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A study was carried out on the major pathways for the decomposition of stereo- 
isomers of 2-furyl- and 2-phenyldecahydro-4-quinolinone and their tertiary al- 
cohol derivatives upon electron impact. The elemental composition of the char- 
acteristic ions was determined by high-resolution mass spectrometry. The in- 
troduction of a heavy substituent at C(2) leads to marked changes in the direc- 
tions of the major fragmentation pathways of decahydroquinoline. The dependence 
of the probability for the formation of characteristic ions on the molecular ge- 
ometry in the stereoisomer series was demonstrated. 

Mass spectrometry has found common use in the study of decahydroquinoline and its deriv- 
atives. The major fragmentation pathways upon electron impact have been determined for de- 
cahydroquinoline [i], the stereoisomers of 2-methyl- and 1,2-dimethyldecahydroquinoline [2, 
3], 2-methyl- and 1,2-dimethyldecahydroquinolols [4], their benzoic esters [5], l-alkyl-2- 

methyldecahydro-4-quinolol [6], stereoisomers of tertiary alcohols [7, 8], 2-methyl-4-chloro- 
decahydroquinoline [6], and decahydro-4-quinolol N-oxides [i0]. The effect of molecular geom- 
etry on decomposition has also been examined [2-9, ii]. The configuration at C(~) and C(4) 
in the trans stereoisomers of 2-methyl- and l-alkyl-2-methyl-4-alkyldecahydro-4-quinolols 
was determined using the ratio of the mass spectral intensities for the characteristic ions 
[12-15]. 

We h a v e  s t u d i e d  t h e  m a s s  s p e c t r a  o f  t h e  f o l l o w i n g  s t e r e o i s o m e r s  o f  2 - f u r y l -  and  2 - p h e n -  
y l d e c a h y d r o - 4 - q u i n o l i n o n e s  and t h e  t e r t i a r y  a l c o h o l . d e r i v a t i v e s  I - X I I :  

n \x '~ ... . .  \ \ 

I,Vl ~::'0 R IX+VII ~0 VIII 

III,IV, IX,X V,X] XII 

I-V R = a-Fu, VI-XII R = Ph; III, IX R* = C~CH, R2 = OH, IV, 
V, X-XII R* = OH, R 2 = CECH 

We attempted to investigate the effect of the replacement of the methyl group at C(2) by 
a furyl or phenyl group and of alteration in the molecular structure on the efficiences of 
different fragmentation pathways. 

The mass spectra of I-XII were studied for the first time. Tables 1 and 2 give the peak 
intensities of the major ions in the total ion current scale, while Table 3 gives the elemen- 
tal composition of several characteristic ions determined by high-resolution mass spectrometry. 
The major fragmentation pathways of the molecular ions of these compounds are depicted in the 
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TABLE i. 

Ions 

M+ 
O1 

[ M -  OH]'+ 
[M- I I~O]) 

% 
O4 
% 

{I}8 
{I}.q 

(:l} it 

Mass Spectra of l-V (peak 

m/z I 

219 13,1 
218 1,2 
202 1,0 

190 : 1,4 " 
176 10,8 
176 
148 1,7 
109 3,7 
c~6 13,8 
94 6,2 
81 2,3 
67 1,6 
65 1 ,6  
55 1,9 
54 1,1 
58 1,2 
41 2,8 
39 2,3 

2,9 
1,3 
1,2 

1,7 
0,0 

1,7 
3,3 
0,4 
7,9 
2,1 
1,5 
1,8 
2,2 
1,1 
L3 
2,8 
2,4 

intensities in % of 

m/z I I I  

7,5 
1,7 
2,2 
0,6 
1,0 
2,2 
2,3 

1,2 
21,5 
2,4 
2,8 
1,4 
1,2 
1,0 
0,7 
1,5 
2,0 
1,4 

I V  

9,0 
1,8 
3,7 
3,3 
1,0 
2,4 
1,2 

1,1 
0,I 
2,3 
2,6 
1,3 
1,2 
0,7 
0,6 
1.4 
1.9 
1.5 

245 
244 
228 ' 
227 
216 
202 
176 

109 
96 
94 
81 
67 
65 
55 
54 
53 
41 
39 

Zag) 

v 

6,0 
1,5 
2.9 
2.4 
0,9 
3,1 
I,I 

1,3 
17,3 
3.0 
2.9 
1,5 
1,3 
(1,9 

I 0,8 
t t,8 

2.2 
] 1,7 

scheme. Since the decomposition of the furyl and phenyl derivatives of decahydroquinoline is 
similar, it was represented in a single scheme and the substituent at C(=) was given as R. 

