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12-BETERO-SUBS~ITUTED 6,11-ETHAR0-
6,11-DIBYDROBERZO(b] QUXROLIZIRIUM SAL~S 

ARD COMPOSITIONS ARD.ME~BOD OP USE 
~BBRBOP 

..... 

The invention relates to 12-hetero substituted 
6,ll-ethano-6,11-dihydrobenzo[b]quinolizinium salts, to 
compositions containing the same, to the method of use 
th~reof _in the treatment or prevention of neuro-

10 degenerative disorders or neurotoxic injuries and to a 
process for preparing intermediates. 

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

IS R1 

wherein each of Rl, R2, R3 and R4 when taken separately, 
is hydrogen, lower alkyl, lower aryl, lower acyloxy, 
lower alkoxy, nitro, halogen, lower acylamino, di(lower 

20 alkyl) amino~ one group of Rl and R2, R2 and R3, and Rl 

and R4, preferably Rl · and R2, and R3 and R4, each group 
when taken together, represents a fused rinq system 
containing up to three 6- member carbocyclic and 
nitroqen-containinq heterocyclic rings at least one of 

2S which i's 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, Rl and R4; each of as 
and R6, when taken separately is hydroqen, lower alkyl 

JO or lower aryl; each of R7 and Re, when taken separately, 
is hydrogen; R7 and RB, when taken together, represent a 

c...---· 
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fused ring system as defined hereinbefore; R9, when 
taken individually, is methylene or lower alkyl, lower 
aryl, lower alkenyl, halogen, or cyano substituted 
methylene; RlO, when taken individually, is a protected 

s carbonyl group; R9 and a10, when taken toget~er, 
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 

10 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. Among the compounds specifically 
disclosed are 12,12-diethoxy-11-methyl-9,10-ethano-

. 9,10-dihydro-4a-azoniaanthracene perchlorate and 
15 9,10-(0-benzeno)-9,10-dihydro-5-methyl-4a-azonia-

20 

anthracene perchlorate. Also disclosed are compounds of 
the formula: 

wherein Rl-RlO 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, l0-octa-

25 hydroanthracene perchlorate acid salt, 9,10-(0-benzeno)-
5-methyl-4a-aza-1,2,3,4,4a,9,9a,10-octahydroanthracene 
and 12,12-diethoxy-9,10-ethano-ll-bromo-4a-aza­
l,2,3,4,4a,9,9a,10-octahydroanthracene. The above­
described compounds are:~isclosed as being intermediates 
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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 

s adducts prepared from a 4a-azoniaanthracene ion and 
various dienophiles. All\Ong 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), 12-methyl-

10 12-(1-methylethylene), 12,12-diethoxy-11-bromo and 
12-diethylamino-11-phenyl-9,10-dihydro-4a-azonia-
9,10-ethanoanthracene perchlorates, as well as 
9,10[1',2']cyclopentyl and 9,1~[2',3']tetrahydropyranyl-
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: 

A 

20 wherein R is H, Br, or OAc, as intermediates in the 
synthesis of substituted 8-tert-butyl-1-(2-pyridyl)­
napthalenes. 
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Fields and Regan, J. Org. Chem. 1971, 36(20), 
2991-2994, disclose compounds of the formula: 

wherein R is H, CH3, C6Hs, 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-
10 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. Among the 
compounds specifically disclosed is 12,12-diethoxy-

lS S,ll-dimethyl-9,10-ethano-9,10-dihydro-4a-azonia-
anthracene perchlorate. · Also disc1osed 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 

20 reduced, as intermediates in the synthesis of 
substituted anthracenes. Among the compounds 
specifically disclosed is 9,10-(0-benzeno)-9,10-dihydro-
4a-azoniaanthracene perchlorate. 
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Westerman and Bradsher, J. Orq. Chem. 1971, 
36(7), 969-970, disclose compounds of the formula: 

R 

wherein R is CH3, CH(CH3)2, H, F, I, Cl, Br, C02H, 
C02CH3, or N02. No utility is disclosed for these 
compounds. 

Bradsher and Day, J. Bet. Chem. 1973, 10, 
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), 

15 1870-18.75, ·disclose compounds of the formula: 

wherein R is H, CH3 or C6Hs. Also specifically 
20 disclosed are 9,10-dihydro-12,12-dimethoxy-ll,ll-di­

methyl-4a-azonia-9,10-ethanoanthracene perchlorate and 
· 9,10-dihydro-9,ll-dimethyl-12,l2-diethoxy-4a-azonia-
9,10-ethanoanthracene perchlorate. The compounds are 
said to be intermediates in the synthesis of 9,10-di­

lS 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-

·:·~:~~~:j~~~!;.·_ 
. .. ;} .. .;.~-, :: . 

::·· :.~:: .. 
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9,10-0-benzenoanthracene perchlorate and several analogs_ 

as intermediates in the synthesis of various 

9-(2-pyridyl)anthracenes. 

Fields and Miller, J. Bet. Chem. 1970, 7, 

S 91-97, disclose a ·compound of the formula: 

as an intermediate in the synthesis of the corresponding. 

10 5,8-dione salt. 

Bradsher and Stone, J. Org. Chem. 1968, 33(2), 

519-523, disclo~e a series of Diels-Alder adducts 

prepared from an acridizinium ion and maleic anhydride, 

maleate esters, fumarate esters and various para-

15 substituted styrenes in which the para substituent is 

H, CH3, OCH3 or N02. 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 

20 can be found in Bradsher and Solomons, J. Am. Chem. Soc. 

1958, 80, 933-934. 
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Bradsher and Stone, J. Orq. Chem. 1969, 34(6), 
1700-1702, disclose compounds of the foilllula: 

R" 

wherein R is B, or CB3; R' is B, or CB3; R" is OCB3, 
.CB3, H, or N02~ and X- is perchlorate; without an 
indication of utility. Also disclosed are the Diels­
Alder adducts obtained from acridiziniwn perchlorate and 

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

15 

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

wherein Rl is Ph, and R2 is OEt; or Rl is H, and 
R2 is OEt, OBu, OAc, N-carbazolyl or 1-pyrrolidin-2-one, 
~ithout an indication of utility. 
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Parham et_aL., J. Org. Chem. 1912·, 37 ( 3), 

358-362, disclose compounds of the formula: 

wherein R is H2, (CH2)3, C(O)NHC(O), C(O)N(CH3)C(O), 

C(O)OC(O), CH20CH2, or CH2NB2+CH2, without an indication 

of utility. 

Bradsher et al., J. Am. Chem. Soc. 1977, 99(8), 

10 2588-2591, disclose compounds of the formula: 

wherein: Rl,R2,R4,RS=H; Rl•Me and R2,R4,RS=H; 

15 Rl ,R4 ,R5=a and R2=Me; and Rl=H and R2 ,R4 ,Rs=Me: 

20 

No utility is disclosed for these compounds. 

Bradsher e.:t._a.l., J. Org. Chem. 1978, 43(5), 

822-827, disclose compounds of the formula: 

A 

···-····--
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wherein: Rl is OEt and R is Me,_H, F, Cl, C02Me or N02; 

Rl is 0-Ph-p-X, wherein x is CB3, OCH3, H, C(O)CH3, or 

N02, and R is hydrogen; and Rl is N-carbazolyl and 

R is hydrogen. No utility is disclosed for these 

5 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. 

10 Among the compounds specifically disclosed are 

6,ll[2',3']indanyl-6,ll-dihydroacridizinium tetrafluoro­

borate, and 12-phenyl-13-(2-pyridyl)-6,ll-dihydro-

6,ll-ethanoacridizinium tetrafluoroborate. 

Westerman and Bradsher, J. Org. Chem. 1979, 

15 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,ll-dihydro-

20 6,11-ethanoacridizinium perchlorate or bromide, 

9-methyl-6,11[2'3']indanyl-6,ll-dihydroacridizinium 

tetrafluoroborate, and 7,10-dimethyl-12-phenyl-

12-{4-morpholinyl), 9-methyl-12-phenyl-

12-(4-morpholinyl), 12-(2-pyridyl), and 9-methyl-

25 12-(2-pyridyl)-6,11-dibydro-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 

30 acridizinium ion and cyclopropene or 1-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 
IS Rl is hydrogen, or from one to four, the same or 

20 

different, substituents in any of the 
1-, 2-, 3-, or 4-positions selected from the group 
consisting of lower-alkoxy, lower-alkyl, and halogen; 

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

or 
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Rl and R4 are the same or different lower-al~yl; 
Rs and R6 are independently selected from the 

group consisting of hydrogen, lower-alkoxy, trilower­
alkylsilyloxy and dilower-alkylamino; or 

s Rs and R6 together represent 

10 

-O-CHRa(CH2)nCHR9-o- wherein n is zero or one and 
Ra and R9 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 ~cceptable acid-addition salt of 
basic members thereof; or a.hydrate thereof; or a 
stereoisomer thereof; with the proviso that when 

·R1, R2 and R7 are hydrogen, R3 and R4 are methyl and 
15 x- is Cl04-, Rs and R6 together cannot be 

-O-CH(CH3)CH(CH3)-o- or simultaneously methoxy; further 
provided that Rs and R6 together cannot both 
simultaneously be hydrogen. 

The invention further relates to compounds of 
20 the Formula II: 

II 

wherein: 
RJ and R4 are independently hydrogen, lower­

alkoxy, or chlorine; 

25 R5 and R6 are the same or different lower-
alkoxy; and 

x- is an anion; 
or a stereoisomer thereof; with the proviso that 
RJ and R4 cannot both simultaneously be hydrogen. 
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The invention further relates to compounds of 

the Formula III: 

Ill 

5 wherein: 
R3 and R4 are independently hydrogen, or lower-

alkyl; 
Rs and R6 .are independently hydrogen, or 

dilower-alkylamino; and 

10 x- is an anion; 

or a pharmaceutically acceptable aci~-addition salt of 

basic members thereof; or a stereoisomer thereof; with 

the proviso that aJ and a4 cannot simultaneously be 

lower-alkyl; further provided that as and R6 cannot 

15 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. 

20 Preferred compounds of the Formula I above are 

those wherein: 

Rl 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 

25 1-lower-alkoxy or 4-lower-alkyl; 

R2 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), haloqen, nitro, hydroxy, lower­
alkoxy, methylenedioxy, and polyfluoro-lower-alkyl, 
(especially trifluorom.ethyl); . . 

R3 and R4 are the same lower-alkyl; and 
Rs, R6, R7 and x- have the meaninqs qiven above. 
Particularly pref erred compounds of the Formula 

I above are those wherein: 
Rl is hydrogen, 1-methoxy, or 4-methyl; 
R2 is hydrogen, or from one to two, the same or 

10 different, subs~ituents in any of the 
7-, 8-, 9-, or 10-positions selected from the qroup 

·. 
consistinq of methyl, tert-butyl, acetoxy, bromine, 
chlorine, fluorine, nitro, hydroxy, methoxy, isopropoxy, 
methylenedioxy and trifluoromethyl; 

15 R3 and R4 are both methyl or ethyl; 
Rs and R6 are independently selected from the 

group consisting of hydrogen, lower-alkoxy, (e13pecially 
methoxy, ethoxy and propoxy), trimethylsilyloxy, and 
diethylamino, or Rs and R6 together represent 

20 -OCHRs ( CH2 ) nCHR9o- wherein n is zero or one and · 

25 

Ra and R9 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. 
Pref erred compounds of the Formula II above are 

those wherein Rl and R4 are independently hydroqen, 
ethoxy, or chlorine; Rs and R6 are the same lower-alkoxy 
(especially ethoxy); and x- is an anion, especially sr-

30 or c104-; in particular those compounds wherein 
Rl is chlorine, R4 is hyd.rogen, Rs and R6 are ethoxy and 
x- is Br- and wherein Rl is hydroqen, R4 is chlorine, 
Rs and R6 are ethoxy and x- is c104-. 

