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High resolution mass spectra of compounds 1-6 were investigated. The quinolines (1-3) all
exhibit a prominent (f\l—l)r peak and subsequent loss of HCN. These processes are consistent
with azatropylium ion intermediates.  The N-oxides (4-6) all exhibit major peaks at (M-I())+;
the abundance of the latter is related to the geometry of the molecule. The four-membered ring
compounds (3 and 6) give more complex spectra, which reflect the influence of the fused strained
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During the past decade, considerable attention has been
directed toward establishing the fragmentation pathways
of nitrogen heterocyclies (3-0) and the N-oxides of such
systems (7-10) induced by electron impact.  Frequently,
these studies have included monoalkyl- and dialkylquino-
lines in which the side chains ranged from methyl to
pentyl.  None of the reports to date have treated cyclo-
alkane derivatives.

As a corollary to our interest in strained heterocyclic
systems (17,18), we have prepared 2,3-dimethylquinoline
(1), 2.3-dihydro-t-cyclopenta| b Jquinoline (2), 1,2-di-

hydrocyclobuta] b Jquinoline (3), and their corresponding
N-oxides (4, 8 and 6, respectively) for mass spectrometric
studies.  The group of three N-oxides consistutes an
interesting series for assessing the structural influences on
the ortho-effect (8), by which the molecular ion loses a
hydroxyl fragment. The spectra of the parent hetero-

eyclics are of interest for two reasons.  They serve as

reference compounds for the N-oxides, since the latter
Also, the
cycloalkane derivatives 2 and 3 comprise new systems

are known to undergo deoxygenation (7).

for defining the scope of the ring expansion o azatro-
g g exp

pylium ions, a process known to occur with alkylquino-
lines (3,4).

The fragmentation patterns and established metastable

8 13

transitions of the six compounds are summarized in
Tables [-1V (19).

as a point of reference in considering novel features of the

2,3-Dimethylquinoline (1) is included

fragmentation patterns of the compounds whose structures
include fused alicyclic rings. The fragmentation of 1 is
TABLE 1

Major Fragments in the Mass Spectra of 1-3

Fragment Relative Intensities (%)
Species Lost 1 2 3
M 100 100 100
M-1 H 39 87 68
M2 H, 2 25 4
M-15 CH3 6 6 11
M-26 CyH, 6 2 6
M-27 C,ll5 6 1 3
HCN 0 0 7
M-28 CoHg 5 3 4
CHyN 3 1 8
M-29 C,Hs 3 8 0
CH3N 3 0 0

M-40 C3Hy 2 1 0.7
C,oH2N 0 0.5 9
M-41 C3H; 4 1 1
C,H3N 3 2 8

M-42 C3Hg 0 0.6 0.3
CaHyN 20 2 5
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dominated by propensity towards the azatropylium cation,
which then loses HEN to yield an indenyl cation (20).
[dentification of the indicated metastable species, coupled
with the assumption that the Cand Nin the HEN fragment
are adjucent atoms, leads to the conclusion that 1bis the
correct structure for the benzyl-type cation, rather than
the isomeric structure resulting from the loss of H from
the 3-methyl.  Similar reasoning leads to l|1(' depicted
structures in the sequence to 1, where the 2-me thyl is

the initial loss rather than the 3-methyl.  Furthermore,

TABLE 1

Major Fragments in the Mass Spectra of 4-6

Fragment Relative Intensities (%)
Species lost 4 5 6

M 60 59 100
M-1 H | 3 12
M-16 0 48 37 03
M7 HO 100 100 15
M-18 H,0 3 36 5
M-19 H30 0 0 0
M-28 CO 0 0 17
M-29 CHO 0 2 45
M-30 CH, 0 0 0 58
M-31 CH30 5 3 50
M-33 CHs50 5 0 0
M-42 C,1,0 9 0 5
M-43 C,H30 10 0 9

CHNO 0 0 4
M-44 (,Ha0 ! 9 4

CH,NO 9 0 9
M-45 Cy 150 1 5 0

CH;3NO 6 0 0
M-55 C3H30 0 14 7
M-56 C,H,NO 0 0 44
M-57 C3Hs0 10 0 0

CoHaNO 0 0 26
M-538 CaH4NO 25 0 10
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these fragmentations are consistent with reported frag-
mentation patterns for 2-methylquinoline (3,4) and 3-
methylquinoline (3,21,22).  Although there is a small
abundance of the ion resulting from loss of CH3CN from
the molecular ion, no metastable transition was observed.
For theions ol m/e 130, 129, 128,

from loss of Cyl5 or of HEN, it is noteworthy that loss

17, and 116, resulting

of the hydrocarbon fragment consistently leads to the
more abundant ion.

