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Introduction.

As a part of a research program related to the synthesis
of anticholinergic compounds, we report in this paper the
synthesis and structural analysis with the aid of 'H and **C
nmr spectroscopy of a series of 3-aryl-3-hydroxy-V-(4"-aryl-
oxobutyl)quinuclidinium salts (Table 1), taking in mind
the interesting cholinergic and anticholinergic properties
shown by several quinuclidinium compounds [1-6].

The main fragmentation patterns of compounds 9, 11,
12, 14, 15, and 18-22 are also described.

Table 1

CH~CHs—CHs~CO
pUC - 1

Compound R! R2 X
1 Cl Cl Cl
2 Cl F Cl
3 Cl Br Cl
4 Cl CHs Cl
5 Cl OCH; Cl
6 F Cl Cl
7 F F Cl
8 F Br Cl
9 F CHjy Cl

10 F OCHj3 Cl
11 CH; Cl Cl
12 CHjy F Cl
13 CHj Br Cl
14 CHj CHj Cl
15 CHj OCH3 Ci
16 OCH; Cl Cl
17 OCHj F Cl
18 OCH3 Br Cl
19 OCHj3 CHj Cl
20 OCHj OCHj Cl
21 Cl OCH; I

22 c CHj I

Results and Discussion.
NMR Spectra.

The more significant magnetic parameters of com-
pounds 1-22 correspond to the **C nmr data summarized
in Table 2. Assignments of carbon resonances were made
from the literature data of 3-p-tolyl-3-quinuclidinol [7] and
several quinuclidine compounds [8,9] and related systems
[10-12]. In the case of **C, substituent steric and electronic
effects on *C chemical shifts 13 and signal multiplicity ob-
tained from off-resonance decoupled spectra were also
taken into consideration.

Table 2

Carbon-13 Chemical Shifts (8, ppm) and (Jc.p, Hz) for
Compounds 1-22

Compound 1 2 3 4 5 6
c2 67.96 6790 67.16 67.89 6790  68.17
C-3 72.80 7284 71.87 7283  72.82 7278
Cc-4 32.61 3264 3162 3258 3258  32.66
c-5 21.01 2099 21.10  21.00 2099  21.03
C-6(7) 55.32 5526 54.42 5520 5522 5531
C-8 17.60 17.68 1665 17.72 17.80  17.75
c1 14320 14320 142.28 14322 14319 140.64
7281
C-2'(6) 12892 12894 12895 12894 12892 129.26
J 815
C-3'(5) 12982 12979 12796 129.81 129.80 116.39
121.67
c-4' 135.05 13496 134.24 13498 13498 163.75
1246.1
c1" 64.73 6469 6380 6473 6478  64.65
c2" 22.07 2203 2121 22.04 2205 2211
c-3" 35.84 3579 3483 3568 3538 3584
C=0 198.81  198.46 198.07 199.74  198.67 198.88
c-1" 13636  134.43 13587 13535 131.51 136.38
1299
C-2"(6" 130.03  132.06 129.98 12998 12929 130.02
] 9.48
C-3"(5" 130.03 11668 13221 13043 11496 130.83
122.09
Cc4" 14072 16721 12851 14568 16538 140.71
12533
Rl
R? 21.73 56.16
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Compound

c2
c3
Cc-4
fok
C-6(7)
c8
c-r

Cc2'(6)
c3'(5)
c4

c-1"
c2"
c3"
C=0
c1

C-2" (6"
C-3"(5")
Cc-4"

RI
RrR2

Compound

c2
c3
c4
cs
C-6(7)
C-8
(o8%
C-2 (6)
C3'(5)
c4
c1"
c2"
c-3"
C=0
c-1"

C-2" (6"
C-3"(5"

c4

R!
R?

Compound

C-2
C3
C4
C-5
C-6(N)
C-8
C-r

7

68.17
72.81
32.67
21.04
55.30
17.69
140.50
J3.41
129.28
18.09
116.39
J21.67
163.60
J247.8
64.75
22.12
35.80
198.54
134.42
J 294
132.08
J 855
116.70
J22.13
116.93
12477

13

67.47
72.02
31.68
20.15
54.49
16.68
140.41
126.01
130.00
138.33
63.81
21.32
34.86
198.10
135.89

129.54
132.23

128.53

20.15

18

67.87
72.17
32.03
20.48
54.79
16.98
136.20
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Table 2 (continued)

8

67.68
72.14
32.00
2045
54.74
16.97
139.53
J2.86
128.64
J8.20
115.83
J21.65
163.25
J246.1
64.11
21.57
35.15
198.38
136.19

130.30
132.52

128.82

14

68.18
72.96
32.65
21.09
55.30
17.72
141.33
126.94
130.40
139.04
64.70
22.13
35.70
199.74
135.38

129.29
130.40

145.64

21.09
21.71

9

68.11
72.79
32.69
21.03
55.27
17.73
140.51
J 339
129.28
J 8.15
116.37
J21.59
163.69
J246.1
64.74
22.09
35.69
199.71
135.36

129.28
130.42

145.65

21.71

10

67.96
72.80
32.70
21.00
55.21
17.81
140.49
J 3.19
129.28
J8.26
116.34
J21.44
163.66
12475
64.71
22.04
3543
198.63
131.51

130.67
114.95

165.26

56.2

15

68.18
72.96
32.62
21.07
5533
17.81
141.31
126.93
130.40
139.08
64.78
22.15
35.41
198.72
131.53

