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The g e n e r a l  p r inc ip les  of the m a s s - s p e c t r a l  d i s in tegra t ion  of 4 -hydroxy-2-quino l ine  de r iva -  
t ives  containing va r ious  subs t i tuen t s  a t tached to the n i t rogen in the 3 posi t ion were  e s t ab -  
l ished. It was  found that  the d is in tegra t ion  of 4 -hydroxy-2-quinolone  and its N-subst i tu ted  
de r iva t ives  p roceeds  p r i m a r i l y  through c leavage  of the he te rocyc l ic  r ing,  while the pr inc ipa l  
pathways of the d is in tegra t ion  of 3 - acy l  de r iva t ives  a r e  a s soc ia t ed  with f ragmenta t ion  of the 
acy l  group.  

We have p r e v i o u s l y r e p o r t e d  [1] a m a s s - s p e c t r o m e t r i c  invest igat ion of a number  of subst i tuted 6- 
m e t h y l - 4 - h y d r o x y - 2 - p y r i d o n e s .  The f ragmenta t ion  of subst i tu ted 4-hydroxy-2-qu ino lones  and of ot4aer sub-  
s t i tuted 2-quinolones  under  the influence of e l ec t ron  impact  has been  e x t r e m e l y  inadequately studied, 
though they a r e  s i m i l a r  to the l a t t e r  with r e s p e c t  to the i r  s t r u c t u r e s  and chemica l  p rope r t i e s .  Only the 
m a s s  spec t r a  of 2-quinolone i tself  and its N-,  3 - ,  and 4 -me thy l  de r iva t ives  have been examined in detai l  
[2]. However,  a s tudy of the pathways of the m a s s - s p e c t r a l  d is in tegra t ion  of subst i tuted 4 - h y d r o x y - 2 -  
quinolones, in addit ion to its independent in teres t ,  is a l so  of impor tance  in that  a number  of a lkaloids  a r e  
4 -hydroxy-2-qu ino lone  de r iva t ives  (for example ,  see  [3-5], in which data f r o m  the m a s s  spec t r a  a r e  p r e -  
sented).  The p re sen t  pape r  is devoted to a m a s s - s p e c t r o m e t r i c  invest igat ion of 4 -hydroxy-2-quinolone  (I), 
i ts N-methy l  (II) and N - p h e n y l  (III) analogs ,  4 -ace toxy-2-qu ino lone  (IV), i t s  N-methy l  analog (V), 3 - a c e t y l -  
4 -hydroxy-2-qu ino lone  (VI), its N-methy l  (VII) and N-phenyl  (VIII) analogs ,  and 3-prop ionyl -  (IX) and 3 -n -  

The data f r o m  the m a s s  spec t r a  of these  compounds a r e  p resen ted  hexanoyl -4 -hydroxy-2-qu ino lone  (X). 
in Table  1. 

"0 
I 
R 

I-X 

I R=R'=R'=H; I[ R=CH3, R'=R'=H; III R=C~Hs, R'=R'=H; IV R=R'=I-t, i-~"= 
=COCH3; V R=CHs, t~'=H, R"=COCHz; VI R=R'=t-I, R'=COCH~; VII I~=CH:,, 
R'=COCHs, R"=I-t; VIII R=C6Hs, I~'=COCH2, I~'=H; IX I~=R"=H, R'=COC21-:I~; 

X R=R"=H, R'=COCsHu-n 

M + ( I )  - - ~  -c.~co ~N . . '  ]'+ 
R 

a ,'n/e uo (R= t l )  

,n/e 133 (R=CH3) 

�9 ,n/e 195 (r=C6ns) 

The m a s s  spec t r a  of hydroxyquinolones I - I I I  a r e  c h a r a c t e r i z e d  by in- 
t ense  m o l e c u l a r  ion peaks  that  p redomina te  in the spec t ra .  As in the case  
of the cor responding  6 - m e t h y l - 4 - h y d r o x y - 2 - p y r i d o n e  de r iva t ives  [1], a 
low-in tens i ty  doublet of M -- 28 and M - 29 peaks  (ejection of CO and CHO) 
is obs e rved  in the spec t r a  of I and III, but in con t ra s t  to the  f o r m e r ,  another  
app rec i ab l e  M -- 17 peak a p p e a r s  in the spec t r a  of I - r e .  
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TABLE 1 (continued) 

role I II I l I  IV V VI VII VIII ]X X 

~31 
.~35 
236 
237 
938 
~239 
258 
,959 
.260 
261 
,264 
265 
266 
.278 
279 
380 

t.O 
1,1,7 
t8,0 
3,,2 
0,4 

0,5 
0.4 

4,7 
1,0 
0,1 
1,8 
6,2 
1,2 

0,6 

0,4 
6~4 
1,1 
0,3 

The peak of the M--42 ion (a), the fo rma t ion  of w h i c h i s  evidently associa ted  with the elimination of 
ketene f rom the molecu la r  ion, is the second most  intense peak in the mass  spect ra  of I and HI and is 
appreciable  in the spec t rum of II. 

