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Abstract
Phase transfer catalyzed one-pot syntheses of fused oxazepino, oxazocino, and oxazonino quinolinium cations and quinolones were achieved
from 8-hydroxy quinoline derivatives with 1,u-dihaloalkanes. Structures of all the products were elucidated by spectroscopic analysis. Single
crystal X-ray crystallographic analysis of three compounds and graphical superposition of the structures indicate that products having seven-
membered ring are less planar compared to the product having eight-membered ring.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

More than half of the biologically active compounds pro-
duced by nature contain heterocyclic rings as fundamental
components in their skeleton.1 These compounds and their
modified products have popularly been utilized as pharmaco-
phores for preparing drugs.2 Great efforts have therefore
been made to discover and optimize new reactions to facilitate
the construction of heterocycles.3,4 Recent challenges in or-
ganic synthesis include the development of (i) new methodol-
ogies that afford products of greater structural complexity with
fewer synthetic steps,5 (ii) complex molecules from relatively
simple starting materials via tandem reactions,6e17 and (iii)
environment friendly, mild reaction conditions producing
high yields with operational simplicity.18 Preparation and test-
ing of analogues or enantiomers of the drugs that are known to
exert their pharmacological action via specific enzymes or
receptors19 are considered to be the core objective of these
endeavors. In a previous communication,20 we have
demonstrated for the first time a facile methodology for the
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synthesis of fused tricyclic oxazinoquinolones from the easily
available 8-hydroxy quinolines and 1,2-dichloroethane under
phase transfer catalyzed conditions. Analogues of seven-
membered heteroatomic molecules like dibenzoxepines,21e24

benzazepines, and benzothiepines25e27 have gained much
attention as potent mCPP and CCR5 antagonists, respectively,
and have been considered as potential anxiolytic/antidepres-
sants28e30 and oral HIV-1 candidates.31e34 Moreover, moieties
containing N-heteroaromatic cations have shown high affinity
for DNA.35 We therefore contemplated the synthesis of ex-
panded ring system analogues of oxazinoquinolines like oxa-
zepins, oxazocines, and oxazonines. Following our earlier
report,20 the synthesis of molecules containing a seven/eight-
membered 1,4-oxa-aza-quinolinium-ring system appeared to
be possible if higher homologues of dihaloalkanes were
used. The extended ring systems of 1,4-oxa-aza-quinoliniums
of choice could be conveniently prepared by proper selection
of the reagent and regulating the reaction conditions. We
therefore wished to investigate a methodology involving
a one-pot reaction, wherein 8-hydroxy quinoline (1) and its
different derivatives, e.g., 2-methyl (2), 5-chloro (3), and
5,7-dibromo (4) are used as model substrates and homologues
of 1, u-dihalo (chloro and bromo) derivatives of ethane (5),
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propane (6), butane (7), and pentane (8) are employed as the
alkylating agents. The reactions were carried out using cata-
lytic amounts of commercially available quaternary ammo-
nium halides as a phase transfer catalyst (PTC) in the
presence of an inorganic base. The course of the reaction
was expected to follow the mechanistic path as proposed in
the formation of oxazinoquinolones.20 But to our surprise
a new class of fused tricyclic oxa-aza-quinolinium cations
were also isolated along with the expected product 1,4-oxaze-
pino quinolones. Further studies furnished new classes of
fused tricyclic oxa-aza-quinolinium cations. The generality
of the reaction system and the plausible mechanism of this tan-
dem reaction are the subject of this paper. Finally, the method-
ology has been further developed via the use of a co-oxidizing
agent in this biphasic system to isolate the tricyclic quinolone
derivatives in high yield. We feel that our approach for the
fused tricyclic compounds has both generality and preparative
simplicity, and will yield subsets of heterocycles having the
potentiality to serve as templates for new biologically active
molecules.

2. Results and discussion

Initially, the reaction of 2-methyl-8-hydroxy quinoline (2)
with 1,3-dichloropropane (6) in 1:1.5 mole ratio was carried
out at ambient temperature using catalytic amounts of tetrabu-
tylammonium bromide as PTC in the presence of aq NaOH for
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Scheme 1. Possible reaction pathway lea
48 h, which afforded two products, one major (40%) and the
other minor (<10%). On mass spectral analysis, the products
appeared to be the di-ether, 1,3-bis[(2-methyl-8-quinolyl)oxy]-
propane (9), and the mono-ether, 1-chloro-3-(2-methyl-8-qui-
nolyl)oxy propane (10). The use of excess (2e3 equiv) of
the alkylating agent for w72 h neither increased the yield
nor afforded the expected cyclic product. The yields of the
products were virtually unaffected even after increasing the re-
action temperature (50 �C). Similar results were obtained with
1,4-dichlorobutane (7) and 1,5-dichloropentane (8), resulting
in the formation of 1,4-bis-[(2-methyl-8-quinolyl)oxy]butane
(11) and 1,5-bis-[(2-methyl-8-quinolyl)oxy]pentane (12), re-
spectively, in 35e40% yield besides trace amounts of the cor-
responding mono-ethers. Contemplating similar outcome, the
other substrates were not reacted with dichloroalkanes. We
then opted for dibromoalkanes as bromine is a better leaving
group than chlorine, but the reactions took an altogether differ-
ent course.

Following similar experimental protocol, the reaction of
5,7-dibromo-8-hydroxy quinoline (4) with 1,3-dibromopro-
pane (6) for about 48 h indeed yielded a solid product charac-
terized (Scheme 1) as 1,4-oxazepino-5,7-dibromoquinolinium
(13a) from its mass, 1H, and 13C NMR spectral analyses. The
molecular ion peak in positive mode (ESI) was displayed as
Mþ characteristic of a cation rather than a protonated or sodi-
ated ion. Two other products were isolated and characterized
as 1,4-oxazepino-5,7-dibromo quinolone (17a), and a trace
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amount of the di-ether. Employment of 2e3 molar equiv of 6
enhanced the yields of both 13a and 17a; no bis-ether product
could be isolated. Similar products identified as 13b/17b, 18/
17b, and 13c/17c were obtained from the substrates 1e3, re-
spectively, when subjected to reaction with 6. The structures
were determined on the basis of their MS, 1H, and 13C
NMR data, and elemental analysis. Besides, the molecular
structures of 13a and 17a were unambiguously determined
by single crystal X-ray analysis. ORTEP representations36 of
the molecular structures showing the atomic numbering
schemes are shown in Figure 1. Thereafter, we turned our at-
tention to the synthesis of eight-membered-fused quinolones,
the oxazocino quinolone analogues. Following similar reaction
parameters, reaction of 5,7-dibromo-8-hydroxy quinoline (4)
with 1,4-dibromobutane (7) furnished the oxazocino quinoli-
nium (21a) and the corresponding quinolone (22a) as ex-
pected. The structure of oxazocino quinolinium 21a was
confirmed by both spectral analysis and single crystal X-ray
analysis (Fig. 1). The quinolinium cation was recognizable
by the shortening of the bond N5eC6, which is 1.335(6)
and 1.326(7) Å for 21a and 13a, respectively, compared to
1.388(3) Å for 17a. Similarly, we could isolate differently
substituted eight-membered quinolinium cations and the corre-
sponding quinolones 21b/22b and 21c/22c from the substrates
1 and 3, respectively, when subjected to reaction with 1,4 di-
bromobutane (7). The percentage yield of all the analogues is
summarized in Table 1. Finally, the reactions of 1 and 3 were
performed with 1,5-dibromopentane (8) as the alkylating agent
to isolate only a small amount (w5%) of oxazonino quinoli-
niums 23b and 23c. However, the corresponding quinolones
could not be isolated probably due to the very low yield of
the quinoliniums.