TABLE 111

Metastable Trausitions in the Mass Spectra of 1-3

Relative
Intensity
Compound Transition (%) (1)
1 1577 > 142" + CH;5- 1.3
1577 = 1301 + Gyl 5 0.0
1577 > 1171 + C3H, 0.2
1567 = 141" + CH 0.07
156" > 140" + Cl, 0.06
1567 > 1291 + HCNJC, N5 1.6
1557 > 128" + HCNJC,H 3 0.5
1547 = 1271 + HON/C, Hy 0.1
1427 > 116" + C,H, 0.3
1427 = 1151 + HCN 0.7
1417 = 1141 + HCN 0.05
1407 > 1131 + HCN 0.13
2 1687 = 1411 + HON/C, Hy 0.2
1671 > 140" + HCN/Ca Hy- 0.1
1667 = 1391 + HON/C, 1 30 0.1
1567 =129 + HON/C, Hy 0.04
155" =>128% + HON/C, Hy: 0.1
154 =127 + HONJCoH3- 0.2
143t =>128% + CH5- 0.04
143t > 116" + HCN/C H;- 0.03
1421 > 1151 + HCN/C,H3- 0.3
141* = 114% + HON/Cy 15 0.2
140" = 1131 + HON/Ca Ny 0.01
3 155" =140 + Cly 0.5
1551 =120 + G, 0.5
1557 =>128% + HCN/CoH;y- 0.9
1545 > 1271 + HCN/Co Hy- 1.9
1407 > 1131 + HCN/CoH;- 0.7
1297 > 1027 + HCN/C,H5- 0.4
128% > 101% + HCN/CoHy 0.2
1157 = 891 + (yH, 0.3

(a) The intensity (%) of the metastable ion precursor relative to
the daughter fragment.

The cycloalkane derivatives 2 and 3 exhibit low reso-
lution fragmentation patterns similar to that shown for 1.
The base peak for all three parent heterocyclic systems
is the molecular ion, and the next most abundant species
is the (M-1) ion. As might be expected, with the alicyclic
ring structure present in 2, the (M-2) ion is also abundant.



Dee. 1973

The structures of 2b and 2c are analogous o those
inferred for 1b and 1e, and 2c¢ also was observed 1o lose
Colly and HENL Identical considerations apply to strue-
tures 2d and 2e but the loss of HON is small compared to
the Toss of Cylly. With the exception of the (M-C,115)
and (M-Cy 14Ny ions, the competing fragmentations of
Gty and HON are comparable for 1 and 2; i.e., the loss
ol Co 5 is lavored over the loss of TICN.
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TABLE 1V

Metastable Transitions in the Mass Spectra of 4-6

Relative
Intensity
Compound Transition (%) (a)
4 173" > 156" + OH- 3.0
1727 > 1551 + ol 0.8
157" > 142% + CHy 0.4
157" > 1307 + Cylly- 0.6
156" > 1411 + CH3/NH- 0.3
156" > 1401 1 CHy 0.05
1567 > 129" ¢ HCN/Cy 5 27
1561 > 1167 1 (511, 1.6
156" > 1151 + 113N 0.8
156" > 114" + CoHaN: 0.04
155" =128 4 HON/CoH 5 0.4
154" > 1277 + HCN/C, Hye 0.4
142" >116* + C,H, 0.2
1427 > 1151 + HCN 1.2
141 = 1147 4 HONJCGo 11 5 0.2
5 1851 > 168" + 011 6.0
1858 > 130" + C53H30- 0.3
1841 = 1671 + OH- 0.3
184" = 1561+ CO 0.08
1841 > 120" + C3H30/C41INO- 0.02
183" > 166" + Ol 0.1
182" = 154" + CO 0.02
1697 = 1547 + Cll 5 0.04
168" > 1411 + HCN/C,H 5 0.02
1671 = 140" + HONJC,H - 0.12
1661 = 1391 + HONJCy 15 0.24
1571 =130 + 15 0.07
1561 = 1207 4 HCN/Cy 15 0.08
155" > 128" + HCNJCy 4 0.12
1541 > 1277 + HON/C,H 5+ 0.22
1537 > 126" + HCN/C,H 5 0.7
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143 > 1161 + ¢y 15 0.006
142 = 115% + HCNJC, 5 0.2
141 > 114% + HONJC,H5 0.17
1401 = 1131 + HON/C, H 5 0.2
130" = 103" + HCN/C,H5 0.3
129 > 102" + HON/C,Hy 0.1
1281 > 101" + HCN/CoH e 0.2
6 1711 =154 + Ol 0.0
171t = 143" + CO 1.3
170" = 153" + Ol 0.04
170t > 142% 4 CO 3.1
170t =141 + CHO- 1.7
169 = 1407 + CHO- 0.1
1551 > 140" + CH;5- 0.1
155Y > 1207 4 C,H, 0.1
1551 =>128" + HCN/C, 1 5 1.1
1557 > 1157 + (3H,4/Co N 0.041
154% > 1271 + HONJC, 15 0.6
1537 > 126" + HCN 0.3
1441 129" + CH5- 0.1
143* =>117% + CyH, 0.2
142t > 1167 + CyH, 0.8
1427 > 1151 + HON/C, Hy- 3.1
1417 > 1147 + HCN/C,H 5 3.7
1407 > 113" + HCN 0.3
129" > 102" + HON/C, Hy- 0.2
1286* =101 + HCN/CyHy 0.4