The molecular ion peak (M+) is one of the strongest in the mass spectra of I-XII. The 
fraction for M + in the total ion current is an index of its stability. This fraction is high- 
er for ketones relative to the corresponding alcohols, for the trans ketone isomers VI and 
VII relative to the cis isomers (VIII), and for ketones with an equatorial substituent at 
C(=) relative to an axial substituent. The stability of the molecular ion in the case of the 
alcohols is higher for the cis isomer relative to the trans isomer and for the trans isomers 
with an equatorial substltuent at C(=) relative to the epimar with an axial hydroxy group. 
The low stability of E + in the case of alcohols V and XI may be related to a through-space in- 
teraction of the axial substituents at C(=) and C(~). 

R~ R 2 
�9 "~ 

I t  ~ z  H H 

O1 ~ -C2H5"-~ 

R I R 2 R1 ~ I~21 r NIl  

H �9 [I ...... =" I12N::CHR 

. ~ . .  " ~  )~,- CH, = C I I _ ~ I ' .  ~ 
R I R 2 "\ " ~ Og 

CII2R 
., ",. 010 

g I t  

~+ �9 s . 

The strong ion peak [M -- 43] + in the mass spectra of the ketones is a composite peak and 
is attributed to two ion types, namely, r and r (see Table 3). Ion r is characteristic for 
the decomposition of previously studied derivatives of decahydroquinoline [1-9] and is formed 
upon the fragmentation of the hydrocarbon ring. Ion r is formed upon bond breakage in the 
piperidine ring. Such fragmentation is not characteristic for decahydroquinolines not sub- 
stituted at C(4) [2] whose mass spectra do not display a peak for the analogous i0 n [M -- C=H~] +. 
Ion r in the mass spectra of the alcohols makes a smaller contribution relative to ion ts, 
while the total contribution of ions r and r to the total ion current for the alcohols is 
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TABLE 2. Mass Spectra of Vl-Xll (peak intensities in % o f  Zs,) 

.Ions 

M+ 

[M-OH]+  
[ M -  H20]+ 

O2 
O~ 
04 
O5 
O~ 
O7 
O~ 
eP9 
~b m 

ralz 

29 
28 
12 

O0 
86 
86 
58 
52 
19 
06 
04 
91 
81 
79 
77 
67 
55 
54 I 

41 
39 i 

VI 

.),4 
1,2 
1,2 

1,7 
2,1 

1,9 
1,4 
1,3 
1,8 
3,7 

2,l 
2,0 
1,3 
1,a 
1,1 

2,0 
1,0 

VII VIII 

2,2 11,0 
1,5 1,2 
1,6 1,4 

2,3 2,4 
2,6 13,1 

1,9 2,9 
1,9 1,2 
0,9 1,0 
8,8 8,0 
4,0 4,6 
1,9 1,8 
2,0 1,7 
1,5 1,7 
1,7 9,1 
1,1 1,tl 
1,3 1,3 
O, c O, c 

1,8 1,c. 
0,9 1 ,~ 

m/z 

255 
254 
238 
237 

212 
186 

178 
119 
106 
104 
91 

79 
77 
67 

53 
41 
39 

IX X 

L4 ~,4 
L0 ~,I 
L5 3,5 
),8 1,8 

3,7 4,1 
.~,4 

1,4 
0,9 
0,0 
1,9 
3,0 

1,8 
1,6 
1,2 

1,2 
1,6 
0,8 

XI 

7,0 
1,7 
3,2 
1,5 

5,6 
1,5 1,4 

1,5 1,8 
0,7 0,7 
8,7 5,2 
2,2 2,1 
2,9 3,0 

2,1 1,7 
1,7 1,6 
1,2 1, 9 

1,3 1 ,~ 
1,8 1 ,~ 
1,0 0,t 

XII 

9,7 
1,3 
3,7 
0,8 

9,9 
0,8 

1,0 
0,6 

11,9 
2,1 
2,6 

1,7 
1,7 
0,8 

1,4 
1,4 
0,9 

less than for the ketones. A clear dependences of the contribution of ion Cs to the total 
ion current on molecular geometry is found in the mass spectra of the alcohols:i cis > trans, 
Rex > Req, OHax > OHeq. The contribution of ion r also depends on the molecular geometry 
and is greater for the trans isomers and for axial orientation of the hydroxyl group. 