As proposed in Schemes 1 and 2, the reaction may proceed
through the intermediate quinolinium salts (13, 18, 21, and
23), the key intermediates for this unusual ring formation. Iso-
lation and characterization of the intermediate quinolinium
salts clearly indicate that the formation of the quinolone deriva-
tives has occurred in a stepwise manner and not in a synchro-
nized fashion, as was suggested previously,20 where
nucleophilic addition of OH� occurred following the intra-
molecular nucleophilic substitution. The present observation
of fused quinolinium cation formation in the case of
Figure 1. ORTEP representations of 13a, 17a, and 21a, the d
extended ring systems (seven, eight, and nine-membered)
prompted us to revisit our previous work20 to see whether
any six-membered-fused quinolinium cation formation had
occurred and remained undetected. Indeed, here also we
were able to isolate a trace amount of six-membered-fused
quinolinium salt after 30 h. However, with an increase in
the reaction time the yield of oxazinoquinolinium salt de-
creases and finally after 48 h no salt could be isolated, as
it has been converted into its corresponding quinolone.

The major factors influencing the yields of six to nine-
membered quinoliniums and the corresponding quinolone
products are the leaving group aptitude (Table 2) and length
of the alkyl chain of the dihaloalkanes. As the quinolinium
intermediates are aromatic stabilized, the described reaction
proceeds through this intermediate. In the published systems,
the equilibrium tends to be driven by destabilizing effects on
the heteroaromatic cation, which enhances its oxidizing
power.5,37,38 Several driving forces can explain the efficiency
of this redox reaction. First, the positive charge on quaternary
ammonium salt in 13, 18, 21, and 23 is neutralized by the
nucleophilic addition of the hydroxide ion to the C-2 position
of this quinolinium intermediate. Secondly, the aromaticity of
intermediate 14 is being lost, whereas the central heterocycle
in intermediate 15 regains the aromatic character during oxi-
dation. Finally, tautomerization of intermediate 15 takes
place leading to isolated quinolones. The formation of 16a
in the same reaction process indicated that the oxidation pro-
cess occurred through hydride transfer of the intermediate 14
to 13a. It was demonstrated from the spectral analysis of the
product that was produced by carrying out the reaction of an
aqueous solution of 13a with sodium borohydride for about
15 min under nitrogen atmosphere. The 1H NMR spectrum
of the product is in full agreement with the structure of
16a. But the presence of a doublet at d 91.5 along with
some additional peaks in its 13C NMR spectra clearly indi-
cates its partial transformation toward 14a. The lability of
16a became obvious when the same reaction was carried
out without a nitrogen atmosphere for about 1 h, not a trace
of it could be isolated, rather the quinolone 17a was isolated
in good yields indicating that the conversion of 16a to 17a
was facile and it must have proceeded through aerial oxida-
tion (Scheme 3).
isplacement ellipsoids are drawn at a probability of 50%.



Table 1

Fused tricyclic quinolinium and quinolone frameworks obtained via this described method

Substrate Alkylating agent (6e8) Time (h) Structure of products Yield of products (%)

Quinolinium Quinolone Quinolinium Quinolone
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1 (CH2)5Br2 72 N
O

Br
(CH2)5

23b

d 5 NI
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NI¼not isolated.
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We also tried the reaction with the quinolinium cation (13a)
itself for transforming it into the corresponding quinolone in
the presence of 10% NaOH. The conversion of the quinoli-
nium to the corresponding quinolone was, however,
incomplete. The double bond of the heterocycle moiety of
14 is more labile, as it does not belong to an aromatic system.
We presume that the intermediate 14 disproportionates
(Scheme 4) in the organic layer leading to the oxidation
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Table 2

Yield of quinolinium (13b, 21b, and 23b) and the corresponding quinolone

(17b and 22b) in the presence of different alkylating agent with progress of

time via the described method

Alkylating agent

(CH2)nX2

Time

(h)

Yield of quinolinium (%) Yield of quinolone (%)

n¼3 n¼4 n¼5 n¼3 n¼4 n¼5

(CH2)nCl2 12 0 0 0 0 0 0

(CH2)nCl2 48 ND ND ND <5 ND ND

(CH2)nCl2 72 ND ND ND <5 ND ND

(CH2)nBr2 12 20 15 ND 0 0 ND

(CH2)nBr2 24 40 35 ND 10 10 ND

(CH2)nBr2 48 45 40 ND 45 40 ND

(CH2)nBr2 72 30 35 5 60 50 ND

(CH2)nI2 48 25 25 5 60 55 ND

ND¼Not detected.
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product 17a and the reduction product 140, which was in ac-
cord with the similar experiments carried out by Parenty
et al.,5 though the reduced product could not be isolated. How-
ever, when the same reaction was carried out in the presence
of either 50% NaOH or oxidizing agents like DDQ or NBS,
almost complete conversion of quinoliniums to quinolones
(Scheme 5) was observed. This observation intrigued us to
perform the reaction of 5,7-dibromo-8-hydroxy quinoline (4)
with 1,3-dibromopropane (6) in the presence of 50% NaOH
along with DDQ, which yielded only quinolone.