Disintegrat ion of the molecular  ions with ejection of a ketene radical  (CH=C=O) proceeds only in 
the case of hydroxyquinolone I (the peak with m / e  120). In principle,  this type of fragmentation,  together  
with the format ion  of ion a, can also be observed  in the spec t rum of IL However, both of these peaks a re  
of lower intensity than the peak of the M--43 ion ( m / e  132). 

The m a s s  spec t rum of II differs sharply  f rom the spec t ra  of t and HI with r e spec t  to a considerable  
increase  in the intensity of the M--29 ion peak. In our  opinion, this may be associa ted  with the fact that 
the ejection of Co +H f rom the molecu la r  ion  of II involves the inclusion of a - C H  3 group in the ring and 
the fo rmat ion  of a stable hydroxyquinolinium ion (b): 

OH 

M+(ll)  - (C0  ~ H) 

H 

b ~ /e  146 

A pecul iar i ty  of the mass  spec t rum of hydroxyquinoline HI as compared  with the spect ra  of I and II is 
the high intensity of the M--1 peak (65% of the magnitude of the M + peak). A s imi la r  effect of an N-phenyl 
group was also observed  in the ease  of 6 -me thy l -4 -hydroxy-2 -py r idones  [1]. Unfortunately, the low pe r -  
centage of deuter ium incorporat ion in the 4-OH group during deuter ium exchange with C2H5OD direct ly in 
the mass  spec t r om e te r  for  both III and for  its analog in the a -py r idone  se r ies  does not answer the ques-  
tion of the nature of the el iminated hydrogen atom. It has been assumed for  6 -me thy l -4 -hyd roxy -2 -py r i -  
dories [1] that  in the format ion  of the(M+ i) + ion the hydrogen atom may depart  both f rom the 4-OH group 
and f rom the 6-CH 3 group as a consequence of the ortho effect. In a m a s s - s p e c t r o m e t r i c  study of XI syn- 
thes ized by acetyla t ion of 1 -pheny l -4 -hydroxy-2-pyr idone  with t r ideuteroacet ic  anhydride in pyridine it 
was found that one of the principal  peaks,M - 4 3 ,  inthe spec t rum of its unlabeled analog is due to two-step 
elimination of a COCH 3 group. This conclusion was drawn on the basis  of the fact  that the peak of a recta-  
stable ion for  the M + --~ M--42 t rans i t ion  0VI* = 166.2) is observed  in the spec t rum of 1 -phenyl -4-acc toxy-  
6 -methy l -2-pyr idone ,  whereas  on passing to 4- t r ideu te roace toxy  analog XI the most  intense peaks with 
m / e  200 (M--43) and 201 0VI--42) of the spec t rum of the unlabeled analog a re  shifted by 1 amu to m / e  201 
and 202, respect ive ly .  This can mean  only that the ion formed af te r  the ejection of CD2CO f rom the molecu-  
l a r  .ion of XI subsequently loses a hydrogen atom ra ther  than a D atom, most  likely f rom the 6-CH 3 group: 

OCOCD 3 OD OD 

M + ( X l )  C 

1334 



Ion c, the s t ruc ture  of which most  likely cor responds  to the molecular  ion of 1 -pheny l -4 -hydroxy-6-  
methyl -2-pyr idone,  is formed as a resul t  of elimination of ketene f rom the 4-ace toxy group, and it can 
there fore  be  assumed  that the hydrogen atom f rom the M + ion of the lat ter  a lso departs  f rom the 6-CH~ 
group. Unfortunately, we were  unable to synthesize the 1-phenyl -4-ace toxy and 1 -pheny l -4 - t r ideu te ro-  
acetoxy analogs in the 2-quinolone ser ies .  However, in analogy with 2-pyr idones ,  the following mech-  
anism for  the format ion  of the (M--l) + ion 0o) can be assumed in the case  of n I  (although one also cannot 
deny the possibil i ty of ejection of a hydrogen atom f rom the 4-OH group): 

O H  - O H  

o o 

/VI + ( l I D  d ( m - I ) *  

The f i r s t  act  in the dis integrat ion of the molecu la r  ions of 4-acetoxy-2-quinolones  IV and V entails 
the el imination of ketene f rom the 4-COCH 3 group. The s t ruc tures  of the ions formed in this case are  evi-  
dently analogous to those of the molecular  ions of I and II, respec t ive ly  (inasmuch as a ketene molecule is 
mos t  likely el iminated f rom acetates  of a romat ic  and vinyl alcohols through a fou r -membered  transi t ion 
state), and the mass  spec t ra  of IV and V below the M--42 peaks (from m / e  161 and 175, respectively) a re  
complete ly  identical to the spect ra  of I and II. 

The molecu la r  ion peaks in the spect ra  of hydroxyquinolones VI-X are  among the most  intense peaks. 
The most  cha rac te r i s t i c  disintegrat ion of the M + ion entails the ejection of an alkyl radical  f rom the 3-acy l  
group and the format ion  of ions e. The peaks of these ions predominate in the spectra  of VI, VII, and IX. 