Ion r corresponds to the major peak in the mass spectra of alcohols III-V and IX-XII and 
is one of the strongest peaks in the mass spectra of ketones I, II, and VI-VIII. These ions 
are formed as a result of breakage of the C(2)-C(s) and C(9)--N bonds with rearrangement of the 
hydrogen atom to the nitrogen atom and include the substituent R. The probability of the for- 
mation of analogous ions With m/z 58 in the mass spectra of 1,2-dimethyldecahydroquinolines [2] 
and their tertiary alcohols [7] is low, while the maximum peak in the mass spectrum of 1-math- 
yl-2,6-diphenylpiperidine corresponds to the ion m/z 120 formed upon analogous decompositions 
[16]. The high intensity of the peak of this ion in the mass spectra of the 2-furyl and 2- 
phenyl derivatives relative to their methyl derivatives may be understood assuming that these 
ions have two possible sites for charge localization, while the nitrogen atom is the only 
charge localization site in the ion with m/z 58 for derivatives of 1,2-dimethyldecahydroquin- 
oline [2, 7]. The intensity of the Cs ion peak depends on the molecular geometry. The prob- 
ability of the formation of this ion is higher for trans isomers relative to cis isomarsl the 
axial orientation of the furyl or phenyl group facilitates the formation of this ion. The 
peak for this ion in the case of the trans alcohol isomers is higher for equatorial orienta- 
tion of the hydroxyl group. 

Ions ~9, whose appearance probability is much higher in the ketones (I, II, VI-VIII), do 
not contain a nitrogen atom and are formed upon breakage of the C(2)--N and C(s)-C(~) bonds. 
The intensity of the peak of this ion is higher in the case of the cis isomers (compare the 
spectra data for VIII relative to VI and VII) and, in the case of the trans isomers, is high- 
er for axial orientation of the substituent at C(2) (compare the data for II vs. I and for VII 
vs. Vl), i.e., the intensity of the r ion peak for the ketones is inversely dependent on the 
molecular geometry relative to the Cs ions. This may be understood considering that both 
these peaks contain the substituent R and are formed upon competitive decomposition with bond 
breakage at C(a). 

Other ions which include the substituent R (r and r make an independent contribu- 
tion to the total ion current and there is no clear dependence for the intensities oflthese 
ion peaks on molecular geometry. 

Decomposition with the loss of the methyl group at C(2) is characteristic for the frag- 
mentation of 2-methyldecahydroquinoline and its derivatives [2-8]. The peaks of such ions �9 
(~6) are seen in the mass spectra of phenyl derivatives VI-XII. The probability for the for- 
mation of these ions does not show a clear dependence on the molecular geometry in the stereo- 
isomer series. 
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TABLE 3. Elemental Composition of the 
I, II, V, Vl and IX by High-Resolution 

I o n  
. . . .  t m a s s  

I 190 I : 1  i \, 
176 ~ : 1  
103 
t6  
f4 

II t?0 

I03 ! 

V 

t.6 
94 
81 
55 

~02 
.09 
,s 
~4 

67 
6~ 

41 

CI,~HI~NO CnHI2NO~ 
C,iI-ll4NO Cu, HIoNO~ 
C~Hr'NO 
Cs['I~NO 
CaH~O 
CI2t'II~NO CIdlI~--NO.~ 
CI iIti,iNO C iol-[ ion O.~ 
Cg'irNO 
C~I':16NO : CsHIoN 
Cg-I~O 
C~H0 : C~HsO 
C4Hr : Caf'laO 
CaH5 : C2HaN 
CI~t'{I,~NO 
CI,~t'i~6NO : CI~HI:NO; 
C~Hr--NO 
C,~H~NO 
C~H~N : C~H~O 
C~H~ : CglrN : C~H~O 

C,~Hr : C4H,~O 
CsH~ 
C4t-I~ :CaHO 
Ca)is : C2HaN 

3 : 4  
3:211 

o : ,  II 
1 : 1 [ i  
2 : g  
~:111 

1:10tl 

1 : 5  

4 :1  

I : 1  
0 : I  

20(: 