In the formation of 1,4-fused tricyclic ring system (oxazino
to oxazonino), the length of the alkyl chain (eCH2e)n is also
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Scheme 3. Sodium borohydride reduction of quinolinium derivative 13a.
a factor. The presence of seven-membered rings in 13a
and 17a instead of the eight-membered ring in 21a causes no-
ticeable strain for the quinoline ring system, which is less
planar for 13a and 17a. This is indicated by the rms deviations
of fitted atoms from least squares planes, which are 0.08 Å for
both 13a and 17a but 0.01 Å for 21a. Moreover, the atoms
directly bonded to the quinoline system deviated considerably
from the least square planes up to 0.56 Å and 0.48 Å for C4 in
17a and 13a, respectively. The corresponding maximum devi-
ation for 21a is only 0.05 Å found for O1. The graphical
superposition of the molecular structures of 13a, 17a, and
21a (Fig. 2) displayed that the molecules are rather alike ex-
cept for some minor differences as discussed above. This holds
not only for the two seven-membered ring compounds with
very comparable ring conformations, but also for seven atoms
of the eight-membered ring in 21a, which occupy almost the
same positions as the atoms in the seven-membered rings in
13a and 17a. Only the additional atom (C2) differs noticeably
in position. While no close intermolecular interactions are
seen in the crystal lattices of 17a and 21a (Fig. 3), an interest-
ing hydrogen-bonding pattern was observed for 13a. The
water molecule is a donor for two OeH/Br hydrogen bonds,
which generate via a crystallographic inversion center a closed
eight-membered ring cycle, which is further related to weak
C6eH6/O1W bond. The differences in planarity of seven
and eight-membered ring systems appear to influence their
respective yields.

3. Conclusion

In summary, we have shown a novel, general, and effective
method for the synthesis of the expanded ring system of fused
tricyclic oxa-aza-quinolinium cations or their corresponding



Figure 3. Packing interactions of 13a, projection of the lattice onto the xez-

plane, SCHAKAL99 drawing.39

Figure 2. Graphical superposition of 13a (in green), 17a (in blue), and 21a (in

red, dashed), SCHAKAL99 drawing.39
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quinolones in a one-pot sequence. The mechanism of the reac-
tion is fully understood in the case of quinolinium and quino-
lone derivatives and has allowed the development of a biphasic
protocol in both the cases. This procedure allows a great deal
of synthetic flexibility and offers the possibility of synthesiz-
ing newer heteroaromatic systems having potential biological
activity. The salient features of this methodology are that it
works with inexpensive and easily available reactants operat-
ing in an environment friendly, mild reaction condition with
operational simplicity.

4. Experimental section

4.1. General

Melting points were determined with a capillary melting
point apparatus and are uncorrected. IR spectra were recorded
on a JASCO FTIR (model 410) in KBr pellets. ESI-MS (pos-
itive) was conducted using LC-ESI-Q-TOF micro mass
spectrometer. 1H and 13C NMR spectra were taken on a Bruker
300 MHz DPX spectrometer at 300 and 74.99 MHz, respec-
tively, with tetramethylsilane as an internal standard and the
chemical shifts are reported in d units. 8-Hydroxy quinoline
derivatives, 1,u-dihaloalkanes, and PTC (tetra butyl ammo-
nium bromide) were purchased from Aldrich Chemical Ltd
(USA). Organic solvents used for the chemical synthesis
and for chromatography acquired from E. Merck (India)
were of analytical grade. All chromatographic purification
was performed with silica gel (60e120 mesh) and was
obtained from SRL (India). Thin layer chromatography was
performed on pre-coated silica gel 60 F254 aluminum sheets
(E. Merck, Germany) using the solvent system 1e6% MeOH
in CHCl3 and spots were developed using Liebermanne
Burchard solution.

4.2. General procedure for the synthesis of molecules 9e12

2-Methyl-8-hydroxy quinoline (2) (1.25 mmol) was
dissolved in 25 mL of dichloromethane in a 250 mL RB flask
placed on a magnetic stirrer. Aqueous NaOH solution (2.5 g,
62.5 mmol, 10% in 25 ml H2O) was added to the solution
at ambient temperature. Then, dichloroalkanes (6e8)
(1.87 mmol) were added successively to the solution followed
by addition of catalytic amount of tetra butyl ammonium
bromide (322.4 mg, 1 mmol). The mixture was stirred contin-
uously for 48 h. After completion of the reaction (monitored
by TLC), the contents were transferred to a separating funnel
and the organic layer was separated. The aqueous layer was
extracted 2e3 times with 20e25 mL of dichloromethane.
Then, all the dichloromethane extracts were mixed, washed
thoroughly with water until free from alkali, dried over
anhydrous sodium sulfate, and evaporated to dryness under
reduced pressure using a rotary evaporator. The residue was
chromatographed over silica gel (60e120 mesh) using petro-
leum ether (60e80 �C) and chloroform in different ratios
yielded the dimer in 70e80% along with a very low amount
of monomer.

4.2.1. 1,3-Bis-[(2-methyl-8-quinolyl)oxy]propane (9)
The product 9 was obtained from 2 (1.25 mmol) and 1,3-di-

chloropropane (1.87 mmol). Purification of the crude product
by chromatography (eluant: petrolechloroform 1:3) and sub-
sequent crystallization from dichloromethaneehexane gave 9
as fine needles (yield 40%). Mp 122e124 �C; Rf (25% pet.
ethereCHCl3) 0.45; IR (KBr, nmax) 3365, 3126, 2526, 1864,
1530, 1383 cm�1; 1H NMR (CDCl3, 300 MHz): d 2.56 (m,
2H, eOeCH2eCH2eCH2), 2.77 (s, 6H, 2�CH3), 4.56 (t,
4H, J¼6.3 Hz, 2�OeCH2), 7.15 (m, 2H, H-7, 70), 7.31 (m,
6H, H-3, 30, 5, 50, 6, 60), 7.97 (d, 2H, J¼8.4 Hz, H-4, 40);
13C NMR (CDCl3, 75 MHz): d 26.0 (q, 2�CH3), 29.8 (t,
eOeCH2eCH2eCH2eOe), 66.5 (t, 2�eOeCH2), 110.2
(d, C-7, 70), 120.0 (d, C-5, 50), 122.8 (d, C-3, 30), 126.1 (d,
C-6, 60), 128.1 (s, C-4a, 40a), 136.4 (d, C-4, 40), 140.4 (s, C-8a,
80a), 154.5 (s, C-8, 80), 158.4 (s, C-2, 20); MS [ESI]: m/z 359
[MþH]þ. HRMS (ESI) m/z calcd for C23H23N2O2: [MþH]þ