Preferred compounds of the Formula III above are 
J~ those wherein RJ and R4 are independently hydrogen, or 
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methyl; Rs and R6 are independently hydrog~n, or 
diethylamino; and x- is an anion, especially Clo4-. 

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

I' 

wherein: 
Rl, R2, Rs, R6, R7 and x- are as defined above 

for compounds of Formula I, subject to the proviso 
10 below, and 

R3 and R4 are independently selected from the group 
consisting of hydrogen, lower-alkoxy, halogen, lower­
alky1, and phenyl; 

or a pharmaceutically acceptable acid-addition 
15 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 Rl, R3, R4, and R7 are 
hydrogen, Rs and R6 are ethoxy and x- is Cl04-, 

20 R2 cannot be 7,10-diacetoxy or 7-acetoxy-10-tert-butyl; 
further provided that when Rl, R2 and R7 are hydrogen, 
R3 and R4 are methyl and x- is c104-, Rs and R6 together 
cannot be -O-CH(CB3)CH(CH3)-0-; still further provided 

that when Rl, R4, Rs and R7 are hydrogen, R3 and R6 are 
25 ethoxy and x- is c104-, R2 cannot be 7-N02; still 

further provided that Rs and R6 cannot both 

simultaneously be hydrogen. 
The invention further relates to a method of use 

of a compound of Formula I' for the treatment or 
~o 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, 

IV. 

which comprises the steps of: 

(a) reacting a compound of formula: 

wherein Y is hydrogen or halogen, 

with at least two molar equivalents of a lower-alkyl 

alk~li metal, optionally in the presence of at least one 

mole of tetra,methylethylenediamine, in an organic 

. 15 solvent, followed by treatment with an excess of a 

compound of the formula: 

:m 

at room temperature or below, to produce a diol of 

formula: 
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I 
j and (b) treating said diol with: 
J 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 
s 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 

10. carbon atoms and thus includes methyl, ethyl, propyl, 
isopropyi, 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 carbon atoms and thus includes methoxy, 

15 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 
20 linear 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 

25 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. 

30 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, 

35 methanesulfonic acid, toluenesulfonic acid, trifluoro-
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methanesulfonic acid, (15)-(-)-camphanic acid (the anion 
of which is hereinbelow ref erred to as 
(lS)-(-)-C10H1304-), (-)-dibenzoyl-L-tartaric acid 
[(-)-DBTJ, (+)dibenzoyl-D-tartaric acid [(+)-DBTJ, 

s (S)-(+)-2-hydroxy-2-p~enylpropionic acid, and the like; 
or it means an inorganic acid anion such as chloride, 
bromide, perchlorate, PF6- and the like, preferably 
chloride.· 

The numbering system used throughout the 
10 specification is shown in the ring system which is 

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

13 

10 

6,11-ethano-6,11-dihydrobenzo(b]quinolizinium or a 
15 6,ll-dihydro-6,11-ethanoacridizinium. It should be 

noted, however, that in some of the earlier chemical 
literature references this rinq system was numbered as 
shown below, and was named as a 9,1o~ethano-9,10-di­
hydro-4a-azoniaanthracene, or a 9,10-dihydro-4a-azonia-

20 9,10-ethanoanthracene. 

11 

8 

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

25 quinolizinium salts. 
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The synthesis of the compounds of the invention 

may be outlined as shown in Scheme A: 
Scheme A 

+ 

v 
N 

A suitably substituted benzo[b]quinolizinium 
salt (IV) in an appropriate organic solvent, preferably 

acetonitrile, is treated with an excess of a suitably 
to 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 Rl, R2 

IS and R' are hydrogen, and an appropriately substituted 

olefin of Formula v. 
The compounds of Formulae I, II and III can be 

converted into corresponding compounds of Formulae I, II 

and III which possess various different anion groups, 
20 x-, by 
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(a) dissolvinq 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 

s 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 initial acid anion ex-), and 
wherein M+ is an alkali metal, preferably potassium or 

10 sodium, in water, at a temperature in the range of about 
room temperature up to the boiling point of the solvent 
~sed to produce compounds of Formulae I, II or III 
wherein x- is various inorganic acid anions; 
(b) dissolvinq the compound of Formula I, II or III, 

15 wherein x- is an inorganic acid anion, in an alcoholic 
solvent, e.q. 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-

20 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 

25 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 III 
wherein x- is an organic acid anion, in an alcoholic 

30 solvent, e.q. 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 stronqer acid than the corresponding acid of 

35 the initial acid anion ex-), 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 

s 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®-1-chloride) and 

10 eluting with water, to provide compounds of Formulae I, 
II or III wherein x- is chloride (cl-); or 
e) by passing a compound of Formula I, II, or III 
through a suitable ion-exchange resin column (prepared, 
for example, by treating Dowex® 1X2-200 ion-exchange 

15 resin with a suitable organic acid or inorganic acid) 
to provide various compounds of Formul~e I, II, or III 
wherein x- is other than c1-, Clo4-·or PF6-· 

The compounds of general Formulae I, II and III 
can possess·one or more asymmetric carbon atoms and are 

20 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 

25 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 

s 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+[(+)-DBTJ) to afford a 

10 compound of Formula I, II or III as the -cc+)-DBTJ salt; 

fract~onal crystallizat~on of the -c(+)-DBTJ salt to 

afford a single diastereomer of the -c(+)-DBTJ salt, and 

then conversion of the single diastereomer of the 

-[(+)-DBTJ salt into various other non-chiral anions 

15 (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 ex-), to produce the compounds 

of Formulae I, II or III as a single enantiomer; or 

20 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 -cc-)-DBTJ salt 

and then proceeding as described hereinabove in part (b) 

25 to afford the compounds of Formulae I, II or III as the 

other enantiomer. 

30 

Alternatively, the preparation of enantiomers 

wherein Rs and R6 are the same lower-alkoxy group can 

proceed as illustrated in Scheme B. 
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x-

;63-R' 
(+)-VI or (-)-VI 

(+)-1 or (-)-1 

s A compound of Formula I, wherein Rs a~d R6 
together are -O-CH(CH3)CH2CH(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 ranqe of 

10 about 2s 0 c up to about ao•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 

15 of a tetralower-alkoxysilane (Si(OR) 4 ), wherein OR is a 

lower-alkoxy group e.g. methoxy or ethoxy, in a solvent 
mixture consisting of an excess of an organic solvent 
which is suitable to azeotrope off residual water, 
prefferably 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 eth~nol, wherein the RO 
portion of the alcohol is the same as the lower-alkoxy 

s 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 Rs and R6 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 molar equivalent of an 
appropriately substituted benzyl halide (VII), wherein 
z is a halogen, preferably chlorine or bromine, is 
admixed with an excess of an appropriately substituted 

5 2-(l,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 

10 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 

15 pyridinium salt (X), or if conversion into various 
anions, x-, was not effected, 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 

20 polyphosphoric acid and methanesulfo~ic 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. 

····i 
~ ·, 

Alter~atively, the benzo[b]quinolizinium salts 
25 of Formula IV can be prepared as shown in Scheme D. 
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Scheme D 

>-
+ 

XI XII 

(TF):P 

R1 

OJ H+ 
IV 

N 
OH PO (hallde)3 

XIII 

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.q. 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 ranqe 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.q. benzene, at about 

room temperature or above, preferably, at a temperature 
in the range of about room temperature up to about go•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 temperature in the ranqe of about room 
temperature to about 100°c, to produce compounds of 
Formula IV; or 
(c) at least one molar equivalent of a phosphorous 

s oxyhalide, preferably·phosphorous oxycbloride, at about 
room temperature or above, preferably at a temperature 
in the ranqe of about room temperature up to the boiling 
point of the phosphorous oxyhalide, to afford a compound 
of the Formula IV wherein x- is halogen. 

10 It will be noted that the methods described 
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. 

lS If desired, the benzo[b]quino~i.zinium salts of 
Formula IV can be converted into other compounds of' 
Formula IV which possess various different anion qroups, 
x-, by following procedures similar to those described 
hereinabove for the conversion of compounds of 

20 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 chanqes in 
functional groups of the compounds of Formulae I, II, 

25 III, and IV, e.q. dealkylation of ethers to produce th~ 
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 

30 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 

~5 derivative (XI), and the pyridine (XII) are commercially 
available, or they can be prepared by procedures well 



-28-

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 

s base form· and in the form of acid-addition salts, and, 
both forms are within the purview.of 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 

10 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 

15 that the beneficial properties inherent in the free base 
are not vitiated by side effects ascribable to the 
anions. In practising the present invention it is 
convenient to use the free base form or the anions (X-) 
of organic acids such as methanesulfonic acid, 

20 toluenesulfonic acid, fwnaric 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 

25 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 

30 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 

35 acceptable salts of the basic compounds are preferred, 
all acid-addition salts are within the scope of the 
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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 

s purification or identification, or when it is used as an 
intermediate in preparing a medicinally acceptable salt 
by, for example, ion exchange procedures. 

The structures of the compounds of the invention 
were established by the mode of synthesis, and by one or 

10 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 

1s chromatography (BPLC), 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) 

·20 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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preparation of Starting Materials 

Preparation 1 

A mixture of l-benzyl-2-(1,3-dioxolan-2-yl)-
5 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 

10 in vacuo, 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[h]qujnoljzjnium 

bromide (Formula IV: al=a2=a7=a;x-=Br-), as a light 
• 15 . yellow solid, m.p. 222-225 c. 

preparation 2 

(a) To a solution of 74.2 ·g (0.6~ mol) of 1,l-di­
methyl-2-acetoxyethylene in 300 ml tetrachloromethane 

t> 20 
• cooled to 0-5 C was added in portions 103 g (0.65 mmol) 

i,. 25 
;,;·· 

,. 
:~·-

,. 

·' :{ 

. 30 

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 9 (1.53 mol) 2-dim.ethoxypropane in 
40 ml methanol and 400 mq p-toluenesulfonic acid was 

• heated to 100 C in an oil-bath and the mixture was 
allowed to react for 1 1/2 hours. To the resulting 
dark-red solution was added 80 q (0.77 mol) 2,2-di-
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methoxypropane and 450 ml cyclohexane, and the mixture 
0 

was allowed to reflux (bath temp. approx. 95 C.) for 
13 hours while distilling 590 ml of organic solvents 
(methanol-cyclohexane, acetone-cyclohexane). The 

s reaction mixture was cooled to room temperature, 
1 g potassium carbonate was added, and concentrated 
in va.c.uo.. The residue was distilled to afford 
122 g (82.4%) of 2,2-dimethyl-4(R),5(R)-(dicarbo­
methoxy)-1,3-djoxolane, b.p.92-95/0.04 mm). 

