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The p r ima ry  fract ion of the total ion cur rent  in the m a s s  spec t ra  of decahydro-4-quinolones 
and 4-a lkyl -2-methyldecahydro-4-quinolo ls  containing various substituents in the 1, 4, and 7 
positions is due to f ragments  with ammonium ion s t ruc tures .  

We have previously shown the applicability of m a s s - s p e c t r o m e t r i c  methods for the solution of s t e reo -  
chemical  problem s in t r ans - fused  4-a lkyl -decahydro-4-quinolo ls  by establishment of the configuration of 
the 2 and 4 centers  in the indicated ser ies .  However, in none of these papers  did we deal in detail with the 
pathways of fragmentat ion of the indicated compounds under  the influence of e lec t ron  impact. In the p r e -  
sent paper  we the re fo re  deemed it expedient to examine in detail the fragmentat ion of decahydro-4-quino-  
lones and 4-alkyldecahydro-4-quinol01s,  especial ly  because only one paper [5] has been devoted to a de- 
tai led study of decahydroquinolines by means of deuterium labeling, and there  are only a few studies [6-8] 
in which in addition to s te reochemica l  problems,  the principal pathways of fragmentat ion of the s t e reo -  
i somers  of decahydroquinaldine and 2-methyl -N-a lkyldecahydro-4-quinolo ls  are briefly examined. The sub- 
jects of our investigation were substituted 2-methyldecahydro-4-quinolones  (I-HI) and 4 -a lky l -2 -methy l -  
t r ans -decahydro-4-qu ino lo l s  (IV-IX), data from the mass  spec t ra  of which are  presented in Table 1. It 
should be noted that the ketones (I-III) examined in this paper  have a 2e-methyl  group and the alcohols (IV- 
VII) have a 2e-methy l -4e-hydroxy  configuration, whereas the s t e reochemis t ry  of the alcohols (VIII-IX) has 
not yet been established.  

The m a s s  spec t ra  of the investigated compounds are charac te r i zed  by a relat ively small  number of 
intense charac te r i s t i c  peaks. 

O HO R' 
II \ /  

R ' / ~ I  CH:3 R,,-~N~'~'C H 3 
r r 

I - I I I  IV-IX 

[ R=CH3, R'=H; II I~=R'=H; IiI R=R'=CH3; 1\:. VI. viii. l \  R=CH3; v R,=C2t15; 
vii R=H; IV--VII R"=H; VIII R"=CH3; IX R"=C4I%; IV, V, VIII, IX a R'- 
= C~CH; VI, VIIa R'=--C~-C--CH=CI-I2; IV, \7, VIll bR'=CH--CH2; VI, VII6 

R'=n-C4Hg; IV, V, VIIIc, IXb R'=CzHs; IX;, VIII d ]~'=COCI-I3 

The ni t rogen-containing f ragments ,  the stabili ty of which is due to the ammonium ion s t ructure ,  make the 
principal  contribution to the total ion current ,  whereas the peaks of the hydrocarbon fragments  are very  

small .  

M. M. Shemyakin Institute of Bioorganic Chemist ry ,  Academy of Sciences of the USSR, Moscow. A. 
V. Topchiev Institute of Pe t rochemica l  Synthesis, Academy of Sciences of the USSR, Moscow. Institute of 
Bioorganic Chemist ry ,  Academy of Sciences of the Beloruss ian SSR, Minsk. Transla ted  from Khimiya 
Geterotsikl icheskikh Soedinenii, No. 7, pp. 962-968, July, 1975. Original art icle submitted June 25, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 We~t 17th Street, New York, N. Y. 10011. Nc~ part o f  this publicatio~z may,be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy or this article is available from the publisher for $15.00. 

844 



Both in the case of ketones I-1II and in the case of alcohols IV-IX, the molecular  ion peaks have med-  
ium intensit ies.  They are always accompanied by [M-l] + ion peaks corresponding to the ejection of a hydro-  
gen atom, most  likely from C 2 o r  C 9 (ions a and a,). As shown in [7], in the case of N- t r ideu te romethy l -2 -  
methyldecahydro-4-quinolol  a D atom is not ejected from the M + ion, and this makes it possible to also 
assume the absence of loss of a hydrogen atom from substituent 1~ attached to the nitrogen atom for I-VI, 
VIII, and IX. 

X X X LI II IJ 

R , , / ~ ~ N  CH 3 ~-H R , , / ~ C H 3  -H . R , , / ~ C H  3 
I I I 
R R R 

a M+ 3' 

X=O or OH, R' 

The [M - 15] + Ion (b). This ion is formed as a result  of elimination of a 2-CH 3 group. The peaks of 
these ions are among the maximum peaks in the spectra ,  and they are  somet imes  the principal  peaks. 
Judging from the mass  spec t ra  of N-e thy l -2 -methy l  derivat ives Va, b, in which the M-29 ion peak is p r a c -  
t ical ly completely absent, ejection of an N-methyl  group during the formation of an [M - 15] + ion also 
should not occur  in the case of I-IV, VI, VIII, and IX. At the same t iwe,  the par t ia l  part icipation of an N- 
ethyl group in the formation of [M - 15] + ions can be assumed for the N-ethyl derivatives Va, b (see [8]). 

