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12-HETERO-SUBSTITUTED 6,11-ETHANO-
6,11-DIEYDROBENZO{b] QUINOLIZINIUM SALTS
AND COMPOSITIONS AND METHOD OF USE
THEREOF

The invention relates to 12-hetero substituted
6,ll;ethano-G,11-dihydrobenzo[b]quinolizinium salts, to
compositions containing the same, to the method of use’
thereof in the treatment or prevention of neuro-
deéénerative disorders or neurotoxic injuries and to a
process for preparing intermediates.

Fields, U.s. Patent 3,517,073 discloses
compounds of the formula:

. R!O
4
R s RS
OO
R2—- N . LRB
R @\./
R‘

wherein each of R!, R2, R3 and R¢ when taken separately,
is hydrogen, lower alkyl, lower aryl, lower acyloxy,
lower alkoxy, nitro, halogen, lower acylamino, di(lower
alkyl) amino; one group of Rl and R2,IR2 and R3, and R3
and R4, preferably Rl and R2, and R3 and R4, each group
when taken together, represents a fused ring system
containing up to three 6- member carbocyclic and
nitrogen-containing heterocyclic rings at least one of
which is an aromatic ring, and having no more than two
nuclear nitrogens in any ring, which may be
unsubstituted or substituted with one or more of the
substituents defined by Rl, R2, R3 and R%; each of RS
and RS, when taken separately is hydrogen, lower alkyl
or lower aryl; each of R? and R®, when taken separately,
is hydrogen; R? and R8, when taken together, represent a
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fused ring system as defined hereinbefore; RY9, when
taken individually, is methylene or lower alkyl, lower
aryl, lower alkenyl, halogen, or cyano substituted
methylene; R10, when taken individually, is a protected
carbonyl group; R% and R10, when taken together,
represent a fused aromatic carbocyclic or heterocyclic
ring system, whose valence bonds are from adjacent
carbons, containing up to.three 6-membered carbocyclic
and nitrogen-containing heterocyclic rings having no
more than two nitrogens in any ring and which may be
substituted with one or more of the substituents defined
by Rl, R2, R3 and R4. BAmong the compounds specifically
disclosed are 12,12-diethoxy-ll-methyl-9,10-ethano-

" 9,10-dihydro-4a-azoniaanthracene perchlorate and

9,10-(0-benzenc)-9,10-dihydro-5-methyl-4a-azonia-
anthracene perchlorate. Also disclosed are compounds of
the formula:

H3__ \‘/ C\CH7
R&— O l

wherein R1-R10 are as defined above and m is an odd
integer having a value of from 1 to 5, inclusive. Among
the compounds specifically disclosed are 12,12-diethoxy-
ll-methyl-9,10-ethano-4a-aza-1,2,3,4,4a,9,9a,10-octa-~
hydroanthracene perchlorate acid salt, 9,10-(O-benzeno)-
S5-methyl-4a-aza-1,2,3,4,4a,9,9a,10~-octahydroanthracene
and 12,12-diethoxy-9,10~ethano-11l-bromo-4a-aza-
1,2,3,4,4a,9,%a,10-octahydroanthracene. The above-
described compounds are disclosed as being intermediates

s
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in the synthesis of 2-napthol derivatives and various
anthracene derivatives.

' Fields et al., J. Org. Chem. 1968, 33(1),
390-395, disclose a series of sixteen Diels-Alder

5 adducts prepared from a 4a-azoniaanthracene ion and
various dienophiles. Among the compounds specifically
disclosed are 12-ethyl, 12-hydroxymethyl and
12-ethylene-9,10-dihydro-4a-~azonia-9,10-ethanoanthracene
bromides; 12-phenyl-12-(4-morpholinyl), l2-methyl-

10 12-(l-methylethylene), 12,i2-diethoxy-ll-bromo and
12-diethylamino-l1ll-phenyl-9,10-dihydro-4a-azonia-
9,10-ethanoanthracene perchlorates, as well as
9,10[1',2"' ]cyclopentyl and 9,10[2',3' Jtetrahydropyranyl-

 9,10-dihydro-4a-azonia-anthracene perchlorates. No

15 utility is disclosed for these compounds.

Fields and Regan, J. Org. Chem. 1971, 36(20),
2986-2990, disclose compounds of the formula: '

Clos~

OAc
20 wherein R is H, Br, or OAc, as intermediates in the
synthesis of substituted 8-tert-butyl-l-(2-pyridyl)-
napthalenes.
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Fields and Regan, J. Org. Chem. 1971, 36(20),
2991-2994, disclose compounds of the formula:

Et
OEt

@

+
ClO4

wherein R is H, CH3, CgHs, or Br, as intermediates in
the synthesis of 2-pyridylnapthols.
Fields, J. Org. Chem. 1971, 36(20), 3002-3005,

'discloses a series of substituted 12,12~diethoxy-

9,10-ethano-9,10-dihydro~4a-azoniaanthracenes and the
corresponding derivatives wherein the pyridinium moiety
is partially or completely reduced, as intermediates in
the synthesis of substituted 2-napthols. Aamong the
compounds specifically disclosed is 12,12-diethoxy~
5,11-dimethyl-9,10-ethano-9,10~dihydro-4a~azonia-
anthracene perchlorate. Also disclosed is a series of
substituted 9,10-(0-benzeno)-9,10-dihydro-4a-azonia-
anthracenes and the corresponding derivatives wherein
the pyridinium moiety is partially or completely
reduced, as intermediates in the synthesis of
substituted anthracenes. Among the compounds
specifically disclosed is 9,10-(0O-benzeno)-9,10-dihydro-
4a-azoniaanthracene perchlorate.
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Westerman and Bradsher, J. Org. Chem. 1971,
36(7), 969-970, disclose compounds of the formula:

Ph

“ @

+

wherein R is CH3, CH(CH3)2, H, F, I, Cl, Br, CO2H,
CO2CH3, or NO3. 'No utility is disclosed for these
compounds. '

Bradsher and Day, J. Het. Chem. 1973, 10,
1031-1033, disclose four Diels-Alder adducts prepared
from acridizinium perchlorate and cyclopentadiene,
methyl vinyl ether, norbornadiene -and maleic anhydride.
No utility is disclosed for these compounds.

Fields and Regan, J. Org. Chem. 1970, 35(6),
1870~1875, disclose coméounds of the formula:

@

+

wherein R is H, CH3 or CgHs. Alsoc specifically
disclosed are 9,10-dihydro-12,12-dimethoxy-11,11~di~
methyl-4a-azonia-9,10-ethanocanthracene perchlorate and

'9,10-dihydro-9,11-dimethyl-12,12~-diethoxy-4a~azonia-

9,10-ethanocanthracene perchlorate. The compounds are
said to be intermediates in the synthesis of 9,10-di-
hydro~12-oxo~4a-azonia~9,10-ethanoanthracenes.

Fields et al., J. Org. Chem. 1971, 36(20),
2995-3001, disclose 9,10-dihydro-4a-azonia-
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9,10-0O-benzencanthracene perchlorate and several analogs
as intermediates in the synthesis of various '
9-(2-pyridyl)anthracenes. |

Fields and Miller, J. Het. Chem. 1870, 7,
91~97, disclose a compound of the formula:

as an intermediate in the synthesis of the corresponding
5,8~-dione salt.

Bradsher and Stone, J. Org. Chem. 1963, 33(2),
519-523, disclose a series of Diels-Alder adducts
prepared from an acridizinium ién and maleic anhydride,
maleate esters, fumarate esters and various para-
substituted styrenes in which the para substituent is
H, CH3, OCH3 or NOz. No utility is disclosed for these
compounds. A substantially similar disclosure for the
preparation of Diels-Alder adducts from acridizinium
bromide and maleic anhydride, maleate or fumarate esters

can be found in Bradsher and Solomons, J. Am. Chem. Soc.
1958, 80, 933-934.
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Bradsher and Stone, J. Org. Chem. 1969, 34(6),
1700-1702, disclose compounds of the formula:

wherein R is H, or CH3; R' is H, or CH3; R" is OCHj3,
.CH3, H, or NOz; and X~ is perchlorate; without an
indication of utility. Also disclosed are the Diels-~
Alder adducts obtained from acridizinium perchlorate and

diethyl maleate, diethyl fumarate or dimethyl maleate,
without an indication of utility.

10

Burnham and Bradsher, J. Org. Chem. 1972,
37(3), 355-358, disclose compounds of the formula:

wherein R! is Ph, and R? is OEt; or R! is H, and

R2 is OEt, OBu, OAc, N-carbazolyl or l-pyrrolidin-2-one,
without an indication of utility.
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Parham et_al., J. Org. Chem. 1972, 37(3),
358-362, disclose compounds of the formula:

BF4
+

®

5
wherein R is Hz, (CHz)3, C(O)NHC(O), C(O)N(CH3)C(O),
C(0)0C(0), CH20CH;, or CH3NH;+CH;, without an indication
of utility. :
' Bradsher et _al., J. Am. Chem. Soc. 1977, 99(8),
10

2588~2591, disclose compounds of the formula:

wherein: R!,R%,R4,R5=H; Rl=Me and R2,R%, R3=H;

R1,RY,R5=H and R?=Me; and R!=H and R2,R% R3=Me.

No utility is disclosed for these compounds. _
Bradsher et al., J. Org. Chem. 1978, 43(35),

822-827, disclose compounds of the formula:

R‘

@
20

+
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wherein: R! is OEt and R is Me, H, F, Cl, COzMe or NO3;
Rl is O-Ph-p-X, wherein X is CH3, OCH3, H, C(O)CHi3, or
NOz, and R is hydrogen; and R! is N-carbazolyl and
R is hydrogen. No utility is disclosed for these
compounds. '

Westerman and Bradsher, J. Org. Chem. 1978,
43(15), 3002-3006, disclose a series of Diels-Alder
adducts prepared from an acridizinium ion and various
unsymmetrical alkenes, without an indication of utility.
Among the compounds specifically disclosed are
6,11[2',3')indanyl-6,11~dihydroacridizinium tetrafluoro-
borate, and 12-phenyl-13-(2-pyridyl)-6,1ll-dihydro-

. 6,11l-ethancacridizinium tetrafluoroborate.

Westerman and Bradsher, J. Org. Chem. 1378, '
44 (5), 727-733, disclose a series of Diels-Alder adducts .
prepared from a substituted or unsubstituted
acridizinium cation and various polarizable alkenes
without an indication of utility. Among the compounds
specifically'disclosed are 12,12~diphenyl-6,1l-dihydro-
6,1l-ethanocacridizinium perchlorate or bromide, '
9-methyl~6,11{2'3']indanyl~6,11-dihydroacridizinium
tetrafluoroborate, and 7,10-dimethyl-12-phenyl-
12~ (4-morpholinyl), 9-methyl-l2-phenyl-
12-(4-moxpholinyl), 12-(2-pyridyl), and 9-methyl-
12-(2~-pyridyl)-6,11-dihydro-6,ll-ethanoacridizinium
tetrafluoroborates.

Bradsher et_al., J. Org. Chem. 1979, 44(8),
1199-1201, disclose a series of Diels-Alder adducts
prepared from a substituted or unsubstituted
acridizinium ion and cyclopropene or l-methylcyclo-
propene, without an indication of utility.
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Hart et al., Tetrahedron Letters 1975, 52,
4639-4642, disclose a compound of the formula:

as an intermediate in the synthesis of 1,4,5,8,9-penta-
methylanthracene.

The present invention relates to compounds of
10 the Formula I:

wherein: I
15 Rl is hydrogen, or from one to four, the same or
different, substituents in any of the
l-, 2-, 3-, or 4-positions selected from the group
consisting of lower-alkoxy, lower-alkyl, and halogen;
R? is hydrogen, or from one to four, the same or
20 different, substituents in any of the
7-, 8-, 9-, or l0-positions seiected from the group
consisting of lower-alkyl, lower-alkanoyloxy, halogen,
nitro, hydroxy, lower-alkoxy, methylenedioxy,
polyfluorolower-alkyl and polychlorolower-alkyl;
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R3 and R% are the same or different lower-alkyl;

R> and R® are independently selected from the
group consisting of hydrogen, lower-alkoxy, trilower-
alkylsilyloxy and dilower-alkylamino; or

RS and RS together represent
~0-CHR8 (CH2 ) n,CHR?~0- wherein n is zero or one and
R® and RY are independently hydrogen, lower-alkyl, or
phenyl-lower-alkoxy-lower-alkyl;

R? is hydrogen, or lower-alkyl; and

X~ is an anion;
or a pharmaceutically acceptable acid-addition salt of
basic members thereof; or a hydrate thereof; or a
stereoisomer thereof; with the proviso that when

'R!, R? and R7 are hydrogen, R3 and R? are methyl and

X~ is Cl04~, R® and RS together cannot be
-0-CH(CH3)CH(CH3) -0~ or simultaneously methoxy; further
provided that R3 and R® together cannot both
simultaneously be hydrogen.

The invention further relates to compounds of
the Formula II:

4
R5R R3

RS
(@

wherein:
R3 and RY are independently hydrogen, lower-
alkoxy, or chlorine;

R> and R® are the same or different lower-
alkoxy; and

X~ is an anion;
or a stereoisomer thereof; with the proviso that
R3 and R? cannot both simultaneously be hydrogen.
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The invention further relates to compounds of
the Formula III:

wherein:

R3 and R4 are independently hydrogen, or lower-

alkyl;‘

R3 and RS .are independently hydrogen, or
dilower-alkylamino; and

X~ is an anion; _
or a pharmaceutically acceptable acid-addition salt of
basic members thereof; or a stereoisomer thereof; with
the proviso that R3 and R? cannot simultaneously be
lower-alkyl; further provided that R5 and R® cannot
simultaneously be hydrogen.

The compounds of the Formulae I, II, and III
bind to the PCP receptor and are thus useful in the
treatment or prevention of neurodegenerative disorders
or neurotoxic injuries.

Preferred compounds of the Formula I above are
those wherein:

R! is hydrogen or one substituent in any of the
1-, 2-, 3-, or 4-, positions, in particular selected
from lower-alkoxy and lower-alkyl, preferably
l-lower-alkoxy or 4-lower-alkyl;

R? is hydrogen, or from one to two, the same or
different, substituents in any of the
7-, 8-, 9-, or 10-positions in particular selected from
the group consisting of lower-alkyl, lower-alkanoyloxy,
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(especially acetoxy), halogen, nitro, hydroxy, lower-
alkoxy, methylenedioxy, and polyfluoro-lower-alkyl,
(especially trifluoromethyl); _

R3 and R4 are the same lower-alkyl; and

R3, R®, R?7 and X~ have the meanings given above.

Particularly preferred compounds of the Formula
I above are those wherein:

R! is hydrogen, l-methoxy, or 4-methyl; .

R is hydrogen, or from one to two, the same or
different, substituents in'any of the
7~, 8-, 9-, or 1l0-positions selected from the group
consisting of methyl, tert-butyl, acetoxy, broﬁine,
chlorine, fluorine, nitro, hydroxy, methoxy, isopropoxy,
methylenedioxy and trifluoromethyl;

R3 and R? are both methyl or ethyl;

R® and RS are independently selected from the
group consisting of hydrogen, lower-alkoxy} (especially
methoxy, ethoxy and propoxy), trimethylsilyloxy, and
diethylamino, or RS and R¢ together represent '
-OCHR® (CH; ) ,CHR?0~ wherein n is zero or one and
R® and R? are simultaneously hydrogen, lower-alkyl,
(especially methyl) or phenyl-lower-alkoxy-lower-alkyl,
(especially phenylmethoxymethyl);

R7 is hydrogen or methyl; and

X- is an anion.

Preferred compounds of the Formula II above are
those wherein R3 and R? are independently hydrogen,
ethoxy, or chlorine; R5 and RS are the same lower-alkoxy
(especially ethoxy); and X~ is an anion, especially Br~
or Cl04~; in particular those compounds wherein
R3 is chlorine, R is hydrogen, RS and R6 are ethoxy and
X- is Br~ and wherein R3 is hydrogen, R? is chlorine,

RS and RS are ethoxy and X- is Cl04-.

Preferred compounds of the Formula III above are

those wherein R} and R? are independently hydrogen, or
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methyl; R5 and RS are independently hydrogen, or
diethylamino; and X~ is an anion, especially Cl04~.

The invention further relates to pharmaceutical
compositions which comprise a compound of Formula I':

Il

wherein:

R, R2, R5, RS, R? and X~ are as defined above
for compounds of Formula I, subject to the proviso
below, and
R3 and R4 are independently selected from the group
consisting of hydrogen, lower-alkoxy, halogen, lower-

"alkyl, and phenyl;

or a pharmaceutically acceptable acid-addition
salt of basic members thereof; or a hydrate thereof; ox
a stereoisomer thereof; together with a pharmaceutically
acceptable carrier, adjuvant, diluent or wvehicle;
with the proviso that when R!, R3, RY, and R7 are
hydrogen, R’ and RS are ethoxy and X~ is ClO4-,
R2 cannot be 7,10-diacetoxy or 7-acetoxy-l0-tert-butyl;
further provided that when R!, RZ and R? are hydrogen,
R3 and R? are methyl and X~ is ClO4~, R5 and R® together
cannot be -0-CH(CH3;)CH(CH3)-0~; still further provided
that when R!, R?, R5 and R’ are hydrogen, R3 and RS are
ethoxy and X~ is ClO04~, R2 cannot be 7-NOj; still
further provided that RS and R® cannot both
simultaneously be hydrogen.

The invention further relates to a method of use
of a compound of Formula I' for the treatment or
prevention of neurodegenerative disorders, or neurotoxic
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injuries which comprises administering to a patient in
need of such treatment an effective amount of a compound
of Formula I' as hereinbefore defined: |

The invention further relates to a process for
preparing compounds of Formula IV, useful as

intermediates, :
_ X-
Se¢ el
™W

R’

v
which comprises the steps of:
(a) reacting a compound of formula:

OH
R

wherein Y is hydrogen or halogen,

with at least two molar equivalents of a lower-alkyl
alkali metal, optionally in the presence of at least one
mole of tetramethyléthylenediamine, in an organic
solvent, followed by treatment with an excess of a
compound of the formula:

at room temperature or below, to produce a diol of
formula:
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and (b) treating said diol with:

a) an excess of trifluoromethanesulfonic anhydride, in
an organic solvent, at room temperature or above; or

b) an excess of an acid at room temperature or above; or
c) at least one molar equivalent of a phosphorous oxy-
halide at room temperature or above, to produce said
compounds of formula IV.

The term lower-alkyl as used herein means linear
or branched hydrocarbon chains having one to about four
carbon atoms and thus includes methyl, ethyl, propyl,
isopropyl, n-butyl, sec~butyl, and the like.

The term lower-alkoxy as used herein means
linear or branched alkyloxy substituents having one to
about four carbonlatoms and thus includes methoxy, .
ethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, and the
like. |

The term halogen or halide as used herein means
bromine, chlorine, iodine, or fluorine.

The term lower-alkanoyloxy as used herein means
llnear or branched hydrocarbon chains having two to
about four carbon atoms and thus includes acetyloxy,
propionyloxy, isobutyryloxy,'and the like.

The term trilower-alkylsilyloxy as used herein
means silyloxy radicals in which the silyl group is
substituted by three lower-alkyl groups and wherein
lower-alkyl has the meanings given above. The term thus
includes trimethylsilyloxy, triethylsilyloxy, tripropyl-
silyloxy, triisopropylsilyloxy, tri-n-butylsilyloxy,
triisobutylsilyloxy, and the like.

The term anion (X-) as used herein means the
anion of an organic acid (which includes anions of
organic monoacids, as well as monoanions of organic
diacids) which is at least as strong as acetic acid, and
thus includes anions of such acids as acetic acid,
methanesulfonic acid, toluenesulfonic acid, trifluoro-
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methanesulfonic acid, (1S)-(-)-camphanic acid (the anion
of which is hereinbelow referred to as
(1S)-(~)-C10H1304~), (-)-dibenzoyl-L-tartaric acid
[(-)-DBT], (+)dibenzoyl-D-tartaric acid [(+)-DBT],

5 (S)-(+)-2-hydroxy-2-phenylpropionic acid, and the like;
or it means an inorganic acid anion such as chloride,
bromide, perchlorate, PFg~ and the like, preferably
chloride.

The numbering system used throughout the

10 specification is shown in the ring system which is

illustrated below. This ring system is usually named in
the chemical literature as a

6,11-ethano-6,11-dihydrobenzo[b]quinolizinium or a

15 6,11-dihydro-6,1l-ethancacridizinium. It should be
notéd, however, that in some of the earlier chemical
literature references this ring system was numbered as
shown below, and was named as a 9,10-ethano-9,10-di-

hydro-4a-azoniaanthracene, or a 9,10-dihydro-4a-azonia-
20 9,10-ethanocanthracene. '

Throughout this specification, however, we will
use the former numbering system, and we shall name the
compounds as 6,11-ethano-6,ll-dihydrbbenzo[b]-

235  quinolizinium salts.
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The synthesis of the compounds of the invention
may be outlined as shown in Scheme A:

Scheme A
X
* 4
Z N7 N R® R*
O - 5L
N X RS Re
7
: v
v

A suitably substituted benzo[b]quinolizinium
salt (IV) in an appropriate organic solvent, preferably
acetonitrile, is treated with an excess of a suitably
substituted olefin (V), at a temperature in the range of
about 25°C up to the boiling point of the solvent used,
to afford the compounds of Formula I. The compounds of
Formulae II and III can be prepared in an analogous
manner from the compounds of Formula IV, wherein R!, R?
and R?7 are hydrogen, and an appropriately substituted
olefin of Formula V.

The compounds of Formulae I, II and IIX can be
converted into corresponding compounds of Formulae I, II
and III which possess various different anion groups,
X-, by
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(a) dissolving the compound of Formula I,'II or III,
wherein X~ is an inorganic acid anion, in water, an
alcoholic solvent, e.g. methanol, or a mixture thereof
and treating the compound with, or adding it to, a
solution of at least one molar equivalent of the alkali
metal salt of an inorganic acid anion, M*X~, wherein the
acid of the salt used is a stronger acid than the
corresponding acid of the iniéial acid anion (X~), and
wherein M* is an alkali metal, preferably potassium or
sodium, in water, at a temperature in the range of about
room temperature up to the boiling point of the solvent
used to produce compounds of Formulaé I, II or III

wherein X~ is various inorganic acid anions;

(b) dissolving the compound of Formula I, II or III,
wherein X~ is an inorganic acid anion, in an alcoholic
solvent, e.g. methanol or isopropanol, and treating the
compound with, or adding it to, a solution of at least
one molar equivalent of the potassium salt of an organic
monoacid, or the monopotassium salt of an organic di-
acid, wherein the acid of the salt used is a stronger
acid than the corresponding acid of the initial acid
anion (X~), in an alcoholic solvent, e.g. methanol or
isopropanol, or a mixture of said alcoholic solvent and
water, at a temperature in the range of about room
temperature up to the boiling point of the solvent used
to produce compounds of Formulae I, II or III wherein

X~ is various organic acid anions;

(c) dissolving the compound of Formula I, II or IIIX
wherein X~ is an organic acid anion, in an alcoholic
solvent, e.g. methanol, and adding this solution to a
mixture of an excess of a base, preferably sodium bi-
carbonate, and an excess of the alkali metal salt of an
inorganic acid anion, M*X-, wherein the acid of the salt
used is a stronger acid than the corresponding acid of
the initial acid anion (X~), in water, at a temperature
of about room temperature up to the boiling point of the
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solvent used, to produce compounds of Formulae I, II or
III wherein X~ is an inorganic'acid anion; |

(d) dissolving a compound of Formula I, II or III,
wherein X~ is an organic acid anion, or an inorganic
acid anion other than chloride, in an appropriate
organic solvent, e.g. acetonitrile, ethyl acetate, an
alcoholic solvent such as methanol, or mixtures of said
solvents, and passing the solution through Dowex®
1X2-100 ion-exchange resin (Dowex®-l-chloride) and
eluting with water, to provide compounds of Formulae I,
II or III wherein X~ is chloride (Cl-); or

e) by paséing a compound of Formula I, II, or IIIX
through a suitable ion-exchange resin column (prepared,
for example, by treating Dowex® 1X2-200 ion-exchange
resin with a suitable organic acid or inorganic acid)
to provide various compounds of Formulae I, II, or III
wherein X~ is other than Cl-, Cl04~ or PFg~.

The compounds of general Formulae I, II and III
can possess-one or more asymmetric carbon atoms and are
thus capable of existing in a number of stereoisomeric
forms, e.g. enantiomers, diastereomers, and geometric
isomers. Unless otherwise specified herein, the
invention is intended to extend to each of these
stereoisomeric forms, and to mixtures thereof, including
the racemates. The different stereoisomeric forms may

be separated one from the other by the methods described
hereinbelow.
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The diastereomers/geometric isomers can be
separated by conventional procedures which are well
known in the art of chemistry such as chromatography,
fractional crystallization and the like. The separation
of enantiomers can be accomplished by .

a) chiral chromatography;

b) treating a racemic mixture of a compound of the
Formulae I, II or III with the potassium salt of
(+)~dibenzoyl-D-tartaric acid (K*[(+)-DBT]) to afford a
compound of Formula I, II or III as the ~[(+)-DBT] salt;
fractional crystallization of the ~[(+)-DBT] salt to
afford a single diastereomer of the ~[(+)-DBT] salt, and
then conversion of the single diastereomer of the
=[(+)-DBT] salt into various other non-chiral anions
(X~) by following the procedures described hereinabove
for the conversion of compounds of Formulae I, II, and
III into other compounds of Formulae I, II and III with
various different anions (X~), to produce the compounds
of Formulae I, II or III as a single enantiomer; or

c) treating a racemic mixture of a compound of the
Formulae I, II or III with the potassium salt of
(-)-dibenzoyl-L-tartaric acid (K*[(-)-DBT]) to afford a
compound of Formulae I, II or III as the ~{[(-~)-DBT] salt
and then proceeding as described hereinabove in part (b)
to afford the compounds of Formulae I, II or III as the
other enantiomer.

Alternatively, the preparation of enantiomers
wherein R5 and R® are the same lower-alkoxy group can
proceed as illustrated in Scheme B.
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R4 3
R
RO
RO- x-
+
1) SI(OR)4 2 N/\‘ "
HOR
2) H*/10 kilobar R?

(+)-I or ()

A compound of Formula I, wherein RS and RS
together are -0-CH(CH3)CHCH(CH3)-0-, or a corresponding
diastereomer thereof, can each individually be treated
with an excess of an acid, preferably concentrated
hydrochloric acid, at a temperature in the range of
about 25°C up to about 80°C to afford the ketones of
Formula VI as the (+)-enantiomer or the (-)-enantiomer.
The individual enantiomers can then be converted back
into a ketal by
(a) treating an enantiomer of Formula VI with an excess
of a tetralower-alkoxysilane (Si(OR)g), wherein OR is a
lower-alkoxy group e.g. methoxy or ethoxy, in a solvent
mixture consisting of an excess of an 6rganic solvent
which is suitable to azeotrope off residual water,
preferably chloroform, an excess of a second organic
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solvent in which the compound of Formula VI is soluble,
preferably nitromethane, and an excess of an alcoholic
solvent (ROH), e.g. methanol or ethgnol, wherein the RO
portion of the alcohol is the same as the lower-alkoxy
portion of the tetralower-alkoxysilane, at the boiling
point of the azeotropic solvent, for a time sufficient
to distill off the azeotropic solvent and any residual
water; and '
(b) cooling the reaction mixture to about 25°C, adding
10 at least one molar equivalent of triflic acid, and
placing the mixture in a high pressure apparatus at
about 10 kbar to afford the compounds of Formula I,
wherein R5 and RS are the same-lower-alkoxy group, as
the individual (+)- or (-~)-enantiomers.