130.75

114.97

165.38

21.07
56.17

Table 2 (continued)

19

68.30
72.80
32.69
21.03
55.31
17.71
136.29

20

68.30
72.80
32.66
21.03
55.30
17.80
136.28

11

68.25
72.94
32.65
21.06
55.34
17.61
141.30

126.91
130.41
139.14

64.68
22.18
35.84
198.83
136.39

130.02
130.83
140.72

21.06

16

68.38
72.78
32.66
21.06
55.35
17.58
136.26
128.29
115.06
160.86

2223
35.83
198.82
136.35

129.87
130.83

140.71

55.83

21

65.61
71.20
31.13
20.29
53.45
19.44
142.73

12

68.16
72.98
32.69
21.08
55.31
17.68
141.32

126.94
130.39
139.05

64.64
22.14
35.82
198.53
134.43
J 3.01
132.07
J 9.42
116.68
J22.15
167.16
J2533
21.08

17

68.24
72.83
32.69
21.04
55.31
17.68
136.28
128.32
115.06
160.75

22.18

35.81
198.54
134.42
J3.05
132.06
J9.57
116.68
J22.10
167.20

J253.5
55.87

22

65.60
71.17
31.06
20.34
53.30
19.40
142.66

C2'(6) 12768 12832 12831 128.06 127.96
C3(5) 11451 11507  115.07 128.19 128.11
Cc-4' 160.37 160.82  160.80 13225 13227
c-1" 64.10 6570 6475 62.49 62.42
c2" 21.67 2219 2219 16.35 16.29
c-3" 35.17 3568  35.40 34.34 34.61
C=0 198.40 199.73  198.69 196.67 197.84
c-1" 135.66 13539  131.53 130.17 133.73
C-2"(6") 13030 12929  130.74 129.17 128.40
C3"(5") 13252 13043 114.96 113.87 129.21
c-4" 128.82 14566 16537 163.13 143.64
R! 55.86 55.86

R2 2169  56.17 55.60 21.12

The A6C5-6C8 in compounds 1-22 can be attributed to
the steric effect exerted by the aryl group on H8. This ste-
ric perturbation of the C-H bond leads to a drift of charge
along the bond towards carbon, that causing orbital ex-
pansion and hence increase shielding.

The conjugation between the carbonyl and the aryl
group in 1-22 is confirmed by & C aromatic values.

By comparing the 8 C values of compounds 1-22 with
that of the corresponding bases [14], the following facts
can be deduced. a) The ASCH(7) |1-22| - 5C6(7) | bases |
= 8.5 ppm is attributed to the more electron-attracting ef-
fect exerted by the nitrogen atom in the quaternized com-
pounds; b) the ASC2 |1-22| - 6C2 |bases| = 5.5 ppm is
explained in the same way, the difference: 8.5-5.5 = 3
ppm is attributed to more electron-deficient character of
C2 with respect to C6 and C7 in the corresponding base.

Due to the complexity of the quinuclidine system, is it
not posssible the assignment of the protons of the quinu-
clidine system and the trimethylene chain that appear as a
complex multiplet about 1.5-4.1 ppm at 80 MHz. Aromatic
protons appear as a four spin AA’XX' system except when
R! and/or R? are a fluorine atom (compounds 2,6-10,12
and 17, Table 1). In the later cases the signals have been
considered as a part of the five spin AA’'MM'X system
formed by the aromatic protons and the fluorine atom.
The analysis of the corresponding signals allowed the es-
tablishment of the chemical shifts and coupling constants
Jux + Jax = Jax: + Jax and Jy . Taking into account that
Jax: = Jax is a long range *] coupling constant and must
be very small, the deduced value should be adscribed to
Jax = Jax, corresponding to JH2'(6')-H3'(5') and
JH2"(6"}yH3"(5") (see Experimental).

Mass Spectra.

There are few data in the literature concerning to the
mass spectra of quinuclidine derivatives [15-18] and qui-
nuclidinium compounds [19]. The mass spectra of com-
pounds 9,11, 12, 14, 15, and 18-22 were recorded and the
main fragmentation patterns are discussed taking into
consideration previous data for related compounds [15-19]
and cyclic quaternary ammonium salts [20].

The line drawings of compounds 9, 11 and 18 are shown
in Figures 1-3 as representative examples. The main frag-
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ment ions along with their relative abundances are given
in Table 3.
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Figure 1. Mass Spectrum of Compound 9.
Figure 2. Mass Spectrum of Compound 11.
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All the spectra exhibit a common configuration suggest-
ing the same essential fragmentation patterns for the stu-
died compounds (Scheme I). In some cases, the corre-
sponding metaestable peaks (indicated by * in the frag-
mentation schemes) confer validity to the proposed frag-
mentation pathways. The M* peak is practically absent,
only traces have been detected in some espectra.

Scheme I

. S §

= 2
(R=-(CH2)3—CO—@—R )

g-cleavage

[iihtiotn- S, ) |
M

I
cLafferty
rearrangement
X |- a3
IX

McLafferty
rearrangement

VII

XIv X1

X111

The study of the spectra points out the possibility of
three pyrolitic reactions that lead to the conversion of the
ammonium salts 9, 11, 12, 14, 15, and 18-22 into non
saline compounds which can be volatilized for their later
ionization: 1) nucleophilic addition of the halide anion
with opening of a ring and introduction of the halide
anion in the molecule throughout a covalent bond; 2)
direct loss of HX as a neutral molecule by a Hofmann eli-
mination; 3) reaction of the halide anion with the N<(4'-ar-
yloxobutyl) radical (R) and loss of the neutral molecule
RX. These facts are in agreement with the previous stu-
dies of Hesse and coworkers [20] on cyclic quaternary am-
monium salts.