X X 

R ' ~ \ C H 2 ,  ---CHa~ R " ~  

R R 

M + b 

X=O or OH, R' 

The [M - 17] + Ion (c). In contras t  to carbocycl ic  alcohols, the hydroxyl group of which is, as a rule, 
split out under the influence of e lect ron impact along with an additional hydrogen atom in the form of water,  
the fragmentat ion of the molecular  ions of N-heterocyel ic  alcohols is l imited in most  cases  to ejection of 
an OH group in the form of a radical .  This is associa ted with the fact that the ejection of an OH radical  
entails the formation of a stable ammonium ion of the c type. The [M - 17] peak is insignificant in the 
spec t ra  of the 4-ethyt  (IVc, Vc, VIIIc, and IXe), 4-n-butyl  (VIb, VHb), and 4-ace ty l  derivat ives (IVd, VIIId), 
but it increases  in the spec t ra  of the 4-vinyl (IVb, Vb, VIIIb), 4-ethynyl (IVa, Va, VIIIa, and IXa), and 4-  
vinylethynyl (Via, VIIa) derivatives and approaches the molecular  ion in intensity and somet imes  even ex-  
ceeds it. This is explained by the considerable polarization of the C - O  bond in the allyl position with r e -  
spect to the double o r  t r iple bond in substituent R' attached to C4~ 

R' OH R' 

R R 

M + c 

The [M - 15-18] :+ Ion (d). Whereas the moIecular  ions of alcohols IV-IX undergo pract ical ly  no de- 
hydration, the [M - 15] + ions (b) are capable of cIeavage of water,  evidently beeause of the possibil i ty of 
the formation of the conjugated system of double bonds. 

R' OH 

R " ' ~  -H20 
I 
R 

b 

R' 

R " ~  I 
R 

d 

The [M - R']  + Ion (e). Because of the difficulties involved in the cleavage of CspJ-Csp2 andCspJ -Csp4  
bonds, the corresponding ions pract ical ly  are not formed in the case of vinyl, ethynyl, and vinylethynyl 
alcohols.  However, the ejection of radical  R'  from the molecu la r  ions of compounds with R' --C2H 5 (IVc, Vc, 
VIIIc and IXb), R'  =n-C4H 9 (VIb, VIIb), or  R' =COCH 3 (IVd, VIIId) takes place quite readily,  and the peaks 
of the corresponding ions (e) are frequently the dominant ones in the spect ra .  
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HO R' OH 

R , , / ~ C H 3  -R'., R " ~ C H ~ ,  
I f 

R R 

M + @ 

The [ M -  43] + Ions for  R" =H, the [M - 57] + Ion for R" =CH3, and the [ M -  99] + Ion for R" =tert-C4H9 
(f_~). The mass  number  of these ions is independent of the size of substituent R", and thus a portion of the 
hydrocarbon ring, including the C? atom, is el iminated during the i r  formation.  In the case of N-methylde-  
cahydroquinoline it has been shown by means of deuterium labeling [5] that the cor r responding  ton no longer 
contains the C 6 atom_ but does contain the heterocycl ic  ring in its ent i rety.  I o n f  is most  likely formed via 
a c lass ica l  mechanism including initial cleavage of the a - C  - C  bond with respec t  to the nitrogen atom and 
migra t ion  of the angular  10-H atom to the neutral  f ragment .  

X 

CH 2 �9 ~C~3CH R" 

R" CH s 
I 

R 

M + 

X ~ O  or OH, R' 

X 

C H 2 ~  
"~N / ~CH 3 

[ 
R 

The m a s s  spec t rum of the 3,3,10-D 3 analog of HI serves  as a ra ther  convincing confirmation of the 
proposed mechanism for the formation of i o n f .  A doublet of M - 58 and M - 57 peaks in a ratio of 3 : 1 is 
observed in the spect rum of this deuterium derivative.  It is unlikely that the D atom leaves the 3 poss 
during the formation of the M - 58 ion; it most  likely leaves the 10 position, as shown tn the scheme.  The 
presence  of an M - 57 peak in the mass  spec t rum of the labeled ketone consti tutes evidence for par t ia l  (less 
charac ter i s t ic )  formation of i o n f  under  considerat ion with part icipation of an H atom from the other  pos i -  
t ions of the he terocycl ic  ring. 

In the case of ketol IVd, the peak of the [M - 43] + ion {f) may be super imposed on the peak of the ion 
with the same m / e  value but corresponding to splitting out of a COCH 3 radical  from the molecu la r  ton (in 
this case ,  on the peak of ion e). However, it follows from the m a s s  spectrum of the 4-COCD 3 analog of 
IVd that in the case of this ketol, i o n f  is prac t ica l ly  not formed, whereas the M - 43 peak is due to the 
energical ly  more  advantageous loss of a COCH 3 radical  (ion e). It should be noted that the p re fe r r ed  cha r -  
ac t e r  of the competit ive detachment of a 4-COCH 3 group from M + as compared with the formation of r e -  
a r ranged  i o n f  due to fragmentat ion of the carbocycl ic  ring is also confirmed by the mass  spectrum of 
ketol VIIId, in which one of the maximum peaks is the peak of the M -- 43 ion (ton e), whereas the peak of 
the M - 57 ion Or) is ve ry  insignificant.  