359.1760; found: 359.1745.
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4.2.2. 1-Chloro-3-(2-methyl-8-quinolyl)oxy propane (10)
A mixture of 2 (1.25 mmol) was allowed to react with 1,3-di-

chloropropane (1.87 mmol) following the general procedure to
afford 10. Purification of the residue by chromatography (elu-
ant: petrolechloroform 4:1) and subsequent crystallization
from chloroformehexane gave 10 as white needles in 10%
yield. Mp 134e135 �C; Rf (80% pet. ethereCHCl3) 0.55; IR
(KBr, nmax) 3165, 2826, 1580, 1163 cm�1; 1H NMR (CDCl3,
300 MHz): d 2.58 (q, 2H, J¼6.3 Hz, eOeCH2eCH2e), 2.78
(s, 3H, eCH3), 4.38 (t, 2H, J¼6.3 Hz, eOCH2e), 3.74 (t, 2H,
J¼6.3 Hz, eCH2Cl), 7.09 (d, 2H, J¼6.6 Hz, H-7), 7.30 (d, 1H,
J¼8.4 Hz, H-3), 7.35 (m, 2H, H-5 and 6), 8.02 (d, 1H, J¼
8.4 Hz, H-4); 13C NMR (CDCl3, 75 MHz): d 25.9 (q, eCH3),
30.8 (t, eCH2), 32.6 (t, eCH2Br), 110.3 (d, C-7), 120.3 (d,
C-5), 122.9 (d, C-3), 126.1 (d, C-6), 128.2 (s, C-4a), 136.6 (d,
C-4), 140.2 (s, C-8a), 154.4 (s, C-8). HRMS (ESI) m/z calcd
for C13H15ClNO: [MþH]þ 236.0842; found: 236.0860.

4.2.3. 1,4-Bis-[(2-methyl-8-quinolyl)oxy]butane (11)
The product 8 was obtained from 2 (1.4 mmol) and 1,4-di-

chlorobutane (2.1 mmol) following the general procedure.
The residue was purified by chromatography (eluant: petrole
chloroform 1:3) and subsequent crystallization from aceto-
nitrileehexane gave 11 as white needles (yield 35%). Mp
172e174 �C; Rf (25% pet. ethereCHCl3) 0.48; IR (KBr, nmax):
3463, 3046, 2925, 1602, 1564, 1503, 1430, 1383, 1263 cm�1;
1H NMR (CDCl3, 300 MHz): d 2.30 (m, 4H, eCH2eCH2e),
2.71 (s, 6H, 2�CH3), 4.40 (m, 4H, 2�eOeCH2), 7.08 (dd,
J¼2.1, 6.3 Hz, 2H, H-7, 70), 7.33 (m, 6H, H-3, 30, 5, 50, 6,
60), 7.99 (d, J¼8.4 Hz, 2H, H-4, 40); 13C NMR (CDCl3,
75 MHz): d 26.1 (q, 2�CH3), 26.3 (t, eCH2eCH2e), 69.3 (t,
2�eOCH2), 109.6 (d, C-7, 70), 119.7 (d, C-5, 50), 122.8 (d,
C-3, 30), 126.1 (d, C-6, 60), 128.1 (s, C-4a, 40a), 136.4 (d,
C-4, 40), 140.3 (s, C-8a, 80a), 154.6 (s, C-8, 80), 158.4 (s, C-2,
20); MS [ESI]: m/z 373 [MþH]þ, 395 [MþNa]þ. HRMS
(ESI) m/z calcd for C24H25N2O2: [MþH]þ 373.1916; found:
373.1902.

4.2.4. 1,5-Bis-[(2-methyl-8-quinolyl)oxy]pentane (12)
A mixture of 2 (1.3 mmol) was allowed to react with 1,5-di-

chloropentane (1.95 mmol) following the general procedure to
afford 12. Purification of the residue by chromatography (elu-
ant: petrolechloroform 1:3) and subsequent crystallization
from acetonitrileehexane gave 12 as needles (yield 40%). Mp
178e180 �C; Rf (25% pet. ethereCHCl3) 0.47; IR (KBr,
nmax): 3508, 3050, 2946, 1606, 1563, 1261, 1106, 834 cm�1;
1H NMR (CDCl3, 300 MHz): d 1.80 (m, 2H, eCH2e), 2.17
(m, 4H, 2�eOeCH2eCH2e), 2.78 (s, 6H, 2�CH3), 4.29 (t,
4H, J¼6.9 Hz, 2�eOCH2), 7.05 (m, 2H, H-7, 70), 7.34 (m,
6H, H-3, 30, 5, 50, 6, 60), 8.01 (d, J¼8.4 Hz, 2H, H-4, 40); 13C
NMR (CDCl3, 75 MHz): d 23.1 (t, eCH2e), 25.9 (q, 2�CH3),
29.1 (t, 2�eCH2e), 69.4 (t, 2�eOCH2), 109.7 (d, C-7, 70),
119.7 (d, C-5, 50), 122.9 (d, C-3, 30), 126.3 (d, C-6, 60), 128.1
(s, C-4a, 4a0), 136.8 (d, C-4, 40), 139.9 (s, C-8a, 80a), 154.5 (s,
C-8, 80), 158.5 (s, C-2, 20); MS [ESI]: m/z 387 [MþH]þ, 409
[MþNa]þ. HRMS (ESI) m/z calcd for C25H27N2O2: [MþH]þ

387.2073; found: 387.2064.
4.3. General biphasic procedure for the synthesis of
molecules 13(aec), 17(aec), 18, 21(aec), 22(aec), and
23(bec)

The necessary 8-hydroxy quinoline derivative (1, 2, 3, or 4)
(3.3 mmol) was dissolved in 30 mL of dichloromethane in
a 250-mLRB flask followed by the addition of 30 mL of 10%
aqueous NaOH (3 g, 75 mmol) solution, and was stirred at
room temperature for about 30 min. 1,u-Dibromoalkane (5,
6, 7, or 8) (10 mmol, 1:3 ratio with respect to the substrate)
was added successively to the stirred solution and stirring
continued for 10 min. Finally, a catalytic amount of tetra butyl
ammonium bromide (Phase Transfer Catalyst) was added to the
solution and the reaction mixture was stirred at ambient temper-
ature for 48 h. During the course of reaction, TLC was
performed after every 5e6 h to monitor the course of the reac-
tion. After completion of the reaction, the contents of the reac-
tion mixture were poured to a separating funnel; the organic
layer was separated followed by extraction of the aqueous layer
thrice with 20e25 mL of dichloromethane. The entire aqueous
layer was further extracted with n-butanol for collecting the rest
amount of compounds. Then, all the organic layers were mixed
together, washed thoroughly with water until free from alkali,
dried over sodium sulfate, and evaporated to dryness in a rotary
evaporator under reduced pressure. The residue was chromato-
graphed over silica gel (60e120 mesh), eluting with a mixture
of petroleum etherechloroform and chloroformemethanol in
different ratios yielded the respective fused quinolinium cation
and its corresponding quinolone with 45e50% in both.