10 (c) A suspension of 46 g (1.21.mol) lithium aluminum 
hydride in 500 ml ether ~as 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-

15 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, 

20 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 

25 (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, 

30 concentrated in vacuo, and the residue was distilled 
(Kugelrohr) to afford 29.1 g (32.1%) of 2,2-dimethyl-

• A..(.R.)_,..5..(A)-(-dihydroxymethyl )-1, 3-dioxolane, b .p. 120 C 
(Kugelrohr). 
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(d) Sodium hydride (16.8 9 of 60% dispersed in oil; 
0.36 mol) was freed of oil by stirring with hexane 
(2xl00 ml) and removing the supernatant using a cannula. 
Sodium hydride was freed of hexane by evaporation. To a 

s 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) ,S(R)-(-dihydroxymethyl)-l,3-dioxolane in 100 ml TBF 
ove~ a 30 min. period. The reaction mixture was stirred 
for 1 hour, a solution of 68 9 (0~36 mol) benzylbromide 

10 in 50 ml THF was added over a 15 min. period, and the 
resulting mixture was allowed to stir under nitrogen 
overnight. 

The reaction mixture was refluxed for 2 hours, 
cooled to room· temperature, diluted with 50 ml water, 

15 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 

20 acetate in hexane. The later fraction was concentrated 
to afford 42 9 (68.6%) of 2,2-dimethyl-4(R),5(R)-(-di­
benzyloxymethyl)-l,3-dioxolana. 

(e) To a solution of 42 g. (0.122 mol) of 2,2-di-
methyl-4(R),S(R)-(-dibenzyloxymethyl)-1,3-dioxolane in 

25 100 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 HCl solution and 25 ml methanol were added, 

30 and the mixture was concentrated in vacna. The ·residue 
was basified with saturated sodium bicarbonate solution, 
extracted with 500 ml benzene, and the organic layer 
dried, filtered, and concentrated in vacuo. The residue 
was purified by chromatography to afford 

JS 7. 5 g ( 20. 3%) of L-4~ibe~¥=.2.(..R)_,_3_(R).=..(.dih.y..dL.ax.y->-: 

but.a.ne. 
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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) 1,1-dimethoxy 2-bromo-2-methylpropane in 

250 ml toluene and 0.5 g PPTS was refluxed under 

s nitrogen for 1 hour using a Dean-Stark trap, while 

azeotroping the methanol formed. The resulting reaction 

mixture was cooled to room temperature, washed 

successively with saturated sodium bicarbonate solution, 

water, and brine, dried and concentrated in vacuo. The 

IO 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-djbenzyl­

oxymethyl)l,3-dioxolane. 

15 ( g) 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
1

-bromo-2-methylpropyl]-

4(R),S(R)-(trans-dibenzyloxymethyl) 1,3-dioxolane in 

5 ml THF over a 15 min. period. The reaction mixture 

20 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 vacuQ to afford 

1.7 g (98.3%) of 2-propylidene-4(R),5(R)-(trans-di-

25 benzylQx:ymethyl)-1,3-diQxolane (Formula V: R3-R4 ... ca3;. 

and Rs and R6 together are 

(R,R)-O-CH(CH20CH2Ph)CH(CH20CH2-Ph)O-), as a viscous 

oil. 

30 Preparation 3 

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

400 ml anhydrous ether cooled to -5 c was saturated with 

HCl gas (until exothermic reaction subsided). To the 

above solution was added 69.1 q (1 mol) of isobutyro-

·.. 35 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 1-imino-1-metho~sohutane hydrochloride. 
(b) To l-imino-1-methoxyisobutane hydrochloride 

5 (67 g, 0.487 mol) diss.olved in 200 ml dry_methanol 
(dried over 3°A sieves) was added 900 ml anhydrous 
ether, and the resulting reaction mixture was heated at 

0 

45 c under nitrogen for 18 hours. The reaction mixture 
was cooled in an ice-bath, filtered, and the filtrate 

10 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 g (13%) of ~1,1-trjmethoxyisobutane, 

0 

15 b.p. 134-136 c. 
(c) To a mixture of 3.8 g (25.6 mmol) 1,1,1-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 

20 und~r 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 

25 nitrogen, and the residue was distilled to afford 2.1 g 
(52.5%) of 2-jsopropylidene-4(1l),6(R)-djmethyl­
l,3-djoxane (Formula V: R3=R4=CH3; RS and R6 together 

• 0 are (R,R)-O-CH(CH3)CH2CH(CB3)0-), b.p. 95-100. C/10 mm. 
(d) A mixtare of 15.6 g (0.105 mol) of l,l,1-tri-

30 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 arqon for 
11/2 hours while azeotropin9 water formed using the 
Dean-Stark trap. The reaction mixture was cooled, 1.2 q 

~5 of potassium tert. butoxide was added, and the solvent 



was distilled. Ether (100 ml) was added to the residue, 
passed through a supercel pad eluting with 300 ml ether, 

0 

and the combined solvent was distilled in yacuo (<40 C). 
The residue was distilled to afford 14.3 g (79.4%) of 

5 2-isopro~l-2-methoxy-4(R),6(R)-djmethyl-l,3-dioxane, 
0 

b.p. 78-82 C/15 nun. 
(e) To 3.8 g (20.2 mmol) 2-isopropyl-2-methoxy-
4(R) ,6(R)-dimethyl-l,3-dioxane was added 4.97 g 
(20.2 nunol) of aluminum tert. butoxide and the resulting 

0 
10 mixture was heated to 180 c under nitrogen (over a 

30 min. period) and maintained at this temperature 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-

15 pro~ljdene-4(R),6(R)-djmethyl-l,3-djoxane 

(Formula V: R3=R4=ca3 : RS and R6 together are 
(R,R)-O-CH(CH3)CH2CH(CH3)0-), b.p. 75-78°C/aspirator 
vacuum. 

20· Preparatjon 4 

(a) A solution of 138.2 g (2 mol) isobutyronitrile 
• 0 in 101.2 q (2.2 mol) ethanol cooled to 0 C was saturated 
with anhydrous HCl gas (total vol. HCl=l.5 1: 2.2 mol) 
at a rate of 1.5 l/min for 35 minutes. The resulting 

25 mixture was tightly capped and stored in a refrigerator 
0 

(-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 

0 

30 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 
l~imino=.l:=e.tnoxl!!s..ohut..ane_hY-dr.o.chloride. 
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(b) A mixture of 1-imino-1-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 

0 

reflux (38-39 C) under argon for 72 hours. The reaction 
s mixture was cooled to room temperature, allowed to stand 

at room temperature for 2 days, and filtered. The 
filtrate was washed with 10% sodium carbonate solution 
(2xl 1) followed by saturated sodium carbonate solution 
(lxl 1), the organic layer was dried (potassium 

10 carbonate), and the solvent was concentrated in vacuo 
0 

(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). 

15 The solvent was removed in vacuo (bath temp. 
0 

<30 C), the residual liquid was diluted with 
250 ml hexane, cooled in an ice-bath (l hour), and 
filtered. The filtrate was concentrated jn vacuo 
(<30°C) and the residue was distilled to yield 55.2 g 

20 (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 

25 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 3lg (74.5%) 

30 of 1,l-diethox.y-2,2-djmethylethylene 
(Formula V: R3-R4•CH3; RS-R6=0C2H5), b.p. 90-120°C. 

P.rep.a.ra.tion_--5. 

(a) To a solution of 50 g (0.326 mol) m-methoxy-
35 benzyl alcohol in 1.1 l 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 o•c and 
s THEDA (42 g; 0.362 mol) was added. The resulting 

reaction mixture was cooled to ...:3o•c and 58 g 
(0.542 mol) of pyridine-4-carboxaldehyde was added over 
a 5 min. period (-l0°C) and then the mixture was allowed 
to warm to o•c over a 30 min. period. 

10 The reaction mixture was quenched by an addition 
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 

is afford 30 g (33.8%) of 2-[l-hydroxy-(2'-methoxy-
6'-hydroxymethyl)benzyl]I2Yridine 
(Formula XIII: Rl-R7=H; R2=2 1 -0CH3). The filtrate was 
concentrated and diluted with ether to afford an 
additional 13.1 g (14.7%) of the diol. 

20 (b) A mixture of 13.1· g (53.4 mmol) 2-[l-hydroxy-
(2 i-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 

·25 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 

30 9 g (61.2%) of 10-hydroxybenzo[b]quinolizinium bromide 
(Formula IV: Rl-R7•H; R2•10-0H; x-•sr-). 

The above filtrate was concentrated in vacuo to 
afford 4 q ( 25. 8%) of l.Q~t.h.J-q.uinol.iz.inium 
bn>mide (Formula IV: Rl-R7•H; R2-10-ocH3; x-·sr-). 

~s 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 q 

10-hydroxybenzo[b]quinolizinium bromide. 

(c) To a solution of 6.5 g (23.6 mmol) 10-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 UI)der argon at room temperature for 

10 2 hours. The reaction mixture was concentrated 
in va.c.uo.. The residue was suspended in 2:1 10% 

NaCl04/CH2Cl2 (300 ml) and sonicated. The soiid was 

collected by filtration to afford 4.3 q (55.9%) 

10-acetoxybenzo[b]quinolizinium perchlorate. 

1s The above 10-acetoxybenzo[b]quinolizini"um 

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 
20 isolated by filtration and dried in vacuo to afford 

1.9 g of 10-acetoxy.b.enz.o..[.bJ_qllinoljzjnjum perchlorate 

(Formula IV: Rl=R7=H; R2=10-0Ac; x-=cl04). The 

filtrate was extracted with methylene chloride 

(3xl00 ml), the organic layer was dried and concentrated 

25 to yield an additional 0.32 q of the desired acetate 

perchlorate. 

Preparation 6 

(a) A mixture of 9.4 q (60 mmol) o-methoxybenzyl 

30 chloride and 2-(1,3-dioxolan-2-yl)pyridine in sulfolane 

(6 ml) was heated at ao•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 

35 precipitate was isolated by decanting ethyl acetate and 

triturated with ethyl acetate(2x). The gummy product 
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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 

s to afford 7.4 g (29.6%) of l-(o-methox:yhenzyl)-

2(1,3-dioxolan-2yl)p_yridinium hexafluorophosphate 

(Formula X: Rl-R7-H; R2-2 1 -0CH3;x--PF6-)· 

(b) To so g polypliosphoric acid heated to 95°c in an 

oil-bath was added with stirring 5 g (12 mmol) of 

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

hexaf luorophosphate and the resulting reaction mixture 

was heated at this temperature with stirring under 

nitrogen for 5 hours. The mixture was cooled to 40°C, 

and 125 ml water was added followed by an additional 

15 125 ml water. The resulting mixture was cooled to room 

temperature, potassium hexafluorophosphate (5 g, 

27 mmol) was added, the precipi~ated solid was isolated 

by filtration, and the desired salt was washed 

i; 20 

successively with water and ether and then dried to 
afford 3.2 g (74.9 g) of 7-methoxybenzo[b]quinoljzjnium 

··~ 

25 

30 

hexafluorophosphate 

(Formula IV: Rl-R7=H; R2=7-0CH3; x-=pF-6)· 

Preparation 7 

(a) A mixture of 116 q (1 mol) 2-ethylbutyric acid, 

135 q (1.05 mol) dimethyl sulfate, and 155 q (1.12 mol) 

potassium carbonate in 500 ml acetone was stirred at 
.. 

room temperature under nitrogen overnight, and then was 

allowed to reflux under nitrogen for 1 hour. The 

reaction mixture was cooled to room temperature, 

filtered, and the residual solid was washed with 

500 ml ether. The combined filtrate was concentrated 

in_~ac.u.o, the residue was redissolved in ether, the 

ether solution was washed successively with water and 

35 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.l g (O.l mol) diisopropyl-
amine in 75 ml TBF cooled to o•c was added 10 ml 
(0.1 mol) 10 M solution of n-butyllithium in hexane and 

5 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 TBF 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 

10 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 

15 concentrated in vacuo, and the residue was redissolved 
in 100 ml of pentane and filtered. The filtrate was 
concentrated in vacuo and the residual liquid was 
distilled to afford 15.5 g (76.7%) of 2,2-dieth.yl-

l-(trJmethylsilyloX,¥)-1-methoxyethylen~ (Formula V: 
R3=R4=c2Hs; R5=0Si(CH3)3; R6=0CH3), b.p. 94-97°C/55mm. 

s 
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Preparation B 

(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 
yellow. 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 <S0°C/25mm (SO % of isobutyraldehyde was 
recovered). 