The M - 57] + Ion for R" =H, the [M - 71] + Ion for R" =CH~, and the [M - 113] + Ion for R" = te~-C4H ~ 
(g). The peaks of these ions are of low intensity in all of the spect ra .  As in the case of ions f ,  ions g con- 
tain atoms of the heterocycl ic  ring but do not include the Cy atom. Ion g is most  likely formed through 
cleavage of the 5-10 and 8-9 bonds with migra t ion of a hydrogen atom from the charged fragment .  

X X 

R" CH3 -H CH~ 
I I 
R R 

M + g 
X = O  or OH, R" 

Ions with m e 44 (R =H), 58 (R =CH,~), and 72 (R =C~H,~). Corresponding peaks of medium intensity 
are  present  in the m a s s  spec t ra  of all of the investigated substances.  The mass  numbers  of these ions de-  
pend on the size of the substituent attached to the nitrogen atom and these ions consequently contain the 
ni t rogen atom, the substituent attached to it, and, most  likely, the C 2 atom with the 2-methyl group and have 

+ 

R - N H  = C H - C H  3 s t ructure .  

Thus it is apparent that the principal  f ragments  in the m a s s  spec t ra  of the compounds under consid-  
erat ion ar ise  mainly direct ly  from the molecu la r  ions. In this situation, the intensities of the daughter ion 
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T A B L E  I .  

m# I II III  

197 
200 
2011 
202 
203 
204 
206 
207 
2O8 
209~ 
210 
2111 
212 
2131 
216 
217 i 
2181 
2191 
220 
221 
222l 
2231 
224~ 
2251 
226 
2301 
231i 
2321 
233 
234] 
238t 
2391 
2401 
246 
247 
248 
249 
250 
252 
253 
254 
262] 
2631 
264 
266! 
267 
268 

continued) 

Ira Ivb IVc Ivd va vb 

0,9 
4,0 
0,5 

VC 

1,60,,226,C0'45'80'34,40'34,0 

0,32,94,8 I 
0.5 1,OJ 0,4 12,01 0,7 
311 0,2 3,2 0.8 
0.4 0,6 4,7 0,4]12,0 

2,8 0,7 0,8 3,0 
O,4 0,41 0,2 

0,7 1'2 / 

5,(? 
0,9 0,8 

0,4 7,5 
0,4 I12 0,6 

0,9 

via rib vtla vlibr l~] ixb 

4,2 
0,8 
8.4 ,2 1 
1,7 
4,2 

5,,( 
0.3 24,( 
0~,6 3.[ 
0,8 0,~ 
0,3 
1,0 
1,9 
0,3 

0,9 
3,8 
0.8 0,~ 

0,8 
2,4 
0,5 

0.9 
3,8 
0.8 

0,2 1,4 

05 

o{ 
26,c 0.3 
3,2 
0,~ 6,6 

3.4 
014 

0,4 
2.7 
0,6 

0.C 

0,4 8.2 

3,6 
5,3 
3,9 

3,0 

3,8 1.4 
0.5 0,4 

1.6 

1,5 
014 

0,6 
2.2 
1,5 

1,7 
0.4 
9,6 0,8 
5.2 
0,3 0.5 

262 
4,2 
0.3 

0,4 
5.1 
0,7 

0,5 
4,0 
0,8 

and the  m o l e c u l a r  ion can be c o n s i d e r e d  to be p r o p o r t i o n a l  to t h e i r  c o n c e n t r a t i o n s ,  and the in tens i ty  ra t io  
can  be c o n s i d e r e d  to be the r a t e  cons tan t  of the c o r r e s p o n d i n g  m o n o m o l e c u l a r  r e a c t i o n .  The use  of  p r e -  
c i s e ly  t he se  va lue s  has  p r e v i o u s l y  enab led  us  to d e t e r m i n e  the conf igu ra t ion  of a l coho l s  IV-VI I  on the b a s i s  
of  an a n a l y s i s  of  the m a s s  s p e c t r a  [1-4].  

EXPERIMENTAL 

The mass spectra were obtained with an MKh-1303 spectrometer equipped with a system for direct 

introduction of the samples into the ion source at vaporization temperatures of 40-50 ~ and an ionizing elec- 

tron energy of 70 eV. 

The 3,3,10-D 3 analog of IIl and the 4-COCD 3 analog of IVd were obtained by refluxing solutions of I0 

mg of III or IVd, respectively, and a small amount of sodium in a mixture of I ml of D20 , I ml of EtOD, and 

I ml of tetrahydrofuran for 8 h. 
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