The [M - HX]* fragment ion was detected in all the
spectra. As it has been previously indicated, its formation
can be explained through a Hofmann-like degradation
[20-22] by HX loss which leads to a tertiary amine with an
additional double bond (via (a), Scheme II). Its posterior
vaporization and ionization gives rise to the fragment Ia.
On the other hand, the covalent compound formed by in-
troduction of the halide anion, volatilized and ionized, can
also undergo HX elimination [20] originating the [M —
HX]* ion for which the structures Ia, Ib and Ic are pos-
sible (via (b), Scheme II).

Aryloxoalkylquinuclidinium Salts
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Scheme 11
o
OH

H () G
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OH OH

The [M — HX]" ion has been considered as the origin
of important fragmentations (Scheme I) and the different
structures proposed for this fragment allow their interpre-
tation. Moreover, their interconversion can be easily ratio-
nalized, as it is indicated in Scheme II for the transforma-
tion of Ia into Ib.

The [M — RX]* fragment, II, is originated from the
ammonium salt by nucleophilic attack of the halide anion
upon the N{4'-aryloxobutyl) radical and simple heterolitic
excision [20-22], as is shown in Scheme IIL

Scheme II1
oL R:
CH OH
—-8X -e

N i
4,

R X
@ II

Moreover, the dehydration is other process that must be
considered due to the presence of the hydroxyl group. The
[M — H,01" and [M — H,0 — HX]* fragments observed
in the spectra, make evident the water loss. Two patterns
of dehydration are possible for these compounds: 1) a
pyrolitic dehydration, simultaneously with the introduc-
tion of the halide anion on the molecule or the other pyro-
litic reactions mentioned above; 2) dehydration of a posi-
tive ion in gaseous state once a neutral molecule was
formed.

In the Scheme IV are shown the more probable mechan-
isms for water loss. From the quaternary ammonium salt
(M), a pyrolitic process in which the 1, 2 water loss and
nucleophilic addition of the halide anion take place simul-
taneously to achieve fragment III, has been proposed.
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The losing of HX from III gives rise to [M — H,0 - HX]*
fragment which can be also originated by 1,3 or 1,4 water
elimination from |M - HX|* ion (formulated from the
fragment Ia). Different structures are possible for |M
-H,0 - HX|* fragment, represented in Scheme IV by IVa,
IVb and IVe.

Scheme IV

Ia 1,4

—H o0 (1,2)

-

Ad X

-(c H on) / =
l !
e v IVa

Fragment V is originated from III by losing of (C,H.X),
verified by a metaestable peak. Alternatively, other meta-
estable peak which would be associated to the loss from I
of a fragment of 45 mass units, also would lead to V. This
pathway seems to be more difficult to explain. Molecular
rearrangement of hydroxy! group followed by loss of the
[-C,H,OH] radical would be a hypothetical rationalization.

As it has been mentioned previously, important frag-
ments are originated from [M - HX]* ion, L. Thus, the for-
mation of fragments VI and VII can be easily rationalized
from 1 by B-cleavage of Ia and v-cleavage through a
McLafferty rearrangement of Ib as is shown in Scheme V.

The decomposition of VII to VIII suppose the loss of a
neutral radical with m/e = 43 which is confirmed by the
corresponding metaestable peak observed in the spectra of
the compounds 9, 11, 14, 15, 20, and 21. This is a complex
fragmentation that would be explained by cleavage of the
Cs-C4 bond, followed by molecular rearrangement and
concomitant cleavage as is represented in Scheme V. A
similar fragmentation path of Ib (also demonstrated by

Vol. 27
Scheme V
rh .
OH OH
g -cleavage
/s = —(CH~CHzCO —@—Rz) J «ﬁ
| CH,
—EZ 2 :
CHz—CHZ—CO—@_ R e
la 1
Rl R
OH H

McLafferty
rearrangement
Y-cleavage

N,
| _(CHE?_@_Rz) _
| >

Cco oH
CHE—CHZ—CHz—

IX VIIT

the metaestable peak observed in the spectra of the same
compounds indicated above) would also justify the forma-
tion of the fragment IX (Scheme V).

There is a fragmentation sequence from fragment X
that gives rise to XIII through two ions XI and XII
(Scheme I) and it is evidenced by the corresponding meta-
estable peaks. The structure of the fragment XIII results
evident and, therefore, the structures of XII and XI can
be also assigned (Scheme VI).

On this basis, a probable structure for the fragment X
has been proposed which allow the rationalization of the
fragmentation pathways leading to XI, XII and XIII
(Scheme VI).

The fragment XTI corresponds to the peak with the
great abundance (base peak in all the cases except for
compound 18, Table 3). This fact can be associated to its
great stability [21,22] and its easy formation by a simple
excision.

The ion m/e = 70 is present in the spectra with high
abundance (Table 3) and it can be originated from ions X
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Scheme VI
McLafferty c{Z //CHZ
rearrangement N —-CH

and XI. In Scheme VI are represented the respective frag-
mentations and the probable structures for this ion, XIV
and XV,

Bearing in mind the structure of fragment X, there are
multiple possibilities for its formation. It must be origi-
nated from fragments with a piperidine ring. A probable
pathway from Ia is represented in Scheme VI.