Additional isobutyraldehyde was added to the 
mixture in portions (via syringe) over a 2 hr period and 
stirred at 55°C for 1 hour. The product was distilled 
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l' 
l to afford 45 g ( 61. 6%) of 2-chloro-2-methylpro.panal, 
-~: 
~'. b.p. <40°C/25mm. 

(b) To a mixture of 45 9 (0.424 mol) 2-chloro-
2-methylpropanal, 99.6 ml (1.69 mol) ethanol, 81.6 g 

, 

s (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 

10 (2 min.), and filtered. The filtrate was concentrated 
(80°C) to remove methyl~ne chloride· and the residue was 

. . 
distilled (2x) to afford 52 9 (68.2%) of 2-chloro-
2-meth;ylpropanal diethyl acetal, ·b.p. 55-65°C/25mm. 

(c) To a mixture of 12 g (66.6 mol) 2-chloro-
lS 2-methylpropanal diethyl acetal and 15 q (0.24 mol) 

ethylene· glycol in 200 ml toluene was added.500 mg PPTS 
and the resulting mixture was refluxea under nitrogen 
while azeotroping water formed with the Dean-Stark trap 
for a period of 16 hours. The desired dioxolane was 

20 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 Na2S04 and removing the solvent 
in vacuo. Th~ product was distilled to afford 7 q 

25 (69. 7-%) of 2-[2 '-(2 '-chloro)propyl]-1, 3-djoxolane, 

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 q 

(42.5 mmol) of 2-[2'-(2'-chloro)propyl]-1,3-dioxolane in 
30 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-~iso.pro.pylidene=:-.L-3-dioxal.ane (Formula V: R3-R4•cH3; 
as and R6 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 ~oom temperature and stirred 

for 30 minutes. 
The above reaction mixture was cooled to -20°C, 

6 9 • 7 g ( O. 651 mo.l) of 2-pyridinecarboxaldehyde was added 

10 to the mixture, and the resulting reaction mixture was 

allowe~ ~o warm to room temperature. After 1 h~ur , __ 

anunonium chloride solution was added to the mixture. 

The diol was extracted with ethyl acetate, dried over 

sodium sulfate, ·and the solvent was removed in vacuo. 

15 Recrystallization (2x) from ethyl acetate/ether afforded 

68.5 g (60.7%) of 2-[l-hydrox.y-(2 1 -methox.y-6 1 -hydroxY= 

methyl)henzyl]pyridine (Formula XIII: Rl=R7=H~ 

a2=2 1 -0CH3). 

(b) To 25 q (0.102 mol) of 2-[l-hydroxy-(2'-methoxy-

20 6 1 -hyd~oxymethyl)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 

25 solvent was decanted to yield an oil. The oil was 

dissolved in water, treated with 5 g sodium perchlorate, 

and the precipitated perchlorate was isolated by 

filtration. 
The above decanted organic solvent was 

30 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. 
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The combined perchlorate salt was crystallized 
from methanol to afford 12.2 g (38.7%) of 10-methoxy­
benzo[b]quinolizinjum perchlorate 

(Formula IV: Rl-R7=H; a2=10-0CH3; x-=cl04-). 

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 su~folane (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 gwmny precipitate 
was triturated with· ethyl acetate:-hexane ( 2: 8), refluxed 

1s with stirring, and cooled. The solvent was decanted to 
yield l-(p-methoxybenzyl)pyrjdjne-2-carl>oxaldehyde 
ethylene acetal chloride 

(Formula IX: Rl-R7=H; R2-4•-oca3; z-=c1-). 

(b) Polyphosphoric acid (100 g) and 10 ml methane 
20 sulfonic acid was heated to 95°C with stirring an4 

12 g (28 mmol) of l-(p-methoxybenzyl)pyridine-
2-carboxaldehyde ethyl~ne acetal chloride was added in 
portions during a 10 min. peri~d for 3 hours. The 
reaction mixture was allowed to stand at room 

25 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 

30 9-methoxybenzo[b]quinolizinium hexafluorophosphate 
(Formula IV: Rl-R7-a; R2•9-0CH3;x-·PF6->· 

Alternatively, 9-methoxybenzo(b]quinolizinium 
hexafluorophosphate was prepared as follows: 
(c) 1-(p-methoxybenzyl)pyridine-2-carboxaldehyde 

35 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 9). The precipitate which formed was 
collected by filtration and dried at 60°C in vacuo to 

afford 9 q of l-(p-methoxybenzyl)p_yridine-

2-carboxaldehyde ethylene acetal hexaf luorophosphate 

(Formula x: al-a7-a; a2-4•-ocH3;x--PF6-)· 

(d) A mixture of polyphosphoric acid (100 g) and 

methanesulfonic acid (10 ml) was heated to 95°C and 

l-(p-methoxybenzyl)pyridine-2~carboxaldehyde ethylene 

acetal hexafluorophosphate (5.0 9) was added in 

10 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 (S.O g) and then the mixture was diluted with 

additional water (200 ml). The precipitate which formed 

is was collected by filtration to afford 5. 4 q of 
9-methoxybenzo[b]quinoljzjnjum heXafluorophosphate 

(Formula IV: Rl-a7=H; a2=9-0CH3;x-=PF6-l· 

Preparation 11 

20 (a) To a solution of 3-methoxybenzyl alcohol 

(SO.O q) 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, 

25 stirred for 2 hours, cooled to o•c and tetramethyl­

ethylenediamine (42.0 ·q) was added.· The mixture was 

cooled to -30°C and then 2-pyridinecarboxaldehyde 

(58.0 q) was added over 5 minutes. The reaction mixture 

was warmed to o•c quenched with water (500 ml) and then 

30 cooled overnight. A precipitate formed which was 

collected by filtration, washed with ether, and 

recrystallized from ethanol to afford 30.0 g of 
a=.[.2=..(..hy.dl:.axym~y..l..). -6-me.thox.y..phe~l.J=-2:py.r.idine-:-: 

methanol (Formula XIII: Rl-R7=H; R2•6-0CH3) . 

.. . 
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(b) A mixture of 2-(2-(hydroxymethyl)-6-methoxy-
phenyl]-2-pyridinemethanol (20.0 q) 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% NaCl04 in 
water (400 ml) and stirred for 15 minutes. The mixture 
was extracted with dichloromethane (6 X 200 ml), the 
orqanic layers were combined, dried over Na2S04 and 

10 concentrated in vacuo. Ether was added to the residue 
and the mixture was sonicated. The produ~t was 
collected by filtration and washed with dichloromethane 
to afford 5.6 q of 10-methoxybenzo[b]quinoHzjnjum 
perchlorate 

15 (Formula IV: Rl-R7=a; R2=10-0CB3; x--c104-). 

Preparation 12 
To a-[2-(hydroxymethyl)-6-methoxyphenyl]-

2-pyridinemethanol (1.6 g) in benzene (70 ml) at 90°C 
20 was added trifluoromethanesulfonic anhydride (6.47 g). 

The mixture was stirred for 30 minutes and the solvent 
was concentrated in vacuo. The residue was purified by 
column chromatoqraphy on silica elutinq with 
9%-10% methanol/CH2Cl2 and the chromatography solvent 

25 was removed in vacuo. The residue was dissolved in 
water (30 ml) and treated with NaCl04 (3.0 g). The 
precipitate which· formed was collected by filtration to 
afford 0.86 g of 10-methoxybenzo[b]quinolizinjum 
perchlorate 

30 (Formula IV: Rl-R7•H; R2-10-0CH3; x--c104-). 

preparatian._U 

Benzo[b]quinolizinium bromide (508.5 q, 
1.95 mol) (Bradsher and Parham, J. Orq. Chem. li.6..3., 28, 

35 83-85, Example VIIa) was dissolved in distilled water 

: i 
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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 

s o•c for 1 hour. The mixture was filtered and·washed 
with cold water to afford 601 g (94.8%) of b.enzo.Lb.l.: 
QJlinoljzinium hexafluorophosphate 

(Formula IV: Rl=R2=R7=B; x-=PF5-). 

10 Preparation 14 

(a) Following a procedure similar to that described 
in Preparations 18(a)-(b) it is contemplated that there 
can be prepared 9-trichloromethylbenzo[b]qninolizinium 

hexafluorophosphate from p-trichloromethylbenzyl bromide 

15 and 2-(1,3-dioxolan-2-yl)pyridine. 
(b) Following a procedure similar to that described 
in Preparations 2l(a)-(b) it is contemplated that there 
can be prepared 4-bromobenzo[b]quinoljzjnjum perchlorate 

from o-bromobenzyl alcohol, and 6-bromo-2-pyridine 
20 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 

25 dropwise portions 42 ml (0.42 mol) 10 M n-butyllithium 
sol~tion in hexane and the mixture was stirred at -78°C 
for 60 min. 2-Acetylpyridine (25 g; 0.206 mol) in SO ml 
of TBF was added to the above mixture while maintaining 
an internal temperature below -so 0 c, and the reaction 

Jo 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 

35 stirring and concentrated in_v...ac.uo... The residue was 

extracted with chloroform (3x), dried over sodium 



s 

-47-

sulfate, the remaininq liquid filtered and concentrated 
in vacuo to yield 21.3 q of 2-[l-hydroxy-1-methyl-
(2' -b.ydroxymethyl)benzyl]pyridine (Formula XIII: 
Rl=R2=H; R7=CH3 as a white solid, m.p. 172-174°C. 