15 When the enantiomers are resolved as described
 hereinabove, it has been found that one of the
enantiomers may possess advantages of greater potency
and fewer side effects when compared to the other
enantiomer or the racemate, and such advantages can be

20 readily determined by those skilled in the art. As an
illustrative example, the compound of Example 2 was
resolved into its separate enantiomers and it was found
that the (-)-enantiomer (Example 12(c)) was more potent
and had fewer side effects when compared to the (+)-

25 enantiomer (Example 13(c)) or the racemate (Example 2)
and that such a compound is therefore a preferred
species of the invention.

The suitably substituted benzo[b]quinolizinium
salts of Formula IV, which are required for the

30 synthesis of the compounds of Formulae I, II or III, can
be prepared as shown in Scheme C.
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At least one molér equivalent of an
appropriately substituted benzyl halide (VII), wherein
Z is a halogen, preferably chlorine or bromine, is
admixed with an excess 6f an appropriately substituted
2-(1,3~-dioxolan-2-yl)pyridine (VIII), in the presence or
absence of a suitable organic solvent, preferably
sulpholane, at a temperature in the range of about room
temperature up to about 146°C, to produce the pyridinium
salt (IX). If desired, the pyridinium salt (IX) can
then be converted into other pyridinium salts of
Formula X, wherein X~ has the meanings given above, by
utilizing procedures similar to those described
hereinabove for the preparation of compounds of
Formulae I, II and II with various anions (X~). The
pyridinium salt (X), or if conversion into various
anions, X~, was not effeéted, the pyridinium salt (IX)
can then be treated with an excess of an acid,
e.g. polyphosphoric acid, 48% hydrobromic acid,
concentrated hydrochloric acid, or a mixture of
polyphosphoric acid and methanesulfonic acid, at a
temperature in the range of about room temperature up to
about 115°C, to afford the benzo[b]quinolizinium salts
of Formula IV.

Alternatively, the benzo{b]quinolizinium salts
of Formula IV can be prepared as shown in Scheme D.
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Scheme D
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A suitably substituted benzyl alcohol (XI),
wherein Y is hydrogen, or halogen, especially hydrogen
or bromine, is treated with'at least two molar
equivalents of a lower-alkyl alkali metal, preferably
n-BuLi, optionally in the presence of at least one mole
of a second base, e.g. tetramethylethylenediamine,
followed by the addition of an excess of a suitable
pyridine derivative (XII), in an organic solvent, such
as ether, at room temperature or below, preferably at a
temperature in the range of about room temperature to
about -30°C to afford the diol (XIII). The diol (XIII)
can then be treated with ,

(a) an excess of trifluoromethanesulfonic anhydride
((TF)20), in a suitable solvent, e.g. benzene, at about
room temperature or above, preferably, at a temperature
in the range of about room temperature up to about 90°C,
to afford a compound of Formula IV wherein X~ is -OTF;
or (b) an excess of an acid, e.g. 45% hydrobromic acid
in acetic acid, at about room temperature or above,
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preferably at a température in the range of about room
temperature to about 100°C, to produce compounds of
Formula IV; or
(c) at least one molar equivalent of a phosphorous
oxyhalide, preferably phosphorous oxychloride, at about
room temperature or above, preferably at a temperature
in the range of about room temperature up to the boiling
poigt of the phosphorous oxyhalide, to afford a compound
of the Formula IV wherein X~ is halogen.

It will be noted that the methods descfibed

~ hereinabove in Scheme D are the preferred methods when

it is desired to prepare benzo[b]quinolizinium salts of
Formula IV which contain substituents in the 10- and/or

'11- positions.

If desired, the benzo[b]quino;izinium salts of

- Formula IV can be converted into other compounds of

Formula IV which possess various different anion groups,
X~, by following procedures similar to those described
hereinabove for the conversion of compounds of |
Formulae I, II and III, to various other anion groups.

Simple chemical transformations which are
conventional and well known to those skilled in the art
of chemistry can be used for effecting changes in
functional groups of the compounds of Formulae I, II,
III, and IV, e.g. dealkylation of ethers to produce the
corresponding alcohols, acetylation of alcohols to
produce the corresponding acetates, hydrolysis of
acetates to produce the corresponding alcohols, and
halogenation of aryl rings to produce the corresponding
aryl halides.

The appropriately substituted olefin (V), the
alkali metal salts of an inorganic acid anion or an
organic acid anion, the benzyl halide (VII), the
2-(1,3-dioxolan-2-yl)pyridine (VIII), the benzyl alcohol
derivative (XI), and the pyridine (XII) are commercially
available, or they can be prepared by procedures well
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known in the art, or by the procedures described herein
below. :

The compounds of Formulae I, II and III which
contain basic substituents are useful both in the free
base form and in the form of acid-addition salts, and,
both forms are within the pufview_qf the invention. The
acid-addition salts are often a more convenient form for
use and in practice, use of the salt form inherently
amounts to use of the base form. The acids which can be
used to prepare the acid-addition salts include '
preferably those which produce, when combined with the
free base, pharmaceutically-acceptable salts, that is,
salts whose anions are relatively innocuous to the

‘animal organism in pharmaceutical doses of the salts, so

that the beneficial properties inherent in the free base
are not vitiated by side effects ascribable to the
anions. 1In practising the present invention it is
convenient to use the free base form or the anions (X7)
of organic acids such as methanesulfonic acid,
toluenesulfonic acid, fumaric acid or maleic acid, or
the anions (X~) of inorganic acids such as hydrobromic
acid and hydrochloric acid. However, other appropriate
pharmaceutically acceptable salts within the scope of
the invention are those derived from other mineral acids
and organic acids. The acid-addition salts of the basic
compounds are prepared by standard procedures well known
in the art which include, but are not limited thereto,
dissolving the free base in an aqueous alcohol solution
containing the appropriate acid and isolating the salt
by evaporating the solution, or by reacting the free
base and an acid in an organic solvent, in which case
the salt separates directly, or is precipitated with a
second organic solvent, or can be obtained by
concentration of the solution. Although medicinally
acceptable salts of the basic compounds are preferred,
all acid-addition salts are within the scope of the



10

15

20

-29-

present invention. All acid-addition salts are useful
as sources of the free base form even if the particular
salt per se is desired only as an intermediate product,
as, for example, when the salt is formed for purposes of
purification or identificatidn, or when it is used as an
intermediate in preparing a medicinally acceptable salt
by, for example, ion exchange procedurgs.

The structures of the compounds of the invention
were established by the mode of synthesis, and by one or
more of elemental analysis, and infrared, nuclear
magnetic resonance and mass spectroscopy. The course of
the reactions and the identity and homogeneity of the '
products were assessed by one or more of thin layer
chromatography (TLC), high pressure liquid
chromatography (HPLC), or gas-liquid chromatography
(GLC). '

The following examples will further illustrate
the invention without, however, limiting it thereto.

All melting points (m.p.) are given in degrees C (°C)
and are uncorrected. 'The abbreviation E/PAW as used
herein means ethyl acetate in pyridine/acetic acid/water
(55/20/25); and TEA stands for triethylamine.
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P vy £ Starti Material

Preparation 1

A mixture of 1-benzyl-2~(1,3-dioxolan-2-yl)-
pyridinium bromide (2.43 mol) in 6 1 48% HBr was placed
in a 12 1 3-neck flask equipped with a mechanical
stirrer and the reaction mixture was allowed to stir at
room temperature overnight. The reaction mixture was
heated on a steam-bath for 3 hours, concentrated
in wvacua, and a light yellow solid was filtered and
washed with THF yielding 415 g of a solid product. The
bromide was dried in a desiccator under diminished

pressure to afford 351 g (56%) of benzo[b]quinolizinium
bromide (Formula IV: R1=R2=R7=H;X~=Br~), as a light

. yellow solid, m.p. 222-225°C.

Preparation 2

(a) ' To a solution of 74.2 g (0.65 mol) of 1,1-di-~
methyl-2-acetoxyethylene in 300 ml tetrachloromethane
cooled to 0-5 C was added in portions 103 g (0.65 mmol)
of bromine in 200 ml tetrachloromethane at a rate to
maintain an internal temperature of 0-10"C. After the
addition (approx. 2 hours), 300 ml methanol was added to
the mixture and the resulting mixture was allowed to
stir for 46 hours in a reaction flask equipped with a
drying tube. The reaction mixture was poured into

1 1 water, the organic layer was separated and dried,
the organic solvent was removed (atmospheric pressure),
and the residue was distilled to afford 100 g (78.1%) of

1,1-dimethoxy 2-hromo-2-methylpropane, b.p. 62-67 C.
(b) A mixture of 101 g (0.67 mol) L-tartaric acid

and 160 g (1.53 mol) 2-dimethoxypropane in

40 ml methanol and 400 mg p-toluenesulfonic acid was
heated to 100 C in an oil-bath and the mixture was
allowed to react for 1 1/2 houré. To the resulting
dark-red solution was added 80 g (0.77 mol) 2,2-di-
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methoxypropane and 450 ml cyclohexane, and the mixture
was allowed to reflux (bath temp. approx.'95°c.) for
13 hours while distilling 590 ml of organic solvents
(methanol-cyclohexane, acetone-cyclohexane). The
reaction mixture was cooled to room temperature,
1 g potassium carbonate was added, and concentrated
in_vacuo. The residue was distilled to afford
122 g (82.4%) of 2,2-dimethyl-4(R),5(R)=(dicarbo~
methoxy)-1,3-dioxolane, b.p.92-95/0.04 mm).
(c) A suspension of 46 g (1.21.mol) lithium aluminum
hydride in 500 ml ether was refluxed for 10 min. and
cooled to room temperature. To the above mixture was
added in portions with vigorous stirring a solution of
122 g (0.599 mol) 2,2-dimethyl-4(R),5(R)~-(dicarbo-
methoxy)-1,3-dioxolane in 500 ml ether at a rate to
maintain a gentle reflux. After the addition (approx.
2 hours), the reaction mixture was refluxed for 3 hours,
cooled in a dry-ice/acetone bath, and 50 ml ethyl
acetate was added carefully followed by 46 ml water,
4 N NaOH solution (46 ml), and water (130 ml ) with
caution.

The reaction mixture was stirred for 15 min. The
precipitated solid was removed by filtration, washed

successively with ether (500 ml), ethyl acetate

(750 ml), methylene chloride (750 ml), and ether

(500 ml). The combined filtrate was concentrated
in_vacuo, the residue was dissolved in ethyl acetate
(500 ml), and washed with 100 ml saturated ammonium
chloride solution. The organic layer was dried,
concentrated in wvacuo, and the residue was distilled
(Kugelrohr) to afford 29.1 g (32.1%) of 2,2-dimethyl-
4(R),5(R)=(=dihydroxymethyl)-1,3-dioxolane, b.p. 120 C
(Kugelrohr).
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(d) Sodium hydride (16.8 g of 60% dispersed in oil;
0.36 mol) was freed of oil by stirring with hexane
(2x100 ml) and removing the supernatant using a cannula.
Sodium hydride was freed of hexane by evaporation. To a
mixture of sodium hydride (oil free) in 150 ml THF was
added a solution of 29 g (0.18 mol) 2,2-dimethyl-
4(R),5(R)~(~dihydroxymethyl)-1,3~dioxolane in 100 ml THF
over a 30 min. period. The reaction mixture was stirred
for 1 hour, a solution of 68 g (0.36 mol) benzylbromide
in 50 ml THF was added over a 15 min. period, and the
resulting mixture was allowed to stir under nitrogen

'6vernight.

The reaction mixture was refluxed for 2 hours,
cooled to room temperature, diluted with 50 ml water,
and concentrated in vacuo. The residue was extracted
with 500 ml toluene, the organic layer was dried over
sodium sulfate, and concentrated in vacuo. The residue
was passed through 6 inch silica pad eluting with
10% methylene chloride in hexane followed by 15% ethyl
acetate in hexane. The later fraction was concentrated
to afford 42 g (68.6%) of 2,2-dimethyl-4(R),5(R)=(-di-
benzyloxymethyl)=-1,3=dioxolane.

(e) To a solution of 42 g (0.122 mol) of 2,2-di-
methyl-4(R),5(R)~-(~dibenzyloxymethyl)-1,3-dioxolane in
100 ml methanol was added 10 ml 0.5N HCl solution and
the resulting mixture was heated to 75°¢C distilling the
acetone/methanol slowly over a period of 5 hours. The
reaction mixture was cooled to room temperature,

5 ml 0.5 N HC1 solution and 25 ml methanol were added,
and the mixture was concentrated in_vacua. The residue
was basified with saturated sodium bicarbonate solution,
extracted with 500 ml benzene, and the organic layer
dried, filtered, and concentrated in vacua. The residue
was purified by chromatography to afford

7.5 g (20.3%) of 1,4-dibenzyloxy-2(R),.3(R)=(dihydroxy)-
butane.

L
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(f) A reaction mixture of 7.5 g (24.8 mmol) 1,4-di-
benzyloxy-2(R)3(R)-(dihydroxy)butane and 4.1 g

(20.8 mmol) 1,l-dimethoxy 2-bromo-2-methylpropane in
250 ml toluene and 0.5 g PPTS was refluxed under
nitrogen for 1 hour using a Dean-Stark trap, while
azeotroping the methanol formed. The resulting reacéion
mixture was cooled to room temperature, washed
successively with saturated sodium bicarbonate solutionm,
water, and brine, dried and concentrated in vacuo. The
residue was passed through 6 inch silica pad eluting
with 1 1 hexane/ethyl acetate (7:2). The eluent was
concentrated in_vacuo to afford 8.9 g (82.4%) of

2-[2.-bromo~2-methylpropyl -4 (R),5(R)~(trans-dibenzyl-
oxymethyl)l,3-dioxolane.
(9) To a suspension of potassium tert-butoxide

(0.8 g; 7.13 mmol) in 15 ml THF was added a solution of
2.12 g (4.8 mmol) 2-[2 -bromo-2-methylpropyll-
4(R),5(R)~(trans-dibenzyloxymethyl) 1,3-dioxolane in

5 ml TEF over a 15 min. period. The reaction mixture
was stirred at room temperature under nitrogen for

2 hours, passed through a 3" silica pad eluting with
300 ml ether, the eluent was dried over sodium sulfate,
and the solvent was concentrated in _wvacuo to afford

1.7 g (98.3%) of 2-propylidene-4(R),5(R)=(trans—di-
benzyloxymethyl)-1,3-dioxolane (Formula V: R3=R4=CH3;
and RS and R6 together are
(R,R)-0-CH(CH20CH2Ph)CH(CH20CH2~Ph)0-), as a viscous
oil.

Preparation 3

(a) A solution of 35.5 g (1.1 mol) methanol in

400 ml anhydrous ether cooled to_-S.C was saturated with
HCl gas (until exothermic reaction subsided). To the
above solution was added 69.1 g (1 mol) of isobutyro-
nitrile, the resulting mixture was stoppered and stored
in a refrigerator for 24 hours. The precipitated solid
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was filtered, washed with anhydrous ether (750 ml), and
dried in a vacuum oven for 40 hours to afford 125 g

(90.8%) of l:iming:1:methQxxisghntane_hxdrnghlnride.
(b) To l-imino-l-methoxyisobutane hydrochloride

(67 g, 0.487 mol) dissolved in 200 ml dry methanol
(dried over 3°A sieves) was added 900 ml anhydrous
ether, and the resulting reaction mixture was heated at
45°C under nitrogen for 18 hours. The reaction mixture
was cooled in an ice-bath, filtered, and the filtrate
was basified (pH 8.6) by an addition of solid sodium
methoxide. The solvent was removed on a steam-bath and
the residue was distilled to afford 10 g of 1,1,1~tri-
methoxyisobutane which upon redistillation over NaH

yielded 9 ¢ (13%) of 14141_:21methnxglsghn:ane
b.p. 134-136"C.

(c) To a mixture of 3.8 g (25.6 mmol) 1,1,1l-tri-
methoxyisobutane and 3 g (28.8 mmol) 2(R),4(R)-di-
hydroxypentane in 100 ml toluene was added 200 mg PPTS
and the resulting reaction mixture was allowed to reflux
under nitrogen for 20 hours while azeotroping methanol
formed using the Dean-Stark trap. The reaction mixture
was cooled, washed successively with saturated sodium
bicarbonate solution, water, and brine. The toluene
layer was dried, the solvent was concentrated under
nitrogen, and the residue was distilled to afford 2.1 g
(52.5%) of 2-isopropylidene-4(R).6(R)=dimethyl-
1.3-dioxane (Formula V: R3=R4=CH3; RS and R6 together
are (R,R)-0-CH(CH3)CH2CH(CH3)0-), b.p. 95-100"C/10 mm.
(d) A mixture of 15.6 g (0.105 mol) of 1,1,1l-tri-
methoxyisobutane, 10 g (0.0962 mol) 2(S),4(S)-di- )
hydroxypentane, and 251 mg PPTS in 150 ml toluene (dried
over 3°A sieves) was allowed to reflux under argon for
11/2 hours while azeotroping water formed using the
Dean-Stark trap. The reaction mixture was cooled, 1.2 g
of potassium tert. butoxide was added, and the solvent
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was distilled. Ether (100 ml) was added to the residue,
passed through a supercel pad eluting with 300 ml ether,
and the combined solvent was distilled in _vacuo (<40.C)-
The residue was distilled to afford 14.3 g (79.4%) of
b.p. 78-82"¢/15 mm.

(e) To 3.8 g (20.2 mmol) 2-isopropyl-2-methoxy-
4(R),6(R)-dimethyl-1,3-dioxane was added 4.97 g

(20.2 mmol) of aluminum tert. butoxide and the resulting
mixture was heated to 180 C under nitrogen (over a

30 min. period) and maintained at this femperature for
one hour while distilling tert. butanol formed. The
residue was cooled and distilled (directly from the
reaction flask) to afford 2.05 g (65%) of 2-iso-

propylidene-4(R),6(R)~dimethyl=-1,3-dioxane

14

" (Formula V: R3=R4=CH3; R5 and R6 together are

(R,R)~-0-CH(CH3)CH2CH(CH3)0-), b.p. 75—78°C/aspirator
vacuum.

Preparation 4

(2) A solution of 138.2 g (2 mol) isobutyronitrile
in 101.2 g (2.2 mol) ethanol cooled to 0'C was saturated
with anhydrous HCl gas (total vol. HCl=1.5 1l: 2.2 mol)
at a rate of 1.5 1/min for 35 minutes. The resulting
mixture was tightly capped and stored in a refrigerator
(-5°C) for 5 days and then stirred at room temperature
for 18 hours. The solid formed was removed by filtration
and the filtrate was poured into 2 1 anhydrous ether
with stirring and the resulting reaction mixture was
stirred at 0-5 C for 30 minutes. The precipitated solid
was filtered, washed with anhydrous ether, and dried in
a vacuum oven (over KOH) to afford 150 g (98.9%) of
=imino=-l-ethoxyisobutane hydrochloride.
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(b) A mixture of l-imino-l-ethoxyisobutane hydro-
chloride (150 g, 0.989 mol) and 550 g of ethanol
(11.9 mol) in anhydrous ether (3.5 1) was allowed to
reflux (38-39°C) under argon for 72 hours. The reaction
mixture was cooled to room temperéture, allowed to stand
at room temperature for 2 days, and filtered. The _
filtrate was washed with 10% sodium carbonate solution
(2x1 1) followed by saturated sodium carbonate solution
(1x1 1), the organic layer was dried (potassium
carbonate), and the solvent was concentrated ip_vacua
(bath temp. <30 C). ‘The residue was dissolved in
300 ml ether, filtered, and the filtrate was washed
successively with 10% NaOH solution and water, and then
dried (potassium carbonate). . '

The solvent was removed in wvacuo (bath temp.
<30°C), the residual liquid was diluted with
250 ml hexane, cooled in an ice-bath (1 hour), and
filtered. The filtrate was concentrated in_wacua
(<30°C) and the residue was distilled to yield 55.2 g
(28%) of 1.1.1-triethoxyisobutane, b.p. 70-72°C/27mm.
(c) A reaction mixture of 55 g (0.289 mol)
1,1,1-triethoxyisobutane and 60 g (0.244 mol) aluminum
tert-butoxide”placed in a reaction flask equipped with
12" vigreux distilling column was heated to 170°C over a
30 min. period and maintained at this temperature for
1 hour while distilling tert. butanol formed. When the
distillation of t-~butanol was complete, the Vigreux
column was replaced with a short path distillation unit
and the distillation was continued to afford 31g (74.5%)
of 1,l-diethoxy-2,2-dimethylethylene
(Formula V: R3=R4=CH3; RS=R6=0C2H5), b.p. 90-120°C.

Preparation S

{(a) To a solution of 50 g (0.326 mol) m-methoxy-
benzyl alcohol in 1.1 1 anhydrous ether cooled to -20°C
was added in portions 76 ml (0.76 mol) 10 M n~butyl-
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lithium solution in hexane at a rate to maintain an
internal temperature below -10°C. The resulting mixture

'was warmed to room temperature and stirred for 2 hours.

The above reaction mixture was cooled to 0°C and
TMEDA (42 g; 0.362 mol) was added. The resulting
reaction mixture was cooled to ABOfC and 58 g
(0.542 mol) of pyridine-4-carboxaldehyde was added over
a 5 min. period (-10°C) and then the mixture was allowed
to warm to 0°C over a 30 min. period. .

The reaction mixture was quenched by an additipn
of 500 ml of water with stirring for 30 minutes and the
mixture was chilled in a refrigerator overnight. The
precipitated diol was isolated by filtration, washed
with ether, dried, and crystallized from ethanol to
afford 30 g (33.8%) of 2-[1-hydroxy-(2'-methoxy-

6 ' =hydroxymethyl )henzyl Jpyridine .

(Formula XIII: Rl=R7=H; R2=2'-0CH3). The filtrate was
concentrated and diluted with ether to afford an
additional 13.1 g (14.7%) of the diol.

(b) A mixture of 13.1 g (53.4 mmol) 2-[1l-hydroxy-

(2' -methoxy-6'-hydroxymethyl)benzyl]pyridine in ,
75 ml 45% HBr in acetic acid was allowed to reflux for
20 hours and the reaction mixture was cooled to room
temperature. After removing a portion of acetic acid by
distillation, 25 ml 45% HBr was added to the mixture and

- refluxed for an additional 4 hours. The reaction

mixture was cooled to room temperature, poured into
700 ml methylene chloride with stirring and the
precipitated solid was isolated by filtration to afford

9 g (61.2%) of 10-hydroxybenzo[b]quinolizinium bromide
(Formula IV: R1=R7=H; R2=10-OH; X~=Br-).
The above filtrate was concentrated in vacuo to

afford 4 g (25.8%) of l0=methoxybenzo([b]lquinolizinium
bromide (Formula IV: RI=R7=H; R2=10-OCH3; X~=Br-).

The above 10-hydroxybenzo{b]quinolizinium
bromide, (9 g) was purified by dissolving in
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600 ml acetonitrile, refluxing the solution, and
filtering the mixture while hot. The solid product was
filtered and washed with ether to afford 5 g
10-hydroxybenzo[b]quinolizinium bromide.

(c) To a solution of 6.5 g (23.6 mmol) l0-hydroxy-
benzo[b]quinolizinium bromide in 400 ml methylene
chloride/pyridine (1:1) was added 100 mg DMAP and

50 ml acetic anhydride and the resulting reaction
mixture was stirred under argon at room temperature for
2 hours. The reaction mixture was concentrated
in_vacno. The residue was suspended in 2:1 10%
NaC104/CH2Clz (300 ml) and sonicated. The solid was
collected by filtration to afford 4.3 g (55.9%)
10-acetoxybenzo[b]quinolizinium perchlorate.

The above l0-acetoxybenzo[blquinolizinium
perchlorate (3.3 g) was dissolved in 500 ml water, the
solution was boiled, and filtered. To the filtrate was
added 100 ml 30% sodium perchlorate solution and the
mixture was chilled. The precipitated solid was
isolated by filtration and dried in_vacuo to afford
1.9 g of l0-acetoxybenzo[b]quinolizinium perchlorate
(Formula IV: RIl=R7=H; R2=10-OAc; X~=C104). The
filtrate was extracted with methylene chloride
(3x100 ml), the organic layer was dried and concentrated
to yield an additional 0.32 g of the desired acetate
perchlorate.

Preparation 6

(a) A mixture of 9.4 g (60 mmol) o-methoxybenzyl
chloride and 2-(1,3-dioxolan-2-yl)pyridine in sulfolane
(6 ml) was heated at 80°C for 5 hours, cooled to room
temperature, and was allowed to stand overnight. The
mixture was poured into 100 ml ethyl acetate and the
reaction mixture was stirred for 30 minutes. A gummy
precipitate was isolated by deCanting ethyl acetate and
triturated with ethyl acetate(2x). The gummy product

T
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was dissolved in 100 ml water, filtered, and treated
with 150 ml hot aqueous potassium hexafluorophosphate
solution. The solid salt was isolated by filtration,
washed successively with hot water and ether, and dried

5 +to afford 7.4 g (29.6%) of l-(o-methoxybenzyl)-
2(1,3-di lan=2y1) idini } £ I hat
(Formula X: R1=R7=H; R2=2'-0CH3;X~=PFg~). 1}
(b) To 50 g polyphosphoric acid heated to 95°C in an éi
oil-bath was added with stirring 5 g (12 mmol) of i :

10 1-(o-methoxybenzyl)-2(1,3-dioxolan-2-yl)pyridinium

"~ hexafluorophosphate apd the resulting reaction mixture

was heated at this temperature with stirring under :
nitrogen for 5 hours. The mixture was cooled to 40°c, i
and 125 ml water was added followed by an additional i
15 125 ml water. The resulting mixture was cooled to room - . d
temperature, potassium hexafluorophosphate (5 g, )\
27 mmol) was added, the precipitated solid was isolated it
by filtration, and the desired salt was washed i
. successively with water and ether and then dried to i
t20 afford 3.2 g (74.9 g) of Z-methoxybenzolbjquinolizinium
; hexafluorophosphate
(Formula IV: RIl=R7=H; R2=7-0CH3; X~=PF~¢).

—
ot it U Y

Preparation 7
25 (a) A mixture of 116 g (1 mol) 2-ethylbutyric acid,
135 g (1.05 mol) dimethyl sulfate, and 155 g (1.12 mol)
potassium carbonate in 500 ml acetone was stirred at
room temperature undér nitrogen overnight, and then was
allowed to reflux under nitrogen for 1 hour. The '
30 reaction mixture was cooled to room temperature,
filtered, and the residual solid was washed with
500 ml ether. The combined filtrate was concentrated
in _vacuo, the residue was redissolved in ether, the

ether solution was washed successively with water and
brine and then dried. The solvent was concentrated and
the residual liquid was distilled to afford 70 g
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(53.8 %) of methyl 2-ethylbutyrate, b.p. 135-137°C.