Fragments XVI and XVII (Scheme VII) are also de-
tected in practically all the spectra. The formation of XVI
would take place in the molecular rearrangements with
opening of a piperidine ring with hydrogen transfer, as for
example from VIL

Scheme VII

XVI XVIL

From the fragmentation study of compounds 9, 11, 12,
14, 15, and 18-22, it can be concluded that all the quater-
nary ammonium salts present a similar behaviour, with the
same essential fragmentation pathway. The presence of
the [M - HX]* fragment in all the spectra confirms the at-
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tachment of the halide anion to the cyclic system through

a C-X covalent bond and formation of a tertiary amine
[20].

EXPERIMENTAL

Melting points were taken in open capillary tubes and are un-
corrected. Infrared spectra were recorded on potassium bromide
pellet on a Perkin-Elmer 883 spectrophotometer. The 'H and **C
nmr spectra were recorded on a Varian FT-80A (PFT) spectro-
meter at 303° K with TMS as the internal standard. The 'H nmr
spectra of ca. 6% w/v dimethyl sulfoxide-ds solutions were ob-
tained at 80 MHz using sweep widths of 800 Hz and acquisition
times of 2.047 s. over 50 transients. At these conditions, the qui-
nuclidine proton signals and methylene protons of the aryloxo-
alkyl group appeared as complex multiplets in the range of ca.
1.5-4.1 ppm and could not be assigned.

The **C nmr spectra were recorded at 20 MHz using ca. 14%
wiv Methanol-OD solutions. The spectral parameters included
spectral width of 5000 Hz, acquisition time of 1.638 s., delay time
of 1.64 s. and pulse width of 5 us. Proton noise-decoupled and off-
resonance decoupled spectra were obtained. The elemental ana-
lysis were performed in a Perkin-Elmer 240 B elemental analyzer.

The mass spectra were recorded in a Hitachi Perkin-Elmer
RMU 6M spectrometer by E.I. All spectra were determined at 70
eV., 180° using a filament current of 3 A. Peaks whose intensities
were less than 5% of the base peak were disregarded unless they
appeared to have special significance. When chlorine and bro-
mine are present the conventional molecular mass adopted corre-
sponds to the isotopes 35 and 79 respectively.

Synthesis of Compounds. General Procedure.

To a solution of the corresponding 3-aryl-3-quinuclidinel (1.5
mmoles) [14] in anhydrous dimethylformamide (7 ml) was added a
solution of the suitable 4-aryloxoalkyl chloride (1.5 mmoles)
{23,24] in dimethylformamide (1 ml). The mixture was stirred at
room temperature for 10 days. Then diethyl ether was added (20
ml) and the precipitated solid was filtered and recrystallized.

For the compounds 21 and 22 the reaction was carried out in
the presence of potassium iodide (2.175 mmoles).

3-p-Chlorophenyl-3-hydroxy-N<4'-p-chlorophenyl-4'-oxobutyl)qui-
nuclidinium Chloride (1).

This compound was obtained in 73% yield, mp 234-236° (iso-
propyl alcohol-ethanol); ir: » OH 3194, » CO 1690 cm™; pmr: &
7.96 (m, 2H, 2"- and 6"-H, ] = 8.46 Hz), 7.63 (m, 2H, 3" and 5"-H,
J = 8.61 Hz), 7.57 (m, 2H, 3"- and 5"-H, ] = 8.46 Hz), 7.42 (m,
2H, 2'- and 6'-H, J = 8.61 Hz), 6.32 ppm (s, 1H, OH); cmr: (see
Table 2). '

Anal. Caled. for C,H,,CI,NO,: C, 60.72; H, 5.76; N, 3.08.
Found: C, 60.58; H, 6.01; N, 2.98.

3-p-Chlorophenyl-3-hydroxy-N<4"-p-fluorophenyl-4"-oxobutyl)qui-
nuclidinium Chloride (2).

This compound was obtained in 72% yield, mp 187-189° (iso-
propyl alcohol); ir: » OH 3219, » CO 1686 cm™; pmr: § 8.04 (m,
2H, 2"- and 6"-H, J = 9.12, Jgr = 5.14 Hz), 7.66 (m, 2H, 3'- and
5-H, J = 8.90 Hz), 7.42 (m, 2H, 2'- and 6"-H, ] = 8.90 Hz), 7.34
(m, 2H, 3"- and 5"-H,J = 9.12, Jyr = 9.24 Hz), 6.40 ppm (s, 1H,
OH); cmr: (see Table 2).

Anal. Caled. for C,H,CL,FNO,: C, 63.01; H, 5.98; N, 3.19.
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Found: C, 62.78; H, 6.26; N, 3.09.

3-p-Chlorophenyl-3-hydroxy-N-(4'-p-bromophenyl-4'-oxobutyl)-
quinuclidinium Chloride (3).

This compound was obtained in 53% yield, mp 261-263° (iso-
propy! alcohol-ethanol); ir: » OH 3105, » CO 1690 cm™; pmr: &
7.88 (m, 2H, 2"- and 6"-H, J] = 8.59 Hz), 7.73 (m, 2H, 3"- and
5"-H,J = 8.59 Hz), 7.62 (m, 2H, 3" and 5"-H, J = 8.90 Hz), 7.42
(m, 2H, 2"- and 6'-H, J = 8.90 Hz), 6.28 ppm (s, 1H, OH); cmr: (see
Table 2).