4.3.1. 1,3-Dibromo-8,9-dihydro-7H-10-oxa-6a-azonia-cyclo-
hepta[de]naphthalene; bromide (13a)

Bromide 13a was obtained from the column, eluted with
1% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as deep yellow needles in 45% yield. Mp 206e208 �C;
Rf (1% MeOHeCHCl3) 0.37; IR (KBr, nmax): 1374, 1397,
3438 cm�1; 1H NMR (DMSO-d6, 300 MHz): d 2.66 (2H, t,
J¼6 Hz, eCH2eCH2Ne), 4.53 (t, 2H, J¼7.2 Hz, eCH2e
CH2Ne), 5.23 (t, 2H, J¼5.1 Hz, eOeCH2eCH2e), 8.26
(dd, 1H, J¼5.7, 8.7 Hz, H-5), 8.69 (s, 1H, H-2), 9.26 (d, 1H,
J¼8.7 Hz, H-4), 9.58 (d, 1H, J¼5.7 Hz, H-6); 13C NMR
(DMSO-d6, 75 MHz): d 28.6 (CH2), 60.3 (CH2), 72.8 (CH2),
117.8 (C), 122.5 (C), 124.9 (CH), 130.5 (C), 135.9 (C),
137.5 (CH), 147.0 (CH), 152.6 (CH); MS (ESI): m/z 344
[M�Br]þ, 346 [Mþ2�Br]þ. HRMS (ESI) m/z calcd for
C12H10NOBr2: [M�Br]þ 341.9129; found: 341.9104.

4.3.2. 1,3-Dibromo-8,9-dihydro-7H-10-oxa-6a-aza-cyclo-
hepta[de]naphthalen-6-one (17a)

Quinolone 17a was obtained from the 30% chloroforme
petroleum ether fraction and was crystallized from chloroforme
petroleum ether mixture to give quinolone as a brownish
needle crystal in 45% yield. Mp 170e172 �C; Rf (70% pet.
ethereCHCl3) 0.54; IR (KBr, nmax): 1438, 1558, 1656 cm�1;
1H NMR (CDCl3, 300 MHz): d 2.36 (q, 2H, J¼6.9 Hz,
eOCH2eCH2e), 4.38 (t, 2H, J¼6 Hz, eCH2eCH2N), 4.61
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(t, 2H, J¼6 Hz, eOCH2), 6.75 (d, 1H, J¼9 Hz, H-5), 7.63 (s,
1H, H-2), 7.98 (d, 1H, J¼9.9 Hz, H-4); 13C NMR (CDCl3,
75 MHz): d 27.9 (CH2), 42.8 (CH2), 71.8 (CH2), 116.7 (C),
118.2 (C), 121.2 (C), 123.5 (CH), 130.5 (CH), 135.9 (C),
138.2 (CH), 145.8 (C), 162.4 (eCO); MS [ESI]: m/z 360
[MþH]þ, 362 [Mþ2þH]þ, 382 [MþNa]þ, 384 [Mþ2þNa]þ,
386 [Mþ4þNa]þ. HRMS (ESI) m/z calcd for C12H10Br2NO2:
[MþH]þ 357.9078; found: 357.9069.

4.3.3. 8,9-Dihydro-7H-10-oxa-6a-azonia-cyclohepta-
[de]naphthalene; bromide (13b)

Bromide 13b was obtained from the column, eluted with
5% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as a white needles in a 40% yield. Mp 246e248 �C; Rf

(5% MeOHeCHCl3) 0.38; IR (KBr, nmax): 1409, 1535,
3449 cm�1; 1H NMR (D2O, 300 MHz): d 2.63 (m, 2H,
CH2eCH2N), 4.39 (t, 2H, J¼7.5 Hz, eOCH2eCH2), 5.16 (t,
2H, J¼5.4 Hz, eOCH2), 7.62 (d, 1H, J¼6.9 Hz, H-1), 7.70
(t, 1H, J¼7.8 Hz, H-5), 7.88 (m, 2H, H-2, 3), 8.93 (d, 1H,
J¼8.4 Hz, H-4), 9.07 (d, 1H, J¼5.7 Hz, H-6); 13C NMR
(D2O, 75 MHz): d 28.9 (CH2), 59.8 (CH2), 72.4 (CH2),
122.4 (CH), 126.3 (CH), 127.4 (CH), 131.2 (CH), 132.3 (C),
134.0 (C), 148.0 (CH), 149.7(CH), 150.9 (C); MS [ESI]: m/z
186 [M�Br]þ. Anal. Calcd for C12H12NOBr: C, 54.16; H,
4.54; N, 5.26. Found: C, 54.18; H, 4.47; N, 5.66.

4.3.4. 8,9-Dihydro-7H-10-oxa-6a-aza-cyclohepta-
[de]naphthalen-6-one (17b)

Compound 17b was obtained from the 50% chloroforme
petroleum ether fraction and was crystallized from chloro-
formepetroleum ether mixture to give quinolone as yellow
needles in 30% yield. Mp 182e184 �C; Rf (50% pet. ethere
CHCl3) 0.51; IR (KBr, nmax): 1452, 1653 cm�1; 1H NMR
(CDCl3, 300 MHz): d 2.31 (m, 2H, eOCH2eCH2), 4.30 (t,
2H, J¼7.2 Hz, CH2eCH2N), 4.63 (t, 2H, J¼5.7 Hz, eOCH2),
6.66 (d, 1H, J¼9.6 Hz, H-5), 7.13 (m, 3H, H-1, 2, 3), 7.59 (d,
1H, J¼9.3 Hz, H-4); 13C NMR (CDCl3, 75 MHz): d 28.3
(CH2), 42.0 (CH2), 71.5 (CH2), 122.3 (CH), 122.8 (C),
122.8 (CH), 123.4 (CH), 123.7 (CH), 133.9 (C), 139.5 (CH),
149.6 (C), 162.8 (CO); MS [ESI]: m/z 202 [MþH]þ, 224
[MþNa]þ. HRMS (ESI) m/z calcd for C12H12NO2: [MþH]þ

202.0868; found: 202.0877.