(b) A mixture of 9.1 9 (39 mmol) of 2-[l-hydroxy-
1-methyl-(2 '-hydroxymethyl)benzyl]pyridine in 150 ml 
(1.6 mol) POCl3 was heated with vigorous stirring at 
105°C for 6 hours and the reaction mixture was cooled to 
room temperature. A heteroqenous solution was poured 

io into ice-water (l 1) with viqorous stirring, and 
50 g sodium perchlorate 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 11-methylbenzo[b]qujnolizininm perchlorate 

15 (Formula IV: Rl=R2=B, R7=CH3; x-=cl04-) 

Preparation 16 

(a) 2-methoxy-2-isopropyl-1,3-dioxane was prepared 
from 1,1,1-trimethoxy-isol?ropane (21.7 g, 0.146 mol) and 

20 propane-1,3-diol (10.1 q, 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 q (81%) of 2-methoxy-2-isopropyl-1 1 3-dioxane, as an 

oil, b.p. 78-80°C/30 nun. 
25 (b) 2-isopropylidene-1, 3-dioxane was prepared from 

2-methoxy-2-isopropyl-1,3-dioxane (17.1 g, 0.106 mol) 
and aluminum tri-t-butoxide (26.2 q, 0.106 mol) 
according to a.procedure similar to that described in 
preparation 3(e). The product was purified by 

30 distillation to afford 6.5 g (47.4%) of 2-iso­
propylidene-1,3-dioxane, 

.. 
'\· 

i 

(Formula V: Rl-R4•CH3; R5 and R6 together - -O(CH2)30-) 
as an oil, b.p. 70-72°C/30 mm • 
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Preparation 1.1 

A mixture of 1,1,1-triethoxy-isopropane (32.2 g; 

0.144 mol) and aluminum tri t-butoxide (35.6 g; 
0.144 mol) was heated with stirring'to l00°C quickly and 

s then continuously heated slowly to 170-180°C and held at 

170-180° until distillation of t-butanol was completed. 

Th~ fractional distillation head was then removed and 

replaced with a short path distillation head and 
distilled to yield 11.67 g of l,l-diethoxy-2,2-di-

JO 

lS 

20 

25 

30 

methylethylene (Formula V: R3=R4=cH3; Rs=R6=0C2Hs) 

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 vacuo to afford 6 g 
(76.9%) of l-(p-trjfluoromethylbenzyl)-2-(1,3-dioxolan-

2-yl)-pyrjdjnjum bromide 

(Formula IX: Rl=R7=H;R2=4-CF3;Z-=Br-)· 

(b) A mixture of l-(p-trifluoromethylbenzyl-

2-( l, 3-dioxolan-2-yl)pyridinium bromide (5 g; 

0.0128 mol), polyphosphoric acid (SO g), and 5 g 
(0.052 mol) methanesulfonic acid was heated to ll0°c. 

The mixture was cooled, diluted with water, and an 

aqueous solution of 6 g potassium hexaf luorophosphate 

was added to the reaction mixture. The resulting solid 
product was filtered and dried to afford 3.05 g (61\) of 
9-trifluoromethylbenzo(b]quinolizjnium hexafluoro­

phosphate (Formula IV: Rl•R7•H;R2•9-CF3;x-·PF6-) 

:eJ:e.p.a.r.a:tion._.U 

(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 

I 
! 
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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 

s residue was filtered and dried in vacuo to afford 9 g 
(76.9%) of l-(3,5-difluorobenzyl)-2-(1,3-djoxolan-2-yl)­

pyridinium hexafluoropbosphate. 

(Formula IX: Rl=R7=H;R2=3,5-F2;x-=PF6-) 
(b) A mixture of l-(3,S-difluorobenzyl-2-(1,3-di-

10 oxolan-2-yl)pyridinium hexafluorophosphate (9 g; 
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 

15 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-difluorobenzo[b]quinoljzinjum bexafluoro-

20 

phosphate (Formula IV: Rl=R7=H;R2=8,10-F2;x-=PF&-)• 

Preparation 2fl 

(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 

25 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 

30 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.=-...chlo..r.obenzyl)=2=.(.l,..3:.dioxal.an:-~J...).::: 

35 py..ridinium_..chlori.de 

(Formula IX: Rl-R7•H;R2-4-Cl;z--c1-). 
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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 
s filtered to afford 7.9 q 9-chlorobenzo[b]quinolizinium 

- chloride (Formula IV: Rl=R7=H;R2=9-Cl;x-=cl-). 

The aqueous layer was treated with sodium 

perchlorate solution in water and the resulting solid 

was cooled and filtered to afford 7.9 q (9%) of 
10 9-cblorobenzo[b]quinoljzinjum perchlorate 

(Formula IV: Rl=R7=B;R2=9-Cl;x-=Cl04-). 

Preparation 21 

(a) To a mixture of 28.3 q (0.15 mol) o-bromobenzyl 

1s alcohol in 1 l 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 

stirred for 1 hr. The above reaction mixture was cooled 

to -20°c, 19.9 g (0.165 mol) of 6-methyl-2-pyridine-

20 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 

25 phase was dried over sodium sulfate, and the solvent was 

removed in vacuo to afford 21.9 g (70.5%) of 

2-[l-hydroxy-(2 1 -hydroxymethyl)benzyl]-6-methylp.yrjdine 

(Formula XIII: R1•6-CH3;R2-a7-a). 

(b) To a mixture of 10.34 q (0.05 mol) 2-[1-hydroxy-

30 (2'-hydroxymethyl)benzyl]-6-methylpyridine in 200 ml 

benzene heated to eo•c was added in one portion 50 q 

(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. 

35 The reaction mixture was concentrated iILJlacua and the 

residue was purified by ch·romatoqraphy 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 9 

s (combined yield 37%) of 4-methylhenzo[h]quinolizinium . 

· perchlorate (Formula IV: Rl=4-CB3;R2-R7=H;x-=Cl04-), as 

a yellow solid, m.p. 160-165°C. 

Preparation 22 

10 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 

15 removed in vacuo and the prod~ct was distilled to afford 

47.8 g (62%) of 1,1-diethoxyethylene 

(Formula V: R3=R4=H;R5-R6=oC2H5), as a colorless oil, 

b.p. 6s-1s 0 c11oomm. 

20 Preparation 2 3 

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 

25 reaction mixture was poured into ethyl acetate, 

refrigerated at -l5°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 

30 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 

35 methylene chloride/ethyl acetate (1:1) and the methylene 

chloride was distilled (1/2 of the original volume) 
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jn vacuo. The reaction mixture was cooled and the solid 

product was filtered to afford 3.6 q (32.3%) of 
10-bromobenzo[b]quinoljzjnium perchlorate 

(Formula IV: Rl=R7=H;R2=10-Br;x-=clo4-), m.p. i12-11s•c. 

Preparation 2i 

(a) To a mixture of 15.0 g (0.098 mol) 

3,4-methylenedioxybenzyl alcohol in 250 ml ether cooled 

to -2o•c was added in portions 21.1 ml (0.211 mol) 

10 n-butyllithium (10 M) in hexane over a 10 min period, 

and the reaction mixture was allowed to warm to room 

temperature and stirred l 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 

15 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 (3xl50 ml). The organic layer . . 
was washed with brine, dried over sodium sulfate, and 

20· concentrated. The diol was purified by chromatography 

on silica eluting with ethyl acetate/hexane (9:1). The 

diol was triturated with ether and filtered to afford 
8.8 g (34.7%) of 2-[l-bydroxy-(6 1 -hydrox:ymethy.l-
2• ,3•_methylenedioxy)benzyl]pyridine 

25 (Formula XIII: Rl=R'=H;R2=2',3'(-0CH20-), as a white 

solid, m.p.98-101°C. 

(b) To a mixture of 2 q (0.0077 mol) of 

2-[l-hydroxy-(6'-hydroxymethyl-2',3'-methylenedioxy)­
benzyl]pyridine in 80 ml benzene heated to so•c was 

~ added in one portion 7.64 q (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 

ls 
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 q 
(2.4%) of ·9,lO-metb¥lenedjoxybenzo[b]quinolizinium 

perchlorate 

(Formula IV: Rl=R'=H; R2=2',3'(-0CH20-);X-=Cl04-),as an 
oranqe solid, m.p. 220-224°C. 

Preparation 25 

(a) To a mixture of 5 q (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 mol) n-butyllithium (10 M) in .. . 
hexane over an 8 min period, and the reaction mixture 
was allowed to waDn 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·resultinq 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 (3xl00 ml). 

20 The organic layer was washed with brine, dried over 
sodium sulfate, and concentrated. The diol was purified 
by chromatography on silica qel eluting with ethyl 
acet·ate/hexane ( 8: 2) to afford 3. 2 q ( 34. 4%) of 
2-[l-hydroxy-1-methyl(6'-hydroX¥JDAthyl-2'-methoxy)-

25 benzyl]pyridine 

(Formula XIII: Rl=H;R2=2 1 -0CH3;R7•CH3), as a yellow oil. 
( b) To a mixture of 2 q ( O. 0077 mol) of 
2·-c 1-hydroxy-1-methyl ( 6 • -hydroxymethyl-2 • -methoxy )­
benzyl ]pyridine in 60 ml benzene heated to so·c was 

30 a.dded in one portion 4 • 8 9 q ( O • 0 2 7 mol) of tr if luoro­
methanesulfonic anhydride, and the mixture 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 gel 

35 eluting with 5% methanol/methylene chloride and 
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10% methanol/methylene chloride. The second fraction 
was concentrated in vacuo, the residue was dissolved in 

water and heated to 
sodium perchlorate. 
dried to afford O.l 

reflux, and reacted with excess 
The solid product was filtered and 

q (6.3%) of 10-methoxy-11-methyl-
benzo[b]quinolizinium perchlorate 

(Formula IV: Rl=l;R2=10-0CH3;R'=CH3;X-=Clo4-), as an 

orange solid, m.p. 2oa-212°c. 

Preparation 26 

(a) To a mixture of 3.59 q (0.019 mol) of o-bromo-
benzyl alcohol in 100 ml ether cooled to -20°c was added 
in portions 4.1 ml (0.0412 mol) n-butyllithium (10 M) in 

. hexane over a 6 min period, and the reaction mixture was 
stirred 20 min. The .above reaction mixture was cooled 
to -20°c, 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 result~nq reaction mixture was 
allowed to warm to room temperature and stirred for 
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, dr'i.ed'over sodium sulfate, and concentrated. The 
diol was triturated with 100 ml ether, filtered, and 
purified by chromatography on silica gel eluting with 
4% methanol/hexane The solvent was concentrated 
jn vacuo to afford 0.68 g (14.5%) of 2-(1-hydroxy-
( 2 • -lqrrlro:x:ymethyl )benzyl J-3-methmcypyridine 

(Formula XIII: Rl•3-0CH3;R2•R'•H), as a white solid, 

Jo m.p.138-140°C. 
(b) To a mixture of 0.61 q (0.00248 mol) of 

2-[l-hydroxy-(2'-hydroxymethyl)benzyl)-3-methoxy­
pyridine in so ml benzene heated to so•c was added in 
one portion 2.11 9 (0.0074 mol) of trifluoromethane-

·':i sulfonic anhydride, and the mixture was allowed to cool 
to room temperature and stirred for JO min. The 
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reaction mixture was concentrated in vacua and the 

residue was purified by chromatography on silica gel 
eluting with 5% methanol/methylene chloride and 
10% methanol/methylene chloride. The second fraction 

s 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 1-methoxyhenzo[b]quinolizinjum perchlorate 

io (Formula IV: Rl=l-OCH3;R2=R7=H;x-=clo4-), as a yellow 

solid, m.p. 143-145°c. 

preparation 27 

(a) To a mixture of 30 g (0.18 mol) of 3-isopropoxy-
lS benzyl alcohol in 600 ml.ether cooled to -2o•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 -2o•c, 

20 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 

25 mixture. The resulting mixture was separated, the 
aqueous layer was extracted with methylene chloride 
(2x200 ml), the combined organic layer was washed with 
brine, dried over sodium sulfate, and concentrated. The 
diol was purified by chromatography on silica gel 

30 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 ilL..lra.Cllil to 1/2 of its volume 
afforded 11.1 g (22.6%) of 2-[l-hydroxy-(6'-hydro~ 

35 me.thy.1..:.2..~mpmpaxyJh.en.zy l.J.p.yridine 
(Formula XIII: Rl-R7•H;R2•2'-0CH(CH3)2), as a tan solid. 
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(b) To 11.1 g (0.0406 mol) of 2-[l-hydroxy-

(6' -hydroxymethyl-2 '-isopropoxy)benzyl]pyridine was 
added 25 ml POCl3 in 1 min, the mixture was heated at 

ll0°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. Water and sodium perchlorate were 

added to the above oil, 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 vacuo 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 10-isopropoxybenzo[b]quinolizjnium 

hexafluorophosphate (Formula IV: Rl=R7=H; 

R2=lO-OCH(CH3)2;X-=PF6-), 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 q; 

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·i and the solid was dried 
to yield 110 q (85.2%) of l.:...(.p.-hromohenzy..1.)-

2-(1,3-dioxolan-2-yl) p.yridinium bromide 

(Formula IX: Rl•R'=H;R2=4-Br;z-=sr-). 