Anal. Caled. for C,,H,BrCLLNO,: C, 55.32; H, 5.25; N, 2.80.
Found: C, 55.03; H, 5.04; N, 2.74.

3-p-Chlorophenyl-3-hydroxy-N-(4"-p-methylphenyl-4"-oxobutyl)-
quinuclidinium Chloride (4).

This compound was obtained in 48% yield, mp 212-214° (iso-
propy! aleohol); ir: » OH 3100, » CO 1680 cm™; pmr: & 7.86 (m,
2H, 2"- and 6"-H, ] = 8.12 Hz), 7.65 (m, 2H, 3" and 5"-H,J =
8.67 Hz), 7.42 (m, 2H, 2'- and 6"-H, J = 8.67 Hz), 7.31 (m, 2H,
3".and 5"-H, ] = 8.12 Hz), 640 (s, 1H, OH), 2.37 ppm (s, 3H,
CH,); cmr: (see Table 2).

Anal. Caled. for C,H,CI,NO,: C, 66.35; H, 6.72; N, 3.22.
Found: C, 66.41; H, 6.91; N, 3.27.

3-p-Chlorophenyl-3-hydroxy-/N-(4"-p-methoxyphenyl-4"-oxobutyl)
quinuclidinium Chloride (5).

This compound was obtained in 69% yield, mp 206-208° (iso-
propyl alcohol); ir: » OH 3171, » CO 1680 cm™; pmr: 6 7.93 (m,
2H, 2”- and 6"-H, ] = 8.85 Hz), 7.60 (m, 2H, 3'- and 5"H, J =
8.82 Hz), 7.44 (m, 2H, 2"- and 6"-H, ] = 8.82 Hz), 7.02 (m, 2H, 3"-
and 5"-H, ] = 8.85 Hz), 6.20 (s, 1H, OH), 3.83 ppm (s, 3H,
-OCH,); cmr: (see Table 2).

Anal. Caled. for C,H,,CL,NO;: C, 63.99; H, 6.50; N, 3.11.
Found: C, 63.58; H, 6.81; N, 3.09.

3-p-Fluorophenyl-3-hydroxy-N{4'-p-chlorophenyl-4"-oxobutyl)qui-
nuclidinium Chloride (6).

This compound was obtained in 64% yield, mp 246-248° (iso-
propyl alcohol); ir: » OH 3112, » CO 1690 ecm™; pmr: 6 7.97 (m,
2H, 2"- and 6"-H, ] = 8.53 Hz), 7.67 (m, 2H, 2"- and 6'-H, ] =
8.71, Jyr = 5.25 Hz), 7.58 (m, 2H, 3"- and 5"-H, J = 8.53 Hz),
7.19 (m, 2H, 3" and 5"-H, J = 8.71, Jyz = 9.09 Hz), 6.43 ppm (s,
1H, OH); cmr: (see Table 2).

Anal. Caled. for C,,H,,CLLFNO,: C, 63.01; H, 5.98; N, 3.19.
Found: C, 62.75; H, 6.32; N, 3.09.

3-p-Fluorophenyl-3-hydroxy-N«4'-p-fluorephenyl-4"-oxobutyl)qui-
nuclidinium Chloride (7).

This compound was obtained in 81% yield, mp 222-224° (iso-
propyl alcohol); ir: v OH 3168, » CO 1680 cm™; pmr: 6 8.04 (m,
2H, 2"- and 6"-H, ] = 8.75, Jyr = 5.64 Hz), 7.68 (m, 2H, 2'- and
6'H, ] = 8.70 Jyr = 5.48 Hz), 7.34 (m, 2H, 3"- and 5"-H,J =
8.75, Jyr = 8.87 Hz), 7.19 (m, 2H, 3" and 5"-H,J = 8.70, Jy =
8.88 Hz), 6.35 ppm (s, 1H, OH); cmr: (see Table 2).

Anal. Caled. for C,,H,CIF,NO,: C, 65.47; H, 6.21; N, 3.32.
Found: C, 65.07; H, 6.47; N, 3.10.

3-p-Fluorophenyl-3-hydroxy-N{4"-p-bromophenyl-4"-oxobutyl)qui-
nuclidinium Chloride (8).
This compound was obtained in 42% yield, mp 260-262° (iso-

propyl alcohol-ethanol); ir: » OH 3121, » CO 1691 cm™; pmr: &
7.88 (m, 2H, 2"- and 6"-H, J = 8.54 Hz), 7.73 (m, 2H, 3"- and
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5"-H, ] = 8.54 Hz), 7.64 (m, 2H, 2"- and 6"-H,J = 8.63, Jyr =
5.48 Hz), 7.19 (m, 2H, 3"- and 5"-H, J =8.74, Jyr = 9.06 Hz), 6.22
ppm (s, 1H, OH); emr: (see Table 2).

Anal. Caled. for C,,H,.BrCIFNO,: C, 57.21; H, 5.43; N, 2.90.
Found: C, 57.04; H, 5.62; N, 2.72.

3-p-Fluorophenyl-3-hydroxy-N-(4'-p-methylphenyl-4"-oxobutyl)-
quinuclidinium Chloride (9).