4.3.5. 3-Chloro-8,9-dihydro-7H-10-oxa-6a-azonia-cyclo-
hepta[de]naphthalene; bromide (13c)

Molecule 13c was obtained from the column, eluted with
2% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as yellowish brown needles in a 45% yield. Mp 218e
220 �C; Rf (2% MeOHeCHCl3) 0.40; IR (KBr, nmax): 1289,
1525, 3432 cm�1; 1H NMR (CDCl3, 300 MHz): d 2.95 (t,
2H, J¼5.7 Hz, CH2eCH2N), 4.52 (m, 2H, eOCH2eCH2),
5.66 (t, 2H, J¼5.1 Hz, eOCH2), 7.66 (d, 1H, J¼8.4 Hz,
H-1), 7.87 (d, 1H, J¼8.7 Hz, H-2), 8.32 (m, 1H, H-5), 9.23 (d,
1H, J¼8.7 Hz, H-4), 10.64 (d, 1H, J¼5.1 Hz, H-6); 13C
NMR (CDCl3, 75 MHz): d 29.2 (CH2), 60.0 (CH2), 72.7
(CH2), 124.4 (CH), 127.0 (CH), 128.6 (C), 129.6 (C), 131.0
(CH), 134.6 (C), 143.7 (CH), 151.4 (C), 152.8 (CH); MS
[ESI]: m/z 220 [M�Br]þ. HRMS (ESI) m/z calcd for
C12H11NOCl: [M�Br]þ 220.0529; found: 220.0569.

4.3.6. 3-Chloro-8,9-dihydro-7H-10-oxa-6a-aza-cyclohepta-
[de]naphthalen-6-one (17c)

Molecule 17c was obtained from the 40% chloroforme
petroleum ether fraction and was crystallized from chloroforme
petroleum ether mixture to give quinolone as white powder in
30% yield. Mp 163e165 �C; Rf (60% pet. ethereCHCl3) 0.55;
IR (KBr, nmax): 1450, 1655 cm�1; 1H NMR (CDCl3,
300 MHz): d 2.32 (q, 2H, J¼6.9 Hz, -OCH2eCH2), 4.29 (d,
2H, J¼6.9 Hz, CH2eCH2N), 4.61 (d, 2H, J¼6 Hz, -OCH2),
6.74 (d, 1H, J¼9.9 Hz, H-5), 7.09 (dd, 2H, J¼8.55 and
21.75 Hz, H-1, 2), 8.04 (d, 1H, J¼9.9 Hz, H-4); 13C NMR
(CDCl3, 75 MHz): d 28.2 (CH2), 42.3 (CH2), 71.5 (CH2),
120.5 (C), 122.9 (CH), 123.2 (CH), 123.8 (CH), 127.0 (C),
135.2 (C), 135.8 (CH), 148.5 (C), 162.3 (-CO); MS [ESI]: m/z
236 [MþH]þ, 238 [Mþ2þH]þ, 258 [MþNa]þ, 260
[Mþ2þNa]þ. HRMS (ESI) m/z calcd for C12H10ClNO2Na:
[MþNa]þ 258.0298; found: 258.0321.

4.3.7. 6-Methyl-8,9-dihydro-7H-10-oxa-6a-azonia-cyclo-
hepta[de]naphthalene; bromide (18)

Molecule 18 was obtained from the column, eluted with 1%
methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as greenish needles in 40% yield. Mp 184e186 �C; Rf

(1% MeOHeCHCl3) 0.38; IR (KBr, nmax): 1289, 1435,
1518, 3432 cm�1; 1H NMR (CDCl3, 300 MHz): d 2.82 (t,
2H, J¼6.6 Hz, CH2eCH2N), 3.36 (s, 3H, CH3), 4.5 (m, 2H,
eOCH2eCH2), 5.17 (t, 2H, J¼6 Hz, eOCH2), 7.63 (d, 1H,
J¼6.6 Hz, H-1), 7.71 (t, 1H, J¼8.1 Hz, H-2), 7.93 (d, 1H, J¼
8.1 Hz, H-3), 8.06 (d, 1H, J¼8.7 Hz, H-5), 8.93 (d, 1H,
J¼8.7 Hz, H-4); 13C NMR (CDCl3, 75 MHz): d 24.5 (CH3),
28.0 (CH2), 54.0 (CH2), 71.8 (CH2), 125.4 (CH), 126.5
(CH), 126.7 (CH), 130.4 (CH), 130.8 (C), 134.6 (C), 146.5
(CH), 161.8 (C); MS [ESI]: m/z 200 [M�Br]þ. HRMS (ESI)
m/z calcd for C13H14NO: [M�Br]þ 200.1075; found:
200.1089.

4.3.8. 1,3-Dibromo-7,8,9,10-tetrahydro-11-oxa-6a-azonia-
cycloocta[de]naphthalene; bromide (21a)

Molecule 21a was obtained from the column, eluted with
2% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as yellowish brown needles in 40% yield. Mp 182e
184 �C; Rf (2% MeOHeCHCl3) 0.37; IR (KBr, nmax): 1223,
1510, 3447 cm�1; 1H NMR (DMSO-d6, 300 MHz): d 2.29
(m, 2H, CH2eCH2N), 4.29 (m, 2H, CH2eCH2N), 4.63 (m,
2H, eOCH2eCH2), 4.99 (m, 2H, eOCH2), 8.32 (dd, 1H,
J¼6 and 8.7 Hz, H-5), 8.78 (s, 1H, H-2), 9.35 (d, 1H,
J¼8.7 Hz, H-4), 9.64 (d, 1H, J¼5.7 Hz, H-6); 13C NMR
(DMSO-d6, 75 MHz): d 21.8 (CH2), 28.6 (CH2), 62.7 (CH2),
75.5 (CH2), 120.2 (C), 126.7 (C), 125.2 (CH), 130.2 (C),
138.1 (CH), 138.3 (C), 147.6 (CH), 154.3 (CH); MS [ESI]:
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m/z 358 [M�Br]þ. HRMS (ESI) m/z calcd for C13H12NOBr2:
[M�Br]þ 355.9286; found: 355.9235.

4.3.9. 1,3-Dibromo-7,8,9,10-tetrahydro-11-oxa-6a-aza-
cycloocta[de]naphthalene-6-one (22a)

Compound 22a was obtained from the 30% chloroformepe-
troleum ether fraction and was crystallized from chloroforme
petroleum ether mixture to give quinolone as white powder
in 40% yield. Mp 178e180 �C; Rf (70% pet. ethereCHCl3)
0.52; IR (KBr, nmax): 1440, 1555, 1657 cm�1; 1H NMR
(DMSO-d6, 300 MHz): d 1.55 (m, 2H, CH2eCH2N), 1.98 (m,
2H, OCH2eCH2), 4.10 (br s, 2H, CH2eCH2N), 4.71 (br s,
2H, eOCH2), 6.79 (d, 1H, J¼9.9 Hz, H-5), 7.90 (s, 1H, H-2),
8.06 (d, 1H, J¼9.9 Hz, H-4); 13C NMR (DMSO-d6, 75 MHz):
d 22.5 (CH2), 27.0 (CH2), 44.7 (CH2), 76.5 (CH2), 119.0 (C),
120.5 (C), 122.6 (C), 124.0 (CH), 138.5 (CH), 139.2 (C),
141.9 (C), 161.9 (eCO); MS [ESI]: m/z 374 [MþH]þ, 396
[MþNa]þ, 398 [Mþ2þNa]þ. HRMS (ESI) m/z calcd for
C13H11Br2NO2Na: [MþNa]þ 393.9054; found: 393.9021.