OH + I~H 

I I 
R R 

M + (VI-X) e: rn/e 188 ( R = H ) ,  

m/e 209 (R=CH3) 

,n,/e 264 (R=C~Hs)  

The  acyl  res idue in the 3 position can be eliminated f rom the molecular  ion in its ent i re ty or  in the 
fo rm of ketene, but these p rocesses  a re  usually of low energic advantage, and only low-intensi ty (M--43) + 
and (M--42) + ion peaks a re  therefore  observed  in the spectra  of VI-VIII.  The acyl  substituents a r e  ejected 
p r imar i l y  in the fo rm of substituted ketenes (CH3CH=C=O or n-C4HsCH=C=O) only in the case  of IX and 
X, and the corresponding peaks a re  quite intense. 

Two special  pathways of disintegrat ion due to the presence  of a long acyl  chain are  charac te r i s t i c  
for  3-hexanoyl derivat ive X. One pathway is re la ted to the McLaffer ty  r ea r r angemen t  through the carbonyl  
group of the acyl  res idue (ion f): 

�9 OH *' H OH *.OH 

%J-%n/J% 
H H 

M* (X) f m/e 203 

The other  pathway is due to the ejection of a propyl radica l  f rom the molecular  ion, possibly as a resul t  of 
the following p rocess :  

Oil 0 O I l  ' 0 ' 

~ c \Ctl2 -cave 

t l  f,,"~:~ i 17 H 

M ( x } g r~/e 216 

Ion peak g is the most  intense peak in the mass  spec t rum of X. In addition, the (M--29) ion peak is of low 
intensity, apparent ly  due to loss of a C2H 5 radica l  f rom the 3-hexanoyl chain. 
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I n t h e  case  of VI-X,  the d is in tegra t ion  of the  he te rocyc l i c  r ing occu r s  to a l e s s e r  extent.  A peak of 
med ium intensi ty  with m / e  120 in the s p e c t r a  of hydroxyquinolones VI, IX, and X, wh ich  is shif ted to m / e  
134 and 195 on pass ing f r o m  VII and VIII, is apparen t ly  due to eject ion of C~3) and C(4 ) a toms  toge ther  with 
the subs t i tuents  in the f o r m  of subst i tu ted ketene rad ica l s .  The p r e sence  of me ta s t ab le  ion peak m* = 76.5 
(calculated value 76.5) in the m a s s  s p e c t r u m  of VI shows that  the ion with m / e  120 in this case  is f o rmed  
d i r ec t ly  f r o m  ion e. However ,  in the d is in tegra t ion  of VII the ion with m / e  134 can be fo rmed  both f r o m  
ion e (m* = 89, ca lcu la ted  value 88.9) and f r o m  the m o l e c u l a r  ion (In* = 82.4, ca lcula ted  value 82.3). 

The l ow-m ol ecu l a r -we i gh t  reg ions  of the m a s s  spec t r a  of t -X  a re  c h a r a c t e r i z e d  by a number  of peaks  
c o m m o n  to all  the spec t r a .  Apprec iab le  peaks  with m / e  77 (CGH ~ a r e  p r e sen t  in al l  of the spec t ra .  Peaks  
with m / e  92, which a r e  evidently due to ions of the h type, a r e  pecu l i a r  to the spec t r a  of n i t rogen-unsub-  
s t i tuted 2-quinolones  I, IV, VI, IX, and X and N-pheny l - subs t i tu t ed  I l l  and VIII. A r a t h e r  intense doublet of 
peaks  with m / e  104 and 105 is p r e s en t  in a l l  of the spec t r a ,  r e g a r d l e s s  of the nature  of the subst i tuent  
a t tached to the n i t rogen  a tom.  It m a y  be a s s u m e d  that,  in the gene ra l  ca se ,  they c o r r e s p o n d  to ions of the 
i and j composi t ion.  It should be noted that  the s p e c t r u m  of IV contains me tas t ab le  ion peaks  m* = 127.9 
(calculated value 127.7), 110 (calculated value 109.9), and 93 (calculated value 82.9), which co r re spond  to 
s u c c e s s i v e  e jec t ion  f r o m  the m o l e c u l a r  ion of 42 amu and (twice) 28 amu [M + ( m / e  203) --~ m / e  161 --~ 
m / e  133 ~ m/-e  105]. 

The spec t r a  of N-phenyl  de r iva t ives  III and VIII contain apprec iab le  peaks  with m / e  167. The c o r r e s -  
ponding ions m o s t  l ikely  include both benzene r ings  and the ni t rogen a tom,  although the i r  s t r uc tu r e s  were  
not es tabl ished.  

-}. 
h role' 92 i m/e 104 j m/e 10S 

E X P E R I M E N T A L  

The m a s s  s p e c t r a  w e r e  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  with a s y s t e m  for  d i rec t  in t roduc-  
t ion of the s amp le s  into the ion s ou rce  a t  an ionization ene rgy  of 70 eV and s a m p l e - e v a p o r a t i o n  t e m p e r a -  
t u r e s  of 130-170 ~ . 
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