(b) To a solution of 10.1 g (0.1 mbl) diisopropyl-
amine in 75 ml THF cooled to 0°C was added 10 ml

(b.l mol) 10 M solution of n-butyllithium in hexane and
the mixture was stirred for 5 minutes. The reaction
mixture was cooled to -78°C, and 13 g (0.1 mol) methyl
2-ethylbutyrate in 15 ml THF was added over a 10 min.
period. The resulting mixture was stirred at -78°C for
1.5 hours, and then 21.8 g (0.2 mol) of trimethylsilyl
chloride (freshly distilled over quinoline) was added
over a 10 min. period followed by an additional stirring
at -78°C for 15 minutes.

The reaction mixture was allowed to warm to room
temperature, stirred for 30 minutes, the solvent was
concentrated in_vacuo, and the residue was redissol&ed
in 100 ml of pentane and filtered. The filtrate was
concentrated in _vacno and the residual liquid was
distilled to afford 15.5 g (76.7%) of 2,2-diethyl-

- i i =1 (Formula V:

R3=R4=C2Hs; R5=0Si(CH3)3; R6=0CH3), b.p. 94-97°C/55mm.

Preparation 8

(a) To a mixture of 9.3 g (69 mmol)of N-formyl-~
pyrrolidine hydrochloride in 25 ml tetrachloroethane,
chlorine gas was passed through until the mixture turned
vellow. To the above mixture was added 50 g (0.693 mol)
of isobutyraldehyde in portions at a rate to maintain an
internal temperature at 55°C while passing chlorine gas
through slowly. After the addition of isobutyraldehyde,
the mixture was stirred (55°C) for 20 minutes and
distilled at <50°C/25mm (50 & of isobutyraldehyde was
recovered).

Additional isobutyraldehyde was added to the
mixture in portions (via syringe) over a 2 hr pefiod and
stirred at 55°C for 1 hour. The product was distilled
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to afford 45 g (61.6%) of 2-chloro-2-methylpropanal,

b.p. <40°C/25mm.
(b) To a mixture of 45 g (0.424 mol) 2~-chloro-

2-methylpropanal, 99.6 ml (1.69 mol) ethanol, 8l.6 g
(0.55 mol) triethylorthoformate in 100 ml methylene

"chloride was added 800 mg (4.2 mmol) of p-toluene-

sulfonic acid and the mixture was stirred at room
temperature. After adding 2 g of potassium carbonate to
the above mixture, the reaction mixture was stirred

.(2 min.), and filtered. The filtrate was concentrated
(80°C) to remove methylene chloride and the residue was
distilled (2x) to afford 52 g (68.2%) of 2-chloro=
2-methylpropanal diethyl acetal, b.p. 55-65°C/25mm.

(c) To a mixture of 12 g (66.6 mol) 2-chloro-
2-methylpropanal diethyl acetal and 15 g (0.24 mol)
ethylene glycol in 200 ml toluene was added.500 mg PPTS
and the resulting mixture was refluxed under nitrogen
while azeotroping water formed with the Dean-~Stark trap
for a period of 16 hours. The desired dioxolane was
isolated by cooling the mixture to room temperature,
separating the organic layer, washing the organic layer
with saturated sodium bicarbonate, water and then brine
and then drying over NaS04 and removing the solvent

in vacuo. The product was distilled to afford 7 g
(69.7%) of 2=[2'-(2'=-chlora)propyl]=~1,3-dioxolane,

b.p. 55-60°C/aspirator. _

(d) To a suspension of 7.15 g (63.7 mmol) potassium
t-butoxide in 100 ml THF was added in portions 6.4 g
(42.5 mmol) of 2-[2'-(2'-chloro)propyl]-l,3-dioxolane in
10 ml THF over a 15 min. period. The exothermic

. reaction mixture was stirred for 15 minutes and the

organic solvent was distilled. The residual liquid was
2-isopropylidene-1,3-dioxolane (Formula V: R3=R4=CHj;
RS and RS together are —-OCH2CH20-).
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Preparation 9
(a) To a mixture of 63.55 g (0.46 mol) o-methoxy-
benzyl alcohol in 1.5 1 ether cooled to -40°C was added
in 2 portions (100 ml) 10 M n-butyllithium over a
30 min. period and the reaction mixture was slowly
(removing a bath) warmed to room temperature and stirred
for 30 minutes. g

The above reaction mixture was cooled to -20°C,
69.7 g (0.651 mol) of 2-pyridinecarboxaldehyde was added
to the mixture, and the resulting reaction mixture was
allowed to warm to room temperature. After 1 hour,
ammonium chloride solution was added to the mixture.
The diol was extracted with ethyl acetate, dried over
sodium sulfate, and the solvent was removed in_wvacuo.
Recrystallization (2x) from ethyl acetate/ether afforded
68.5 g (60.7%) of 2=[l-hydroxy-(2'-methoxy=-6'=hydroxy=
methyl)benzyllpyridine (Formula XIII: RI=R7=H;
R2=2'-0CH3).

(b) To 25 g (0.102 mol) of 2-[1-hydroxy-(2'-methoxy-'

6'~hydroxymethyl)benzyl]pyridine was added rapidly with
stirring 30 ml POCl3 and the resulting mixture was
placed in an oil bath preheated to 110°C. The
exothermic reaction mixture (with evolution of HCl gas)
was cooled, 250 ml methylene chloride was added, and the
solvent was decanted to yield an oil. The o0il was
dissolved in water, treated with 5 g sodium perchlorate,
and the precipitated perchlorate was isolated by
filtration.

The above decanted organic solvent was
concentrated, the residual chloride was triturated with
100 ml of methylene chloride, and the precipitated solid
was filtered and converted to the perchlorate by
treating with sodium perchlorate solution.

. 0
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The combined perchlorate salt was crystallized
from methanol to afford 12.2 g (38.7%) of lO0-methoxy-
(blquinolizini ]
(Formula IV: Rl1=R7=H; R2=10-0CH3; X~=Cl0g-).

Preparation 10
(a) A mixture of pyridine-2-carboxaldehyde ethylene
acetal (20 g; 0.13 mol), 4-methoxybenzyl chloride
(21.2 g; 0.13 mol), and sulfolane (5 ml) in a 250 ml
reaction flask was heated under nitrogen to 95°C with
stirring for 4 hours and'then the mixture was allowed to
react at room temperature overnight. The organic
solvent'was decanted, the resulting gummy precipitate
was triturated with ethyl acetate:hexane (2:8), refluxed
with stirring, and cooled. The solvent was decanted to
yield l=(p-methoxybenzyl)pyridine~-2-carboxaldehyde
ethylene acetal chloride
(Formula IX: Rl=R7=H; R2=4'-0CH3; %Z~=Cl~).
(b) Polyphosphoric acid (100 g) and 10 ml methane
sulfonic acid was heated to 95°C with stirring and
12 g (28 mmol) of 1-(p—methobeenzyl)pyridine-
2-carboxaldehyde ethylene acetal chloride was added in
portions during a 10 min. period for 3 hours. The
reaction mixture was allowed to stand at room
temperature overnight.

The reaction mixture was poured onto ice-water,
potassium hexafluorophosphate was added, and the

- precipitated salt was filtered. The solid product was

recrystallized from acetonitrile/water to afford
9-methoxybenzo(bjgquinolizininm hexaflnorophosphate
(Formula IV: R1=R7=H; R2=9-OCH3;X-=PFg-)-
Alternatively, 9-methoxybenzo{blquinolizinium
hexafluorophosphate was prepared as follows:
(c) l1-(p-methoxybenzyl)pyridine-2~-carboxaldehyde
ethylene acetal chloride (10.0 g) was dissolved in water
(100 ml) and was treated with potassium hexafluoro-
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phosphate (10.0 g). The precipitate which formed was
collected by filtration and dried at 60°C in wacuno to
afford 9 g of l-(p-methoxybenzyl)pyridine-
2-carboxaldehyde ethylene acetal hexafluorophosphate
(Formula X: R1=R7=H; R2=4'-0CH3;X =PFg~).

(4) A mixture of polyphosphoric acid (100 g) and
methanesulfonic acid (10 ml) was heated to 95°C and

1- (p-methoxybenzyl)pyridine-2-carboxaldehyde ethylene
acetal hexéfluorophosphate (5.0 g) was added in
portions. The mixture was heated for 1 hour, then
allowed to stand overnight. Water (200 ml) was added to
the reaction mixture, followed by potassium hexafluoro-
phosphate (5.0 g) and then the mixture was diluted with
additional water (200 ml). The precipitate which formed
was collected by filtration to afford 5.4 g of
9-methoxybenzo[blguinolizininm hexafluorophosphate
(Formula IV: Rl=R7=H; R2=9-0CH3;X~=PFg~).

Preparation 11

(a) To a solution of 3-methoxybenzyl alcohol

(50.0 g) in ether (1.1 1) at -20°C was added n-BuLi
(76.0 mL, 10.0 M hexanes) at such a rate as to maintain
the internal reaction temperature below -10°C. The
reaction mixture was then warmed to room temperature,
stirred for 2 hours, cooled to 0°C and tetramethyl-
ethylenediamine (42.0 'g) was added.. The mixture was
cooled to -30°C and then 2-pyridinecarboxaldehyde

(58.0 g) was added over 5 minutes. The reaction mixture
was warmed to 0°C quenched with water (500 ml) and then
cooled overnight. A precipitate formed which was
collected by filtration, washed with ether, and
recrystallized from ethanol to afford 30.0 g of
o=[2=-(hydroxymethyl)-6-methoxyphenyl }~-2-pyridine-
methanol (Formula XIII: RI=R7=H; R2=6-0CH3).
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(b) A mixture of 2-[2-(hydroxymethyl)-6-methoxy-
phenyl]-2-pyridinemethanol (20.0 g) and 45% hydrobromic
acid in acetic acid (100 ml) was heated at 100°C for

9 hours and then allowed to stand at room temperature
overnight. The reaction mixture was concentrated

in vacuo, and the residue was treated with 25% NaClO4 in
water (400 ml) and stirred foi 15 minutes. The mixture
was extracted with dichloromethane (6 X 200 ml), the
organic layers were combined, dried over Na2S804 and
concentrated in wvacno. Ether was added to the residue
and the mixture was sonicated. The product was
collected by filtration and washed with dichloromethane

to afford 5.6 g of l0-methoxybenzo[blquinolizinium
perchlorate

(Formula IV: R1=R7=H; R2=10-0CH3; X~=Cl0O4-).

Preparation 12 .

To a-[2-(hydroxymethyl)-6-methoxyphenyl ]~
2-pyridinemethanol (1.6 g) in benzene (70 ml) at 90°C
was added trifluoromethanesulfonic anhydride (6.47 g).
The mixture was stirred for 30 minutes and the solvent
was concentrated in wvacno. The residue was purified by
column chromatography on silica eluting with
9%-10% methanol/CH2Clz and the chromatography solvent
was removed in vacuo. The residue was dissolved in
water (30 ml) and treated with NaClO04 (3.0 g). The
precipitate which formed was collected by filtration to

afford 0.86 g of l0-methoxybenzo{blquinolizininm
perxchlorate

(Formula IV: R1I=R7=H; R2=10-0CH3; X~=ClO4-).

Preparation 13

Benzo[b]quinolizinium bromide (508.5 g,
1.95 mol) (Bradsher and Parham, J. Org. Chem. 1963, 28,
83-85, Example VIIa) was dissolved in distilled water

s oer —“WW':-‘-
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(5 1) with heating and potassium hexafluorophosphate
(367.2 g, 1.95 mol) in water (1.1 1) was added in
portions. After the addition was complete, the mixture

~ was stirred at ambient temperature for 3 hours, then at

0°C for 1 hour. The mixture was filtered and washed
with cold water to afford 601 g (94.8%) of benzo[bh]-

inolizinimm } 1 hosol
(Formula IV: RI=R2=R7=H; x-=PFg-).

Preparation 14

(a) Following a procedure similar to that described
in Preparations 18(a)-(b) it is contemplated that there
can be prepared 2:txinhlQrQmeihxlhenanhlqninnliziﬁium
hexafluorophosphate from p-trichloromethylbenzyl bromide
and 2~(1,3-dioxolan-2-yl)pyridine.

(b) Following a procedure similar to that described
in Preparations 21l(a)-(b) it is contemplated that there
can be prepared 4-bromobenzo[b]gquinolizininm perchlorate
from o~bromobenzyl alcohol, and 6-bromo-2-pyridine
carboxyaldehyde.

Preparation 15 :
(a) To a solution of 38.6 g (0.206 mol) of o-bromo-
benzyl alcohol in 400 ml THF at ~78°C was added in
dropwise portions 42 ml (0.42 mol) 10 M n-butyllithium
solution in hexane and the mixture was stirred at -78°C
for 60 min. 2-Acetylpyridine (25 g; 0.206 mol) in 50 ml
of THF was added to the above mixture while maintaining
an internal temperature below -50°C, and the reaction
mixture was stirred at this temperature for 30 min and
then the resulting mixture was allowed to warm to room
temperature.

The reaction mixture was quenched by an addition
of 400 ml saturated ammonium chloride solution with
stirring and concentrated in_vacuo. The residue was
extracted with chloroform (3x), dried over sodium
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sulfate, the remainifg liquid filtered and concentrated
in vacuo to yield 21.3 g of 2=[l-hydroxy-l-methyl-—
{2'=hydroxymethyl)benzyllpyridine (Formula XIII:
Rl=R2=H; R7=CH; as a white solid, m.p. 172-174°C.

(b) A mixture of 9.1 g (39 mmol) of 2-[l-hydroxy-
l-methyl-(2'-hydroxymethyl)benzyl]pyridine in 150 ml
(1.6 mol) POCly was heated with vigorous stirring at
105°C for 6 hours and the reaction mixture was cooled to
room temperature. A heterogenous solution was poured
into ice-water (1 1) with vigorous stirring, and

50 g sodium pérchlorate was added with stirring

(10 min). A solid product was filtered, washed with
water, ether, ethyl acetate, and dried to afford 4.5 g

(38.8%) of ll-methylbenzo[blquinolizinium perchlorate
(Formula IV: R!=R2=H, R7=CH3; X~=Cl04-)

Preparation 16

(a) 2-methoxy-2-isopropyl~1,3-dioxane was prepared
from 1,1,1l-trimethoxy-isopropane (21.7 g, 0.146 mol) and
propane-1,3-diol (10.1 g, 0.132 mol) according to a
procedure similar to that described in preparation 3(d).
The product was purified by distillation to afford

17.1 g (81%) of 2-methoxy-2-isopropyl-1,3-dioxane, as an
oil, b.p. 78-80°C/30 mm.

(b) 2-isopropylidene-1,3-~dioxane was prepared from
2-methoxy-2-isopropyl-l,3-dioxane (17.1 g, 0.106 mol)
and aluminum tri-t-butoxide (26.2 g, 0.106 mol)
according to a.procedure similar to that described in

preparation 3(e). The product was purified by
distillation to afford 6.5 g (47.4%) of 2-isQ-

propylidene-1,3-dioxane,
(Formula V: R3=R%=CH;; R5 and Rg together = -O(CH;z)3;0-)
as an oil, b.p. 70-72°C/30 mm.
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Preparation 17

A mixture of 1,1,l-triethoxy-isopropane (32.2 g;
0.144 mol) and aluminum tri t-butoxide (35.6 g;
0.144 mol) was heated with stirring'to 100°C quickly and
then continuously heated slowly to 170-180°C and held at
170-180° until distillation of t-butanol was completed.
The fractional distillation head was then removed and
replaced with a short path distillation head and
distilled to yield 11.67 g of 1l,l-diethoxy=-2,2-di=
methylethylene (Formula V: R3=R4=CHj; R5=R6-=0C3Hs)
containing 10-20% of ethyl 2-methylpropionate.

Preparation 18

(a) A mixture of 4.8 g (0.02 mol) of p-trifluoro-
methylbenzyl bromide and 3 g (0.019 mol) of
2-(1,3-dioxolan-2-yl)pyridine was allowed to stir at
room temperature and then filtered. The solid residue
was washed with ether and dried in_wvacuo to afford 6 g
(76.9%) of l-(p=triflnoromethylbenzyl)=2-(1,3-dioxolan-
2=yl)=-pyridininm bromide

(Formula IX: Rl=R7=H;R2=4-CF3;2"=Br—)-

(b) A mixture of 1-(p-trifluoromethylbenzyl-
2-(1,3-dioxolan-2-yl)pyridinium bromide (5 g;

0.0128 mol), polyphosphoric acid (50 g), and 5 g .
(0.052 mol) methanesulfonic acid was heated to 110°C.
The mixture was cooled, diluted with water, and an
aqueous solution of 6 g potassium hexafluorophosphate
was added to the reaction mixture. The resulting solid
product was filtered and dried to afford 3.05 g (61%) of
9-trifluoromethylbenzo(blquinolizinium hexafluorg-
phosphate (Formula IV: Rl=R7=H;R2=9-CFj3;X~=PFg~)

Preparation 19

(a) A mixture of 5 g (0.024 mol) 3,5~-difluorobenzyl
bromide and 3.6 g (0.024 mol) 2-(2'-pyridyl)-

1,3-dioxolane was allowed to stir at room temperature

e ] L st LRI W
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for 48 hours and then filtered. The reaction mixture
was partitioned between water and ether, an aqueous
phase was separated and treated with a solution of
potassium hexafluorophosphate in water. The solid

residue was filtered and dried in wvacno to afford 9 g

(76.9%) of 1=-(3,5~difluorobenzyl)-2-(1,3-dioxolan=2-yl)=-
1dini ] £1 ; ] .
(Formula IX: R1=R7=H;R2=3,5-F3;X"=PFg~) |
(b) A mixture of 1-(3,5-difluorobenzyl-2-(1,3-di-
oxolan-2-yl)pyridinium hexafluorophosphate (9 gq;
0.021 mol), polyphosphoric acid (90 g), and 9 ml
methanesulfonic acid was heated at 110°C for 7 hours and
then stirred at room temperature overnight. The
reaction mixture was poured into 200 ml water and a warm
solution of 9 g potassium hexafluorophosphate in water
was added with stirring. The resulting pale yellow
solid product was filtered and dried to afford 6.5 g
(86%) of 8,10-diflnorobenzofblguinolizinium hexafiuoro-
phosphate (Formula IV: Rl=R7=H;R2=8,10-F;;X~=PFg~).

Preparation 20

(a) A mixture of 47.6 g (0.289 mol) of p-chloro-
benzyl chloride and 45 g (0.298 mol) of 2-(1,3-dioxolan-
2-yl)-pyridine in 30 ml sulfolane was heated on a steam
bath for 4 hr. After adding an additional 4 g of
p-chlorobenzyl chloride, the reaction mixture was heated
on a steam bath. for 12 hr and poured into 300 ml ethyl
acetate. Ethyl acetate was decanted, and an additional
200 ml of ethyl acetate was added to the residue with
stirring (20 min) and decanted to remove excess
2-(1,3-dioxolan-2-yl)-pyridine and p-chlorobenzyl
chloride. The ethyl acetate wash was repeated and then
the brown residue was washed with 300 ml ether to afford
92 g of l=(p=chlorobenzyl)=2=(1,3=dioxolan=2-yl)=
pyridinium_chloride '

(Formula IX: Rl=R7=H;R2=4-Cl;Z~=Cl-~),.
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- removed in_vacno to afford 21.9 g (70.5%) of
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(b) A mixture of 1-(p-chlorobenzyl-2-(1,3-dioxolan-
2-yl)pyridinium chloride and 300 ml 48% HBr was heated
at 100°C for 24 hr, cooled, concentrated in vacuo, and’
poured into 50 g ice. The resulting tan solid was

filtered to afford 7.9 g 9=chlorohenzo[b]quinolizinium
chloride  (Formula IV: Rl=R7=H;R2=9-Cl;X7=Cl7).

ET R

The aqueous layer was treated with sodium
perchlorate solution in water and the resulting solid
was cooled and filtered to afford 7.9 g (9%) of
9=chl 1 [blquinolizini hl ;

(Formula IV: R1=R7=H;R2=9-Cl;X"=Cl047).

s A YT T TR

Preparation 21

(a) To a mixture of 28.3 g (0.15 mol) o-bromobenzyl
alcohol in 1 1 ether cooled to -20°C was added in
portions 32.5 ml (0.32 mol) n-butyllithium (10 M) in
hexane over a 20 min period and the reaction mixture was

to -20°C, 19.9 g (0.165 mol) of 6-methyl-2-pyridine- ' v
carboxaldehyde was added to the mixture, and the :
resulting reaction mixture was allowed to warm to room _
temperature. After 1 hour, ammonium chloride solution |
was added to the mixture. The diol was extracted with
ethyl acetate, washed with brine, the ethyl acetate
phase was dried over sodium sulfate, and the solvent was

(Formula XIII: Rl=6-CH3;R2=R7=H).

(b) To a mixture of 10.34 g (0.05 mol) 2-[l-hydroxy-
(2' -hydroxymethyl)benzyl]-6-methylpyridine in 200 ml
benzene heated to 80°C was added in one portion 50 g
(0.176) trifluoromethanesulfonic anhydride, and the
reaction mixture was allowed to react at 60°C for

10 min and then allowed to cool to room temperature.

The reaction mixture was concentrated in vacuo and the

residue was purified by chromatography on silica eluting
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with 9% methanol/chloroform to yield a pale yellow

solid. This solid was dissolved in water and reacted
with excess sodium perchlorate. The solid product was
filtered, washed with water, and dried to afford 5.54 g
(combined yield 37%) of 4-methylbenzo{b]quinolizinium
perchlorate (Formula IV: Rl=4-CH3;R2=R7=H;X"=Cl04~), as
a yellow solid, m.p. 160-165°C. '

Preparation 22

To a mixture of 89.3 g (0.796 mol) potassium
t-butoxide in 300 ml THF at room temperature was added
dropwise over a 30 min period 131 g (0.664 mol) l-bromo-.
2,2-diethoxyethane and the reaction mixture was allowed

- to reflux for 1 hr and then cooled. The solvent was

removed in_vacuno and the product was distilled to afford
47.8 g (62%) of 1,1-diethoxyethylene

(Formula V: R3=R4=H;R3=R6=0C,H5), as a colorless oil,
b.p. 65-75°C/100mm.

Preparation 23 .

To 8.22 g (0.0316 mol) benzo[{b]quinolizinium
bromide was added with cooling in an ice-bath 24.4 ml
(0.474 mol) of bromine and the reaction mixture was
allowed to stand at room temperature 24 hr. The
reaction mixture was poured into ethyl acetate,
refrigerated at -15°C for 24 hr, and the resulting solid
was filtered. The solid product was.washed with ethyl
acetate, dissolved in boiling methanol/acetone (1:1),
refluxed for 15 min, and the solution was concentrated
in _vacuo to yield a white solid. The solid was stirred
at room temperature with 400 ml water and sodium acetate
for 24 hr and filtered. The red filtrate was treated
with sodium perchlorate (15 g) and a resulting yellow
solid was filtered. The solid product was dissolved in
methylene chloride/ethyl acetate (1:1) and the methylene
chloride was distilled (1/2 of the original volume)
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in_vacuno. The reaction mixture was cooled and the solid
product was filtered to afford 3.6 g (32.3%) of

10=1 ! (hiquinalizini h !

(Formula IV: Rl=R7=H;R2=10-Br;X~=Cl04~), m.p. 112-115°C.

Preparation 24

(a) To a mixture of 15.0 g (0.098 mol)
3,4-methylenedioxybenzyl alcohol in 250 ml ether cooled
to -~20°C was added in portions 21.1 ml (0.211 mol)
n-butyllithium (10 M) in hexane over a 10 min period,
and the reaction mixture was allowed to warm to room
temperature and stirred 1 hr. The above reaction
mixture was cooled to -20°C, 11.18 ml (0.117 mol) of

. 2-pyridinecarboxaldehyde was added to the mixture, and

the resulting reaction mixture was allowed to warm to
room temperature. Ammonium chloride solution (70 ml)
was added to the mixture and the mixture was extracted
with methylene chloride (3x150 ml). The organic layer
was washed with Brine, dried over sodium sulfate, and
concentrated. The diol was purified by chrpmatogfaphy
on silica eluting with ethyl acetate/hexaﬂe (9:1). The
diol was triturated with ether and filtered to afford
8.8 g (34.7%) of 2-[l-hydroxy-(6'-hydroxymethyl=~

" ’

(Formula XIII: R1=R7=H;R2=2',3'(-~OCH,0-), as a white
solid, m.p.98-101°C.

(b) To a mixture of 2 g (0.0077 mol) of
2~[1l-hydroxy-(6'-hydroxymethyl-2',3'-methylenedioxy)~
benzyl]pyridine in 80 ml benzene heated to 50°C was
added in one portion 7.64 g (0.027 mol) of trifluoro-
methanesulfonic anhydride, and the mixture was allowed
to cool to room temperature and stirred for 30 min. The
reaction mixture was concentrated in_vacuo and the
residue was purified by chromatography on silica eluting
with 10% methanol/methylene chloride to yield a red

solid. This solid was dissolved in water and reacted
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with excess sodium perchlorate. The solid product was
filtered, washed with water, and dried to afford 0.069 g
(2.4%) of 9.10-methylenedioxybenzo{blquinolizinium
perchlorate .

(Formula IV: Rl=R7=H; R2=2',3'(-0CH20-);X~=Cl0;~),as an
orange solid, m.p. 220-224°C.

'Ereparatinn;zs

(a) To a mixture of 5 g (0.0361 mol) of 3-methoxy-
benzyl alcohol in 150 ml ether cooled to -20°C was added
in portions 7.7 ml (0.077 mdl) n-butyllithium (10 M) in
hexane oVet an 8 min périod} and the reaction mixture
was allowed to warm to room temperature and stirred

-1 hr. The above reaction mixture~Was cooled to -20°C,

4.8 ml (0.043 mol) 2-acetylpyridine was added to the
mixture, and the ‘resulting reaction mixture was allowed

to warm to room temperature and stirred 1 hr. Ammonium

chloride solution (50 ml) was added to the mixture and
the mixture was extracted with ethyl acetate (3x100 ml).
The organic layer was washed with brine, dried over '
sodium sulfate, and concentrated. The diol was purified
by chromatography on silica gel eluting with ethyl
acetate/hexane (8:2) to afford 3.2 g (34.4%) of

benzyllpyridine
(Formula XIII: Rl=H;R?=2'-0CHj3;R7=CH;), as a yellow oil.
(b) To a mixture of 2 g (0.0077 mol) of

2-[1-hydroxy-l-methyl(6'-hydroxymethyl-2'-methoxy)-
benzyl]pyridine in 60 ml benzene heated to 50°C was
added in one portion 4.89 g (0.027 mol) of trifluoro-~
methanesulfonic anhydride, and the mixture allowed to
cool to room temperature and stirred for 30 min. The
reaction mixture was concentrated in _vacua and the
residue was purified by chromatography on silica gel
eluting'with 5% methanol/methylene chloride and

e e
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10% methanol/methylene chloride. The second fraction Ny
was concentrated in vacuo, the residue was dissolved in e

water and heated to reflux, and reacted with excess iin?
sodium perchlorate. The solid product was filtered and
s dried to afford 0.1 g (6.3%) of l0-methoxy-ll-methyl-

benzalblguinolizinium perchlorate
(Formula IV: Rl=1;R2=10-0CH3;R7=CH3;X~=Cl04~), as an
orange solid, m.p. 208-212°C.