10~ 
I(14 
91 
81 
55 
54 
43 

41 
238 
212 
186 
178 
106 
104 
9i 

Characteristic Ions of 
Mass Spectrometry 

I 

Elemental composition i Ratio 

C~al I)4NO 
C]aiij~N : C j i ) ~ N O  
C:J 1 ,,i N O 

C,di8 : CTI'I(IN 
C;i-b 
CJI~ : C51t,~O 
C4H7 : CaItaO 
C4i'1~ : CaH4N 
Ca)'b : C~HsN : C~I-i:~O 

CaI'l~ : CatIaN 
CIrH~N 
Ct~I'II.1NO : CjsH,~N 
CI.~I'IICN 
CIIHI6NO 
C~H,~N 
C,dt8 
CTI'Ir 

2 : 1  

4 : 1  

5 : 1  
2 : 3  
2 : 1  
1 : 2 :  

:10 
10:1 

1 0 : l  

Let us examine some other ions which give weak peaks. Ion r is apparently formed upon 
loss of a hydrogen atom as a result of the breakage of the ~-bond relative to the nitrogen 
atom. 

The [M -- 29] + peak in the mass spectra of phenyl derivatives VI-XII corresponds to one 
#2 ion formed upon fragmentation of the hydrocarbon ring, while [M -- CH0] + ions also contri- 
bute to this signal in the mass spectra of furyl derivatives I-V (see Table 3); these ions 
are formed upon the decomposition of the furan ring. Ion #7 contains the nitrogen atom and 
is obtained upon breakage of the piperidine ring. The peak for this ion is strongest in the 
mass spectra of ketones I and II and is not diagnostlc for stereoisomer determination. 

The peak for the [M -- OH] + ion is found in the spectra of all the compounds studied. 
This ion is characteristic for the mass spectra of alcohols but it is not clear why the peaks 
for this ion have comparable intensity in the spectra of the ketones and alcohols. This find- 
ing may be related to stabilization of the enol form of ketones I, II, and VI-VIII, at least 
in M +. In the case of the alcohols, we find that the [M--OH] + ion peak is higher for the 
trans isomers with axial orientation of the hydroxyl group. The peak for the [M--H~O] + ion 
in the mass spectra of the ketones is an order of magnitude less than for the alcohols. 

Thus, we have established the characteristic pathways for the decomposition of 2-phenyl- 
and 2-furyldecahydro-4~quinolinones and their tertiary alcohol derivatives upon electron im- 
pact and studied the effect of ring fusion and the orientation of the substituents at C(2) 
and C(4) on the fragmentation of these compounds. The introduction of substituents at C(2) 
capable of participating in charge delocalization leads to the formation of ions due to spec- 
ific fragmentationin addition to the fragmentation ions characteristic for 2-methyldecahydro- 
quinoline and its derivatives. 

EXPERIMENTAL 

The syntheses of I-V were described in our previous work [17-19] and their structures 
were demonstrated in our earlier communications [20, 21]. The syntheses and structures of Vl- 
XII were described in our earlier work [22, 23]. 

The mass spectra were obtained on an MKh-1320 mass spectrometer with direct sample inlet 
into the ion source. The ionization voltage was 70 V and the acceleration voltage was 2,5 kV. 
The temperature of the ionization chamber was 100=C. The high-resolution mass spectra were 
taken on the same spectrometer with M/(AM) = i0,000. 

198 



LITERATURE CITED 

i. C. K. Yu, D. Oldfield, and D. B. Maclean, Org. Mass Spectrom., ~, 147 (1970). 
2. A. E. Lyuts, O. V. Agashkin, V. I. Artyukhin, G. S. Litvinenko, and D. V. Sokolov, Izv. 

Akad. Nauk KazSSR, Ser. Khim., No. 2, 48 (1968). 
3. A. E. Lyuts, O. V. Agashkin, V. I. Artyukhin, D. V. Sokolov, and G. S. Litvinenko, Izv, 

Akad. Nauk KazSSR, Ser. Khim., No. i, 74 (1970). 
4. A. E. Lyuts, O. V. Agashkin, D. V. Sokolov, V. I. Artyukhin, and G. S. Litvinenko, Izv. 