This compound was obtained in 55% yield, mp 213-215° (iso-
propyl alcohol); ir: » OH 3187, » CO 1681 cm™; pmr: & 7.86 (m,
2H, 2"- and 6"-H, ] = 8.06 Hz), 7.67 (m, 2H, 2"- and 6"-H, ] =
8.83, Jyr = 5.55 Hz), 7.31 (m, 2H, 3"- and 5"-H, ] = 8.06 Hz),
7.20 (m, 2H, 3'- and 5"-H, ] = 8.83, Jyr = 8.93 Hz), 6.35 (s, 1H,
OH), 2.37 ppm (s, 3H, CH,); cmr: (see Table 2); ms: (see Figure 1).

Anal. Caled. for C,,H,,CIFNO,: C, 68.96; H, 6.99; N, 3.35.
Found: C, 68.86; H, 6.84; N, 3.19.

3-p-Fluorophenyl-3-hydroxy-N-(4"-p-methoxyphenyl-4'-oxobutyl)
quinuclidinium Chloride (10).

This compound was obtained in 76% yield, mp 205-207° (iso-
propyl alcohol); ir: » OH 3272, » CO 1681 cm™; pmr; 6 7.94 (m,
2H, 2"- and 6"-H, ] = 8.54 Hz), 7.68 (m, 2H, 2" and 6"-H, ] =
8.62, Jyp = 5.54 Hz), 7.19 (m, 2H, 3" and 5"-H, ] = 8.62, Jyy =
8.71 Hz), 7.03 (m, 2H, 3"- and 5"-H, J = 8.74 Hz), 6.36 (s, LH,
OH), 3.83 ppm (s, 3H, -OCH,); cmr: (see Table 2).

Anal. Caled. for C,,H,,CIFNO,: C, 66.42; H, 6.73; N, 3.22.
Found: C, 66.45; H, 6.83; N, 3.20.

3-p-Methylphenyl-3-hydroxy-N-(4'-p-chlorophenyl-4'-oxobutyl)-
quinuclidinium Chloride (11).

This compound was obtained in 68% yield, mp 242-244° (iso-
propyl alcohol); ir: » OH 3103, » CO 1690 cm™; pmr: 6 7.97 (m,
2H, 2"- and 6"-H,J = 8.51 Hz), 7.58 (m, 2H, 3"- and 5"-H, ] =
8.51 Hz), 1.47 (m, 2H, 2"- and 6"-H, J = 7.66 Hz), 7.17 (m, 2H,
3"and 5'-H,J = 7.66 Hz), 6.13 (s, 1H, OH), 2.30 ppm (s, 3H, CH,);
cmr: (see Table 2); ms: (see Figure 2).

Anal. Caled. for C,H,,CL,NO,: C, 66.35; H, 6.73; N, 3.22.
Found: C, 65.99; H, 7.01; N, 3.29.

3-p-Methylphenyl-3-hydroxy-N{4"-p-fluorophenyl-4"-oxobutyl)qui-
nuclidinium Chloride (12).

This compound was obtained in 69% yield, mp 208-210° (iso-
propyl alcohol); ir: » OH 3195, » CO 1680 cm™; pmr: § 8.04 (m,
2H, 2"- and 6"-H, J = 8.87, Jyr = 5.66 Hz), 7.49 (m, 2H, 2'- and
6'-H,J = 8.37 Hz), 7.34 (m, 2H, 3"- and 5"-H,J = 8.87 Hz, Jy; =
9.09 Hz), 7.17 (m, 2H, 3'- and 5'-H, J = 8.37 Hz), 6.19 (s, 1H, OH),
2.30 ppm (s, 3H, CH,); cmr (see Table 2); ms: (m/e) 401 (< 1), 399
(3), 381 (3), 363 (3), 338 (11), 336 (5), 243 (7), 230 (7), 217 (8), 208
(8), 200 (< 1), 165 (13), 164 (16), 163 (9), 124 (5), 123 (100), 119 (6),
95 (20), 91 (6), 75 (6), 71 (8), 70 (57), 69 (5), 58 (5), 55 (5), 43 (6), 42
(8), 41 (8).

Anal. Caled. for C,H,,CIFNO,: C, 68.96; H, 6.99; N, 3.35.
Found: C, 68.86; H, 7.04; N, 3.19.

3-p-Methylphenyl-3-hydroxy-N«4'-p-bromophenyl-4'-oxobutyl)-
quinuclidinium Chloride (13).

This compound was obtained in 60% yield, mp 254-256° (iso-
propyl alcohol-ethanol); ir: » OH 3100, » CO 1685 ¢cm™; pmr: &
7.88 (m, 2H, 2"- and 6"-H, J = 8.71 Hz), 7.73 (m, 2H, 3"- and
5"-H,J = 8.71 Hz), 7.45 (m, 2H, 2'- and 6"-H, ] = 8.17 Hz), 7.18
(m, 2H, 3" and 5"-H, ] = 8.17 Hz), 6.02 (s, 1H, OH), 2.30 ppm (s,
3H, CH,); cmr: (see Table 2).
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Anal. Caled. for C,,H,BrCINO,: C, 60.19; H, 6.10; N, 2.92.
Found: C, 60.46; H, 6.35; N, 3.12. :

3-p-Methylphenyl-3-hydroxy-N-(4'-p-methylphenyl-4"-oxobutyl)-
quinuclidinium Chloride (14).