(b) A mixture of 55 g (0.137 mol) of l-(p-bromo-
benzyl)-2-(1,3-dioxolan-2-yl)pyridinium bromide and 

35 300 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 vacuo (at 45°C) to afford 32.85 g (70.8%) of 
9-bromobenzo[b]quinoljzinium brondde 

(Formula IV: Rl=R7=H;R2=9-Br;x--sr-). 

Preparation 29 

To 500 ml ammonia at -40°C was added 100 mg 
ferric chloride hexahydrate and 12.5 g (0~32 mol) 
potassium (washed with hexane) in portions, and then 

10 100 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 

1s residue in hexane was quenched with isopropanol), .. the 
·filtrate was concentrated and fractionally distilled to 
afford 46.05 g (42%) of 2-methyl-1,1-diethoxyethylene 
(Foi::mula V: R3=CH3;R4=H;R5=RG=oc2H5), as a clear liquid, 

20 

0 

65-68 c, at 55 nun. 

Emparatjon 30 
0 

To 300 ml ammonia at -35 c was added 3 g 
potassium and SO mg ferric chloride hexahydrate, and 
then 15 g (0.087 mol) isopropenylcarboxyaldehyde-

25 dipropylacetal in 75 ml ether and stirred at -35°C for 
120 hours. The dry-ice condenser and the bath were 

0 

allowed to warm up (to 29 C) gradually and 1/2 of the 
anunonia was allowed to evaporate. The reaction mixture 

0 

was cooled to -35 c, ether was added, the mixture was 
30 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 
L,.2.=dim.ethyl-1,l-dipropoxy.ethylene 

35 (Formula V: R3·R'•CH3~R5•R6-oc3H7), a clear liquid, 
0 

b.p. 71-85 C/26mm. 

.. 
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Preparation 31 

To a solution of dichloroacetaldehyde 

diethylacet_al (25 q; 0.1336mol) in 150 ml THF cooled to 

·0°c was added 17.99 q (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 (throuqh celite) and a 
0 

pale yellow solution was concentrated in vacuo at 30 C. 

The residue was distilled to afford 18.l q (90%) of 
10 2-chloro-1,1-djetho:x,yethylene 

(Formula V: a3=cl;R4=H;Rs=a6=oc2H5 ), a colorless liquid, 
. 0 

b.p. 70-76 C/20-25mm • 

. preparation 32 

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

4R,6R-dimethyl-l,3-dioxane (3.15 q, 0.01 mol) in 

TSF/ether (3/1, 200 ml) at - 100°C was added lithium 

diisopropylamide prepared from diisopropylamine 

(l.54 ml) and n-BuLi: (5.5 ml, 2M in pentane), followed 

20 by acetone (0.734 ml, 0.01 mol). The mixture was 

stirred for 5 minutes, water (40 ml) was added and the 

mixture was warmed to room temperature. K2C03 was 

added, the prqanic layer was separated, the aqueous 

layer was extracted with ether and ~he combined organic 
25 layers were washed with brine and dried over Na2S04. 

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

phosphinyl)-2-( 1, l-djmethyl-1-hydrmcymethyl). 

30 4R,6R-dimethyl-l,3-dioxane. 

(b) To a mixture of 1.29 g (0.0034 mol) of 2-(di-

phenylphosphinyl)-2-(1,1-dimethyl-l-hydroxymethyl)-

4R,6R-dimethyl-l,3-dioxane in 40 ml THF at room 

temperature was added 410 mg (0.0037 mol) potassium-

35 t-butoxide in 10 ml THF. The resulting pale yellow 

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 
centrifuged. The solid residue was washed again with 
hexane and the mixture was centrifuged. The combined 
hexane solution was filtered (through celite) and 
concentrated to afford 0.45 g (84%) of 
(2-isopropylidene-4R,6R-dimethyl-1,3 djoxane 
(Formula V: R3=R4=CH3;Rs and R6 together= 
(R,R)-OCH(CH3)CH2CH(CH3}0-), as a colorless liquid. 

Preparation 33 

(a) A mixture of 2-(1,3-dioxolan-2-yl) pyridine 
(36.4 g, 0.24 mol), 4-nitrobenzylbromide (51.84 g, 

· 0.24 mol) and sulfolane (SO ml) was heated on a steam 
bath for 10 hours. The mixture was cooled, ethyl 
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 
(Formula IX: Rl=R'=H;R2=4-N02;z-=sr-) 

(b) To a mixture of polyphosphoric acid (250 ml) and 
0 

methanesulfonic acid (SS ml) heated to 100 c with 
stirring was added 71 g (0.193 mol) of l-(p-nitro­
benzyl)-2-(2'-l' ,3'-dioxolane)pyridinium bromide and the 

0 

resulting mixture was heated to 110 c for 4 hr and 
cooled. The reaction mixture was poured into 500 q ice, 
activated charcoal was added to the mixture, filtered, 
and sodium perchlorate solution added. The mixture was 
extr~cted with methylene chloride (2x500 ml), and the 

30 organic layer was concentrated to afford 5.2 g (8.3%} of 
9-nitrobenzo[b]quinolizinium perchlorate (Formula IV: 
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1· Prepa;catjon 34 
·~-. ·,, 
·t. (a) To a mixture of 12.49 q (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-

5 lithium ( 10 M) in hexane over a 20 min period, and the 
reaction mixture was allowed to warm to room te~perature 
and stirred 1 hr. The above reaction mixture was cooled 

0 

to -20 c, 14.63 q (0.136 mol) of pyridine-
2-carboxaldehyde in 50 ml ether was added to the mixture 

io over an 1 hr period (the mixture turns purple), and the 
resulting reaction mixture was allowed t~ warm to room 
temperature and stirred for 1 hr. Anm.onium chloride 
solution (100 ml) and 200 ml ethyl acetate were added to 

.the mixture with stirring, and the mixture was extracted 
15 with ethyl acetate (2x200 ml). The combined organic 

layer was washed with brine, dried over sodium sulfate, 
and concentrated. The dial was was triturated with 
100 ml ether, filtered, and the solid product was washed 
with hexane (yield:6.6 91 46%) to afford 

20 2-[l-hydroxy-(2 1 -hydroxymethyl-6 1 -methyl)benzyl]-

~irua (Formula XIII: Rl=R7=H1R2=6 1 -CH3), as a pale 

yellow solid, m.p. 129-132°C. 
(b) To a mixture of 3 q (0.013 mol) 2-[l-hydroxy-
(2' -hydroxymethyl-6' -methyl)benzyl]pyridine in 

25 100 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) was 

30 purified by chromatography on silica eluting with 
9\ methanol/methylene chloride. The eluent was 
concentrated in vacua, the residue was dissolved in 

water (60 ml), heated to reflux, and reacted with 
3 g sodium perchlorate with stirring. The yellow solid 

35 product was filtered, washed with water,and dried to 
afford 0.926 g (24.4%) of 1.0.:me..thy.lbenzo_(bJ.quino.lizinium 
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perchlorate (Formula IV: Rl=R7•H;R2=10-CH3;x-=Cl04-), as 
a pale yellow solid, mp 163-166°C. 

Prepax:ation 35 

A mixture of 40.27 q (0.275 mol) 1,l-dimethyl-
2,2-diethoxyethane and 0.2 q 85% H3P04 equipped with· 

• viqreux 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 q (29.5%) of 
2, 2-djmethyl-1-ethoxyeth~lene . 
(Fo:cmula v·: Rl-R4=GH3;Rs=oC2Hs;R6-H), as a clear 

• ·colorless liquid, b.p. 89-95 c. 

preparation 36 

(a) To a mixture of 10 q (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-2-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 chromatoqraphy 
on silica eluting with ethyl acetate/hexane (9:1) to 
afford 1.7 q (10.Si) of 2-[(2 1 ,s•-dimethoxy.-6 1 -hydr.oxy­
met.hy..l.Jhenz.y.l.].p.yrldine (Formula XIII: al•R'•H; 
R2•2' ,5'-(0CH3 )2), as a white solid, m.p. 102-104°C. · 

35 (b) To a mixture of 1.25 9 (0·.045 mol) 2-[(2',5'-di-
methoxy-6'-hydroxymethyl)benzyl)pyridine in 60 ml 

. ti: 
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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 vacuo 
to afford 0.42 g (27.6%) of 7,10-djmethoxybenzo[bJ­
quinoljzjnium perchlorate (Formula IV: Rl=R7=B; 
R2=7, lO-(OCH3)2~x-=clo4-), as an orange solid;· 

• m.p.235-240 c. 

Preparatjon 37 

(a) To a mixture of 10.2 g (0.052 mol) of l,l-di-
methoxy-2-bromoisobutane and 5 9 (0.55 mol) butane-
2R,3R-diol was added 100 mg PPTSA and toluene, and the 
mixture (equipped with Dean-Stark trap) was allowed to 
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-hromojso-

30 propyl)]-(4R,5R-dimethyl)-l,3-dioxolane, as a colorless 
• liquid, b.p. 73-77 C/14mm. 

(b) To a solution of 1.5 9 (0.0067 mol) of 
2-[(2-bromoisopropyl)]-(4R,5R-dimethyl)-l,3-dioxolane in 
40 ml THF at room temperature was added with stirring 

35 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 ceiite with ether and the filtrate 
0 

was concentrated in vacuo (<30 C) and the resulting 
2-iso.propylidene-4R,5R-dimethyl-l,3- dioxolane 

(Formula V: a3-a4=CH3; 
as and a6 together=(R,R)-OCH(CB3)CB(CH3)0-) was used 

without additional purification. 

Preparation 38 
0 

To a mixture of 250 ml ether, 100 g 3 A 

10 molecular sieves, 50 q sodium sulfate, and 125·. 9 q 
0 

( L 72 mol) N,N-diethylamine cooled to -10 c was added 
0 • • 

dropwise· (under -5 C) 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 
is was filtered, the filtrate was concentrated to remove 

ether, and the residue distilled through a Viqreux 
distillation column was heated to remove diethylamine 

0 

and to collect liquid distilling at 40-100 C/10-30mm-
aspirator. The liquid was redistilled to afford 46.1 g 

. 20 (47%) of 1-diethylamino propene (Formula V: R3=CH3;R4=H; 
R5=N fC2H5 )2; a6=H) , as a clear liquid, b. p. 40 ° C/25mm. 