10 Preparation 26
(a) To a mixture of 3.59 g (0.019 mol) of o~bromo- élﬂi
benzyl alcohol in 100 ml ether cooled to -20°C was added ne
in portions 4.1 ml (0.0412 mol) n-butyllithium (10 M) in

_hexane over a 6 min period, and the reaction mixture was

15 stirred 20 min. The above reaction mixture was cooled
to -20°Cc, 3 g (0.021 mol) of 3-methoxy-pyridine-
2~-carboxaldehyde in 5 ml THF was added in one portion to
the mixture, and the resulting reaction mixture was
allowed to warm to room temperature and stirred for

20 20 min. Ammonium chloride solution (30 ml) was added to
the mixture and the mixture was extracted with ethyl
acetate (3x50 ml). The organic layer was washed with ;
brine, dried over sodium sulfate, and concentrated. The '5%
diol was triturated with 100 ml ether, filtered, and

25 purified by chromatography on silica gel eluting with
4% methanol/hexane The solvent was concentrated . '
in _vacuo to afford 0.68 g (14.5%) of 2-[l-hydroxy-

(Formula XIII: R1=3-OCHj;R?=R7=H), as a white solid, ;
30 m.p.138-140°C. _ %_
(b) To a mixture of 0.61 g (0.00248 mol) of i
2-{l1-hydroxy-(2'-hydroxymethyl)benzyl]-3-methoxy~
pyridine in 50 ml benzene heated to 50°C was added in
one portion 2.11 g (0.0074 mol) of trifluoromethane-
35 sulfonic anhydride, and the mixture was allowed to cool
to room temperature and stirred for 30 min. The
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reaction mixture was concentrated in_vacuo and the

residue was purified by chromatography on silica gel
eluting with 5% methanol/methylene chloride and

. 10% methanol/methylene chloride. The second fraction

was concentrated in vacuo, the residue was dissolved in
hot water (20 ml), heated to reflux, and treated with
the excess sodium perchlorate. The solid product was
filtered, washed with water, and dried to afford 0.27 g
(18.2%) of l-methoxybenzol[blquinolizinium perchlorate
(Formula IV: Rl=1-OCH3;R2=R7=H;X~=Cl04~), as a yellow
solid, m.p. 143-145°C.

Preparation 27 :
(a) To a mixture of 30 g (0.18 mol) of 3-isopropoxy-
benzyl alcohol in 600 ml ether cooled to -20°C was added
in portions 38.7 ml (0.387 mol) n-butyllithium (10 M) in
hexane over a 20 min period, and the reaction mixture
was allowed to warm to room temperature and stirred for
2 hr. The above reaction mixture was cooled to -20°C,
23.1 g (0.216 mol) of pyridine-2-carboxaldehyde was
added in one portion to the mixture, and the resulting
reaction mixture was allowed to warm to room temperature
and stirred for 1 hr. Ammonium chloride solution

(200 ml) and 100 ml ethyl acetate were added to the
mixture. The resulting mixture was separated, the
aqueous layer was extracted with methylene chloride
(2x200'm1), the combined organic layer was washed with
brine, dried over sodium sulfate, and concentrated. The
diol was purified by chromatography on silica gel
eluting with ethyl acetate/hexane (9:1; and 0.05% TEA).
The solvent was concentrated in_vacuo, the brown oil was
dissolved in methylene chloride/hexane, and removal of
methylene chloride in vacuo to 1/2 of its volume
afforded 11.1 g (22.6%) of 2-[l-hydroxy-(6'-hydroxy-
methyl=-2'-isopropoxy)benzyl lpyridine

(Formula XIII: Rl=R7=H;R2=2'-0CH(CH;);), as a tan solid.
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(b) To 11.1 g (0.0406 mol) of 2-[l-hydroxy-

(6 ' ~hydroxymethyl-2'-isopropoxy)benzyljpyridine was
added 25 ml POCl3 in 1 min, the mixture was heated at
110°C for 5 min and then cooled. The reaction mixture
was concentrated in vacuo, 100 ml toluene was added and
concentrated to yield an oil which is insoluble in
methylene chloride. wWater and sodium perchlorate were
added to the above 0il, water was decanted, and the
residue was dried under diminished pressure to yield a
foam. The foam was dissolved in methanol/water,
potassium hexaflurophosphate was added, and the mixture
was heated on a steam-bath and then cooled. The aqueous
mixture was concentrated in _vacuo, the residue was

.dissolved in methylene chloride/methanol, cooled and

filtered. Potassium perchlorate was removed by
filtration, the filtrate was concentrated in_vwacmno to
10 ml of its volume, ethyl acetate was added and the
mixture was cooled. The product was filtered to afford
5.32 g (34.3%) of l0-isopropoxybenzo{bjquinolizinium
hexafluorophosphate (Formula IV: R1=R7=H;
R2=10-0CH(CH3)3;X~=PF¢~), as an orange solid.

Preparation 28

(a) ‘A mixture of 2-(1,3-dioxolan-2-yl) pyridine
(48.7 g; 0.322 mol) and p-bromobenzyl bromide (80.52 g;
0.322 mol) in 60 ml sulfolane was heated on a steam-bath
(after 1 hr a red precipitate formed) for 3 hr. After
cooling, 300 ml ethyl acetate was added to the mixture,
sonicated for 30 min, filtered, and the solid was dried
to yield 110 g (85.2%) of l-(p~bromobenzyl)-
2=(1,3-dioxolan-2-yl) pyridipium bromide

(Formula IX: Rl=R7=H;R2=4-Br;Z~=Br"~).

(b) A mixture of 55 g (0.137 mol) of 1-(p-bromo-
benzyl)-z-(1,3-dioxolan-2-y1)pyridiniuﬁ bromide and

300 g 48 % HBr was heated to 100°C for 24 hr and then
cooled. The reaction mixture was poured into 250 g ice
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and the resulting yellow precipitate was filtered and
dried in vacno (at 45°C) to afford 32.85 g (70.8%) of

9—bromol (hlquinalizininm bromid
(Formula IV: R1=R7=H;R2=9-Br;X~=Br~).

Preparation 29

To 500 ml ammonia at -40°C was added 100 mg
ferric chloride hexahydrate and 12.5 g (0.32 mol)
potassihm (washed with hexane) in portions, and then
100 g (0.768 mol) of 2-propenylcarboxyaldehyde~
diethylacetal in 100 ml ether was.added dropwise and
stired at -40°C for 2.5 hr. The mixture was warmed,
allowing ammonia to evaporate. Ether (100 ml) was added
to the mixture, the mixture was filtered (the solid
residue in hexane was quenched with isopropanol),.the

‘filtrate was concentrated and fractionally distilled to

afford 46.05 g (42%) of 2-methyl-1,l-diethoxyethylene
(Formula V: R3=CHj;R4=H;R5=R6=0C;Hs), as a clear liquid,
65-68 C, at 55 mm.

Preparation 30

To 300 ml ammonia at -35C was added 3 g
potassium and 50 mg ferric chloride hexahydrate, and
then 15 g (0.087 mol) isopropenylcarboxyaldehyde-
dipropylacetal in 75 ml ether and stirred at -35°C for
120 hours. The dry-ice condenser and the bath were
allowed to warm up (to 29°C) gradually and 1/2 of the
ammonia was allowed to evaporate. The reaction mixture
was cooled to =35'C, ether was added, the mixture was
allowed to warm up to room temperature, and then stirred
1 hr. The mixture was filtered (the residue in hexane
was quenched with isopropanol), the filtrate was
concentrated and distilled to afford 11 g (73.3%) of
2,2-dimethyl-1,l-dipropoxyethylene
(Formula V: R3=R4=CHj;R3=R6=0C3H7), a clear liquid,
b.p. 71-85 C/26mm. |




10

15

20

25

30

E]

-58-

Preparation 31 |
To a solution of dichloroacetaldehyde
diethylacetal (25 g; 0.1336mol) in 150 ml THF cooled to

0°C was added 17.99 g (0.16 mol) potassium't-butoxide in

50 ml THF. The ice-bath was removed, and the reaction
mixture was allowed to reflux for 16 hr and cooled. The
reaction mixture was filtered (through celite) and a
pale yellow solution was concentrated in vacuo at 30°C.
The residue was distilled to afford 18.1 g (90%) of
(Formula V: R?=C1;R§=H;R5=R5=oczﬂs), a colorless liquid,
b.p. 70-76 C/20-25mm.

. Preparation 32

(a) To a solution of 2-(diphenylphosphinyl)-

4R, 6R~dimethyl-1,3~-dioxane (3.15 g, 0.01 mol) in
THF/ether (3/1, 200 ml) at - 100°C was added lithium
diisopropylamide prepared from diisopropylamine

(1.54 ml) and n-BuLi: (5.5 ml, 2M in pentane), followed
by acetone (0.734 ml, 0.0l mol). The mixture was
stirred for 5 minutes, water (40 ml) was added and the
mixture was warmed to room temperature. KzCO3 was
added, the organic layer was separated, the aqueous
layer was extracted with ether and the combined organic
layers were washed with brine and dried over Na;S04.
The solvent was removed in vacuo and the residue was
purified by column chromatography on silica gel eluting
with ethyl acetate to afford 1.29 g of 2=(diphenyl-

(b) To a mixture of 1.28 g (0.0034 mol) of 2-(di-
phenylphosphinyl)-2-(1,1-dimethyl-l1-hydroxymethyl)-
4R, 6R-dimethyl-1,3-dioxane in 40 ml THF at room
temperature was added 410 mg (0.0037 mol) potassium-
t-butoxide in 10 ml THF. The resulting pale yéllow
mixture was sonicated for 5 min and then stirred 1 hr.
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The reaction mixture was concentrated in vacuo, hexane
was added to the residue, and the mixture was i
centrifuged. The solid residue was washed again with 5
hexane and the mixture was centrifuged. The combined
5 hexane solution was filtéred (through celite) and :y
concentrated to afford 0.45 g (84%) of
(2=isopropylidene-4R,6R~dimethyl-1,3 dioxane
(Formula V: R3=R4=CH3;R5 and R® together=
(R,R)~OCH(CH3)CH2CH(CH3)0"), as a colorless liquid. i
10 o x
Preparation 33
(a) A mixture of 2-(1,3-dioxolan-2-yl) pyridine
(36.4 g, 0.24 mol), 4-nitrobenzylbromide (51.84 g, 4
-0.24 mol) and sulfolane (50 ml) was heated on a steam 3ﬁ
15 bath for 10 hours. The mixture was cooled, ethyl N ﬁ
acetate (300 ml) was added and the mixture was heated to :
60°C. A precipitate formed which was collected by
filtration to afford l-(p-nitrobenzyl)-2-1,3=-dioxolan=
2=yl)pyridinium bromide '
20 (Formula IX: Rl=R7=H;R2=4-NO;;Z~=Br~)
(b) To a mixture of polyphosphoric acid (250 ml) and
methanesulfonic acid (55 ml) heated to 100'C with
stirring was added 71 g (0.193 mol) of l-(p-nitro-
benzyl)-2-(2'-1',3'-dioxolane)pyridinium bromide and the
25 resulting mixture was heated to 110°C for 4 hr and
cooled. The reaction mixture was poured into 500 g ice, 2;
activated charcoal was added to the mixture, filtered,
and sodium perchlorate solution added. The mixture was
extracted with methylene chloride (2x500 ml), and the
.30 organic layer was concentrated to afford 5.2 g (8.3%) of

9-nitrobenzo[blquinolizinium perchlorate (Formula IV: P
Rl=R7=H; R2=9-NO;;X"=C1l04~), as a brown solid. !
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Preparation 34

(a) To a mixture of 12.49 g (0.0621 mol) o-bromo-
m-methylbenzyl alcohol in 400 ml ether cooled to -20°¢C
was added in portions 13.3 ml (0.1335 mol) n-butyl-
lithium (10 M) in hexane over a 20 min period, and the
reaction mixture was allowed to warm to room temperature
and stirred 1 hr. The above reaction mixture was cooled
to -20°C, 14.63 g (0.136 mol) of pyridine-
2-carboxaldehyde in 50 ml ether was added to the mixture
over an 1 hr period (the mixture turns purple), and the
resulting reaction mixture was allowed to warm to room
temperature and stirred for 1 hr. Ammonium chloride
solution (100 ml) and 200 ml ethyl acetate were added to

. the mixture with stirring, and the mixture was extracted

with ethyl acetate (2x200 ml). The combined organic
layer was washed with brine, dried over sodium sulfate,
and concentrated. The diol was was triturated with

100 ml ether, filtered, and the solid product was washed
with hexane (yield:6.6 g; 46%) to afford

pyridine (Formula XIII: Rl=R7=H;R2=6'-CH3), as a pale
yellow solid, m.p. 129-132°C.

(b) To a mixture of 3 g (0.013 mol) 2~{l-hydroxy-
(2' -hydroxymethyl—-6'-methyl)benzyl]pyridine in

100 ml benzene heated to 40°C was added in one portion
12.96 g (0.0458 mol) trifluoromethanesulfonic anhydride,
and the mixture was allowed to cool to room temperature
and stirred for 30 min. The reaction mixture was
concentrated in_vacuo and the residue (a red oil) &as
purified by chromatography on silica eluting with

9% methanol/methylene chloride. The eluent was
concentrated in_wacuo, the residue was dissolved in
water (60 ml), heated to reflux, and reacted with

3 g sodium perchlorate with stirring. The yellow solid
product was filtered, washed with water,and dried to
afford 0.926 g (24.4%) of l0-methylhenzo(blgquincolizinium

et s et e o e sr e et o8
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perxchlorate (Formula IV: R1=R7-H;R2=10-cn3;x-=c1o4-), as
a pale yellow solid, mp 163-166°C.

Breparation 35

A mixture of 40.27 g (0.275 mol) 1,1-dimethyl-
2,2-diethoxyethane and 0.2 g 85% H3PO4 equipped with
Vigreux distilling column was heated at 113-150°C
maintaining the column head temperature of 72-84°C. The
distilled -product was washed with 50 ml 5% potassium
carbonate solution (2x), dried over potassium carbonate,
filtered, and distilled to afford 8.15 g (29.5%) of

(Formula V: R3=R4=CH3;R5=0C,Hs;R6=H), as a clear

Preparation 36

(a) To a mixture of 10 g (0.059 mol) 2,5~dimethoxy-
benzyl alcohol in 250 ml ether cooled to -20°C was added
in portions 12.75 ml (0.127 mol) n-butyllithium (10 M)
in hexane over a 10 min period, and the reaction mixture
was allowed to warm to room temperature and stirred

1 hr. The above reaction mixture was cooled to ~20°C,
7.58 g (0.07 mol) of pyridine-z-carboxaldehyde was added
to the mixture, and the resulting reaction mixture was
allowed to warm to room temperature (a brown precipitate
formed) and stirred for 1 hr. Ammonium chloride
solution (60 ml) was added, the mixture was extracted
with ethyl acetate, the combined organic layer was
washed with brine, dried over sodium sulfate, and
concentrated. The diol was purified by chromatography
on silica eluting with ethyl acetate/hexane (9:1) to
afford 1.7 g (10.5%) of 2:LLZL*5L=dimethnxx=ﬂL=h¥dnnxx:
methyl)benzyl]pyridine (Formula XITI: Rl=R7=y;
RZ=2',5'-(0CH3)2), as a white solid, m.p. 102-104"C.

(b) To a mixture of 1.25 g (0,045 mol) 2-{(2',5'-di-
methoxy-s'-hydroxymethyl)benzyl]pyridine in 60 ml
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benzene heated to 50 C was added in one portion 4.5 g
(0.0159 mol) of trifluoromethanesulfonic anhydride, and
the mixture was allowed to cool to room temperature and
stirred for 30 min. The reaction mixture was
concentrated in vacuo and the residue (an oil) was
purified by chromatography on silica gel eluting with
10% methanol/methylene chloride. The eluent was
concentrated in_vacuo, the residue was dissolved in
water (30 ml), heated to reflux, and reacted with excess
sodium perchlorate with stirring and then cooled (using
ultrasound and ice). The orange solid product was
filtered, washed with water (4 ml), and dried in vacuno

to afford 0.42 g (27.6%) of 7.l0-dimethoxybenzo[b]-

. guninolizininm perchlorate (Formula IV: R1=R7=H;

R2=7,10~-(OCH3)2;X™=C104~), as an orange solid,
m.p.235-240"C.

Preparation 37

() To a mixture of 10.2 g (0.052 mol) of 1,1-di-
methoxy-2-bromoisobutane and 5 g (0.55 mol) butane-
2R,3R-diol was added 100 mg PPTSA and toluene, and the
mixture (equipped with Dean-Stark trap) was allowed %o
reflux 16 hr while distilling toluene (120 ml). The
reaction mixture was cooled, 30 ml 10% potassium
carbonate solution was added to the mixture, and the
mixture was extracted with ether (3x75 ml). The organic
layer was washed with brine, dried over sodium sulfate,
and filtered. The filtrate was concentrated and an oil
distilled to afford 7.6 g (65%) of 2-[(2-hromoiso-
propyl)}-(4R,5R-dimethyl)-1,3~dioxolane, as a colorless
liquid, b.p. 73-77 C/l4mm.

(b) To a solution of 1.5 g (0.0067 mol) of

2-[ (2-bromoisopropyl)]-(4R,5R~-dimethyl)-1,3~-dioxolane in
40 ml THF at room temperature was added with stirring
1.35 g (0.0121 mol) potassium t-butoxide and the mixture
was stirred for 16 hr at room temperature. The mixture
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was filtered through celite with ether and the filtrate
was concentrated in vacuo (<30°C) and the resulting

(Formula V: R3=R4=CHj3;
RS and RS together=(R,R)-OCH(CH3)CH(CH3)0") was used
without additional purification.

Preparation 38 .

To a mixture of 250 ml ether, 100 g 3 A’
molecular sieves, 50 g sodium sulfate, and 125.9 g
(1.72 mol) N,N-diethylamine cooled to -10°C was added
dropwise  (under -5C) with stirring 50 g (0.86 mol)
propionaldehyde. The reaction mixture was allowed to

. stand in a freezer for 12 hr. The light tan solution '

was filtered, the filtrate was concentrated to remove
ether, and the residue distilled through a Vigreux
distillation column was heated to remove diethylamine
and to collect liquid distilling at 40-100 C/10-30mm-
aspirator. The liquid was redistilled to afford 46.1 é
(47%) of l-diethylamino propene (Formula V: R3=CH3;R4=H;
RS=N(C;Hs)2;R6=H), as a clear liquid, b.p. 40 C/25mm.

Preparation 39

A mixture of 3-methoxybenzylchloride (5.0 g,
0.032 mol) and 2-~(1,3-dioxolan-2-yl) pyridine (5.0 g,
0.032 mol) was stirred at room temperature for 5 days,
then at reflux for 1 day. HCl (50 ml) was added and the
mixture was heated for 3 more days. The mixture was
cooled, the solvent was removed in vacuo and the residue
was diluted with water and treated with KPFg (7.0 g) in
water. A precipitate formed, which was collected by
filtration. The solid product was purified by column
chromatography on silica eluting with acetonitrile/-
CH2Cl2 (1/3), followed by slurrying the product in hot
methanol and then collecting the product by filtration
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to afford 1.0 g of S8-methoxybenzo[bijgquinolizinium
hexaflunorophosphate
(Formula IV: Rl=R7=H;R2=8-0CH3;X~=PFg™).

Preparation 40

(a) p-Toluenesulfonic acid (1.14 g, 0.006 mol) was
added to a mixture of methacrolein (42.35 g, 0.06 mol),
ethanol (141.9 ml), CH;Cl; (120 ml) and triethylortho-

" formate (130.6 ml, 0.785 mol). The mixture was stirred

at room temperature for 3 days and then K;CO3 (2 g) was
added. The mixture was stirred for 10 minutes,
filtered, and then the filtrate was concentrated

in vacno. The residue was purified by distillation

. through a Vigreaux column at 130°C to afford 35 g of

methacrolein diethylacetal.

(b) To ammonia (500 ml) at -35°C was added
FeCl3-6H20 (0.1 g), then potassium metal (24.26 g), and
then methacrolein diethylacetal (109 g, 0.756 mol) in
ether (150 ml). The mixture was stirred at -35°C for

3 days, then the ammonia was evaporated, additional
ether (100 ml) was added and stirring was continued for
another day. The mixture was filtered and the filtrate
was distilled at 65°C and 55 mm Hg to afford 46.05 g of

(Formula V: R3=R4=CHj;R5=R6=0C,Hs).

Preparation 41

(a) To triethylorthoformate (162.1 ml, 0.974 mol)
was added dropwise over 1.5 hours chlorodiphenyl-
phosphine (175 ml, 0.974 mol) while maintaining the
reaction temperature below 70°C. When the addition was
complete, the temperature was allowed to increase to |
110°C and was maintained at that temperature for

3 hours. The mixture was cooled, hexane added, the
mixture filtered and the filtrate concentrated in_vacuo.
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The residue was taken up in water, extracted with CHCl;
and dried over MgsSO;. The solvent was concentrated to
700 ml, the mixture cooled, filtered and the filtrate
treated with hexane. The CH3Cl; was removed and the
hexane layer cooled. A precipitate formed which was
collected by filtration to afford 133 g of l1-(diphenyl-
phosphinyl)-1,1-diethoxymethane.

(b) To l-(diphenylphosphinyl)-1,l-diethoxymethane
(20 g) in THF (600 ml)/ether (200 ml) at -95°C was added
lithium diisopropylamide (prepared from diisopropylamine
(11.5 ml) and n-Buli (7.8 ml, 0.0788 mol)), followed by
acetone (9.6 ml). The mixture was stirred for |

30 minutes, water (100 ml) was added and then after
.warming the mixture to room temperature K,CO3 was added
(4 g). The mixture was extracted with ethyl acetate
(2x200 ml), the combined organic layers were washed with
brine and dried over NajSO4.. The solvent was removed

in _vacno and the residue was purified by column
chromatography on silica gel eluting with ethyl
acetate/0.5% triethylamine to afford l-(diphenyl-

{c) To a solution of the compound of preparation
41(b) (2.3 g, 0.02 mol) in THF (50 ml) was added
potassium t-butoxide (2.3 g, 0.02 mol). The mixture was
stirred at room temperature for 1 hour, then hexane

(20 ml) was added. The mixture was filtered through
celite, the filtrate was concentrated in_wacuo, and the
residue was distilled at 50 mm Hg to afford 2.1 g of

(Formula V: R3=R%=CHj;R5=R6=0C,Hs).
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‘Preparation 42

(a) A mixture of 4-methyl-2-pyridine carboxaldehyde
(1.0 g, 8.26 mmol), sulfolane (10 ml) and benzyl bromide
(0.98 ml, 8.3 mmol) was stirred at room temperature for
16 hours, then was heated on a steam bath for 16 hours.
Several portions of ethyl acetate were added to the
reaction mixture and subsequently decanted to yield a
residual gum. The gum was dissolved in water, washed
with ether and evaporated to dryness to afford crude

(b) A mixture of l-benzyl-2-formyl-4-methyl
pyridinium bromide, and 48% HBr (50 ml) was heated at
100°C for 16 hours. The solvent was removed in_wvacuo,
water (20 ml) was added and the mixture was poured into
a soiution of NaClO4 (6.0 g) in water (100 ml). A
precipitate formed, which was collected by filtration
and purified by column chromatography on silica gel

eluting with CH2Clz/methanol (l:1) to afford 2-methyl-
; (hlguinelizini hi .

(Formula IV: Rl=2-Me; R2,R7=H;X~=Cl0;")

)
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Preparation of Final Products

Example 1

(a) A mixture of benzo[b]quinolizinium bromide

(1.0 g, 3.8 mmol), 1,l1-diethoxy-2,2-dimethylethylene
(15.0 ml, as a 50% mixture with methacrolein diethyl-
acetal) and acetonitrile (30 ml) was stirred at room
temperature for 72 hours. The reaction mixture was
filtered, and the solvent was removed in vacug. The
residue was taken up in acetonitrile, treated with
charcoal, filtered and concentrated in_vacuo. Water was
added to the residue, followed by sodium perchlorate
(0.3 g, 4.8 mmol). A precipitate formed which was
collected by filtration and dried at 40°C in high vacuum
to afford 12,12-diethoxy-13,13-dimethyl-6,11-ethano-
6.1l-dihydrobenzo[b]guinolizinium perchlorate:

[Formula I: R!=R2=R7=H, R3=R¢=CH,;, R5=R6=0C;H5, and
X~=Cl04~], as a white solid, m.p. 67.0-72.0°C.

(b) Alternatively, the above reaction was also
performed as described hereinbelow. A mixture of
benzo[b]quinolizinium perchlorate (78 g, 0.279 mol),
1,1-diethoxy~2,2-dimethylethylene (93 g, 0.47 mol) and
acetonitrile (780 ml) were refluxed for 6 hours. After
cooling the mixture to room temperature, the solvent was
removed under reduced pressure and the residual material
was dissolved in ethyl acetate (2 1) and treated with i
charcoal (150 g). The charcoal was removed by :

and the organic solvent was dried over MgSO4 and removed
in vacuo. The crude product thus obtained (111 g,
93.9%) was recrystallized from hot isopropanol (800 ml)
to afford 100 g (84.6%) of 12,12-diethoxy-13,13-di-
methyl-6,11-ethano-6,l11-dihydrobenzo{hlquinalizinium
perchlorate

[Formula I: Rl=R2=R7=H;R3=R4=CH;;R5=R6=0C,Hs;X~=C10;~].
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Example 2 _

A column of Dowex® 1X2-200 ion-exchange resin
was eluted with 0.5N HCl until the eluant was clear, and
was then washed with distilled water until a pH of about
6.5~7.5 was obtained. 12,12-Diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[bjquinolizinium
perchlorate (1.4 g, 3.3 mmol) was dissolved in ethyl

" acetate (60 ml) and loaded onto the ion-exchange column.

The column was eluted with water (3 1) and the solvent
was removed in vacuo to afford 12,12-diethoxy-13,13-di-
thvl=6.1l-et] -6, 11-dihvdrol hlguinolizini
chloride-3/4 H;0 [Formula I: R=R2=R7=H; R3=R%=CHj;
R3=R6=0C3Hs; and X~=Cl—] as an off-white solid. Two
additional ion-exchange resin columns on 4.44 g and

4.0 g, respectfully, afforded a total of 5.53 g of the
desired product.

Example 3

A mixture of benzo[b]quinolizinium hexa-
fluorophosphate (460 g, 1.4 mol) in acetonitrile
(1.84 1) was heated on a steam bath until a solution
resulted, and 1l,l-diethoxy-2,2-dimethylethylene (46.2 g,
2.12 mol) was added. The mixture was heated to reflux
for 4 hours, and then stirred at room temperature for
16 hours. The solvent was removed in_vacua, the residue
was dissolved in ethyl acetate (14 1) and stirred with
water (5 l1). The solution was decolorized with
charcoal, dried over MgSO4 and concentrated in_wacuo to
afford an off-white solid. The solid was slurried with
isopropanol (5.5 1), heated to reflux, and then stirred
at room temperature for 16 hours. The solution was
cooled in an ice-bath and the product was collected by
filtration and dried in high vacuum to afford 627 g
(94.5%) of 12,12-diethoxy=-13,13-dimethyl=6,1l-athana-
6,11=dihydrobenzo{b]lquinolizinium hexafluorophosphate
[Formula I: Rl=R2=R7=H;R3I=R4=CHj;R5=R6=0C,Hs;X~=~PF¢—] as

e B TP T T I I B S R I ORI L CM R -l ol TP BRI 0




10

15

20. -

25

30

s

-69-

a white solid, m.p. 165-167°C when recrystallized from
isopropanol.