(a) The intensity (%) of the metastable ion precursor relative to
the daughter fragment.

Although inspection of a low resolution scan ol 3
suggests that the fragmentation pattern closely resembles
1 and 2, there proves to be a marked change in the refative
losses of HCN and CoHy. The loss of HCN is now favored
over the loss of CyHy: indeed, this includes the loss of
HCN from the molecular ion, an event which was trivial
or nonexistent for Tand 2. Previous investigators (3) have
speculated on whether or not ring expansion occurs in the
M oor the (M-1) species.
Caly in 3 is best accommodated by rearrangement of 3a

Preferential loss of HCN over

to an azatropylium ion (3¢) prior to HCN expulsion.
Further, although all three parent jons show a loss of
bl gﬂ [
CH; from the molecular ion, its relative intensily is
3 9
Both of these
phenomena may be a result of the ring strain inherent in
such a system (17,18). Thus, initial bond cleavage between

actually enhanced in the spectrum of 3.

C-1 and C-2 (relief of strain) would generate ion 3d which,
after ring expansion and hydrogen migration, can alford
ion, 3e. The structure of the latter species is consistent
with the observed losses of CHy (3f) and HCN from the
molecular ion. The principal fragmentation is still the
loss of H from the molecular ion. The route to ion 3¢ via
3b is by analogy to the previous systems, since 3¢ is known
to lose HCN,

Of the three quinoline N-oxides 4-6, the first two
show the expected fragmentations.  In addition to major
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peaks at M and (M-16), both compounds have the base
peak at (M-17). The deoxygenation of the molecular ion
to (M-16) is characteristic of many aromatic N-oxides
having no alkyl substituent at the a-position (7,8,11),
although in some cases the base peak remains the mole-
cular ion (9,10,12,14).

the loss of oxygen is thermally induced and is not a

It has recently been shown that

result of electron impact (16,23). The subsequent frag-
mentations of the (M-16) species of 4 and 5 parallel the
behavior of the molecular jons of 1 and 2. For this
reason many of the ions in the following two schemes

are the same as those discussed above for the parent

systems.  However, the enhanced relative abundance of
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several of those ions above the values found for the
corresponding quinolines (1 and 2) indicates that their
presence must also be due to electron impact fragmen-
tations.  Successive spectral scans elearly showed the
enhancement of the (M-16) ion with time. Consequently,
the spectra of 4-6 were obtained using the direct intro-
duction probe of the CEC-2I-1T10B with as short a time
delay as was practicable.

The base peaks at (M-17) for 4 and 5 are examples of
the ortho-effect (8).
process, and the appropriate metastable transitions were

The loss of Ol is a concerted

observed for both 4 and 6. Similar transitions have been
detected for 2-methyl derivatives of pyridine (13), pyr-
azine (14), quinolines (12,16), and quinoxalines (10).
The (M-17) species from 4 and 6 correspond to (M-1)

species from the parent quinolines and the subsequent
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fragmentations refleet those identifies.