Preparation 39 

A mixture of 3-methoxybenzylchloride (5.0 q, 
25 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 

30 was diluted with water and treated with KPF& (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/­
ca2c12 (1/3), followed by slurrying the product in hot 

35 methanol and then collecting the product by filtration 
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:: to afford 1. O q of 8-methmty.benzo[b]quinoliziniwn 
bexafluoraphosphate 

(Formula IV: Rl-R7=B;R2•8-0CH3;X--PF&-)• 

5 Preparation 40 

(a) p-Toluenesulfonic acid (l.14 g, 0.006 mol) was · 
added to a mixture of methacrolein (42.35 g, 0.06 mol), 
ethanol (141.9 ml), CB2Cl2 (120 ml) and triethylortho­
formate (130.6 ml, 0.785 mol). The mixture was stirred 

10 at room temperature for 3 days and then K2C03 (2 g) was 
added. The mixture was stirred for 10 minutes, 
filtered, and then the filtrate was concentrated 
in vacuo. The residue was purified by distillation 

. through a Vigreaux column at 130°c to afford 35 g of 
15 methacrolein diethylacetal. 

(b) To ammonia (500 ml) at -35°C was added 
FeCl3•6B20 (0.1 g), then potassium metal (24.2~ g), and 
then methacrolein diethylacetal (109 g, 0.756 mol) in 
ether (150 ml). The mixture was stirred at -35°C for 

20 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 
l,l-dietboxy-2,2-dimethyletbylene 

25 (Formula V: R3=-R4=CB3;R5=R6=0C2Bs). 

Preparation 41 

(a) To triethylorthofoi:mate (162.l ml, 0.974 mol) 
was added dropwise over 1.5 hours chlorodiphenyl-

30 phosphine (175 ml, 0.974 mol) while maintaining the 
reaction temperature bel~w 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 

35 mixture filtered and the filtrate concentrated in_~acuo. 
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The residue was taken up in water, extracted with CH2Cl2 
and dried over MgS04. The solvent was concentrated to 

700 ml, the mixture cooled, filtered and the filtrate 
treated with hexane. The CH2Cl2 w~s removed and the 

hexane layer cooled. A precipitate formed which was 
collected by filtration to afford 133 g of 1-(dipheny...l: 

phosphinyl)-1,1-diethaxymethane. 

(b) To l-(diphenylphosphinyl)-1,1-diethoxymethane 
(20 g) in THF (600 ml)/ether (200 ml) at -95°C was added 

.. io 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 K2C03 was added 

is (4 9). The mixture was extracted with ethyl acetate 
(2x200 ml), the combined organic layers were washed with 
brine and dried over Na2S04 •. The solvent was removed 
in vacuo and ~he residue was purified by column 

chromatography on silica gel eluting with ethyl 
20 acetate/0.5% triethylamine to afford l-(diphenyl­

phosphinyl)-1-(1,l-dimethyl-l-hydroxymethyl)-l,l-di­

ethox.ymethane. 

(c) To a solution of the compound of preparation 
4l(b) (2.3 g, 0.02 mol) in THF (SO ml) was added 

25 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 vacuo, and the 

residue was distilled at 50 nun Hg to afford 2.1 q of 
30 1, l-diethoxy-2, 2-d:imethylethylene 

(Formula v: aJ-a4=CH3;R5-a6-oc2H5). 

1:· ,, 

II~~ 
il~t 
Ill' 
;;;;..;,;_ 
mt'!~-
mt!:· 

iiiiii: 

'1. t 

l :i 
·' 

' \ 
I 



... 

. ~ . 

-66-

EL:eP.ar.ation 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 g~. The gum was dissolved in water, washed 
with ether and evaporated to dryness to afford crude 
l-benzyl-2-formyl-4-methylpyridinjum bromide. 

(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 vacuo, 

water (20 ml) was added and the mixture was poured into 
a solution of NaCl04 (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 CH2Cl2/methanol ( 1 :.1) to afford 2-methyl­
benzo[h]quinolizinium perchlorate. 

(Formula IV: Rl=2-Me; a2,R7=H;x-=clo4-) 

' . 
! 
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(a) A mixture of benzo[b]quinolizinium bromide 
(l.O g, 3.8 mmol), 1,1-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 vacuo. 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-dietboxy-13,13-djmethyl-6,ll-ethano-
6,ll-dihydrobenzo[b)quinoljzinium perchlorate­
[Formula I: Rl-R2=R7=H, R3=R4=CH3, Rs=R6=0C2H5, and 
x-=clo4-J, 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 

20 benzo[b]quinolizinium perchlorate. (78 g, 0.279 mol), 
1,l-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 

25 was dissolved in ethyl acetate (2 l) and treated with 
charcoal (150 g). The charcoal was removed by 

·filtration, the filtrate was washed with water (1 1), 
and the organic solvent was dried over M9S04 and removed 
in vacuo. The crude product thus obtained (111 9, 

30 93.9%) was recrystallized from hot isopropanol (800 ml) 
to afford 100 g (84.6%) of 12,12-diethoxy-13,13-di­
methyl-6,ll-ethano-6,ll-dihydrobenzo[..b.J.q.uino.l.iziniwn 
p.e.r:.chlo~ 

[Formula I: R1•R2•R7•H;R3-R4•CH3;RS-R6•0C2Hs;x--c104-]. 

l·ld: 
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Example 2 

A column of Dowex® 1X2-200 ion-exchange resin 
was eluted with O.SH HCl until the eluant was clear, and 

was then washed with distilled water until a pH of about 
s 6.5-7.5 was obtained. 12,12-Diethoxy-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium 
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 l) and the solvent 

10 was removed in vacuo to afford 12,12-diethoxy.-13,13-di­
methyl-6,ll-ethano-6,ll-dihydrobenzo[b]quinolizinium 
chlorjde-3/4 H2Q [Formula I: Rl=R2=R'=H; R3=R4=CH3; 
Rs=R6=0C2Hs; and x-=c1-1 as an off-white solid. Two 

additional ion-exchange resin columns on 4.44 g and 
ts 4.0 g, respectfully, afforded a total of 5.53 g of the 

desired product. 

Example 3 

A mixture of benzo[b]quinolizinium hexa-
20 fluorophosphate (460 g, 1.4 mol) in acetonitrile 

(l.84 1) was heated on a steam bath until a solution 
resulted, and 1,l-diethoxy-2,2-dimethylethylene (46.2 q, 
2.12 mol) was added. The mixture was heated to reflux 
for 4 hours, and then stirred at room temperature for 

25 16 hours. The solvent was removed in vacuo, the residue 

was dissolved in ethyl acetate (14 1) and stirred with 
water (5 1). The solution was decolorized with 
charcoal, dried over MqS04 and concentrated in vacuo to 

afford an off-white solid. The solid was slurried with 
30 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 q 
( 94. 5%) of 12.,..l.2.:.di.e.thoxy.,~l..3..,..l.l:::.d.ime:thyl:"!'.6., .. l l.'."!e.thano~ 

35 ~,. l.1..-:.dihy.d.robenzo_(.bJ.q.uino.llziniWIL.he.xallu.oi:op.h.oapha te 
[Formula I: Rl-R2-R7•H;R3•R4•CH3;R5-R6-oc2H5;X-·PF6-1 as 
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a white solid, m.p. 165-167°C when recrystallized from 
isopropanol. 

Example 4 

s The potassium salt of (lS)-(-)-camphanic acid 
(1.11 q, 4.7 mmol) was dissolved in isopropanol (70 ml) 
with heatinq and a solution of 12,12-diethoxy-13,13-di­
methyl-6, 11-ethano-6, 11-dihydrobenzo[b ]quino·lizinium 
chloride (1.69 q,-4.7 mmol) in isopropanol (20 ml) was 

10 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-djethoxy-

. 13,13-dimethyl-6,11-ethano-6,11-dibydrobenzo[b]-
15 qninolizinium camphanate [Formula I: Rl=R2=R'=H; 

R3=R4=CH3;RS=R6=0C2H5; x-=(lS)-(-)-C10H1304-]. The crude 
product was dissolved in CH2Cl2 (200 ml), washed with 
water, and the orqanic layer was concentrated in vacuo. 

The residue was recrystallized from isopropyl acetate 
2~· (20 ml) to afford 0.67 g (27%) of purified product, as a 

white solid, m.p. 144-145°C. 

Example 5 

The potassium salt of· S-(+)-2-hydroxy-2-phenyl-
25 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,ll-dihydro­
benzo ( b. J quinoliz inium chloride ( 1 • 8 q, 5 mmol) in 
isopropanol (20 ml) was added over three minutes. The 

30 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 CH2Cl2 (100 ml), washed with water and the 
organic layer was concentrated in_v.ac.uo. The residue 

35 was recrystallized from isopropyl acetate, then 
isopropyl acetate/ isopropanol to afford 1.46 g (60%) of 
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12,12-diethoxy~....l:::~ll-ethano~6,ll-dihy..drn=. 

benzo[b]quinoliziniwn· (S)-(+)-CH3C(Ph)(OH)Co2-
[Formula I: Rl=R2-R7=H; R3-R'=CH3;R5-R6=0C2H5; 
x-=(S)-(+)-CH3C(Ph)(OH)Co2-1 as a white solid, 

s 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 KHC03 (40.04 g, 0.40 mol) in water 
(150 ml) was slowly added. When the addi~ion was 
complete, additional methanol (275 ml) and water 
(300 ml) were added and the mixture 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~tartarjc acjd. 

(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 reflux 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,ll-dihydrobenzo[b]quinolizinium chloride 
(30.03 g, 0.0835 mol) in methanol (500 ml). The 

25 reaction mixture was stirred at room temperature for 
16 hours and any solids which formed were removed by 
filtration. The filtrate was extracted with CH2Cl2 
(l x 1000 ml, and 2 x 500 ml), and the organic layers 
were combined and concentrated in vacuo. The residue 

30 was azeotroped (2X) with methanol to remove any residual 
water, the solvent was removed in vacuo, and .the residue 
was dissolved in CH2Cl2 (200 ml) and filtered. The 
filtrate was concentrated in vacuo, the residue was 
redissolved in methanol (300 ml) and reconcentrated to 

35 afford 51.1 q ( 90\) of l2,_l2=.die.thoxy-=.1.J.,l3:::.dime..th;vl:-

I 

. i 
I 

! ' 
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.6.,-11-ethano.- llin.aliz ininm-.U.±..)-=DB.T_J. 

[Formula I: Rl-R2=R7=H; R3=R4=CH3; RS-R6=0C2Hs; 

x-=-[(+)-DBT]; as a 1:1 mixture of diastereomers] as an 
off-white solid, (a]n25 =+Sa.a•, 1% MeOH. 