Example 4

The potassium salt of (1S)-(-)-camphanic acid
(1.11 g, 4.7 mmol) was dissolved in isopropanol (70 ml)
with heating and a solution of 12,12-diethoxy-13,13-di-
methyl-G,11-ethano-6,11-dih§drobenzo[b]quinolizinium
chloride (1.69 g, 4.7 mmol) in isopropanol (20 ml) was
added over three minutes. The reaction mixture was
stirred for 2 hours, the precipitate which formed was
removed by filtration, and the filtrate was concentrated
in vacuo to afford 2.5 g of crude 12,12-diethoxy-~-

qguinolizinium camphapate [Formula I: Rl=R2=R7=H;
R3=R4=CH3;R5=R6=0CyHs; X~=(1S)-(-)-C10H1304~].- The crude
product was dissolved in CH;Cl; (200 ml), washed with
water, and the organic layer was concentrated'in_zacnn.
The residue was recrystallized from isopropyl acetate

(20 m1) to afford 0.67 g (27%) of purified product, as a

Example 5 |

The potassium salt of S-(+)-2-hydroxy-2-phenyl-
propionic acid (1.19 g, 5.64 mmol) was dissolved in
isopropanol (50 ml) with heating and a solution of
12,12-diethoxy-13,13-dimethyl-6,11-ethano-6,11-dihydro-
benzo[b)quinolizinium chloride (1.8 g, 5 mmol) in
isopropanol (20 ml) was added over three minutes. The
mixture was stirred at room temperature for 2 hours, the
inorganic salts were removed by filtration and the
filtrate was concentrated in vacuo. The residue was
dissolved in CH2Cl; (100 ml), washed with water and the
organic layer was concentrated in vacua. The residue
was recrystallized from isopropyl acetate, then
isopropyl acetate/ isopropanol to afford 1.46 g (60%) of
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12,12-diethoxy-13,13-dimethyl-6,11l-ethano=6,11-dihydro-
benzo[b]quinolizinium* (S)-(+)-CH3C(Ph)(OH)CO2™
[Formula I: R1=R2=R7=H; R3=R4=CH;;R5=R6=0C;Hs;
X~=(8)~(+)=-CH3C(Ph) (OH)CO2~] as a white solid,

5 m.p. 115-116°C. :

Example 6 _
(a) (+)-Dibenzoyl-D-tartaric acid [(+)-DBT] (143 g,
0.399 mol) was dissolved in methanol (500 ml) and an

10 aqueous solution of KHCO3 (40.04 g, 0.40 mol) in water
(150 ml) was slowly added. When the addition was
complete, additional methanol (275 mi) and water
(300 ml) were added and the mixiure was stirred for
4 hours. A white precipitate formed, which was

15 collected by filtration and washed with methanol
(3 x 50 ml) to afford 130 g (82%) of the monopotassium

salt of (+)-dibenzoyl-D-tartaric acid.
(b) A mixture of the monopotassium salt of (+)-di-

benzoyl-D-tartaric acid (33.63 g, 0.086 mol) and

20 methanol (300 ml) was heated to feflux and water
(300 ml) was slowly added. The hot solution was then
added to a solution of 12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium chloride
(30.03 g, 0.0835 mol) in methanol (500 ml). The

25 reaction mixture was stirred at room temperature for | 1%
16 hours and any solids which formed were removed by _%
filtration. The filtrate was extracted with CH2Cl2 :[
(1 x 1000 ml, and 2 x 500 ml), and the organic layers i
were combined and concentrated in_wvacno. The residue

30 was azeotroped (2X) with methanol to remove any residual
water, the solvent was removed in wvacua, and the residue
was dissolved in CH2Cly (200 ml) and filtered. The
filtrate was concentrated in wvacuo, the residue was
redissolved in methanol (300 ml) and reconcentrated to

35 afford 51.1 g (90%) of 12,12~diethoxy-13,13-dimethyl-
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6,11-ethano-6,11-dihydrobenzo[b]quinolizinium=[(+)=DBT]
[Formula I: R1=R2=R7=H; R3=R4=CH3; R5=R6=0CyHs;
X"=-[(+)-DBT]; as a 1l:1 mixture of diastereomers] as an
off-white solid, [a]p25 = +58.8°, 1% MeOH.
(c) 12,12-Diethoxy-13,13-dimethyl-6,1ll-ethano-
6,11-dihydrobenzo{b]quinolizinium-[ (+)-DBT] (49.24 g,
0.072 mol) was dissolved in acetonitrile (500 ml) with
heating and then the solution was aliowed to cool

slightly. t-Butyl methyl ether (725 ml) was then added

and the mixture was warmed for 4 minutes and then
allowed to cool to room temperature. The reaction
mixture was stirred for 6.5 hours and the product which
precipitated was collected by filtration, washed with

- tert-butyl methyl ether (2 x 500 ml) and dried at 45°C

under vacuum to afford 31.2 g (63%) of 12,12-diethoxy=-

guinolizininm ~[(+)-DRT] [Formula I: Rl=R2=R7=FH;
R3=R4=CH3; R3=R6=0C3H5; and X~=—[(+)-DBT], as
approximately a 2:1 mixture of diastereomers,

[«]p23 = +53.6°, 1% MeOH. An additional 52.6 g of
product was obtained from three other similar
experimental runs, for a total of 83.8 g.

(d) To a 2:1 mixture of the diastereomers of

Example 6(c) (83.8 g, 0.123 mol) was added 1,2-dichloro-
ethane (500 ml) and the mixture was heated to reflux
until all of the material had dissolved. The solution
was filtered through Solka Floc® and the filtrate was
warmed on a steam bath for 5 minutes, and then gradually
cooled to room temperature. The solution was seeded and
crystals were allowed to form for 6 hours. The crystals
were then collected by filtration, washed with cold
dichloroethane (2 x 40 ml) and dried at 45°C under
reduced pressure to afford 37.4 g (45%) of 12,12-di-
ethoxy-13,13=dimethyl-6,11-ethano-6,11-dihydro=
benzo[b}guinolizinium. ~[(+)=DAT]

i i :
i il
H
LN
£
ifll,
‘.." 3
i s
i IR
R A
R |
I |
e
gl
ERY
W HE
Bt
k*
el
+
.
3
.i'
By
LR
l'i:
3
]
i
g
)
;4

s

o e b a4 a0 2o N



25

30

-72-

(Formula I: RI=R2=R7=H; R3=R4=CH3; R5=R6=0C2Hs;
X-==[(+)-DBT]; as a single diastereomer (>99.8% pure by
HPIC)], [alp2® = +32.9°C, 1% MeOH.

(e) A solution of the single diastereomer of

Example 6(d) (10.02 g, 0.0147 mol) in warm methanol

(50 ml) was added rapidly to a stirred aqueous solution
of sodium perchlorate (11.94 g, 0.0976 mol), NaHCO3
(3.55 g, 0.0423 mol) and water (1 1). The reaction
mixture was stirred at room temperature for 16 hours and

 the white solid which precipitated was isolated by

filtration and washed with water (20 ml). The solid was
dried at 45°C under reduced pressure to afford 5.21 g

(84%) of (=)=12,12-djethoxy-13,13-dimethyl-6.11-ethano=
6,11-dihydrobenzo(blguinolizinium perchlorate;

(Formula I: RI1=R2=R7=g; R3=R%=CH3; R5=R6=0C2Hs;
X~=Cl04~, (-)-isomer] , [a]p?5 = -46.0°, 1% methanol.
(£) Following a procedute substantially similar to
that described in Example 2, but dissolving the per-
chlorate in methanol rather than ethyl acetate, there

was obtained 19.2 g of crude (=)-12,12-diethoxy-
13,13-dimethyl-6,11~ethano~6,11~-dihydrobenzoib]-

‘guinolizinium chloride, [Formula I: R1=R2=R7=H;

R3=R4=CH3; R9=R6=0C2H5; and X~=Cl-, (-)-isomer] from
(-)-12,12-diethoxy-13,13~dimethyl-6,11-ethano~6,11-di-
hydrobenzo{b]lquinolizinium perchlorate (21.6 g,

0.051 mol) and Dowex® ion-exchange resin (1650 g). The
product was purified by column chromatography on silica
eluting with 10% methanol/CH2Clz to afford 11.38 g (59%)

of the (5)-isomer (100% enantiomerically pure by HPLC),
[x]p25 = -47.3°, 1% methanol.
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Example 7

(a) The monopotassium salt of (~)-dibenzoyl-
L-tartaric acid (99.1 g, 0.25 mol, prepared from
(-)~dibenzoyl-~L-tartaric acid [(-~)-DBT] by a procedure |
substantially similar to that described in Example 6(a))
was dissolved in isopropanol (4.8 1) and water (2.4 1)
with heating on a steam bath. A solution of 12,12-di-
ethoxy-13,13-dimethyl-6,11l-ethano-6,11-dihydrobenzo[b]~
quinolizinium chloride (60.0 g, 0.167 mol) in iso-
propanol (600 ml) was then added and the reaction '
mixture was cooled to room.temperature and stirred for

16 hours. The reaction was warmed on a steam bath, and
then the solvent was removed in _vacuo. Dichloromethane

- (6 1) was added to the residue and 16 hours later the
- solution was filtered -to remove any -inorganic salts.

The filtrate was washed with water (3 1), dried over
MgSO4 and concentrated in _wacuo to afford 105.9 g

[Formula I: R1=R2=R7=H; R3=R4=CH3; RS5=RO=0C32Hs;
X===[(-)-DBT]], as a 1l:1 mixture of diastereomers.

(b) 12,12-Diethoxy~13,13-dimethyl-6,11-ethano-
6,11-dihydrobenzo{blquinolizinium+~[(-)-DBT] (105.9 g)
was dissolved in 1,2-dichloroethane (1060 ml) with
gentle heating on a steam bath. The mixture was cooled
to room temperature and allowed to stand for 40 hours.
A white solid precipitated from the solution which was
collected by filtration and washed with 1,2-dichloro-
ethane (2 x 25 ml to afford 29.62 g (28%) of
12,12~diethoxy-13,13-dimethyl-6,11-ethano=6,11-dihydro-
[Formula I: R1=R2=R7=H; R3=R4=CH3; RS=R6=0C7H5; and
X~=-[(-)-DBT]], as a single diastereomer, [a]p2® = 32.5,

1% methanol. The product was isolated as a white solid
and had a m.p.= 124-125°C.
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(c) A column of Dowex® 1X2-200 ion-exchange resin
was eluted with 0.5 N HCl until the eluant was clear and
then was washed with distilled water until a pH of about
4.2 was obtained. 12,12-diethoxy-13,13—dimethy1—'
6,1ll-ethano-6,11~dihydrobenzo[b]quinolizinium-
-[(=)-DBT] (34.18 g, 50.1 mmol) in methanol (75 ml) was
loaded onto the column and eluted with methanol

(20 ml), water/methanol (1:1, 20 ml) and then water.

The product fractions were pooled, neutralized with sat.
KHCO3 (6 ml) and the solvent was removed in vacuo.
Dichloromethane (1.5 1) was added to the residue and the
pH of the'éolution was adjusted to 7 by the addition of

6 N HC1 (17 drops). The solution was dried over MgSO4,
and the solvent was removed in wvacuo to afford 18.2 g of

crude product. A similar experimental run on a 2.21 g
(3.24 mmol) scale produced an additionél 1.17 g of crude
prodﬁct for a to;al of 18.2 g. The combined product
fractions were dissolved in methanol (40 ml) and passed
through a second column of Dowex® 1X2-200 ion-exchange
resin as described hereinabove to afford 19 g of crude
product. The crude product was purified by column
chromatography eluting with 10% methanol/CH2Clz to
afford 12.41 g of (+)=12,12-djethoxy=-13,13~-dimethyl-

chloride-1/2 hydrate [Formula I: Rl=R2=R7=H;
R3=R4=CH3; R5=R6=0C3H5; and X~=Cl-; as (+)-isomer],
[a]DZ5 = +51.5, 1% methanol, m.p.= 100-110°C when dried
in high vacuum for 5 days.

Example 8

A mixture of benzo[b]quinolizinium bromide
(1.8 g, 6.9 mmol), tetraethoxyethylene (15 ml, 69 mmol)
and acetonitrile (25 ml) was stirred at room temperature
for 16 hours. The mixture was concentrated down to a
small volume and diluted with ether and water. The

aqueous layer was separated and treated with an aqueous
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solution of sodium perchlorate. A precipitate formed,
which was collected by filtration and dried at 60°C and
0.1 mm Hg for 20 hours to afford 2.6 g (97.7%) of

l [l] - ]l o . * l] IE

{Formula I: Rl=R2=r7=H; R3=R4=R5=R6=0C2H5; and X~=Cl04~]
as an off-white solid, m.p. 202-203°C.

Example 9

A mixture of benzo[b]quinolizinium perchlorate
(0.09 g, 0.32 mmol), 2-isopropylidene-4R,5R-(dibenzyl-
oxymethyl-1,3-dioxolane [Formula V: R3=R%=CH3, :
R> and RS together=(R,R)-0CH(CH20CH2Ph)CH (CH20CH2Ph)~0~-]

. 0.52 g, 1.46 mmol) and acetonitrile (10 ml) was stirred

at room temperature under N3 for 1 hour. The solvent
was removed in_vacuo and the residue was purified by

column chromatography on silica gel eluting with ether
(100%) to 10% methanol/CH2Clo to afford 0.16 g (78%) of

[Formula I: RIl=R2=R7=H;  R3=R4=CH3;
R3=R6. together= (R,R)-0-CH(CH20CH2Ph)CH(CH20CH2Ph)-0-;
X~=Cl04~], as a white solid. '

Example 10
(2), (b) and (c)

A mixture of benzofb]lquinolizinium perchlorate

(0.88 g, 3.15 mmol), 2-isopropylidene-4R,6R-dimethyl-
1,3-dioxane [Formula V: R3=R4=CHj;

RS and R® together= (R,R)-0-CH(CH3)CH2CH(CH3)-0-]

(0.7 g, 4.48 mmol) and acetonitrile (10 ml) was stirred
at room temperature under N2 for 30 minutes. The
solvent was removed in vacuo, the residue was triturated
with ether, and the product was collected by filtration
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to afford 1.05 g (78%) of 12,12-(2R,4R~pentanediol
ketal)-13,13-dimethyl-6,11l-ethano-6,11-dihydrobenzo(b]-

quinolizinium perchlorate.

[Formula I: Rl=R2=R7=H; R3=Ri=CHj;

RS and R® together= (R,R)-O-CH(CH3)CH2CH(CH3)-0-;
X~=Cl04~] as a mixture of diastereomers (Example 10(a)).
The 1.05 g from the present experimental run was
combined with 11.95 g of product obtained from two
similar éxperimental runs, and the combined total of
13.0 g was separated into its constituent diastereomers
by high performance liquid chromatography using two
delta-pak C-18 columns and eluting with 0.05 N ammonium
aceﬁate/methapol. The appropriate chromatography

- fractions were pooled, concentrated in vacuo, taken up

in water and treated with 10% aqueous sodium per-
chlorate. A solid formed, which was collected by
filtration. and washed successively with water, hexane
and then ether to afford 1.9 g of 12+12=L2ﬁ+43=pentane:

r (blquinolizini Bl

[Formula I: R1=R2=R7=H; R3=R4=CH3;

R and R® together= (R,R)-0-CH(CH3)CH2CH~(CH3)-0-;
X~=Cl04~], -as one diastereomer, hereinbelow referred to
as Example 10(b); and 0.7 g of 12,12-(2R,4R-pentanediol

inolizini h l

[Formula I: R=R2=R7=H; R3=R4=CHj;

RS and RS together= (R,R)-0-CH(CH3)CH2CH(CH3)=0-;
X~=Cl04~], as the other diastereomer, hereinbelow
referred to as Example 10(c). A 0.1 g fraction of the
diastereomer of Example 10(b) was recrystallized from
ethanol to afford 0.064 g of purified product, as a
white solid, m.p.= 191-192°C, [a]p2> + 3.5

(C= 0.25, CHCl3). A 0.06 g fraction of the diastereomer
of Example 10(c) was recrystallized from ethanol to

L#
!
I
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afford 0.028 g of purified product as a white solid,
m.p.= 192-193°C, [a]p2> -78° (C= 0.25, CHCl3).

Example 11

A solution of 12,12-(2R,4R-pentanediol ketal)-
13,13-dimethyl-6,11-ethano-6,11-dihydrobenzo[b]-
quinolizinum perchlorate of Example 10(a) (2.0 g,
4.59 mmol) in acetonitrile (20 ml was loaded onto a
Dowex® 1X2-200 ion-exchange resin column (100 g,
purified as-described hereinabove in Example 2) and

eluted with water. The pooled product fractions were
concentrated in_vacno and dried in high vacuum for

16 hours to afford 1.2 g (70.6%) of

. 12,12=(2R . 4R-pentanediol ketal)=13,13-dimethyl-

chloride-1/2 hydrate

{Formula I: R1=R2=R7=H; R3=R4=CH3;

RS and R® together= (R, R)-O-CH(CH3)CHzCH(CHg)-O-'
X™=Cl~] as a mixture of diastereomers.

Example 12
(a) A mixture of 12,12-(2R,4R-pentanediol ketal)-
13,13-dimethyl-6,11-ethano-6,11-dihydrobenzo{b]~-

quinolizinium perchlorate of Example 10(c) (0.46 g,

1.05 mmol) in concentrated hydrochloric acid (10 ml) was
heated at 80°C for 1.5 hours. The mixture was cooled to
room temperature, diluted with water and treated with
10% sodium perchlorate in water. The mixture was cooled
and the solid which formed was collected by filtration
and washed with water, hexane, then ether.  The compound
was dried to afford 0.33 g (89%) of (-)12-0x0-13,13-di-
methyl=-6,11-ethano-6,l11~-dihydrobenzo[bjquinolizinium
perchlorate {Formula I: Rl=R2=R7=H; R3=R4=CH3;

R5 and R® together= =0; X~=ClO4~, as (-)-isomer] as
white crystals, m.p.= 282-284°C (dec.),[alp2d = -1.36°,
1% methanol.
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(b) To a solution of (~)-12-0x0-13,13-dimethyl-
6,11-ethano-6,1l-dihydrobenzo[b]quinolizinium'
perchlorate of Example 12(a) (0.3 g, 0.86 mmol) in
tetraethoxysilane (1.65 g, 8.6 mmol), nitromethane
(4.m1) and ethanol (0.5 ml, 8.6 mmol) was addéd
chloroform (about 95 ml). The reaction mixture was
heated to reflux and most of the chloroform was removed
via a Dean-Stark apparatus. The reaction mixture was
cooled to room temperature, and triflic acid (0.13 g,
0.07 ml, 0.86 mmol) was added. The reaction mixture was
then placed in a 10 ml plastic.syringe, which was placed

in a high pressure apparatus at 10 kbar for 24 hours.
The reaction mixture was poured into CH2Clz (20 ml)

- containing pyridine (1.0 ml) at 0°C. The reaction

mixture was evaporated in_vacuo and the residue was
triturated with hexane and the hexane was decanted to
afford 0.8 g of crude (-)-12,12-die;hgx¥-13.13=dimeth¥l=
6. 11-ot} -6, 11dihvdral (hlquinolizini hi ;
(Formula I: Rl=R2=R7=g;R3=R4=CH3;R5=R6=0C3Hs5;X=C104~;
as (—)-isomer].

(c) The crude (-)-isomer of Example 12(b) was
dissolved in methanol/ethylacetate (2 ml, 1/1) and
loaded onto a Dowex® 1X2-200 ion-exchange resin column,
which-was purified as described in Example 2, and eluted
with water. The product fractions were'pooled,
concentrated in_wvacuo, and the residue was purified by
column chromatography on silica eluting with
CH2Clz/methanol (9/1) to afford 0.22 g (71%) of

hydrobenzo[blquinolizinium chloride-<1/2-7/4 hydrate
[Formula I: R1=R2=R7=H; R3=p4=CH3; R5=R6=0CyH5;X~=Cl-;
as (-)isomer]. The product was recrystallized from -
CH2Cl2/ether/hexane to afford 0.17 g (55%) of the
product as a white powder, [a]DZ5 = -42.3°, 1% CHClj3.
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Example 13
(a) Following a procedure substantially similar to
that described in Example 12 (a), there was obtained
0.52 g (93%) of (+)-12-0x0-13,13-dimethyl=6,11-ethano=-
6.11-dihvdral thlquinolizini hl £
[Formula I: R1=R2=R7=H; R3=R4=CH3;
R5 and R® together= =0;X~=Cl04~, as (+)-isomer],

m.p.= 281-283°C, [a]p2> = +1.1, 1% CH3CN; from
' 12,12-(2R, 4R-pentanediol ketal)-13,13-dimethyl-
6,11—ethano-6,ll-dihydrobenzo[b]quinolizinium per-
chlorate of Example 10(b) (0.7 g, 1.6 mmol) and
concentrated hydrochloric acid (15 ml). .
(b) Following a procedure substantially similar to
- that described in Example 12(b), there was obtained

0.51 g of crude (+)-12,12-diethoxy-13,13-dimethyl=
5. 11-et] -6.11=dihvdrot 'biquinolizini _
perchlorate [Formula I: R1=R2=R7=H; R3=R4=CH3;
R9=R6=0C2H5; and X~=Cl04~, as (+)-isomer], from
(+)-12-ogo—13,13-dimethyl-6,11—ethano-6,114dihydro-
benzo[b]lquinolizinium perchlorate (0.349 g, 1 mmol),
tetraethoxysilane (2.1 ml, 10 mmol), ethanol (0.6 ml,
10 mmol), nitromethane (4 ml) and triflic acid (0.1 ml,
1 mmol).
(c) Following a procedure substantially similar to
that described in Example 12(c), there was obtained
0.23 g of (+)=12,12-djethoxy=13,13~dimethyl-6,11-ethano-

| 1-dihvdrol (blquinolizini nloride-

1/2-3/4 hydrate [Formula I: Rl=R2=r7=g; R3=R4=CHj3;
R5=R6=0C3H5; and X~=Cl-; as (+)-isomer],
m.p.= 120-121°C, [als58925 = +43.8°, 1% CHCl3; from
(+)-12,12-diethoxy-13,13-dimethyl-6,11-ethano-6,11-di-
hydrobenzo{b]lquinolizinium perchlorate (0.71 g), and
Dowex® 1X2-200 ion-exchange resin, after purification
of the product by column chromatography on silica
eluting with CH2Cl2/ether (4:1) to CH2Clj/ether/methanol
(8/1/1) and recrystallization from CH3Cljz/ether/hexane.

;
1
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Example 15

(a) A mixture of 10-acetoxybenzo{b]quinolizinium
perchlorate (1.9 g, 5.6 mmol), 1,l-diethoxy-2,2-di-
methylethylene (2.8 g, 11.6 mmol of 60% pure material)
in acetonitrile (35 ml) was heated at 60°C under argon
for 8 hours and then was stiiréd at room temperature for
16 hours. The solvent was removed in vacuo, the residue
was treated with ether and the mixture was sonicated. A
solid formed, which was collected by filtration, washed
successively with water, hexanes, then ether and-dried
to afford 2.6 g of crude product. The crude product was
recrystallized from isopropanol and dried at 40°C under
high vacuum to afford 1.9 g (70%) of l0-acetoxy-

. ]2 ]2_’. Il -]3 ]3_’ I] ]_5 ]]_ |l _5 ]]_l.l ’ -

benzo{hlquinolizininm perchlorate [Formula I: R1=R7=gH;
R2=10-0Ac;R3=R4=CH3; R3=R6=0C2H5; and X~=ClO4~] as an
off-white powder; m.p. 135-137°C.

(b) - To a solution of l0-acetoxy-12,12-diethoxy-
13,13-dimethyl-6,1l1l-ethano-6,1l1~-dihydrobenzo[b]-
quinolizinium perchlorate (0.5 g, 1 mmol) in methanol
(25 ml) at room temperature, was added NaOH (0.12 g,

3 equivalents). The solution was stirred for

15 minutes, acetic-acid in methanol (2.25 ml,

1.5 M solution) was added and the mixture was stirred
for 5 minutes. The solvent was removed in vacuo and a
10% solution of sodium perchlorate in water (15 ml) was
added. The mixture was extracted with CH2Cl2

(2 x 50 ml), the organic phases were combined, dried and
concentrated in _vacuo. The solid residue was

recrystallized from water to afford 0.24 g (52%) of

6.,11-dihydrohenzo{bjquinolizinium perchlorate
[Formula I: Rl=R7=H; R2=10-0H; R3=R4=CH3; R5=R6=0C3Hs;
X~=Cl04~} as a white solid.

e N L N
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(c) A Dowex® 1X2-200 ion-exchange resin column

(100 g of resin) was eluted with 0.5 N HC1l (1.5 1) until
a clear solution was obtained and then was washed with
water (4 1) until a pH of about 6.0 was obtained. A
solution of 10-hydroxy-12,12-diethoxy-13,13~dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]jquinolizinium per-
chlorate (1.4 g, 3.2 mmol) in acetonitrile was then
loaded onto the resin column and eluted with water. The
product fractions were pooled, and concentrated in_wvacuo
to afford 0.85 g (70.8%) of 10-hydroxy=-12,12-diethoxy-
13,13-dimethyl=6,11-et] 6. 11=dihvdrol (hl= .
quinolizinium chloride [Formula I: Rl=R7=H; R2-10=OH;
R3=R4=CH3; R5=R6=0C3Hs5; and X~=Cl-], as a white solid,

- m.p. 151°C (dec.).

Example 16 _

) A mixture of_7-methoxybenzo[b]quinolizinium .
hexafluorophosphate (0.66 g, 1.85 mmol), 1;1-diethoxy-
2,2-dimethylethylene (2.05 g, 60% pure material) in
acetonitrile (25 ml) was heated to 75°C under argon for
12 hours. The solvent was removed in_vacuo and the
residue was purified by column chromatography on silica
eluting with dichloromethane/methanol (9/1) to afford a
foamy solid. The solid was taken up in water and
sonicated, and the solids thus obtained were collected
by filtration and air dried to afford 0.36 g (39%) of
6,11-dihydrobenzo{bjquinolizininm hexafluorophosphate
[Formula I: Rl=R7=H;R2=7-0CH3;R3=R4=CH3; R5=R6=0C2Hs;
R7=H; and X~=PF6~] as a brown solid.

Example 17

(a) A mixture of benzo[b]quinolizinium perchlorate
(3.8 g, 13.6 mmol), a compound of Formula V (R3=OCH3;
R4=051i(CH3)3;R7=R6=C2H5) (6.3 g, 0.031 mol) and
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acetonitrile (100 ml) was stirred at room temperature .
under N2 for 18 hours. The solvent was removed
in wvacuno, the residue was taken up in ether and the

solids thus obtained were collected by filtration to

afford 6.3 g (97%) of l2-methoxy-12-trimethylsilyloxy-
13,13-diethyl=6,1l-ethano=6,11-dihydrobenzo[b]- T

quinalizininm perchlorate [Formula I: RL=R2=R7=H;
R3=R4=Et; R5=0CH3; R6=08i(CH3)3;X~= ClO4~].

