n s i t i e s  of ions  c o n t a i n i n g  t h e  me thy l  m o i e t y  i s  l a r g e r  t h a n  t h e s e  o f  o t h e r  

ions ,  wh i ch  a r e  e s s e n t i a l l y  i d e n t i c a l  w i t h  t h e s e  i n  GC, t o  i n d i c a t e  a  con- 

s i d e r a b l e  s t a b i l i z i n g  e f f e c t  of a  methyl group.  These r e s u l t s  seem t o  s u p p o r t  

t he  processes d e p i c t e d  i n  F i g u r e  2. 

As i s  g i v e n  i n  T a b l e  2, 3MGC and 4MGC e x h i b i t  base peak o t h e r  than  t h a t  

w i t h  m/z 74. 1. I-Dimethyl-I-germacyclohexanes d iscussed i n  t h e  p r e v i o u s  r e p o r t 4  

e x h i b i t e d  t h e  base peak a t  m/z 89 (CH3Ge+' ) ,  t o  i n d i c a t e  t h a t  GC, GC-d2. 3MGC- 

d2 and 4MGC-d2 a re  more m e t a l l i c  i n  t h e  sense t h a t  a l l  t h e  o r g a n i c  m o i e t i e s  a re  

removed d u r i n g  t h e  f ragmenta t ion .  I n  t he  case o f  3MGC, t h e  base peak has m/z 89. 

and a t  t h e  same t i m e  t h e  r e l a t i v e  i n t e n s i t y  of m/z 74  peak i s  942,  which i n d i -  

ca ted  t h a t ,  as i s  shown i n  F i g u r e  5, t he  c h a r a c t e r i s t i c  base peak i on  a t  m/z 89 

was formed by t h e  c o m p e t i t i v e  c leavage ( v i a  r o u t e  A o r  r o u t e  8) of  t h e  i on  w i t h  

Tab le  2. Ion  S t r u c t u r e s a n d  R e l a t i v e  I n t e n s i t i e s ( % )  f o r  GCand D e r i v a t i v e s .  

m/z 132. T h i s  i s  an i n t e r e s t i n g  example o f  i so tope  e f f e c t  i n  which t h e  Ge-H and 

Ge-D bonds s u f f e r  f rom McLaf fe r ty  rearrangement i n  a  c o n s i d e r a b l y  d i f f e r e n t  ex- 

t en t .  S ince  t h e r e  i s  o n l y  a  smal l  i so tope e f f e c t  i n  r o u t e  A, t h e  r e l a t i v e  i n t en -  

s i t i e s  o f  peak a t  m/z 74 a re  s i m i l a r  f o r  3MGC and 3MGC-d?. 



HETEROCYCLES, Vol  30, No. 2. 1990 

F i g u r e  5 Compe t i t i ve  Fragmentat ion of  m/z 134 and m/z 132 Ions. 

+ - H '  .+ - H .  + - H '  
GeH3 - GeH2 - GeH Ge I_] 

7 8  1 B.5 1 7 7 ( 1 0 . 5 )  
77  (13.4 ) 

7 4  (100.0,  
7 6  125 .11  7 4  ( 1 0 0 ~ 0 1  

F i g u r e  6 Fragmentat ion Process o f  GC and GC-d2 Leading t o  Base Peak. 

Numerical f i g u r e s  g iven below i on  s t r u c t u r e s  represent  m/z and numer ical  

f i g u r e s  i n  parentheses denote r e l a t i v e  i n t e n s i t y  (Upper, D and lower. H 

compounds). 



Furthermore,  due t o  t h e  enhanced s t a b i l i t y  o f  t h e  branched hyd roca rbon  m o i e t y .  

e l i m i n a t i o n  o f  hydrocarbon res i due  i s  f a c i l i t a t e d  i n  3MGC, where t h e  two pa th-  

ways a r e  e q u a l l y  e f f e c t i v e .  The base peak f o r  4MGC i s  m/z 130, b u t  t h e  pathway 

from M * '  t o  t h e  spec ies  o f  m/z 130 i s  no t  s t r a i g h t f o r w a r d .  On t h e  o t h e r  hand. 

an i on  a t  m/z 132 s t a b i l i z e d  b y  a me thy l  g roup  a t t a c h e d  t o  p o s i t i o n  4 have a 

h i g h  r e l a t i v e  i n t e n s i t y  of 98.5 percent .  

On t h e  o t h e r  hand. 4MGC-d2 c leaves,  f o l l o w i n g  t h e  s tandard  pathway t o  y i e l d  t h e  

base peak a t  m/z 74. I n  F i g u r e  6 t h e  most r easonab le  c l e a v a g e  pa thway t o  t h e  

base peak i s  summarized based on t h e  d i scuss ion  above. 
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