This compound was obtained in 66% yield, mp 218-210° (iso-
propyl alcohol); ir: » OH 3110, » CO 1680 cm™; pmr: é 7.86 (m,
2H, 2"- and 6"-H, J = 8.19 Hz), 7.49 (m, 2H, 2'- and 6'H, ] =
8.18 Hz), 7.31 (m, 2H, 3"- and 5"-H, J = 8.19 Hz), 7.17 (m, 2H,
3'.and 5'-H,J = 8.18 Hz), 6.20 (s, 1H, OH), 2.37 (s, 3H, CH;), 2.29
ppm (s, 3H, CH,); cmr: (see Table 2); ms: (m/e) 397 (6), 395 (16),
377 (12), 359 (6), 334 (26), 332 (21), 330 (7), 279 (7), 266 (6), 244
(14), 243 (91), 231 (7), 230 (69), 217 (16), 204 (41), 202 (14), 200
(10), 162 (17), 161 (74), 128 (13), 120 (14), 119 (100), 115 (12), 105
(12), 96 (12), 91 (36), 71 (14), 70 (65), 65 (16), 64 (9), 58 (20), 57 (12),
56 (8), 55 (23), 44 (13), 43 (16), 42 (13), 41 (13), 38 (93), 36 (21).

Anal. Caled. for C,H,,CINO,: C, 72.53; H, 7.79; N, 3.38.
Found: C, 72.57; H, 7.96; N, 3.42.

3-p-Methylphenyl-3-hydroxy-/N-(4"-p-methoxyphenyl-4"-oxobutyl)
quinuclidinium Chloride (15).

This compound was obtained in 69% yield, mp 209-211° (iso-
propyl alcohol); ir: » OH 3200, » CO 1675 em™; pmr; § 7.94 (m,
2H, 2"- and 6"-H, J = 8.78 Hz), 7.48 (m, 2H, 2"- and 6'H, ] =
8.18 Hz), 7.17 (m, 2H, 3"- and 5"-H, J = 8.18 Hz), 7.03 (m, 2H,
3".and 5"-H, J = 8.78 Hz), 6.17 (s, 1H, OH), 3.83 (s, 3H, -OCH,),
2.29 ppm (s, 3H, CH;); cmr: (see Table 2); ms: (m/e) 411 (< 1), 393
(10), 375 (< 1), 350 (4), 348 (2), 243 (27), 230 (16), 220 (8), 217 (10),
200 (10), 177 (25), 176 (36), 175 (28), 135 (100), 119 (18), 77 (13), 71
(14), 70 (63), 45 (13), 41 (16).

Anal. Calced. for C,4H,,CINO,: C, 69.83; H, 7.50 N, 3.25. Found:
C, 69.91; H, 7.14; N, 3.22.

3-p-Methoxyphenyl-3-hydroxy-N-(4'-p-chlorophenyl-4"-oxobutyl}
quinuclidinium Chloride (16).

This compound was obtained in 65% yield, mp 220-222° (iso-
propyl alcohol-ethanol); ir: » OH 3095, » CO 1695 cm™; pmr: &
7.97 (m, 2H, 2"- and 6"-H, J = 8.57 Hz), 7.58 (m, 2H, 3"- and
5"-H,J = 8.57 Hz), 7.52 (m, 2H, 2'- and 6"-H, ] = 8.78 Hz), 6.91
(m, 2H, 3"- and 5-H,J = 8.78 Hz), 6.12 (s, 1H, OH), 3.75 ppm (s,
3H, -OCH,); cmr: (see Table 2).

Anal. Caled. for C,H,,Cl,NO,: C, 63.99; H, 6.49; N, 3.11.
Found: C, 63.62; H, 6.76; N, 3.11.

3-p-Methoxyphenyl-3-hydroxy-N-(4"-p-fluorophenyl-4"-oxobutyl)-
quinuclidinium Chloride (17).

This compound was obtained in 62% yield, mp 177-176° (iso-
propyl alcohol); ir: » OH 3100, » CO 1685 cm™; pmr; 6 8.05 (m,
2H, 2"- and 6"-H, ] = 8.76, Jyr = 5.58 Hz), 7.53 (m, 2H, 2'"- and
6'-H, ] = 8.68 Hz), 7.34 (m, 2H, 3"- and 5"-H, ] = 8.76, Jyr =
8.82 Hz), 6.92 (m, 2H, 3"- and 5"-H, ] = 8.68 Hz), 6.16 (s, 1H, OH),
3.75 ppm (s, 3H, -OCH,); cmr: (see Table 2).

Anal. Caled. for C,,H,,CIFNO,: C, 66.62; H, 6.73; N, 3.22.
Found: C, 66,66; H, 7.01; N, 3.07.

3-p-Methoxyphenyl-3-hydroxy-N-(4'-p-bromophenyl-4'-oxobutyl)-
quinuclidinium Chloride (18).

This compound was obtained in 54% yield, mp 231-233° (iso-
propyl alcohol-ethanol); ir: » OH 3103, » 1691 cm™*; pmr: 6 7.89
(m, 2H, 2"- and 6"-H, ] = 8.62 Hz), 7.73 (m, 2H, 3"- and 5"-H, J
= 8.62 Hz), 7.50 (m, 2H, 2"- and 6"-H, ] = 8.73 Hz), 6.93 (m, 2H,
3~ and 5'-H, J = 8.73 Hz), 6.02 (s, 1H, OH), 3.75 ppm (s, 3H,
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-OCH.); cmr (see Table 2); ms: (see Figure 3).
Anal. Caled. for C,H,,BrCINO,: C, 58.25; H, 5.90; N, 2.83.
Found: C, 57.92; H, 6.21; N, 2.69.

3-p-Methoxyphenyl-3-hydroxy-N-(4'-p-methylphenyl-4"-oxobutyl)
quinuclidinium Chloride (19).