(b) A mixture of l2-methoxy-12-trimethylsilyloxy-
13,13-diethyl-6,11-ethano-6,11-dihydrobenzo[b]-

. quinolizinium perchlorate (4.8 g, 0.01 mol) and
concentrated HCl (80 -ml) was heated at 80°C under N2 fof
1 hbur. The mixture was cooled to room temperature,
diluted with water (300 ml) and treated with a 10%
aqueous solution of sodium. perchlorate (200 ml). The
mixture was cooled and the solid which precipitated was
collected by filtration, and washed successively with
water, ether and then hexanes to afford 3.72 g (99%) of
guinolizinium perchlorate

[Formula I: Rl=R2=R7=H; R3=R4=-Et;

RS and R6 together= =0; and X~=Cl04~].

(¢) To a solution of 12-oxo0-13,13-diethyl-
6,1l-ethano-6,11-dihydrobenzo(bjquinolizinium
perchlorate (1.0 g, 2.6 mmol) in nitromethane (8 ml),

. tetraethoxysilane (5.52 g, 26.5 mmol) and ethanol

(1.2 g, 26.5 mmol) was added chloroform (150 ml). The
reaction mixture was refluxed and most of the chloroform
was removed by a Dean-Stark apparatus. The reaction
mixture -was cooled to room temperature and triflic acid
(0.39 g, 2.6 mmol) was added. The reaction mixture was
taken up into a 20 ml plastic syringe and-placed in a
high pressure apparatus at 150,000 psi for 2 1/2 days.
The reaction mixture was poured into ice-water
containing saturated NaHCO3, extracted with CH2Cl2
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(2-x 100 ml) and the combined organic layers were dried
over Na2S04 and concentrated in_vwacno. The residue was
taken up in hexane (50 ml), sonicated and a solid was
collected by filtration and washed with hexane. The
solid was taken up in ethyl acetate (10 ml), treated
with CH2Cl2 (0.5 ml) and allowed to stand. A solid
formed which was collected by filtration and washed with
ethyl acetate to afford 0.5 g of recovered starting
material. The filtrate was placed on a silica gel
column and eluted with ethyl acetate/PAW (6/4; wherein
PAW=pyridine/acetic acid/water (55/25/20) to afford
0.21 g (17.5%) of crude 12,12-diethoxy-13,13-diethyl=-
. perchlorate [Formula I: R1=R2=R7=H; R3=R&=Et;.
R5=R6=0CoH5; and X~=Cl04~]. The crude product was
passed through a Dowex® 1X2-200 ion-exchange resin
(30 g, resin was purified as described hereinabove in
Example 15C) eluting with water and the pooléd product
fractions were concentrated in_vacuo. The residue was
taken up in watér (5 ml) and treated with an aqueous .
solution of 10% sodium perchlorate and the solid which
precipitated was.collected by filtration, and washed
with water and air dried to .afford 0.11 g of purified

product as the perchlorate, isolated as a white solid,
m.p. 121°C (dec).

Example 18

A mixture of benzo[{b]quinolizinium perchlorate
(2.55 g, 1.96 mmol), 1,l-diethoxy-2,2-dimethylethylene
(2.0 g of 15% solution in THF/t-BuOH) and acetonitrile
was heated at 50°C for 6 hours. The mixture was cooled
to room temperature, the solvent was removed in_wvacuq,
and the residue was taken up in CHCl3 and filtered. The
solvent was removed in_vacuo and the residue was

purified by column chromatography on silica eluting with
CH2Cl2/ethyl acetate/methanol (5/4/1) to afford
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0.12 g (15.6%) of 12,12-(1,2-ethanediol ketal)=13,13-di-
methyl-6,11-ethano-6,11-dihydrohenzo[b]lquinolizinium
perchlorate [Formula I: Rl=R2=R7=H; R3=Rr4=CH3;

R3 and R6 together are -0(CH2)20-; and X~=Cl04~] as a
white solid, m.p. 240-242°C (dec.).

Example 19

(a) A mixture of l1l0-methoxybenzo{blquinolizinium
perchlorate (8.0 g, 25.8 mmol), 1,l1-diethoxy-2,2-di-
methylethylene (12.5 g, 60% pure material) and aceto-
nitrile (75 ml) were heated at 60°C under argon for

16 hours. The reaction mixture was cooled and the
solvent was removed in vacuo. The residue was taken up
“in a 10% aqueous solution of sodium perchlorate (200 ml)
and the mixture was extracted with CH2Cl2 (2 x 250 ml).
The combined organics were dried over'Nast4 and
concentrated in wvacuo. The residue was purified by
column chromatography on silica eluting with
methanol/CH2C12 (5/95) to afford a gummy residue. The
residue was taken up in isopropanol (200 ml), treated
with charcoal (5.0 g), boiled and filtered. The
filtrate was concentrated in_wvacuo to afford 5.0 g

(43.9%) of crude l0-methoxy-12,12-diethoxy-13,13-dj-
perchlorate [Formula I: Rl=H; R2=10-OCH3; R’=H;
R3=R4=CH3; RO=R6=0C2Hs5; and X~=Cl04~], as a yellow foam.
(b) Alternatively,  the above reaction was also .
performed as described hereinbelow. To acetonitrile
(5.0 ml) was added l0-methoxybenzo[b]quinolizinium
perchlorate (0.08 g, 0.2 mmol), followed by 1,1-di-
ethoxy-2,2-dimethylethylene (0.081 g, 0.38 mmol, 68%
pure material with impurity being ethyl isobutyrate).
The mixture was stirred at room,température for 1 hour,
then was heated to 60°C for 10 hours. The solvent was
removed in_vacno, toluene was added to the residue and
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the solvent was removed in _vacuo. The residue was taken

up in water/methanol (4/1) and sodium perchlorate.
(0.5 g) was added. The methanol was removed in wvacuo

and the mixture was filtered to afford 0.021 g (23%) of

6,.11-dihydrobenzo{blquinolizinium perchlorate, as an
orange-brown solid, m.p. 85-95 cC.

(c) 10-Methoxy-12,12~diethoxy~13, 13—d1methyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium
perchlorate of Example 19(a) (5.0 g, 11.2 mmol) was
dissolved in methanol/ethyl acetate (1:1, 20 ml) and
loaded onto a Dowex® 1X2-200 ion-exchange resin column
(150 g, resin was purified in a manner similar to that
"described hereinabove in Example 15C until a pH of about
5 was obtained for water eluant). The column was eluted
with water, and the product fractions were pooled, and
concentrated in wvacuo. The residue was dissolved in '
warm water (200 ml) and potassium hexafluorophosphate
(2.3 g) in hot water (100 ml) was added. The mixture
was stirred for 10 minutes and the precipitate which
formed was collected by filtration and washed with warm
water to afford 5.5 g (98%) of l0-methoxy-12,12-dj-

quinolizinium hexafluorophosphate [Formula I: Rl=H;
R2=10-0CH3; R7=H; R3=R4=CH3; R5=R6=0CoH5; and X~=PFg~],
as a pale yellow solid.

(d) Following a procedure similar to that described
in Example 15(c), but loading the compound in methanol/-
CH3CN (9/1) rather than acetonitrile, there was obtained
2.7g (64%) of l0-methoxy-12,12-diethoxy=13,13=dimethyl-

chloride-3/2 hydrate [Formula I: Rl=H; R2=10-OCH3;
R7=H; R3=R4=CH3; R5=R6=0C3H5; and x—=Cl-], as a yellow
solid; from the hexafluorophosphate of Example 19(C)
(5.1g) and Dowex® 1X2-200 ion-exchange resin (150 g).

i n K3
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Example 20

(a) To a mixture of 9-methoxybenzo[b]quinolizinium
perchlorate/hexafluorophosphate (1.33 g, 0.004 mol,
4.8/1 ratio of perchlorate to hexafluorophosphate) and
acetonitrile was added 1,1-diethoxy-2,2-dimethylethylene
(1.17 g, 0.081 mol). The mixture was heated to 60°C for
12 hours, additional 1,l-diethoxy-2,2-dimethylethylene
was added (1.0 g), and the mixture was heated at reflux

for 18 hours. The mixture was cooled, the solvent was
removed in vacuo and the residue was taken up in 8%

ethanol/0.5% triethylamine/CH2Cl2. The mixture was
filtered and the filtrate was purified by column
chromatography on silica eluting with 8% ethanol/

~0.5% triethylamine/CH2Cl2. The product fractions were
pooled, concentrated in wvacuo, and the residue was taken
up'in methanol (0.5 ml) and added to a hot solution
(60°C) of:potassium hexafluorophosphate (1.47 g) in
water (50 ml). The methanol was removed by filtration,
the water was decanted, and the residue was taken up in
methanol and treated with water. Removal of the
methanol, and decantation of water afford 0.62 g (31.2%)
of 9-methoxy-12,12-diethoxy-13,13-dimethyl-6,11-ethano-
6.11-dihydrobenzo{b]quinolizinium hexafluorophosphate
[Formula I: Rl=H; R2=9-0CH3; R7=H; R3=R4=CH3;
R3=R6=0CyH5; and X~=PF¢~] as a tan powder, m.p. 76-81°C,
when dried at 40°C in high vacuum.

(b) Following a procedure substantially similar to

that described above in Example 2o(a), but starting with

9-methoxybenzo[b]quinolizinium hexafluorophosphate,

there was obtained directly 9-methoxy-12,12-diethoxy—

quinolizinium hexafluorophosphate from 9-methoxy-
benzo{blquinolizinium hexafluorophosphate (4.5 g,
0.013 mol), acetonitrile (50 ml), and 1,1-diethoxy-
2,2-dimethylethylene (4.75 g, 0.033 mol).

e e T e T A T
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(c) Following a procedure substantially similar to
that described in Example 15(c), there was obtained

3.5 g of crude 9-methoxy-12,12-diethoxy-13,13-dimethyl-
6. 11-et] -6,11-dihvdral ‘hiquinolizini hlorid
[Formula I: RI=H; R2=9-0CH3; R7=H; R3=R4=cH3;
RO=R6=0C2H5; and X-=C1-], from 9-methoxy-12,12-diethoxy-
13,13-dimethyl-6,11-ethano-6,11-dihydrobenzo[b]- |
quinolizinium hexafluorophosphate of Example 20(b),
Dowex® 1X2-200 ion-exchange resin (150 g) and
acetonitrile (20 ml). The crude product was treated
with an aqueous solution of sodium perchlorate and the
.resulting precipitate was collected by filtration and
purified by column chromatography on silica eluting with
acetonitrile/CH2Cly (1/3) to afford the product as the
perchlorate anion. The perchlorate was loaded onto -a
Dowex® 1X2-200 ion-exchange column as described

hereinabove, eluted with water and the product fractions

were concentrated in_wvacmo to afford purified 9-methoxy-

benzo[blquinolizinium chloride, as a tan solid.

Example 21

(a) A reaction mixture of 2 g (6.8 mmol) of
11-methylbenzo[b]quinolizinium perchlorate and 3.2 g of
1,1-dimethyl-2,2~diethoxyethylene in 100 ml acetonitrile
was heated under nitrogen at 80°C for 16 hours.
Additional 2,2-dimethyl-1,1-diethoxyethylene (1.0 g) was
added to the mixture and the reaction mixture was heated
at 80°C for one hour and cooled to room temperature.

The reaction mixture was concentrated in_vacuo, the
residue was triturated with ether, and the solid was
isolated by filtration and dried. The solid product was
recrystallized from isopropaﬁol (with activated
charcoal) to afford 1.98 g (66%) of 6,11-ethana-
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benzo[blquinolizinium perchlorate. (Formula I:

Rl=R2=H; R3=R4=CH3;RI=R6=0CH5 ; R7=CH3; X~=C104") .

(b) The above purified perchlorate was converted
to theé corresponding chloride salt by passing the _
perchlorate through 75 g Dowex® 1x2-200 pretreated with
0.5 N HCL to afford 0.52 g (51%) of §,1l-ethano-

bepzo{b]guinolizinium chloride (Formula I: R1=R2=H'
R3=R4=CH3;R5=R6=0C2H5;R7=CH3; X~=C1").

Example 22

(a) Following a procedure similar to that

. described in Example 21, a reaction mixture of 6.5 ¢
(23.3 mmol) of benzo[b]quinolizinium perchlorate and

6.5 g (50.7 mmol) of 2-isopropylidene-1,3-dioxane in

100 ml of acetonitrile was stirred under nitrogen at

" room temperatufe for 2 hours. The mixture was
concentrated in _vacno, the residue triturated with
ether, and the solid product was ‘filtered and dried to
afford 9.2 g (97%) of f.11-ethano~12,12-(1,3-propanediol

perchlorate (Formula I: R1=R2=R7=H;R3=R4=CH3;

R> and R6 together=-0(CH2)30-;X~=Cl04~).

(b) The perchlorate of Example 22(a) (9.2 g) in a
minimum amount of acetonitrile was converted to the
corresponding chloride salt by passing the perchlorate
through 280 g Dowex® 1x2-200 eluting with water to

afford 7.2 g (85.7%) of §,ll-ethano-12,12-(1,3-propane-
quinolizinium chloride (Formula I: Rl=R2=R7=H;R3=R4=CH3;

R5 and RS together=-0(CHj)30-;X~=C1-).
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Example 23

(a) Following a procedure similar to that
described in Example 21, a reaction mixture of 1 g

(2.5 mmol) 9-trifluoromethyl benzo[b]quinolizinium
hexafluorophosphate and 1.08 g (7.5 mmol) 1,1—diethoky—
2,2-dimethylethylene in 10 ml acetonitrile was refluxed
under nitrogen for 10 days. The mixture was cooled,
filtered through silica using 150 ml acetonitrile, the
filtrate was concentrated in_wvacno, and the residue
triturated with water and filtered to yield as a solid

phosphate. (Formula I: Rl=R7=H;R2=9-CF3; R3=R4=CH3;

" R9=R6=0C2H5; X~=PFg"~).

(b) The above hexafluorophosphate in 10 ml aceto-

nitrile was converted to the corresponding chloride salt -

by passing the hexafluorophosphate through 60 g of
Dowex® 1x2-200 pretreated with 0.5 N HClL and eluting
with water. The eluent was treated with 1 g activated
charcoal,and filtered. . The filtrate was extracted with
ether (2x240 ml), and the aqueous layer was concentrated
in vacuo to afford 0.48 g (48 %) of 6,1l-ethano-

(Formula I: R1=R7=H;R2=9-CF3;R3=R4=CH3;R5=R6=0C7Hs5;
X~=Cl~), as a foam.

Example 24

(a) - Following a procedure similar to that
described in Example 21, a reaction mixture of 2 g

(5.5 mmol) of 8,10-difluorobenzo[bjquinolizinium
hexafluorophosphate and 2.4 g (7.5 mmol) of 1,1-di-
ethoxy-2,2-dimethylethylene in 20 ml acetonitrile was
refluxed under nitrogen with stirring for 3 days. The
mixture was cooled, filtered through silica using 150 ml
of acetonitrile, the filtrate was concentrated in_vacuo,
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and the residue triturated with water and filtered to
yield a solid'hexafluorophosphate as a glass. The salt
was purified by chromatography on szlxca elutlng with
acetonltrlle/methylene chloride (1:3).

(b) The above hexafluorophosphate in a minimum
aﬁount of acetonitrile was converted to the
corresponding chloride salt by passing the salt through
Dowex® 1x2-200 pretreated with 0.5 N HCl and eluting
with water. The aqueous layer was concentrated in vacuo
to afford 1.10 g (51%) of 6,.l1-ethano=12,12-diethoxy-

quinolizinium chloride (Formula I: R1=R7=H;

R2=8,10-~F2;R3=R4=CH3;R5=R6=0CoH5; X~=C1~).

Example 25

{(a) Following a procedure similar to that
described in Example 21, a reaction mixture of 0.5 g
(1.4 mmol) of 8-methoxybenzo[b]quinolizinium hexa-
fluorophosphate and 0.43 g (3.0 mmol) of 1,l-diethoxy-~

 2,2-dimethylethylene in 15 ml acetonitrile was heated at

65 C for 20 hours. Additional 1,1-diethoxy-2,2-di-
methylethylene (0.43 g) was added, and the reaction
mixture was heated 12 hours and then allowed to stand at
room temperature for 14 days. The mixture was filtered
through silica using 200 ml acetonitrile, the filtrate
was concentrated in_wvacno, the residue was purified by
flash chromatography eluting with methylene chloride/-
acetonitrile (9:1), and the product was isolated by
concentrating the eluent in vacpo to yield as a solid

6,.11-dihydrobenzo[blquinolizinium hexafluorophosphate
(Formula I: Rl=R7=H;R2=8-0CHj3;R3=R4=CH3;RI=R6=0CoHS5;
X~=PFg~).

(b) | The above hexafluorophosphate in 3 ml aceto-
nitrile was converted to the corresponding chloride salt
by passing the salt through Dowex® 1x2-200 pretreated

o
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with 0.5 N HCl and eluting with water. The aqueous

layer was concentrated in vacuo and dried to afford

237 mg (48.8 %) of 6,ll-ethano-12,12-diethoxy-13,13=-di-
thyl=8-met} -6, 11=dihvdral (blouinelizini

chloride (Formula I: Rl=R7=H;R2=8-0CH3; R3=R4=CH3;

R5=R5=OC2H5;X'=C1'), as an amorphous solid.

Example 26

Following a procedure similar to that
described in Example 21, a reaction mixture of 2.87 g
(9.7 mmol) of 9-chlorobenzo[b]quinolizinium chloride and
2.1 g (14.6 mmol) 1,l~diethoxy-2,2~dimethylethylene in
30 ml acetonitrile was allowed to react at room
' temperature for 4 hours and then heated at 50 C for
24 hours. An additional 2,2-diethoxy-1,l-dimethyl-
ethylene (1 g) was added and the reaction mixture was
heated at 50 C for 24 hours and then at 70°C for
24 hours. The mixture was cooled, filtered through
silica using 200 ml acetonitrile, the filtrate was
concentrated in vacuo, and the residue was purified by
chromatography on silica eluting with 9% methanol in
methylene chloride (0.5% TEA). The residue from the
eluent was dissolved in water/methanol, treated with an
aqueous sodium perchlorate solution, methanol was
distilled in vacuo, and the mixture was cooled; and w
- filtered. . W

The product isolated was dissolved in ethyl 5%
 acetate, diluted with ether, cooled, filtered and
isolated. The desired salt was dissolved in ethyl
acetate/methanol, treated with activated charcoal,
filtered, and concentrated to afford 0.137 g (3%) of
6,11-ethano=12,12-diethoxy=-13,13-dimethyl-9-chloro-

6 11-dihydrobenzo(bjquinolizinium perchlorate, as a tan
powder. '

(Formula I: Rl=R7=H;R2=9.C1;R3=Ré=CH3;R5=R6=0CH5;
X-=C104")
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Example 27

(a) Following a procedure similar to that
described in Example 21, a reaction mixture of 2.28 g
(7.8 mmol) of 4-methylbenzo[bjquinolizinium perchlorate
and 1.68 g (11.6 mmol) of 1,l-diethoxy-2,2-dimethyl-
ethylene in 25 ml acetonitrile was stirred at room
temperature for 4 hours, and then heated at 50 C for

12 hours. Additional 1,l-diethoxy-2,2-dimethylethylene
(1 g) was added and the reaction mixture was heated at
50 C for 36 hours and cooled. The reaction mixture was
filfered, the filtrate was concentrated in vacuno, and
the residue purified by 6hromatography on silica eluting
with 9% hethanol/methylene chloride (0.5% TEA). The

" eluent was concentrated in vacug to afford 2.6 g (76.6%)

of 6,11-ethano-12,12-diethoxy-13,13-dimethyl-4-methyl—
6.11-dihvdral [blquinolizini hl '

(Formula I: Rl1=4-CH3;R2=R7=H;R3=R4=CH3;R5=R6=0C2Hs5;
X~=Cl04~), as a tan foam.

(b) - The above perchlorate in 3 ml acetonitrile
was converted to the corresponding chloride salt by
passing the salt through Dowex® 1x2-200 pretreated
with 0.5 N HCl and eluting with water. The aqueous
layer was concentrated in vacuo, the residue was
triturated with 100 ml toluene, and the organic solvent
was concentrated in vacno to afford 1.77 g (80.4 %) of
§.11=ethano-12,12-diethoxy-13,13-dimethyl-4-methyl-
6,11-dihydrobenzo[b]quinolizinium chloride

(Formula I: Rl=4=CH3;R2=Rr7=j; R3=R4=CH3;RI=R6=0C3H5;
X-=Cl~), as a tan powder, m.p. 60-65"C.

Example 2§
(a) Following a procedure similar to that
described in Example 21, a reaction mixture of 17 g

(52.3 mmol) of benzo[b]quinolizinium hexafluorophosphate
and 12.1 g (0.104 mol) of 1,1-diethoxyethylene in
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250 ml acetonitrile was stirred at room temperature for
12 hours. The reaction mixture was concentrated
in vacuno, and the residue was crystallized from hot

ethanol to afford 21.6 g (91.5%) of 6,.ll-ethano-

' hexafluorophosphate (Formula I: Rl1=R2=R7=R3=R4=H;

R5=R6=0C2H5;X~=PFg~)- |

(b) ~ The above hexafluorophosphéte in a minimum
amount of acetonitrile was converted to the
corresponding chloride salt by passing the salt through
Dowex® 1x2-200 pretreated with 0.5 N HC1l and eluting
with water. The aqueoﬁs'layer was concentrated in_vacuo
(from 400 ml to SO0 ml), the residual mixture was diluted

" with toluene, and the resulting mixture was concentrated

in vacno (<60°C). A white solid was crystallized from
methylene chloride/ethyl acetate to afford 8.49 g
(52.7 %) of 6,.ll-ethano=-12,12-diethoxy-6,11-dihydro-

l. [l] [ ]l & . l] li

(Formula I: R1=R2=R7=R3=R4=H;R5=R6=0C2H5;X~=C1~), as a
white powder, m.p. 124-126.5 C.

Example 29

Following a procedure similar to that
described in Example 21, a reaction mixture of 0.26 g
(1 mmol) of l0-bromobenzo[b]quinolizinium perchlorate
and 0.28 g (2 mmol) of 1,1-diethoxy-2,2-dimethylethylene
in 70 ml acetonitrile was stirred at room temperature
for 48 hours. The reaction mixture was filtered, the
filtrate was concentrated in vacuo, the residue was
purified by column chromatography on silica eluting with
9% methanol/methylene chloride/0.05% triethylamine. The
eluent was concentrated in _vacuno; to the residue was
added methanol (5 ml), water (5ml), and 1 g of sodium
perchlorate. The solid product was filtered, the solid
residue was washed with cold water and dried (vac) to
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afford 0.201 g (39%) of 6,1l-ethano-12,12-diethoxy=

quinolizininm perchlorate (Formula I: Rl=R7=H;
R2=10-Br;R3=R4=CH3;R5=R6=-0C2H5;X~=C104~), as a white
solid, m.p. 188-154 C.

Example 30

The perchlorate of Example 29 in a minimum
amount of acetonitrile was converted to the
corresponding chloride salt by passing the salt through
Dowex® .1x2-200 pretreated with 0.5 N HCl and eluting
with water. The aqueous layer was concentrated in
vacuo, the.residue was diluted with toluene, and the

. organic solvent was concentrated in_wacuma. A solid

residue was triturated with ether and filtered to' afford

1.68 g (93.8 %) of 6,11-ethano-12,12-diethoxy-13,13-di-
mei:thLO_hmmo__ﬁ...ll_dihxdmhenzg_Lb_lqumahzmmm
chloride (Formula I: Rl=r7=gH: R2-1o-Br, R3=R4=CH3;
R5=R6=0C2H5;X"=C1~), m.p. 82-88°C.

Example 31

Following a procedure similar to that
described in Example 21, a reaction mixture of 15.7 ng
(0.048 mmol) of 9,10-methylenedioxybenzo[b]quinolizinium
perchlorate and 13.9 mg (0.09 mmol) of 1,l-diethoxy-
2,2-dimethylethylene in 10 ml acetonitrile was stirred
at room temperature for 48 hours. The reaction mixture
was concentrated in vacno, and the residue purified by
chromatography on silica eluting with 9% methanol/-
methylene chloride (0.05% TEA). The eluent was
concentrated in_vacno, methanol (15 ml), water {5 ml)
and 1 g of sodium perchlorate were added to the residue.
A solid product was filtered, washed with water and
dried to afford 4 mg (18.1%) of 6,ll-ethano-12,12-di=
ethoxy=-13.13-dimethyl-9,10-methylenedioxy=-6,11l=di=
hydtobenzoLquuinolizinium“penchlnnate

i!;ﬂi .
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(Formula I: Rl=R7-=H;R2=2',3' (-0CH20~) ; R3=R4=CH3;
R5=R6=0C2H5; X"=C104~) . — -

Example 32

Followzng a procedure similar to that
described in Example 21, a reaction mixture of 55 mg
(0.15 mmol) 10-methoxy-ll-methylbenzo{b)lquinolizinium
perchlorate and 44 mg (0.3 mmol) 1,l-diethoxy-2,2-di-
methylethylene in 10 -ml acetonitrile was refluxed for
4 hours and then stirred at room temperature for
48 hours.'Additional 1,1-diethoxy~-2,2~dimethylethylene
(50 mg) was added and the reaction mixture was refluxed
for 12 hours and cooled. The reaction mixture was

.. concentrated in vacuo, and the residue purified by

chromafography on silica eluting witn 9% methanol/~
methylene chloride (0. 05% TEA). The eluent was
concentrated in vacuo and methanol (5 ml), water (5 ml),

"and 1 g of sodium perchlorate were added to the residue.

The solid product was filtered, washed with water and

dried to afford 12.4 mg (17.4%) of 6,1l-ethano-12,12-di-

benzofblguinolizinium perchlorate
(Formula I: Rl=H;R2=10-OCH3;R’=CH3;R3=R4=CH3;
R5-R5=OC2H5;X‘=C104'), as a white powder, mp 189-193°C.