The spectrum ol 6 is quite complex: it ix apparent
that more principal pathways are involved than was the
case with cither 4 or 5. The base peak of 6 is the molecular
ion, and the (M-10) ion is the next most abundant. The
latter species corresponds to M for 3 and the same
fragmentations are observed (Chart 1), The relative
intensity  of the (M-17) ion from 6 is signilicantly
decreased, as might be expeeted from the unfavorable
geometry ol 6, in which the hydrogen atoms ol the
e-methylene group required for a concerted elimination
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ol Ol are more distantly located than in 4 or 5. That
the (M-17) ion is produced via a onestep process was
established by the appropriate metastable transition. This
is i contrast with the situation for 2-alkylbenzimidazole
N-oxides in which the (M-17) jon has been shown to
arise from sequential losses of O and then H (10). The
absence of an ortho-cffect in the benzimidazole system
wis ascribed to the strain of the five-membered imidazole
ring.  The (M-17) species from 6 corresponds to (M-1)
from 3 and the subsequent fragmentations have been
discussed earlier.

The (M-1) ion from 6 proved to be an important
intermediate.  Metastable transitions were observed which
established that 6b was the precursor [or losses of €O
and CHO. Chart | diagrams these processes, along with the
loss of CO from 6a. The routes shown lor these fragmen-
Lations are consistent with the photochemical rearrange-
ments of guinoline N-oxides (11,24). The initial step is
the Tformation of an oxaziridine intermediate (6b or 6d).
The isomerization of 8d to 6e has photochemical analogies
(24).

isomerization to 2-quinolone was shown to be the result

[ the mass spectrum of quinoline N-oxide the

of electron impact rather than thermal induction (25).
Kaneko and co-workers regard the presence of (M-C())
ions in such speetra as a eriterion for the intermediacy
of the corresponding oxaziridine structures (11). Loss of
CO and CHO from 6¢ give 1d and 6f, respectively, and
both species undergo ring expansion and sufler loss of
HEN. Normally, the predominance of the M minus OH
process Tor 2-alkyl quinoline N-oxides precludes the M
minus CO and M minus CHO fragmentations.  This is
indeed the case with 4 and 5. It is a consequence of the
four-membered ring in 6 that the pathways shown become
operative.

EXPERIMENTAL

General,
Melting points, uncorrected, were obtained on a modified
Hershberg apparatus with total-immersion Anschiitz thermometers.
The preparation of compounds 1, 3, and 6 has been reported
(18).
2,3-Dihydro-1{-cyclopentafb |quinoline (2).

To a solution of cyclopentanone (3.0 g., 0.036 mole) and
freshly-prepared o-aminobenzaldehyde (4.4 g., 0.036 mole) in
80 ml. of 95% ethanol was added 15 ml. of 33% aqueous potassium
hydroxide solution. After 24 hours at room temperature the
reaction mixture was filtered by gravity, and the filtrate was
concentrated at reduced pressure on a rotary evaporator. A
solution of the viscous residual oil in dichtoromethane was washed
with water, dried, filtered, and concentrated to give 3.4 g. of a
bright yellow solid, m.p. 47-56°. The crude product was chromato-
graphed on alumina (neutral, activity 1) and eluded with chloro-
form to give 29 g. (48%) of white crystals, m.p. 58.8-59.8°
lit. (26) 59-60°].
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2,3-Dimethylquinoline N-Oxide (4).

2,3-Dimethylquinoline (0.20 g., 1.3 mmoles) was oxidized by
the procedure reported for 3 (18) to give 0,19 g. (86%) of crude
product, m.p. 116.5-118.5°. Recrystallization from ligroin (b.p.
90-120°) and charcoal treatment afforded 0.1 g. of white crystals,
m.p. 122.5-124.1° [lit. (27) 130-131°].

2,3-Dihydro-1H-cyclopental b ]quinoline N-Oxide (5).

Compound 2 was oxidized by the same procedure to give 0.19
g. (86%) of crude product, m.p. 113-115° dec. Recrystallization
from ligroin (b.p. 90-120°) afforded 0.09 g. (40%) of white
crystals, m.p. 120.0-121.5° dec. {1it. (28) 111-113°].

Spectra.

Mass spectra were obtained with a CEC 21-110B mass spectro-
meter using the direct introduction probe and an ionizing voltage
of 70 eV . Source temperatures for compounds 1-6 were 88°,175°,
117°, 60°, 69°, and 85°, respectively. EKxact mass measurements
were made with a resolution exceeding 10,000; perfluorokerosene
was used to provide reference mass. Metastable transitions were
established by uniquely determining the precursor ions employing
the ion accelerator decoupling technique (29).
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