4.3.10. 7,8,9,10-Tetrahydro-11-oxa-6a-azonia-cycloocta-
[de]naphthalene; bromide (21b)

Molecule 21b was obtained from the column, eluted with
1% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as yellow powder in 35% yield. Mp 204e206 �C; Rf

(2% MeOHechloroform) 0.32; IR (KBr, nmax): 1291, 1531,
3414 cm�1; 1H NMR (D2O, 300 MHz): d 2.03 (m, 2H,
CH2eCH2N), 2.20 (m, 2H, CH2eCH2N), 4.47 (m, 2H,
eOCH2eCH2), 5.47 (s, 2H, eOCH2), 7.47 (d, 1H, J¼6.6 Hz,
H-1), 7.70 (m, 2H, H-2, 3), 7.87 (t, 1H, J¼8.1 Hz, H-5), 8.90
(d, 1H, J¼8.1 Hz, H-4), 9.06 (m, 1H, H-6); MS [ESI]: m/z
200[M�Br]þ. HRMS (ESI) m/z calcd for C13H14NO:
[M�Br]þ 200.1075; found: 200.1046.

4.3.11. 7,8,9,10-Tetrahydro-11-oxa-6a-aza-cycloocta-
[de]naphthalene-6-one (22b)

Molecule 22b was obtained from the 40% chloroforme
petroleum ether fraction and was crystallized from chloroforme
petroleum ether mixture to give quinolone as white powders
in 30% yield. Mp 100e102 �C; Rf (60% pet. ethereCHCl3)
0.54; IR (KBr, nmax): 1452, 1646 cm�1; 1H NMR (CDCl3,
300 MHz): d 1.56 (m, 2H, CH2eCH2N), 2.09 (m, 2H,
OCH2eCH2), 4.24 (m, 2H, CH2eCH2N), 4.93 (m, 2H,
eOCH2), 6.71 (d, 1H, J¼8.4 Hz, H-5), 7.13 (t, 1H, J¼7.5 Hz,
H-2), 7.23 (d, 1H, J¼6.3 Hz, H-3), 7.31 (d, 1H, J¼7.8 Hz, H-1),
7.64 (d, 1H, J¼9.3 Hz, H-4); 13C NMR (CDCl3, 75 MHz):
d 22.5 (CH2), 27.0 (CH2), 44.0 (CH2), 78.2 (CH2), 122.2
(CH), 122.7 (C), 123.4 (CH), 125.7 (CH), 126.9 (CH), 137.0
(C), 139.7 (CH), 145.4 (C), 162.9 (eCO); MS [ESI]: m/z 216
[MþH]þ, 238 [MþNa]þ. HRMS (ESI) m/z calcd for
C13H14NO2: [MþH]þ 216.1025; found: 216.1069.

4.3.12. 3-Chloro-7,8,9,10-tetrahydro-11-oxa-6a-azonia-
cycloocta[de]naphthalene; bromide (21c)

Compound 21c was obtained from the column, eluted with
1% methanolechloroform, and was crystallized from
a chloroformebenzene mixture to give the corresponding qui-
nolinium cation as yellow crystalline solid in 40% yield. Mp
190e192 �C; Rf (1% MeOHeCHCl3) 0.32; IR (KBr, nmax):
1265, 1526, 3383 cm�1; 1H NMR (CDCl3, 300 MHz):
d 3.74 (m, 2H, CH2eCH2N), 4.73 (t, 2H, J¼11.7 Hz, CH2e
CH2N), 5.63 (m, 2H, eOCH2eCH2), 6.13 (t, 2H, J¼9.9 Hz,
eOCH2), 7.84 (d, 1H, J¼8.1 Hz, H-1), 8.04 (d, 1H,
J¼8.4 Hz, H-2), 8.44 (dd, 1H, J¼5.7 and 8.7 Hz, H-5), 9.39
(d, 1H, J¼8.7 Hz, H-4), 10.63 (d, 1H, J¼5.4 Hz, H-6); 13C
NMR (CDCl3, 75 MHz): d 21.8 (CH2), 28.1 (CH2), 62.4
(CH2), 78.1 (CH2), 124.8 (CH), 129.1 (C), 130.3 (C), 130.8
(CH), 131.7 (CH), 137.2 (C), 144.2 (CH), 147.6 (CH), 154.2
(CH); MS [ESI]: m/z 235 [M�Br]þ. HRMS (ESI) m/z calcd
for C13H13NOCl: [M�Br]þ 234.0686; found: 234.0677.

4.3.13. 3-Chloro-7,8,9,10-tetrahydro-11-oxa-6a-aza-cyclo-
octa[de]naphthalene-6-one (22c)

Compound 22c was obtained from the 30% chloroforme
petroleum ether fraction and was crystallized from chloroforme
petroleum ether mixture to give quinolone as white crystalline
solid in 35% yield. Mp 104e106 �C; Rf (70% pet. ethere
CHCl3) 0.56; IR (KBr, nmax): 1247, 1449, 1660 cm�1; 1H
NMR (CDCl3, 300 MHz): d 1.57 (m, 2H, CH2eCH2N), 2.09
(m, 2H, OCH2eCH2), 4.01 (br s, 2H, CH2eCH2N), 4.91 (m,
2H, eOCH2), 6.78 (d, 1H, J¼9.9 Hz, H-5), 7.18 (m, 2H, H-1,
2), 8.13 (d, 1H, J¼9.9 Hz, H-4); 13C NMR (CDCl3, 75 MHz):
d 22.5 (CH2), 26.7 (CH2), 44.4 (CH2), 78.4 (CH2), 119.9 (C),
123.2 (CH), 124.0 (CH), 127.0 (CH), 129.1 (C), 135.8 (CH),
138.3 (C), 144.5 (C), 162.5 (eCO); MS [ESI]: m/z 250
[MþH]þ, 252 [Mþ2þH]þ, 273 [MþNa]þ, 275 [Mþ2þNa]þ.
HRMS (ESI) m/z calcd for C13H12ClNO2Na: [MþNa]þ

272.0454; found: 272.0453.