Example 33

Following a procedure similar to that
described in Example 21, a reaction mixture of 0.1 g
{0.32 mmol) of 1-meth07ybenzo[b]qu;nollzlnxum per-
chlorate and 0.6 mg (0.6 mmol) of 1,1-diethoxy-2,2- dl-
methylethylene in 10 ml acetonitrile was stirred at room
temperature for 48 hours and-then was refluxed for
4 hours. The reaction mixture was concentrated
in_xgggg, and the residue purified by chromatography on

silica eluting with 9% methanol/methylene chloride
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(0.05% TEA). The eluent was concentrated in vacuo, the
residue was dissolved in 0.5 ml methanol and 10 ml

water, and 1 g sodium perchlorate was added. Methanol
was removed in vacno, the agqueous solution was cooled

and the perchlorate salt was filtered and then dried to

afford 0.053 g (36%) of 6,ll-ethano-12,12-diethoxy-
guinolizinium perchlorate (Formula I: R1=1-O0CH3;

R2=R7=H;R3=R4=CH3;R5=R6=0C2H5;X~=C104~), as a white
solid, m.p.172-174"C. |

Example 34

(a) ' Following a procedure similar to that
described in Example 21, a reaction mixture of 3 g
(7.8 mmol) l0-isopropoxybenzof{bjgquinolizinium
hexafluorophosphate and 1.69 g (11.7 mmol) of 1,1-di-
ethoxy-2,2-dimethylethylene in 50 ml acetonitrile was
heated at 80 C for 18 hours. The reaction mixture was
cooled, filtered, and the filtrate was concentrated

in vacuo to afford 4.1 g (91.3%) of 6,1l-ethano-.

e e T e e

g e
e
o i

(Formula I: Rl=R7=H;R2=10-OCH(CH3)2;R3=R4-=CH3; i
R5=R6=0CyH5;X~=PFg~), as a yellow foam. IS
(b) The hexafluorophosphate of Example 34(a) - i;f;?
(4 g; 6.9 mmol) in a minimum amount of acetonitrile was :
{ converted to the corresponding chloride salt by passing i
the salt through Dowex® 1x2-200 pretreated with

0.5 N HCl1l and eluting with water. The aqueous layer was
concentrated in _vacuo to afford 1.4g (47.8%) of

6,11-dibydrobenzo[blquinolizinium chloride (Formula I:
R1=R7=H; R2=10-0CH(CH3)2; R3=R4=CH3; R5=R6=0CoHs ; X~=C1~),
as a yellow powder, m.p. 74-80 C. K
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Example 35

Following a procedure similar to that
described in Example 21, a reaction mixture of 4 g
(11.7 mmol) of 9-bromobenzo[b]quinolizinium bromide and
1.24 g (17.6 mmol) of 1,1-diethoxy-2,2~-dimethylethylene
in 50 ml acetonitrile was stirred at room temperature
for 1 hour and then heated at 55 C for 3 hours.
additional 1,1-diethoxy-2,2-dimethylethylene (1 g) was
added and the reaction mixture was heated at 55 C for
26 hours and cooled. The reaction mixture was
concentrated in wvacuo and the residue was triturated
with ether and the organic layer was decanted;

The above residue was dissolved in
nitromethane, the solution was cooled, filtered, and the
filtrate was concentrated in vacuo. The residual product
waé purifiéd by chromatography on silica eluting with
10% ethanol/meﬂhyléne chloride and the eluent was
concentrated. Water (200 ml), 10 ml methanol, and
sodium perchlorate were added to the residual solid, the
solution was cooled, and a white solid was filtered and
triturated successively wiéh methanol (5 ml) and warm
water. The white solid was filtered and dried to afford
1.91 g (31.7%) of 6,11-ethano-12,12-diethoxy-13,13=-di~
iethyl-9-hromo-6,11-dihydrot (blauinolizini
perchlorate (Formula I: Rl=R7=H;R2=9-Br;R3=R4-=CH3;
R5=R6=0C3H5;X"=C104~), m.p. 163-165"cC.

Example 36
Following procedures similar to those
described hereinabove, the following known compound was
prepared: §,ll-ethano=12,12-diethoxy=-13-hromo-6,11-di-
{nolizini b1
(Formula I: R1=R2=R7=H;R3=Br;R4=pH;R5=R6=0C,H5;X~=C104"~),
m.p. 191-194°C.




98-

Examples 37 & 38

..Following a procedure similar to_that
described in Example 21, a solution of 1,l-diethoxy-
2-methylethylene (10.9 g; 0.084 mol) in 100 ml aceto-
nitrile was added dropwise under nitrogen to a mixture
of 17.35 g (0.07 mol) of benzo[b]quinolizinium bromide
and the reaction mixture was stirred at room temperature
for 12 hours and then filtered. The filtrate was
concentrated in vacuo, and the residue was dissolved in
300 ml of methylene chloride, heated to 30 C and then
. cooled.to 0°C. The solid benzo[b]quinolizinium was
removed by filtration, the filtrate was concentrated to
afford 22 g (87.8%) of §.1l-ethapo-12,12-diethoxy=
13-methyl-6,11-dihydrobenzo[blquinolizinium bromide (as
a mixture of geometric isomers), as a foam.

The above bromide (mixture) was purified by
chromatography on silica eluting with pyridine/acetic
acid/water (55/20/25)/ethylacetate(l.5/1), and the
fraction 1 and fraction 2 were obtained. Each fraction
was concentrated ipn vacuo, water (20 ml) and sodium -
pefchlorate-were added to the residue, and each salt was
filtered. '

Each residual solid isolatéd was dissolved in
hot water/methanol, filtered, and the precipitated solid
was isolated and recrystallized .from water to afford

benzolblguinolizipnium perchlorate (Formula I:
Rl=R2=R7=H; R3=CH3; Ri=H; R5=R6=0CoH5; X"=C104~)
(Example 37), as a white solid, m.p. 159-162'C, and

benzolblguinolizinium perchlorate (Formula I:
Rl=R2mR7=H; R3=H; R4=CH3; R3=R6=0CoH5; X~=C104~)
(Example 38), as a white solid, m.p.177-180'C.




Example 32

. : Following a procedure similar to that
described in Example 21, 1,1-dipropoxy-2,2-dimethyl-
ethylene (3.69 g; 0.0214 mol) was added to a mixture of
2 g (0.0716 mol) of benzo{blquinolizinium perchlorate in
25 ml acetonitrile and the reaction mixture was heated
at 50°C for 2 hours. The reaction mixture was
concentrated in vacuo, and the residue was dissolved in
ethyl acetate, cooled, and filtered. The filtrate was
diluted with ethyl acetate, treated with activated
charcoal, filtered through supercel®, and the fiitrgte
was concentrated in vacuo and a white powder was dried
(40°C; in vacuo) to afford 1.77 g (54.8%) of

' hydrobenzolblquinolizinium perchlorate (Formula I:

R1=R2=R7=H; R3=R4=CH3;R7=R6=0C3H7;X~=C104"), as a white
powder, m.p. 150-155C.

Example 40

'Following a procedure similar to that
described in Example 21, l-methoxy-l-trimethylsilyloxy-
2,2-dimethylethylene (1.24 g; 7.1 mmol) was. added to a

‘mixture of 1 g (3.58 mmol) benzo[b]quinolizinium

perchlorate in 20 ml acetonitrile and the reaction

mixture was stirred at room temperature for 2 hours. The

'reaction mixture was concentrated (60 C) in_vacuo, the

residue (an orange foam) was dissolved in 20 ml water
and 1 ml methanol, and the solution was briefly heated
to 50°C. g

The above solution was cooled and filtered to

afford 1.42 g (87.7%) of §.ll-ethano-l12-methoxy=-12-tyxi-
thylsilylozy=13. 13-di _ o _

quinolizinium perchlorate (Formula I: Rl=R2=R7=H;
R3=R4=CH3;R5=0CH3; R6=0S1i (CH3) 3;X"=Cl04~), as a tan
solid, m.p.158-164"C.
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Examples 41 & 42

Following a procedure similar to that
described in Example 21, 1,l~diethoxy-2-chloroethylene
(3.6 g; 24 mmol) was added to a mixture of 4 g
(16.1 mmol) of benzo[b]quinolizinium bromide in 40 ml
acetonitrile and the reaction mixture was stirred at
room temperature for 14 hours and then heated at 45°C
for 2 days while adding 2,2-diethoxy-l-chloroethylene
(2x1 g). The reaction mixture was cooled and filtered
to yield 4.1 g (59.4%) of 6,1l-ethano-12,12-diethoxy-

(Formula I: R1=R2=R7=g;R3=C1;R4=H;R5-=R6=0C2Hg; X =Br-)
(Example 41), m.p.220-30°C. The above filtrate was
concentrated in_vacno and the residue was purified by
' chromatography on silica (E/PAW (1:1)) yielding
fraction A and fraction B.

' The fraction A was concentrated to afford an
additional 40 mg of 6,1l1-ethano-12,12~diethoxy~
13-chloro-6,11-dihydrobenzo[blquinolizinium bromide
(Example 41, isomer A). Upon concentration of the
fraction B, 800 mg (11.6%) of 6,11-ethano-12,12-di=

bromide (isomer B) was isolated. The above isomer B
(bromide) was dissolved in 20 ml water, sodium per-
chlorate was added to the bromide solution, and the
precipitated white solid was filtered, washed with
water, and dried (40 C in_vacuo for 12 hours) to afford

benzo[blquinolizinium perchlorate (Formula I:
Rl=R2=R7=g;R3=H;R4=C1;RI=R6=0CoH5 ; X~=C104~), (Example 42,
isomer B), as a white solid, m.p. 184-188 C.

Example_ 44

Following a procedure similar to that
described in Example 21, l-(diethyl)amino-2,2-dimethyl-
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ethylene (4 g; 31 mmol) in 20 ml acetonitrile was added
at 0 C dropwise over a 20 min. period to a mixture of
6 g (24 mmol) of acridizinium bromide in 100 ml aceto-
nitrile. The reaction mixture was allowed to warm to

room temperature with stirring. The reaction mixture was
concentrated in_vacno, the residue was dissolved in

water and ﬁ0104 was added to the aqueous solution. The
white solid precipitate was filtered, washed with water
and THF to afford 6.2 g (51%) of 6,11l-ethano~
quinolizininm diperchlorate (Formula I: Rl1=R2=R7-=H;
R3=R4=CH3;R5=N(CoHs)2;R0=H;X~=C104~), as a white solid,
m.p. 143-146 C.

Example 45

Following a procedure similar to that
described in Example 21, a reaction mixture of 804 mg .
(2.5 mmol) of benzo[b]quinolizinium perchlorate and
450 mg (2.88 mmol) of 2-isopropylidene-4(R),6(R)~(di-
methyl)-1,3-dioxane in 50 ml acetonitrile was stirred at
room temperature for 4 hours. The mixture was filtered
and the white solid was purified by chromatography on
silica eluting with 9% methanol/methylene chloride. The

‘solvent was concentrated in_vacuoto afford 770 mg

(63.6%) of_6,11-ethano=-12,12-(2R  4R=-pentanediol ketal)-
13+l3_d1methxl_5*1l_dihxdrnhenszhlqulnnllzlnlnm
perchlorate (Formula I: Rl=R2=R7=H;R3=R%4=CH,;;

R3 and R® together=(R,R)~OCH(CH3)CH,CH(CH3)0~;X"=C104™),
as a white solid, m.p. 193-196 C.

Example 46

Following a procedure similar to that
described in Example 21, 1,1l-diethoxy-2,2-dimethyl-
ethylene (1.29 g; 18.4 mmol) was added to a mixture of
4 g (12.3 mmol) of 9-nitrobenzo[b]quinolizinium per-
chlorate in 50 ml acetonitrile and the reaction mixture
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was stirred at room temperature for 1 hour and then
heated at 45 C for 3 hours. After an addition of
1,1l-diethoxy-2, 2-dimethylethylene (1 g), the reaction
mixture was heated at 55 C for 23 hours. The reaction
mixture was cooled, concentrated in_wvacuo, and ethyl
acetate was added to the residue. The whité solid
precipitated was filtered and dried (40°C/vac) to afford

5 ] ] - i l] ’ ] [] ] o ] () o o> 1 ] l :
(Formula I: Rl=R7=H; R2=9—N02;R3=R4—CH3;R5=R5=OC2H5
X~=Cl04~), as a white SOlld, m.p. 193- 195°C.

Example 47

_ Following a procedure similar to that
described in Example 21, 1,1l-diethoxy-2,2-dimethyl-
ethylene (107 mg; 0.5 mmol) was added to a mixture of
100 mg (0.34 mmol) -10-methylbenzo[blquinolizinium
perchlorate in 5 ml acetonitrile and the reaction
mixture was stirred at room ‘temperature for 12 hours and
then heated at 60 C for 10 hours. After allowing the
reaction mixture to stand at room temperature for
20 hours, the mixture was concentrated, a yellow
- residual solid  was triturated with toluene, and the
solvent was concentrated in_wacuo. The resulting oil
was treated with water/methanol (4:1), sodium per-
chlorate (500 mg), and methanol was removed in_vacuo.
The resulting tan solid was filtered and dried to afford
58 mg (39%) of 54l1_ethann_12+12_diethnx¥_13+13_di_

| perchlorate (Formula I: Rl=R7=H;R2=10-CHj3;R3=R4=CHj;
R3=R6=0CyHz; X"=C104~), as a tan solid, m.p. 82-91"C.

Examples 48 & 49

Following a procedure similar to that
described in Example 21, l-ethoxy-2,2-dimethylethylene
(1.69 g; 16 mmol) was added to a mixture of
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3 g (10.7 mmol) of benzo[b]quinolizinium perchlorate in
35 ml1 acetonitrile and the reaction mixture was heated
at 60 C for 12 hours. After cooling, the brown solution
was purified by chromatography on silica eluting with
9% methanol/methylene chloride (0.5% TEA). The eluent
was concentrated in _wvacuo and the residue was re-

chromatographed on silica (E/PAW (1.5:1) followed by
E/PAW(2:1)) to afford 600 mg of 6,ll-ethano-12-ethoxy-
13, 13-dimethyl=6.11-dihvdro] (hiquinolizini
perchlorate (Formula I: Rl=R2=R7=H;R3=R%=CH3;R5=H;
R6=0C,Hs5;X~=Cl04~) (Example 48), as a white solid,
m.p. 158-164°C, and 40 mg of 6,ll-ethano-12-ethoxy=-
13, 13-dimethyl=6.11-dihvdrohe tbiquinalizini
perchlorate (Formula I: R1=R2=R7=H;R3=R4=CHj3;R5=0C,Hs;
Ré=H;X~=C104~) (Example 49), as a white solid,
m.p. 106-108°C, respectively. . »

~ Each isomer was further purified by dissolving the
solid product in methylene chloride/methanol, filtering,
concentrating the solvent in_wvacua, and tfiturating with

ether followed by isolation.

Example 50

Following a procedure similar to that
described in Example 21, 1,l-diethoxy-2,2-dimethyl-
25 ethylene (77 mg; 0.53 mmol) was added to a mixture of
3 150 mg (0.487 mmol) of 7,10-dimethylbenzo[b]-
quinolizinium perchlorate in 5 ml acetonitrile and the
reaction mixture was heated with stirring at 50°C for
8 hours and then at 65 C for 4 hours while adding an
$0 additional 1,1-diethoxy-2,2-dimethylethylene (77 mg;
0.53 mmol). The reaction mixture was concentrated and
the residual solid was crystallized from ethyl acetate/-
ether to afford 90 mg (41%) of 6,11-ethano-12,12-di-
ethoxy=-13,13-dimethyl-7,10-dimethyl-6,11-dihydro=~
35 benzo(b]quinolizinium_perchlorate

Sad
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(Formula I: R1=R7=H;R2=7,10-(CH3)2;R3=R%4=CHj;R5=R6=0CyHs;
X~=Cl04~), as an amorphous foam, m.p. 82-90"C.

Example 51

Following a procedure similar to that
described in Example 21, 1,l-diethoxy-2,2-dimethyl-
ethylene (81 mg; 0.56 hmol) was added to a mixture of
150 mg (0.51 mmol) ll-methylbenzo[b]quinolizinium
perchlorate (Bradsher and Parham J. Org. Chem. 1963,
28,83-85) in 5 ml acetonitrile and the reaction mixture
was heated at 50 C for 8 hours and then at 65°C for
12 hours while qdding an additional 1,1-diethoxy-
2,2-dimethylethylene (81 mg; 0.56 mmol). The reaction
mixture was cooled,,concentrated,iand the residual oil
was purified by chromatography on silica eluting with
- 9% methanol/methylene chloride. The eluent was
concentrated and the tan residual powder was
crystallized from ethyl acetate/ether to afford 180 mg
(81%) of 5411=ethanQ:l2+1Z:die:hgx¥=11*13=dimeth¥l=
(Formula I: Rl=R2=H;R7=CHj;R3= =R4=CHj; ; R5=R6=0C;Hs ;
X"=Cl04~), as a tan powder, m.p. 144-146 C.

Example 52

Following a procedure similar to that
descrlbed in Example 21, 1, 1-d1ethoxy-2 2-dimethyl- -
ethylene (93 mg; 0.64 mmol) was added to a mixture of
110 mg (0.32 mmol) of 7,10-dimethoxybenzo(b]}-
quinolizinium perchlorate in 10 ml acétonitrile and the
reaction mixture was stirred at room temperature for
48 hours and then refluxed for 4 hours. After adding an
additional 1,1-diethoxy—2,2-dimethylethylene (100 mqg),
the mixture was refluxed for 24 hours. The mixture was
concentrated and the residue was purified by
chromatography on silica eluting with 9% methanol/-
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methylene chloride (0.05% TEA). The eluent was
concentrated in vacuo and 5 ml water, 0.5 ml methanol, . .
and 1 g of sodium perchlorate were added to the residue.
Methanol was removed in vacuo and the brown solid was
filtered, washed with cold water, and dried (40'C/vac)

to afford 80.9 mg (51%) of 6.ll-ethano-12,12-diethoxy-
13,13-dimethvl-7,10-dimet] -6, 11~dihydral [bl=
quinolizinium perchlorate (Formula I: R1=R7=H;

R2=7,10- (OCH3) 2; R3=R%=CH3; R5=R6=0C,H5; X"=C104"), as a
brown solid, m.p. 212-220"C. |

Example 54

_ Following a procedure similar to that
described in Example 21, a.reaction mixture of 730 mg
{2.4 mmol) 7-methylbenzo[b]lquinolizinium perchlorate and
536 mg (3.7 mmol) of 1,1-diethoxy-2,2-dimethylethylene
in 10 ml acetonitrile was stirred at room temperature

- for 4 hours and then heated at 50 C for 12 hours. After
adding an additional 1,l~-diethoxy-2,2~dimethylethylene
(1 g), the reaction mixture was heated at 50°C for

30 hours.

The mixture was cooled, filtered, and the
filtrate was concentrated in vacuo. The residue was
purified by chromatography on silica eluting with 9%
methanol/methylene chloride (0.5% triethylamine (TEA)).
The solvent was concentrated in vacuo to afford 783 mg
- (75.8%) of G.ll-ethano-—-12,12-diethoxy-13,13-dimethyl= :
(Formula I: Ri=R7=H;R2=7-CH3;R3=R4=CH3; RS=R6=0C2Hs;

X"=Cl047) .

Example 53
The perchlorate of Example 54 in 10 ml aceto-

nitrile was converted to the corresponding chloride salt
by passing the perchlorate through 50 g of Dowex®
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1x2-200 pretreated with 0.5 N HCl and eluting with
'water. The eluent was concentrated in vacuo and the
brown residual solid was triturated with toluene to
afford 0.351 g of §,1l-ethano-12,12-diethoxy=-
quinolizinium chloride (Formula I: Rl=R7=H;R2=7-CHs;
' R3=R4=CH3; R5=R6=0CsHs5;X~=C1~), as a brown glass,

. m.p. 49-56°C.

Example 56

Following a procedure similar to that
described in Example 21, 2-isopropylidene-4(R),5(R)-di~

methyl-1,3~dioxolane (950 mg) was added to a mixture of

300 mg (0.76 mmol) 7-acetoxy-10-t-butylbenzo[b]~-
quinolizinium. perchlorate in 10 ml acetonitrxile and the
reaction mixture was stirred at room ﬁemperature for

12 hours. The reaction mixture was concentrated

in vacuo and the tan residue was. washed with ether.
.The above tan residue was purified by chromatography on
silica eluting with 8.5% ethanol/methylene chloride
(0.5% TEA). The eluent was.qoncehtrated in_vacguo to
afford 6,ll-ethano-12,12~(2R,3R-butanediol ketal)~
13,13-dimethyl-7-acetoxy-10-t-butyl-6,-11-dihydro-
benzo[b]quinolizinium perchlorate, as a tan solid.

The ether layer was also purified by
chromatography on silica eluting with 5% ethanol/~-
methylene chloride (0.5% TEA): The eluent was
concentrated in vacuo to afford 6,ll~ethano-
12,12~ (2R, 3R~-butanediol ketal)=-13,13-dimethyl-7-acetoxy-
10-t-butyl-6,~11~-dihydrobenzo[b]lquinolizinium
perchlorate, as a tan solid. The chromatographic
purifications afforded 195 mg (48%) of §,ll-ethano-

(Formula I: Rl=R7=H;R2=7-OAc;10-t-Bu; R3=R4=CHj3;

e e e e
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RS and R® together=(R,R)-OCH (CH3)CH(CH3)O-;
X~=ClO4™)as. a tan. solid, m.p. 183-188 C.

Example 357

Following a procedure similar to that
described in Example 21, 2-isopropylidene-4R,6R-di-
methyl-1,3-dioxane (150 mg; 0.96 mmol) was added to a
mixture of 377 mg (0.96 mmol) of 7-acetoxy-10-t-butyl-
acridizinium perchlorate in 10 ml acetonitrile and the -
reaction mixture was stirred at room temperature for
4 hours and then heated at 60 C for 3 hours. The
reaction mixture was cooled, concentrated ip wvacuo, and
the tan residue was washed with ether, and filtered to
yvield a tan solid. .

The above tan residue was purified by
chromatography on silica eluting with 8.5% ethanol/-

- methylene chloride -( 0.5% TEA). The eluent was

concentrated in vacuo to -afford 320 mg (60%) of

- = =1 0=t = - -di -

. * Jc ] 3 ]J !

(Formula I: Ri=R7=H;R2=7-OAc; 10-t~Bu;R3=R4=CHj;
RS and RS together-=(R,R)-OCH (CH3) CE2CH (CH3) 0~ ;X~=C104"),
as a tan solid, m.p.1l18-123'C.

Example 58

Following a procédure similar to that
described in Example 21, 1,1-diethoxy=-2, 2~dimethyl~
ethylene (536 mg; 3.7 mmol) in 15 ml acetonitrile was
added to 300 mg (0.76 mmol) 7-acetoxy-10-t-butyl-
benzo[b]quinolizinium perchlorate and the reaction
mixture was heated at 50°C for 8 hours and cooled. The
reaction mixture was concentrated in vacuo and the
residue was purified by chromatography on silica eluting
with 8% methanol/methylene chloride (0.05% TEA). The
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organic solvent was concentrated in vacuo and 278 mg
(68.1%) of 6.ll-ethano-12,12-diethoxv=13.13-dimethvl-
perchlorate (Formula I: Rl=R’=H;R2=7-OAc,10-t-Bu;
R3=R4=CH3; R5=R6=0C3Hs5;X"=C104~), as a tan foam,

m.p. 86-95C.

Example 59

A reaction mixture of 6,11-ethano~12,12-di-
ethoxy-13, 13-dimethyl-7-acetoxy-10-t~butyl-6,1l-dihydro-
benzo[b]quinolizinium perchlorate (197 mg; 0.37 mmol),
4 ml satufated sodium bicarbonate solution, 4 ml
ethanol, and 2 ml THF was stirred at room temperature
for 41/2 hours. Methyiene chloride (100 ml) was added
to the above reaction mixture, the resulting mixture was
poured into 20 ml 1 N HCL solution (ice cold), and the
acidic (pH 6) mixture was extracted with additional
methylene chloride.. The organic iayer was. dried (sodium
sulfate), concentrated in _vacuo, and the residue was
purified by chromatography on silica eluting' with 11%
ethanol/meﬁhYIene chloride to afford 72 mg (39.7%) of

T - - - Y - -

(Formula I: Rl=R7=H;R2=7-0H;10-t-Bu;R3=R4=CHj3;
RS=R6=0C,Hs; X"=C104~), as a brown solid, m.p. 210-215'C.

Examples 60 &61

Following a procedure similar to that
described in Example 21, l-diethylamino propene (3.56 g;
31 mmol) in 20 ml acetonitrile was added dropwise at 0'c
to a mixture of 6 g (24.2 mmol) ‘of benzo[b]quinolizinium
bromide in 100 ml of acetonitrile over a 20.min. period.
The mixture was allowed to warm to room temperature,
filtered, and concentrated in vacuo (also removed
enamine). The tan residual o0il was purified by

chromatography on silica eluting with pyridine/acetic
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acid/water(55/20/25) (PAW)/ethyl acetate (1.5:1) yielding
fraction A and fraction B. Each fraction was
concentrated in _vacuo (<50°C), the residue was dissolved
in water, sodium perchlorate and HC1l04 were added to the
aqueous solution, and the resulting solid was isolated
by filtration to afford §,ll-ethano-12-(diethyl)amino-
diperchlorate (Formula I: R1=R2=R7=H;R3=H;R%4=CHj;
5=N(C2Hs)2;R6=H;X~=C104~) (Example 60; isomer A), as an
off-white solid, m.p. 175-180°C, and §,11l-ethano-
qninnliziniuMLdiperghlbrate
(Formula I: R1=R2=R7=H;R3=CHj;R4=H;R5=N(CyHs),;R6=H; -
-=Cl04~) (Example 61; isomer B), respectively. '
Example 62
. Following a procedure similar to that
described in Example 21, l-diethylaminopropene (3.56 g;

'31 mmol) in 20 ml acetonitrile was added dropwise at e

to a mixture of 6 g (24.2 mmol) of benzo[blquinolizium
bromide in 100 ml acetonitrile over a 20 min. period.
The mixture was allowed to warm to room temperature and
stirred for 1 hour. The reaction mixture was filtered
and the filtrate was concentrated in vacuo (<40 C)
yielding an orange foam.

The orange residual foam was dissolved in
60 ml of water and 10 g sodium perchlorate was added.
The brown gum formed was separated by decantation of the
aqueous layer, and 40 ml water and 4 ml HCl04 were added
to the residue. The white solid precipitated was
filtered, dissolved in 100 ml THF, and the THF solution
was refluxed briefly and cooled. The white solid
product was filtered and dried to afford 3.3 g of
6,11-ethano-12-(diethyl)amino-13-methyl-6,11-dihydro=
benzo(b]quinolizinium perchlorate (Formula I:
Ri=R2aR7=H; R3=H;R4=CH3; R3=N- (C3Hs)3;R6=H; X~=Cl04~; as a

-r .
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- mixture of geometric isomers), as a white solid,

m.p.147-149°C.

' Example 63

Following procedures similiar to those described
hereinabove, or by utilizing procedures which are known
in the art, the following known compounds
(Examples 63(a) - 63(m)) were prepared and,
unexpectedly, they were found to bind to the PCP
receptor and are thus useful in the treatment or

prevention of neurodegenerative disorders or neurotoxic
injuries. '

(a) . 12,12-Diethoxy~6,1l-ethano=-6, 11-dihydrobenzo[b]~-
quinolizinium bromide. _

(b) 12,12-Diethoxy-13~-bromo~6,1ll-ethano~-6,11-di~
hydrobenzo[bjquinolizinium perchlorate.

(c) 11-Methyl-12,12-diethoxy-6,1l-ethano-6,11~di-
hydrobenzo[blquinolizinium perchlorate.

(d) 12,12-Diethoxy-13-methyl-6,1l-ethano-6,11-di~

hydrobenzo[b]quinolizinium perchlorate as a mixture of
geometric'isomers.

(e) 7,10-Dimethyl-12,12-diethoxy-13-methyl-
6,1ll-ethano-6,11l-dihydrobenzo{b]quinolizinium per-
chlorate. '

(£) 7-Methyl-12,12-diethoxy~-6,11l-ethano-6,11~-di~
hydrobenzo[b]quinolizinium perchlorate.