This compound was obtained in 69% yield, mp 208-210° (iso-
propyl alcohol); ir: » OH 3115, » CO 1683 cm™; pmr: 6 7.86 (m,
2H, 2"- and 6”"-H, J = 8.14 Hz), 7.53 (m, 2H, 2"- and 6"-H, ] =
8.74 Hz), 7.31 (m, 2H, 3"- and 5"-H, J = 8.14 Hz), 6.92 (m, 2H,
3"and 5-H, ] = 8.74 Hz), 6.16 (s, 1H, OH), 3.74 (s, 3H, -OCH,),
2.37 ppm (s, 3H, CH,); cmr: (see Table 2); ms: (m/e) 413 (5), 412
(4), 411 (15), 393 (3), 375 (3), 350 (4), 349 (4), 348 (16), 259 (17), 246
(11), 233 (10), 217 (11), 204 (21), 202 (10), 161 (80), 160 (17), 135
(18), 121 (15), 119 (100), 91 (43), 83 (18), 71 (18), 70 (74), 65 (14), 55
(14), 43 (14), 42 (18), 41 (17).

Anal. Caled. for C,H,,CINO,; C, 69.82; H, 7.50: N, 3.25.
Found: C, 69.53; H, 7.67; N, 2.97.

3-p-Methoxyphenyl-3-hydroxy-N-(4'-p-methoxyphenyl-4'-0xo0-
butyl)quinuclidinium Chloride (20).

This compound was obtained in 69% yield, mp 176-178° (iso-
propyl alcohol); ir: » OH 3200, » CO 1680 cm™; pmr: § 7.93 (m,
2H, 2"- and 6"-H, J = 8.85 Hz), 7.52 (m, 2H, 2'- and 6'-H, ] =
8.79 Hz), 7.03 (m, 2H, 3"- and 5"-H, J = 8.85 Hz), 6.92 (m, 2H,
3".and 5"-H,J] = 8.79 Hz), 6.11 (s, 1H, OH), 3.83 (s, 3H, -CH;), 3.74
ppm (s, 3H, -OCH,); cmr: (see Table 2); ms: (m/e) 427 (< 1), 409
9), 391 (< 1), 366 (3), 364 (1), 259 (31), 246 (13), 233 (14), 220 (8),
177 (26), 176 (38), 175 (29), 136 (11), 135 (100), 107 (10), 92 (12), 77
(18), 71 (12), 70 (51), 55 (8), 50 (7), 45 (8), 43 (8), 42 (8), 41 (9).

Anal. Caled. for C,H,,CINO,: C, 67.32; H, 7.23; N, 3.14.
Found: C, 67.68; H, 7.21; N, 3.34.

3-p-Chlorophenyl-3-hydroxy-N«(4'-p-methoxyphenyl-4’-oxobutyl)
quinuclidinium Iodide (21).

This compound was obtained in 43% yield, mp 194-196°
(water); ir: » OH 3250, » CO 1670 em™; pmr: § 7.94 (m, 2H,
2"-and 6"-H, ] = 8.75 Hz), 7.62 (m, 2H, 3"- and 5'-H, J = 8.70
Hz), 7.44 (m, 2H, 2'- and 6'-H, J] = 8.70 Hz), 7.03 (m, 2H, 3"- and
5"-H, ] = 8.75 Hz), 6.12 (s, 1H, OH), 3.83 ppm (s, 3H, -OCH;);
cmr: (see Table 2); ms: (m/e) 523 (3), 413 (13), 395 (6), 370 (6), 368
(6), 265 (10), 263 (34), 252 (8), 250 (24), 239 (5), 237 (9), 222 (7), 220
(21), 177 (41), 176 (21), 175 (21), 150 (12), 142 (23), 141 (5), 139
(18), 136 (12), 135 (100), 128 (10), 127 (12), 121 (12), 107 (9), 103
9), 92 (15), 77 (22), 70 (59), 58 (14), 42 (15), 41 (7).

Anal. Caled. for C,H,,CIINO,: C, 53.19; H, 5.39; N, 2.58.
Found: C, 52.83; H, 5.53; N, 2.79.

3-p-Chlorophenyl-3-hydroxy-N-(4"-p-methylphenyl-4'-oxobut-
yDquinuclidinium Iodide (22).

This compound was obtained in 56% yield, mp 204-206°
(water); ir: » OH 3245, v CO 1670 ¢cm™; pmr: 6 7.87 (m, 2H,
2"-and 6"-H, ] = 8.29 Hz), 7.64 (m, 2H, 3'- and 5-H, ] = 9.07
Hz), 7.44 (m, 2H, 2"- and 6'-H, ] = 9.07 Hz), 7.32 (m, 2H, 3"- and
5"-H,J = 8.29 Hz), 6.10 (s, 1H, OH), 2.37 ppm (s, 3H, CH,); cmr:
(see Table 2); ms: (m/e) 509 (5), S08 (5), S07 (14), 396 (< 1), 378
(13), 354 (6), 352 (13), 263 (8), 250 (7), 237 (< < 1), 232 (6), 220 (2),
204 (5), 161 (23), 139 (5), 134 (13), 131 (27), 128 (11), 119 (100), 91
(14), 70 (18), 65 (7).

Anal. Caled. for C,,H,,CIINO,: C, 54.81; H, 5.55; N, 2.66.
Found: C, 54.67; H, 5.67; N, 2.81.
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