Akad. Nauk KazSSR, Ser. Khim., No. i, 39 (1969). 
5. A. E. Lyuts, O. V. Agashkin, D. V. Sokolov, K. I. Khludneva, T. T. Omarov, and G. S. 

Litvinenko, Izv. Akad. Nauk KazSSR, Set. Khim., No. 2, 34 (1969). 
6. N. Matamarov, O. V. Agashkin, A. E. Lyuts, K. I. Khludneva, D. V. Sokolov~ and G. S. 

Litvinenko, Izv. Akad. Nauk KazSSR, Ser. Khim., No. I, 53 (1971). 
7. N. Matamarov, A. E. Lyuts, K. D. Praliev, and D. V. Sokolov, Izv. Akad. Nauk KazSSR, Ser. 

Khim., No. 5, 74 (1974). 
8. N. S. Vul'fson, V. G. Zaikin, A. A. Bakaev, A. A. Akhrem, and L. I. Ukhova, Khim. Geter- 

otsikl. Soedin., No. 7, 962 (1975). 
9. N. Matamarov, A. E. Lyuts, O. V. Agashkin, V. I. Artyukhin, D. V. Sokolov, and G. S. 

Litvinenko, Izv. Akad. Nauk KazSSR, Ser. Khim., No. 4, 80 (1971). 
i0. V. G. Zaikin, A. A. Bakaev, N. S. Vul'fson (Wulfson), A. A. Akhrem, L. I. Ukhova, and N. 

F. Marchenko, Org. Mass Spectrom., 12, 173 (1977). 
ii. V. G. Zaikin and N. S. Vul'fson, Kh{-m-. Geterotsikl. Soedin., No. II, 1443 (1978). 
12. V. I. Zaretskii, N. S. Vul'fson, V. G. Zaikin, A. A. Akhrem, L. I. Ukhova, and N. F. 

Uskova, Izv. Akad. Nauk SSSR, Set. Khim., No. 9, 2164 (1968). 
13. V. G. Zaikin, N. S. Vul'fson (Wulfson), V. I. Zaretskii, A. A. Bakaev, A. A. Akhrem, L. 

I. Ukhova, and N. F. Uskova, Org. Mass Spectrom., ~, 1257 (1969). 
14. N. S. Vul'fson, A. A. Bakaev, V. G. Zaikin, A. A~ Akhrem, L. I. Ukhova, and N. F. Mar- 

chenko, Izv. Akad. Nauk SSSR, Ser. Khim., No. i, 209 (1972). 
15. V. G. Zaikin, V. I. Smetanin, N. S. Vul'fson, A. A. Akhrem, L. I. Ukhova, and G. P. 

Kukso, Izv. Akad. Nauk SSSR, Ser. Khim., No. 7, 1524 (1976). 
16. A. I. Ermakov and Yu. N. Sheinker, Khim, Geterotsikl. Soedin., No. i, 65 (1981). 
17. D. V. Sokolov, K. D. Praliev, B. T. Sydykov, V. I. Artyukhin, D. M. Manatauov, V. M. 

Kurilenko, and Zh. N. Khlienko, Khim.-farm. Zh., iO, 30 (1976). 
18. D. V. Sokolov, K. D. Praliev, and B. T. Sydykov, USSR Inventor's Certificate No. 485,112; 

Byul. Izobr., No. 35, 64 (1975). 
19. M. Z. Esenalieva, K. D. Praliev, and D. V. Sokolov, Izv. Akad. Nauk KazSSR, Ser. Khim., 

No. i, 61 (1984). 
20. V. B. Rozhnov, L. P. Krasnomolova, K. D. Praliev, M. Z. Esenalieva, D. V. Sokolov, and 

O. V. Agashkin, Zh. Fiz. Khim., 58, 240 (1984). 
21. L. P. Krasnomolova, S. G. Klepikova, O. V. Agashkin, K. D. Praliev, M. Z. Esenalieva, 

and S. A. Tarakov, Zh. Fiz. Fhim., 58, 2597 (1984). 
22. O. T. Zhilkibaev, K. D. Praliev, V. B. Rozhnov, and D. V. Sokolov, Izv. Akad. Nauk Kaz- 

SSR, Ser. Khim., No. 2, 81 (1984). 
23. O. T. Zhilkibaev, K. D. Praliev, and D. V. Sokolov, Izv. Akad. Nauk KazSSR, Ser. Khim., 

No. 4, 57 (1985). 

199 