4.3.14. 8,9,10,11-Tetrahydro-7H-12-oxa-6a-azonia-cyclo-
nona[de]naphthalene; bromide (23b)

Compound 23b was obtained from the column, eluted with
5% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as yellow powder in 5% yield. Mp 234e236 �C; Rf (5%
MeOHeCHCl3) 0.34; IR (KBr, nmax): 1112, 1266, 3384 cm�1;
1H NMR (D2O, 300 MHz): d 1.74 (m, 2H, CH2eCH2eCH2N),
1.96 (m, 2H, CH2eCH2eCH2N), 2.16 (br s, 2H,
eOCH2eCH2), 4.26 (m, 2H, eCH2N), 5.15 (m, 2H,
eOCH2), 7.60 (d, 1H, J¼7.5 Hz, H-1), 7.71 (m, 2H, H-2,
3), 7.85(t, 1H, J¼8.1 Hz, H-5), 8.86 (d, 1H, J¼8.4 Hz, H-4),
8.99 (d, 1H, J¼5.7 Hz, H-6); MS [ESI]: m/z 214 [M�Br]þ.
HRMS (ESI) m/z calcd for C14H16NO: [M�Br]þ 214.1232;
found: 214.1214.

4.3.15. 3-Chloro-8,9,10,11-tetrahydro-7H-12-oxa-6a-azonia-
cyclonona[de]naphthalene; bromide (23c)

Compound 23c was obtained from the column, eluted with
5% methanolechloroform, and was crystallized from a chloro-
formebenzene mixture to give the corresponding quinolinium
cation as yellow powder in 2% yield. Mp 210e212 �C; Rf (5%
MeOHeCHCl3) 0.35; MS [ESI]: m/z 248[M�Br]þ.
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4.4. General procedure for the synthesis of molecule 16a
from 13a

Compound 13a (0.6 mmol) was dissolved in 20 mL of
water in a 50 mL RB flask under a nitrogen atmosphere.
Then, it was stirred followed by the addition of a small amount
of sodium borohydride and stirring continued for about
15 min. Product 16a was obtained by simple filtration of the
reaction mixture cautiously avoiding aerial oxidation and it
was kept under vacuum.

4.4.1. 1,3-Dibromo-8,9-dihydro-6H,7H,10-oxa-6a-aza-cyclo-
hepta[de]naphthalene (16a)

Compound 16a was obtained as white powdered solid in 30%
yield. Mp 138e140 �C; Rf (80% pet. ethereCHCl3) 0.55; 1H
NMR (CDCl3, 300 MHz): d 2.12 (q, 2H, J¼5.7 Hz,
CH2eCH2N), 3.46 (t, 2H, J¼5.2 Hz, CH2eCH2N), 3.97 (d, 2H,
J¼4.2 Hz, H-6), 4.23 (t, 2H, J¼6.6 Hz, eOCH2), 5.82 (m, 1H,
H-5), 6.63 (d, 1H, J¼9.9 Hz, H-4), 7.07 (s, 1H, H-2); 13C
NMR (CDCl3, 75 MHz): d 28.8 (CH2), 52.2 (CH2), 53.1
(CH2), 71.6 (CH2), 115.9 (C), 116.2 (C), 123.4 (CH), 124.4
(C), 126.4 (CH), 128.9 (CH), 135.7 (C), 145.5 (C); MS [ESI]:
m/z 346 [MþH]þ. HRMS (ESI) m/z calcd for C12H12Br2NO:
[MþH]þ 343.9286; found: 343.9244.

4.5. X-ray experiments, structural determination, and
refinements

For all three compounds, the X-ray structural determination
followed the same procedure. X-ray data were measured at
room temperature with Mo Ka radiation (graphite monochro-
mator, l¼0.7107 Å) on a Huber four circle diffractometer
(type 512) equipped with a Bruker-APEX area detector. For
data collection and integration SMART and SAINT routines40

were used. Data reduction and absorption correction were
carried out using SADABS and XPREP.40

Structural solution and refinement (programs SHELXS-
9741 and SHELXL-9742) ran routinely. In each of the crystal
lattices of 13a and 21a, one water solvent molecule was iden-
tified; the lattice of 17a is free of solvent. C, N, O, and Br
atoms were refined anisotropically and isotropic displacement
parameters were assigned to the hydrogens, which could all be
located from difference syntheses, except for the water hydro-
gens in 21a, which were not found.

4.5.1. Crystal data for 13a
C12H10ONBr2�Br$H2O, Mr¼3441.96, colorless small plate

shaped crystals were grown from chloroformehexane. Di-
mensions of the specimen used for X-ray experiments
0.34�0.22�0.08 mm. Space group monoclinic P21/c. Lattice
constants (Å): a¼10.527(16), b¼97.243(8), c¼18.75(3),
b¼101.40(4)�, cell volume V¼1401(3) Å3, formula units/cell
Z¼4, X-ray density rx¼2.095 g cm�3, 2qmax¼46.49�. Number
of independent reflections 1920, unobserved (Fo<4s(Fo)) 351,
linear absorption coeff. m¼86.3 cm�1, Tmin/Tmax¼0.38. After
convergence R1¼0.037, wR2¼0.090, Gof¼1.07.
4.5.2. Crystal data for 17a
C12H9O2NBr2, Mr¼359.02, light yellow rod shaped crystals

were grown from ethylacetateehexane. Dimensions of the spec-
imen used for X-ray experiments 0.70�0.40�0.30 mm. Space
group triclinic P1bar. Lattice constants (Å): a¼7.8242(3),
b¼9.2246(3), c¼9.4567(3), a¼60.709(1)�, b¼87.430(1)�,
g¼83.099(1)�, cell volume V¼590.88(4) Å3, formula units/
cell Z¼2, X-ray density rx¼2.018 g cm�3, 2qmax¼61.96�.
Number of independent reflections 3502, unobserved
(Fo<4s(Fo)) 445, linear absorption coeff. m¼68.5 cm�1, Tmin/
Tmax¼0.60. After convergence of refinements R1¼0.028,
Rw¼0.070, GoF¼1.06.

4.5.3. Crystal data for 21a
C12H12ONBr2�Br$H2O, Mr¼454.97, dark yellow small

plate shaped crystals were grown from chloroformehexane.
Dimensions of the specimen used for X-ray experiments
0.52�0.34�0.16 mm. Space group orthorhombic Pcab. Lattice
constants (Å): a¼7.5286(3), b¼13.4705(5), c¼29.0126(10),
cell volume V¼2942.28(19) Å3, formula units/cell Z¼8, X-ray
density rx¼2.054 g cm�3, 2qmax¼62.09�. Number of indepen-
dent reflections 4590, unobserved (Fo<4s(Fo)) 795, linear
absorption coeff. m¼82.2 cm�1, Tmin/Tmax¼0.49. After conver-
gence of refinements R1¼0.057, Rw¼0.120, GoF¼1.12.
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