(g) 9-Methyl-12,12-diethoxy~-6,1ll~ethano-6,11-di-
hydrobenzo[b]quinolizinium perchlorate.

(h) 7,10-Dimethyl-12, 12-diethoxy-6, 11-ethano-
6,1l-dihydrobenzo[b]quinolizinium perchlorate.

(1) 8,9-Dimethyl-12,12~diethoxy-6, 11~-ethano~
6,11-dihydrobenzo[b]quinolizinium perchlorate.

(3) 12,12-Diethylamino-13-phenyl-6,1ll-ethano-
6,1l~-dihydrobenzo(b]quinoclizinium perchlorate.

(k) 7-Methyl-12, 12-diethoxy=-13-methyl-6,1l-ethano~
6,11-dihydrobenzo(b}lquinolizinium perchlorate.
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(1) 11-Methy1—12,12-diethoxy-;3-methyl-6,ll-ethano-
6,1l1-dihydrobenzo[blquinolizinium perchlorate.
(m) 12,12-dimethoxy-13,13-dimethyl~6,11~ethano~-

6,11-dihydrobenzo[b]quinolizinium perchlorate.

Example 64

Following a procedure similar to that described
in Example 1(a), but substituting an appropriately
substituted benzo[blquinolizinium salt of Formula IV for
benzo[b]quinolizinium bromide, it is contemplated that
there can be prepared. the following compounds of
Formula I: .
(a) 9-Trichloromethyl-12,12-diethoxy-13,13-dimethyl~
6,1l-ethano-6,11~dihydrobenzo[b] quinolizinium
hexafluorophosphate.
(b) 4-Brom6-12,12;diethoxy-13,139dimethyl-
6,11-e£hano-6,ll-dihydrobenzo{b]quinolizinium per-
chlorate.
{e) 2-Methyl-12,12~diethoxy~-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo{b]quinolizinium per-
chlorate. '
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BIOLOGICAL TEST RESULTS
Representative examples of the compounds of the
invention have been found to possess valuable
pharmacological properties. 1In particular, they have
been found to bind to the PCP receptor and are thus non-

competitive blockers (antagonists) of the effects which

excitatory amino acids, such as glutamate, have upon the _

NMDA receptor. The compounds of the invention are thus
useful in the treatment or prevention of neuro-
degenerative disorders such as Huntington's disease,
Alzheimer's disease, amyotrophic lateral sclerosis,
Down's Syndrome, senile dementia, glutaric acidaemia
type I, multi-infarct dementia, Parkinson's disease,
viral encephalopathies (which include, but are not

‘limited thereto, dementia associated with HIV

infections) and neuronal damage associated with

. uncontrolled seizures, as well as in the treatment or

prevention of neurotoxic injuries associated with
ischemic, hypoxic; or hypoglycemic conditions. _
Representative  examples of such ischemic, hypoxic, or
hypoglycemic conditions include strokes or cerebro-
vascular accidents, carbon monoxide poisoning, hyper-
insulinemia, cardiac arrest, drownings, suffocation,
spinal or head trauma, neonatal anoxic. trauma, coronary
artery bypass graft, and perinatal asphyxia.

The compounds of the invention are particularly
useful in the treatment or prevention of neurotoxic
injuries associated with ischemic, hypoxic; or hypo-

glycemic conditions, and especially ischemic, hypoxic,

or hypoglycemic conditions which are associated with

stroke. ) .

The pharmacological properties of representativé
examples of the compounds of the invention was
demonstrated by conventional in vitro and in vive

biological test procedures such as the following:
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I3HITCP Radioreceptor Assav (internal screen)

[3H]TCP binding to PCP recognition sites was
performed as described by Vignon et al. Brain Research
1983, 280, 194-197. Male Sprague-Dawley rats were

sacrificed by decapitation, and whole brains were

. homogenized in 10 volumes (wt/vol) of cold Tris-HCl

buffer (50 mM, pH 7.7) using a Brinkmann Polytron
(setting 6, 30 sec). The homogenate was centrifuged at

40,000 x g for 10 min at 4°C. The supernatant was

decanted, and the homogenization and centrifugation
steps were repeated twice as ‘described above. Following
this, the pellet was resuspended in Tris-HCl (5 mM,

pH 7.7) at a tissue concentration of 0.5-0.75 g/ml, and
1 hl-aliquots~were'frozen at -70°C until use. The
binding characteristics for PCP recognition sites were
not altered by the freezing of membrane suspensions.

On the day of the aésay, membrane aliquots were
thawed, resuspended in fresh 5 mM Tris-HCl buffer at a
tissue concentration of 1 mg/ml, and stored on ice until
use. Each assay tube contained 100 pl of [3H]TCP at a
final concentration of approximately 1 nM, 100 Bl of

various concentrations of the compounds of interest,.

' 500 pl of the tissue suspension and 300 Ul of buffer to

a final assay volume of 1 ml and a final protein

concentration of 0.5 mg/tube. Non-specific binding was

defined by addition of a final concentration of 100 uM
PCP to blank tubes. All tubes were incubated at room
temperature for 25 min before termination of the
reaction by rapid filtration over Whatman GF/B glass
fiber filters that had been presoaked in a solution of
0.5% polyethylenimine for at least 1 hr prior to use.
Filters were washed with three 4 ml volumes of cold Tris
buffer. Following addition of scintillation cocktail,
the amount of bound radiocactivity was determined by
liquid scintillation spectrometry using a Beckman LS
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5000TA liquid scintillation counter with an efficiency
for tritium of approximately 55%. Inhibition constants
(Ki values) were calculated using the EBDA/LIGAND

program (McPherson, J. Pharmacol. Meth. 1985, 14,

213-228), purchased from Elsevier/Biosoft, Inc. Results
are reported as Ki values or as a percent (%) inhibition
of binding at 10 uM. . '

Representative compounds of the invention were
also tested in an external [3H]TCP radioreceptor assay
using the following protocol:

[3H)TCP Radioreceptor Assay (external screen)

A procedure similar to that described above for
the [3H]TCP radioreceptor assay (internal screen) was
utilized except that the whdie rat forebrain membranes
were.incubated at 25°C for 60 minutes rather than at
room temperature for 25 minutes, before termlnatlon of
the reaction. The results are reported as a percent (%)
inhibition of blndlng at 10 uM.

Ant . £ NMDA=ind B toxicity in Cnlt i

Neurons ' '
Pregnent, Swiss-Webster mice were obtained from

Taconic Farms (Germaﬁtown, New York) and sacrificed

16 days post conception. Fetuses were removed and

placed in a sterile dish containing Hank's balanced salt
solution (HBSS), pH 7.4. Brain cortices were dissected,
meninges were removed, the tissue was minced and placed
into a solution of HBSS containing 0.25% (w/v) trypsin
at 37°C for 15 minutes. Tissue was then triturated with
a sterile pasteur pipet, diluted with minimal essential
media (Gibco 330-1430), pH 7.4, supplemented with

10% horse serum, 10% fetal calf serum, 2 mM l-glutamine,
21 mM d-glucose, 2.2 g/l sodium bicarbonate, 1000 U/ml
penicillin, and 1,000 ug/ml streptomycin. Cells were
plated onto Falcon primaria 96 well plates at a final




10

30

35

-115-

density of 50,000 cells/well and incubated at 37°C in
the presence of 5% (v/v) carbon dioxide. After 5 days,.
plating media was replaced with maintenance media
containing minimal essential media (Gibco 330-1430),
pH 7.4, supplemented with 10% horse serum, .
10% l-glutamine, 21 mM d-glucose, 2.2 g/l sodium bi-
carbonate, 1,000 U/ml penicillin, 1,000 pg/ml
streptomycin, and 10 pPM cytosine arabinoside. On days
7 and 10, media was replaced with maintenance media as
above lacking the cytosine arabinoside. Experiments
were conducted on day 13.
Neuroprotection Assessment

Day 13 cultured cortical neurons were washed twice
with minimal essential .media, pH 7.4 and then exposed
for 30 minutes to 500 UM N-methyl-D-aspartic acid (NMDA)
with or without varying concentrations of test  agents.
Dizocilpine (MK-801) at a final concentration of
10 pM MK-801 was routinely included as a positive .
control. MK-801 and test agents were prepared in
minimal essential media supplemented with 21 mM
d-glucose and 2.2 g/l sodium bicarbonate (MEM). After

- 30 minutes, media was replaced with MEM alone. Exposure

of neurons to test agents was limited to the NMDA
treatment period. Twenty-four hours after removal of
NMDA, an aliquot of media from each well was removed for
assessment of cell injury by determining lactate
dehydrogenase (LDH) activity by the method of Wroblewski
and LaDue Proc. Soc. Exp. Biol. Med. 1955, 90, 210-213.
The results are expressed as an ICsg9 (in nM) value
(concentration causing 50% inhibition) for the
antagonism of NMDA-induced neurotoxicity.

Table 1 summarizes the results obtained from the
testing of representative compounds of the invention in
the [3H]TCP radioreceptor assay (internal screen and
external screen) as well as in the antagonism of NMDA-~

induced neurotoxicity in cultured neurons. .
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IABLE 1
“{3]TCP - :
(internal screen) [3H]TCP _ Antagonism of
K; (nM) or Percent (external screen) NMDA-induced

Example inhibition Percent inhibition neurotoxicity
Number @10 pM . @10 puM ' (ICs¢ in nM) .
1(a) 8.40 e 17

2" 5.30 - 30-50 -
3 5.56 : - —

4 5.66 - -

S5 5.25 - -

7 (b) 14.1 _ - -

8 5181 . -— - -

9 11% == . -

10 (b) 614 - -
10(c) 365 - -

11 497 - -

12 (c) 4.03 - 26
13(c) 11.0 - 50
15(a) 26.4 - —-—

15 (b) 7.87 - _—
15(c) 6.90 - —

16 1873 - | _—

17 (c) 10.6 - _ -

18 4000 - -

19 (b) 13.2 : - -
19(d) 10.4 - 21.8
20{(a) 3.52 - : . 157

20 (c) 7.05 - -

22 (b) 3298 - -

23 (b) 407 - -—

24 (b) 272 ' - -

25 (b) 147 — . -—

26 12.4 - ) -
. 27 (b) 314 - -

28 (b) 4269 : ' - . 95500
29 132 _— 1040
30 107 - _ ——

31 7.42 - -

32 63.7 - —

33 25.8 - -
34 (b) _47.5 -— -

35 61.5 - 173

36 20.4 - —

37 115 -- 810

38 33.8 -— 1160
39 11.5 —-— 85

40 1595 - ——

41 67 - 445

42 319 - -

44 501 - -

45 517 - -
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[3H]TCP
{internal screen)  [3H]TCP ' Antagonism of
Ki{nM) or Percent  (external screen)  HNMDA-induced
Example  inhibition Bercent inhibition neurotoxicity
Numher  £10 uM £10 uM _{ICso innM)
46 2764 - 15270
47 45.5 —_— -
48 2149 —-— —
49 515 - _—
51 11.3 - 32.4
52 33% - -
55 455 - -
56 243 - -
57 18% - -
58 12% - -
61 5415 - -
62 12203 —_— _—
63(a) 3592 - —_—
63(b) 20.4 - -
63(c) 9298 0 —
63(d) 49.3 - -
63(e) 255 65 -
63(f) 7433 34 —
63(9) 68% 0 —-—
63(h) . 65% 52 _—
63(1) 2265 35 -
63(3) 14389 - —
63 (k) 2456 - -
63(1) 39.3 - -
63(m) 111 - -

A 3-vessel rat ischemia model similar to those
that have been extensively described in the literature
(e.g. Stroke 17, 738-743 (1986), Stroke 20, 513-518
(1989)) was utilized. Under isoflurane anesthesia the
right middle cerebral artery (via an approach through
the .temporalis muscle) and both common carotid arteries
were reversibly occluded for varying durations between
60 minutes and 120 minutes. Both male Long Evans hooded
rats and male Sprague-Dawley rats weighing between 300
and 420 grams were used. The animals' temperature was
maintained throughout the study with heat lamps. A
femoral vein and the ipsilateral femoral artery were

T D et A p—
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cannulated for intravenous infﬁsion and arterial blood
pressure measurements. and blood'samples. Infusions of
the test compounds were initiated 30 minutes prior to
occlusion at a rate of 40 M1 per minute. After
reinitiation of blood- flow the animals were allowed to
regain consciouéness. Six hours post-initiation of
ischemia the animals were sacrificed and the extent of

10 and penumbra region.

the MCAO model.

15 ' ' ' TABLE 2

neuronal damage -was quantified with TTC staining.
results are expressed as % inhibition (f SEM) of infarct

The-

Table 2 summarizes the results obtained from the
testing of representative compounds of the invention in

acceptable salts together with one or more

compounds of the invention or their pharmaceutically

The compounds of the invention can be prepared for
pharmaceutical use by conventional pharmaceutical
20 procedures that are well known in the art; that is, by

formulating a pharmaceutical composition which comprises

physiologically acceptable carriers, adjuvants, diluents

Dose - :
Example (mg Test Compound/ % Inhibition
Number - . kg/min) (+/- SEM)
2 0.03 36 +/- 10
0.10 64 +/- 6
0.01 0.+/=-.12
0.03 13 +/- 10
0.03 24 +/- 12
12¢ | 0.03 42 +/- 6
0.10 52 +/- 8
0.01 18 +/- 24
0.03 ' 16 +/- 15
0.10 60 +/- 13
0.10 66 +/- 20
0.03 44 +/- 15
0.10 64 +/- 14
0.03 61 +/- 11
0.10 79 +/- 9
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or vehicles, for oral administration in solid or liquid

form, parenteral administration, topical administration ...

or aerosol inhalation administration, and the like.
Solid compositions for oral administration include
compressed- tablets, pills, powders and granules. 1In

.such solid compositions, the active compound is admixed
with at least one inert diluent such as starch, calcium .

carbonate, sucrose or lactose. These compositions may
also contain additional substances other than inert
diluents; e.g. lubricating agents, such as magnesium .
stearate, talc and the like.

'Liquid compositions for oral administration - -
include pharmaceutically acceptable emulsions,
solutions, suspensions, syrups and elixirs containing
inert. diluents commonly used in the art, such as water
and liquid paraffin. Besides inert diluents such
compositions may also contain ‘adjuvants, such as wetting

- and suspending agents, and sweetening, flavoring,
'pérfuming and preserving agents. According to the

invention, .the compounds for oral administration also
include capsules of absorbable material, such as
gelatin, containing said active component with ox
without the addition of.diluents.or excipients.
Preparations according to the invention for
parenteral administration include sterile aqueous,
aqueous—-organic, and organic solutions, suspensions and
emulsions. Examples of organic solvents or suspending
media are propylene glycol, polyethylene glycol,
vegetable 0ils such as olive oil and injectable organic
esters such as ethyl oleate. These compositions can
also contain adjuvants such as stabilizing, preserving,
wetting, emulsifying and dispersing agents.
Preparations according to the invention for
topical administration or aerosol inhalation
administration include dissolving or suspending a

compound of the invention in a pharmaceutically
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acceptable vehicle such as water, aqueous alcohol,
glybpl, 0il solution or oil-water emulsion, and the_
like.

If desired, the compounds of the invention can
further be incérporated into slow release or targeted
delivery systems such as polymer matrices, liposomes,
and microspheres. |

The percentage of active component in such
comp051tlons may be varied so that a suitable dosage is
obtained. The dosage admlnlstered to a particular
patient is variable depending upon the clinician’s
judgment-usiné as criteéria: The route of
admlnlstratlon, the duration of treatment, the size and
physzcal condition of the patlent, the potency of the
act;ve component and the patient’s response thereto. 2an
effective dosage amount of the active component can thus
readily be determined by'tﬁe clinician after a
consideration of all crlterla and us;ng his best
judgment on the patlent's behalf.
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CLAIMS: .
1. A compound of the formula:

wherein:

Rl is hydrogen, or from one to four, the same or
different, substituents in any of the |
i-, 2-, 3-, or 4-positions selected from the group
consisting of lower-alkoxy, lower-alkyl, and halogen;

R? is hydrogen, or from one to four, the same or
different, substituenté in any of the
7-, 8-, 9-, or 10-positions selected from the group
consisting of lower-alkyl, lower-alkanoyloxy, halogen,
nitro, hydroxy, lower-alkoxy, methylenedioxy,
polyfluorolower-alkyl and polychlorolower-alkyl;

R3 and R¢ are the same or different lower-alkyl;

RS and RS are independently selected from the
group cbhsisting of hydrogen, lower-alkoxy, trilower-
alkylsilyloxy and dilower-alk&lamino; or

R and RS together represent
~0~CHR® (CH3 ) nCHRI-0~ wherein n is zero or one and
R8 and R? are independently hydrogen, lower-alkyl, or
phenyl-lower-alkoxy-lower-alkyl; .

R7 is hydrogen, or lower-alkyl; and

X~ is an anion;
or a pharmaceutically acceptable acid-addition salt of
basic members thereof; or a hydrate thereof; or a
stereoisomer thereof;

* ¢ L M § % '
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with the proviso that when R!, RZ and R7 are hydrogen,
R3 and RY are methyl and X- is Cl04~, R5 and RS together
cannot be -0-CH(CH3)CH(CH3)-O- or simultaneously
methoxy; further provided that R5 and R® together cannot
both simultaneously be hydrogen. '

2. A compound according to claim 1 wherein: _

R! is hydrogen, or one substituent in any of the
l1-, 2-, 3- or 4-positions selected from the group
consisting of lower-alkoxy, lower-alkyl and halogen; and

R2 is hydrogen, or from one to two, the same or
different, substituents in any of the
7-, 8-, 9-, or 10-positions selected from the group
consisting of lower-alkyl, lower-alkanoyloxy, halogen,
nitro, hydroxy, lower-alkoxy, methylenedioxy,
polyfluorolower-alkyl and polychlorolower-alkyl.

3. A compound according to claim 2 wherein:

R! is hydrogen, or one substituent in any of the
l1-, 2-, 3- or 4-positions selected from the group
consisting'pf lower-alkoky, and lbwer-alkyl;

' R2 is hydrogen, or from one to two, the same or
different, substituents in any of the
7-, 8-, 9~ or 10-positions selected from the group
consisting of lower-alkyl, lower-alkanoyloxy, halogen,
nitro, hydroxy, lower-alkoxy, methylenedioxy, and |
polyfluorolower-alkyl; and

R3 and RY are the same lower-alkyl.

4. A compound according to claim 3 wherein:

Rl is hydrogen, l-lower-alkoxy, or 4-lower-
alkyl; and

RZ is hydrogen, or from one to two, the same or
different, substituents in any of the
7-, 8~, 9~ or 10-positions selected from the group
consisting of lower-alkyl, acetoxy, halogen, nitro,
hydroxy, lower-alkoxy, methylenedioxy and
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5. A compound according to claim 4 wherein
R! is hydrogen, l-methoxy or 4-methyl; and
R?2 is hydrogen, or from one to two, the same or
different, substituents in any of the
7-, 8~, 9- or 10-positions selected from the group

‘consisting of methyl, tert-butyl, acetoxy, bromine,

chlorine, fluorine, nitro, hydroxy, methoxy, isopropoxy,
methylenedioxy and trifluorqmethyl.
- 6. A compound according to claim 5 wherein

-R3 and R% are both methyl or ethyl; and R? is hydrogen

or methyl. _
7. A compound according to claim 6 wherein
RS and RS are independently selected from the
group consisting of hydrogen, lower-alkoxy, .
trimethylsilyloxy and diethylamino; or N

R3 and R® together represent -OCHR9(CH2)nCHR9-O-

wherein n is zero or one and- RN
R® and R? are simultaneously hydrogen, lower-alkyl or
phenyl-lower-alkoxy-lower—alkyl.-
8. A compound according to claim 7 whereln
R5 and R® are independently selected from the
group consisting of hydrogen, methoxy, ethoxy, propoxy,

- trimethylsilyloxy, and diethylamino; or

_ -R5 and RS together represent -OCHR®(CHj),CHR9-O-

wherein n is zero or one and

R® and R? are simultaneously hydrogen, methyl, or

phenylmethoxymethyl. |

9. ‘A compound according to claim 8 selected from

the group consisting of:
12,lzfdipropoxy-13,13-dimethy1-6,11-ethano-

6,11—dihydrobenzo[b]quinolizinium X=:

| 11-methyl-12,12-diethoxy-13,13-dimethyl—

6,11-ethano-6,11-dihydrobenzo{b]quinolizinium X-;
9-methoxy-12,12-diethoxy-13,13~dimethyl~

6,11-ethano-6,11-dihydrobenzo{b]quinolizinium X-;
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10-methoxy-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium X~;
_ 12,12-diethoxy~13,13-diethyl-6,11-ethano-
6,11-dihydrobenzo{b]quinolizinium X=; and
12,12-diethoxy~13,13-dimethyl-6,11-ethano-
6,11-dihydrobenzo[b]lquinolizinium X-.
10. A compound according to claim 9 selected from
the group consisting of:
12,12-dipropoxy-13,13-dimethyl-6,11-ethano-
6,11-dihydrobenzo[b]quinolizinium perchlorate;
1l1-methyl-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium
perchlorate;
11-methyl-12,12-diethoxy-13,13~dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium chloride;
9-methoxy-12,12~-diethoxy-13,13-dimethyl~
6,11-ethano~-6,11-dihydrobenzo[b]quinolizinium-PFe~;
‘-9-methoxy-12,12-diethoxy-13,13-dimethyl-
6,11-e€hano-6,11-dihydrbbenzo[b]quinolizinium chloride;
10-methoxy-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo{b]quinolizinium
perchlorate; B
10-methoxy-12,12~-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium chloride;
12,12-diethoxy-13,13-diethyl-6,11-ethano-
6,11-dihydrobenzo[b]quinolizinium perchlorate; and
12,12-diethoxy-13,13-dimethyl-6,11-ethano-
6,11-dihydrobenzo[b]jquinolizinium X-, wherein
X- is Clog4-, C1-, PFg~, [(-)-DBT]-, [(+)-DBT]~, (S)-=(+)-
CH3C(Ph) (OH)CO2~, or (1S)-(-)-C10H1304".
11. 9-Methoxy-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium-PFg"~.
12. 10-Methoxy-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,11-dihydrobenzo[b]quinolizinium chloride .
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14. A compound of the formula:

wherein: .
R3 and R4 are independently hydrogen, lower-
alkoxy, or chlorine; '

RS and RS are the same or different lower—
alkoxy; and ' '

X~ is an anion;
or a stereoisomer thereof; with the proviso that R? and

R4 cannot both simultaneously be hydrogen.

15. A compound according to claim 14 wherein
R3 and R? are independently hydrogen, ethoxy, or
chlorine; and RS and R6 are the same lower-alkoxy.

16. A compound according to claim 15 wherein
R5 and R® are ethoxy. _

17. A compound accordin§ to claim 16 wherein
R? is chlorine, R? is hydrogen, R5 and RS are ethoxy and
X~ is Br-; or R3 is hydrogen, R? is chlorine, R5 and RS
are ethoxy and X~ is ClO4-.

18. 12,12,13,13-tetraethoxy-6,11-ethano-6,11-di-
hydrobenzo[b]quinolizinium perchlorate.

_
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19. A compound of the formula:

wherein:

R3 and R? are independently hydrogen, or lower-
alkyl;

R5 and RS are independently hydrogen, or
dilower-alkylamino; and

X~ is an anion;
or a phérmaceutiqally acéeptable acid-addition salt of
basic members thereof; or a stereoisomer thereof; _
with the proviso that R3 and R% cannot simnltaneously be
lower-alkyl; further provided that RS and R® cannot
simultaneously be hydrogen. _ ]

20. A compound according to claim 19 wherein

" R3 and R% are independently hydrogen or methyl; and
'R5 and R are independently hydrogen or diethylamino.

21. 12-diethylamino-13-methyl-6,11-ethano-6,11-di-
hydrobenzo[b]quinolizinium perchlorate.

22. A pharmaceutical composition which comprises a’

compound of the formula:

wherein:
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Rl, R2, R5, RS, R7 and X~ are as defined in
claim 1, subject to the proviso below, and
R? and R4 are independently selected from the
group consisting of hydrogen, lower-alkoxy, halogen,
lower-alkyl, and phenyl; '
or a pharmaceutically acceptable acid-addition
salt of basic members thereof; or a hydrate thereof; or
a stereoisomer thereof; together with a pharmaceutically
acceptable carrier, adjuvant, diluent or vehicle; with
the proviso that when R!, R3, R4, and R’ are hydrogen,
R5 and RS are ethoxy and X~ is Cl04-,
R2 cannot be 7,l10-diacetoxy or 7-acetoxy-l10-tert-butyl;
further provided that when R!,- R?2 and R7 are hydrogen,
R3 and R¢ are methyl and X~ is Cl04~, RS and RS together
cannot be -0-CH(CH3)CH(CH3)-0-; still further provided
that when R!, R4, RS and R7 are hydrogen, R3 and RS are
ethoxy and X~ is Cl04~, R2 cannot be 7-NOz; still
further provided that R5 and R® cannot both
'simultaneously ‘be hydrogen.
23. A pharmaceutical composition according to
claim 22 wherein:
R! and R? are as defined in any one of claims
3 to 5. |
24. A pharmaceutical composition according to
claim 23 wherein R3 and R4 are independently selected
from the grodp consisting of hydrogen, ethoxy, bromine,
chlorine, methyl, ethyl and phenyl; and R’ is hydrogen
or methyl. :
25.- A pharmaceutical composition according to
claim 24 wherein R5 and RS are defined as in claim 8
26. A pharmaceutical composition according to
claim 23 wherein R3 and R4 are the same lower-alkyl.
27. A pharmaceutical composition according to
claim 26 wherein R} and R? are both methyl ‘or ethyl, and

R? is hydrogen or methyl.
—_—
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28. A pharmaceutical composition according to
claim 27 wherein RS and R6 are as defined in claim 8.

29. A pharmaceutiqal'composition according to
claim 28 wherein the compound is 9-methoxy-12,12-di-
ethoxy-13,13—dimethy1—6,11-ethano-6,11-dihydrobenzo[b]-'
quinolizinium-PFg~. _

30. A pharmaceutical composition according to
claim 28 wherein the compound is 10-methoxy-12,12-di-
ethoxy-13,13-dimethyl-6,11-ethano-6,11-dihydrobenzo[b]-
quinolizinium chloride. '

31. A pharmaceutical composition according to
claim 28 wherein the compound is.(-)-12,12-diethoxy-
13,13-dimethyl-6,11-ethano-6,11-dihydrobenzo[b]~
quinolizinium chloride.

32. The use of a compound of the formula:

wherein:

R!,R2,R3,R4,R5,R6,R7,R8,R9, n and X~ are as
defined in any one of claims 22 to 31 for the
preparation of a medicament for the treatment or
prevention of neurodegenerative disorders or neurotoxic
injuries in a patient in need of such treatment.

33. A use according to claim 32 for the treatment
or prevention of neurotoxic injuries.

34. A use according to claim 33 wherein said
neurotoxic injuries are associated with ischemic,
hypoxic, or hypoglycemic conditions.
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35. A use according to claim 34 wherein said
ischemic, hypoxic, or hypoglycemic':. conditions are
associated with stroke.
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