5 (c) 12,12-Diethoxy-13,13-dimethyl-6,ll-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 allowed to cool 
slightly. t-Butyl methyl ether (725 ml) was then added 

10 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 4_5°C 

15 under vacuum to afford 31.2 g (63%) of 12,12-diethoxy-
13,13-dimethyl-6,ll-ethano-6,ll-dihydrohenzo[b]­
quinolizinium -cc+)-DBTJ [Formula I: Rl-R2-R7=H; 
R3=R4=CH3; R5-R6=0C2H5; and x-=-[(+)-DBT], as 

approximately a 2:1 mixture of diastereomers, 
20 [a]n25 = +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 9. 
(d) To a 2:1 mixture of the diastereomers of 
Example 6(c) (83.8 q, 0.123 ·mol) was added l,2-dichloro-

25 ethane (500 ml) and the mixture was heated to reflux 
until all of the material had dissolved. The solution 
was filtered through Solka Floe® and the filtrate was 
warmed on a steam bath for 5 minutes, and then gradually 
cooled to room temperature. The solution was seeded and 

30 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."'.':: 
e.thoxy.:::U., ... 1.3.=dimethyl-6,_11.:e.thano-Lll=:dihy.dro:: 

JS benzo [ b ).quinoliz.inium .. -!..( ±.) ... -:DBX.]. 
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[Formula I: Rl=R2-R7-a; R3-R4=CH3; RS-R6=0C2H5; 

x-=-[(+)-DBT]; as a sinqle diastereomer (>99.8% pure by 
HPLC)], [a]n25 - +32.9°C, 1% MeOH. 

(e) A solution of the single diastereomer of 

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

(50 ml) was added rapidly to a stirred aqueous solution 

of sodium perchlorate (11.94 q, 0.0976 mol), NaHC03 

(3.55 q, 0.0423 mol) and water (1 l). 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 q 

( 8 4 % ) of ( - ) -12 , l 2-diethmcy-13, 13-dimethyl-6, 11-etbano-

6, l l-d ihydrobenzo [ b] quinoliz inium perchlorate; 

[Formula I: Rl-R2-R7=H; R3-R4=CH3; RS-R6=oc2H5; 

x--c104-, (-)-isomer] , [a]n25 - -46.0°, 1% methanol. 

(f) Followinq a procedure substantially similar to 

that described in Example 2, but dissolving the per­

chlorate in methanol rather than ethyl acetate, there 

was obtained 19.2 q of crude (-)-12,12-diethoxy-

13,13-djmethyl-6,ll-ethano-6,ll-dihydrobenzc[b]­

quinolizjnjum chloride, [Formula I: Rl=R2=R7=H; 

R3-R4•cH3; R5=R6-oc2Hs; and x--c1-, (-)-isomer] from 

(-)-12,12-diethoxy-13,13-dimethyl-6,11-ethano-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate (21.6 q, 

0.051 mol) and Dowex® ion-exchange resin (1650 q). The 

product was purified by column chromatography on silica 

eluting with 10% methanol/CH2Cl2 to afford 11.38 q (59%) 

of the (-)-isomer (100% enantiomerically pure by HPLC), 
30 [a]025 ~ -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 

s substantially similar to that described in Example 6(a)) 
was dissolved in isopropanol (4.8 1) and water (2.4 l)· 
with heating on a steam bath. A solution of 12,12-di­
ethoxy-13,13-dimethyl-6,11-ethano-6,ll-dihydrobenzo[b]­
quinolizinium chloride (60.0 g, 0.167 mol) in iso-

10 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 l) was added to the residue and 16 .hours later the 
is solution was· filtered·to remove any ·inorganic salts. 

The filtrate was washed with water (3 1), dried over 
MgS04 and concentrated in vacuo to. afford 105.9 g 

(93.2%) of 12,12-djethox:y-13,13-djmethyl-6,ll-ethano-
6,ll-djhydrobenzo[b]quinoljzjnjum•-[ (-)-DBTJ 

20 [Formula I: Rl=R2=R7=a~ R3=R4=CH3; R5=R6=0C2H5; 

x-=-[(-)-DBT]], as a 1:1 mixture of diastereomers. 
(b) 12,12-Diethoxy-13,13-dimethyl-6,11-ethano-
6,ll-dihydrobenzo[b]quinolizinium·-[(-)-DBT] (105.9 g) 

was dissolved in 1,2-dichloroethane (1060 ml) with 
25 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 

30 12.12-diethoxy-13,13-dimethyl-6,ll-ethano-6,ll-dihy.dl:.0=: 
benzo[b]qujnoljzjnjum•:.[(-)-DBTJ 

[Formula I: Rl-R2-R7•H; R3-R4•CH3; RS-R6-oc2H5; and 
x---cC-)-DBT]J, as a single diastereomer, ca1 0 25 - 32.S, 
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 H 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-dimethyl-
6, ll-ethano-6,ll-dihydrobenzo[b]quinolizinium· 
-[(-)-DBT] (34.18 g, 50.l 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. 
KHC03 (6 ml) and the solvent was removed in vacuo. 
Dichloromethane (1.5 1) was added-to the residue and the 
pH of the_ solution was adjusted to 7 by the addition of 
6 N HCl (17 drops). The solution was dried over MgS04, 
and the solvent was removed in vacuo to afford 18.2 g of 

crude product. A similar experimental run on a 2.21 g 
(3.24 mmol) scale produced an additional 1.17 q of crude 
product for a total of 18.2 g. The combined p~oduct 
fractions were dissolved in me~hanol (~O 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/CH2Cl2 to 
afford 12.41 g of (+)-12,12-djethoxy-13,13-djmethyl-
6,11-ethano-6,ll-dihydrollbenzo[b]quinolizinium 

2S chlorjde•l/2 hydrate [Formula I: Rl=R2=R7=H; 
R3=R4=CH3; R5=R6=0C2H5; and x-=c1-; as (+)-isomer], 
[a]n25 = +51.5, 1% methanol, ·m.p.= 100-110°c when dried 

in high vacuum for 5 days. 

30 Example 8 

A mixture of benzo[b]quinolizinium bromide 
(1.8 g, 6.9 nnnol), tetraethoxyethylene (15 ml, 69 nnnol) 
and acetonitrile (25 ml) was stirred at room temperature 
for 16 hours. The mixture was c£oncentrated down to a 

35 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 9 (97.7%) of 
12,12,13,13,-tetraethoxy-6,11-ethano-6,ll-dihydro-

5 benzo[b]qninolizinium perchlorate 
[Formula I: Rl=R2=R7=H; R3=R4=Rs=R6=0C2Bs; and x-=clo4-3 

as an off-white solid, m.p. 202-203°C. 

Example 9 

10 A mixture of benzo[b]quinolizinium perchlorate 
(0.09 9, 0.32 mmol), 2-isopropylidene-4R,5R-(dibenzyl­
oxymethyl-1,3-dioxolane [Formula V: R3=R4=CB3; 
Rs and R6 together=(R,R)-OCH(CB20CH2Ph)CH(CH20CB2Ph)-O-] 

0.52 g, 1.46 mmol) and acetonitrile (10 ml) was stirred 
· 1s at room temperature under N2 for 1 hour. The solvent 

was removed in vacuo and the residue was purified by 

co.lumn chromatoqraphy on silica gel eluting with ether 
(100%) to 10% methanol/CB2Cl2 to afford 0.16 9 (78%) of 
12,12-(lR,22-dibenzyloxymethyl-etbanedjol ketal)-

20 13,13-djmethyl-6,11-ethano-6,ll-dihydrobenzo[b]-

25 

quinoljzjnjum perchlorate 

[Formula I: Rl=R2=a7=a; ·R3=R4=CH3; 

Rs=R6·toqether= (R,R)-O-CH(CH20CH2Ph)CH(CH20eH2Ph)-O-; 
x-=c104-1, as a white solid. 

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

A mixture of benzo[b]quinolizinium perchlorate 
(0.88 .g, 3.15 mmol), 2-isopropylidene-4R,6R-dime~hyl-

30 1,3-dioxane [Formula V: R3=R4=CH3; 

Rs and R6 toqether= (R,R)-O-CH(CH3)CH2CH(CH3)-0-] 

(0.7 q, 4.48 mmol) and acetonitrile (10 ml) was stirred 
at room temperature under N2 for 30 minutes. The 
solvent was removed in_v..ac_u.o., the residue was triturated 

35 with ether, and the product was collected by filtration 
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to afford 1.05 q (78%) of 12,12-(2R,4R-pentanediol 
ketal)-13,13-djmethyl-6,11-ethano-6,11-d"ihydrobenzo[b]­

quinolizinium perchlprate. 

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

5 Rs and R6 toqether= (R,R)-O-CH(CH3)CB2CH(CH3)-0-; 
x-=clo4-1 as a mixture of diastereomers (Example lO(a)). 

The 1.05 g from the present experimental run was 
combined with 11.95 g of product obtained from two 

similar experimental runs, and the combined total of 

10. 13.0 q was separated into its constituent diastereomers 

by .high performance liquid chromatoqraphy u~ing two 
delta~pak C-18 columns and eluting with 0.05 N ammonium 

acetate/methanol. The appropriate chromatoqraphy 
fractions were pooled, concentrated in vacuo, taken up 

15 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 q of 12,12-(2R,4R-pentane­
djol ketal)-13,13-djmethyl-6,ll-ethano-6,ll-dihydro-

20 .benzo[b]quinolizjnjum perchlorate 

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

Rs and R6 together= (R,R)-O-CH(CH3)CH2CH-(CH3)-0-; 
x-=clo4-],.as one diastereomer, hereinbelow referred to 

as Example lO(b); and 0.7 q of 12,12-(2R,4R-pentanedjol 
25 ketal)-13,13-djmethyl-6,ll-ethano-6,ll-djhydrobenzo[b]-

quinolizinium perchlorate 

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

Rs and R6 together= (R,R)-O-CH(CH3)CH2CH(CH3)-0-; 

x--c104-], as the other diastereomer, hereinbelow 

30 referred to as Example lO(c). A 0.1 q fraction of the 

diastereomer of Example lO(b) was recrystallized from 

ethanol to afford 0.064 q of purified product, as a 
white solid, m.p.= 191-192°c, [a]025 + 3.5 

(C= 0.25, CHCl3). A 0.06 q fraction of the diastereomer 

35 of Example lO(c) was recrystallized from ethanol to 

•• i-i 
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afford 0.028 q of purified product as a white solid, 
m.p.= 192-193°c, (aJo2S -78° (C= o.2s, CHCl3). 

~- Example 11 

5 A solution of 12,12-(2R,4R-pentanediol ketal)-

13,13-dimethyl-6,ll-ethano-6,ll-dihydrobenzo[bJ­

quinolizinum perchlorate of Example lO(a) (2.0 g, 

4.S9 mmol) in acetonitrile (20 ml was loaded onto a 

Dowex® 1X2-200 ion-exchanqe resin column (100 g, 

10 purified as· described hereinabove in Example 2) and 

eluted with water. The· pooled product fractions were 

concentrated in vacuo and dried in high vacuum for 

15 

16 hours to afford 1.2 q (70.6%) of 
12,12-(2R,4R-pentanedjol ketal)-13,13-djmethy.l.:: 

6,ll-etbano-6,11-dj-bydrobenzo[b]quinolizinum 

cblorjde•l/2 hydrate 

[Formula I: al=a2-a7=H; R3=a4=CH3; 

as and a6 toqether= (~,R)-O-CH(CH3)CH2CH(CH3)-0-; 

x-=c1-1 as a mixture of diastereomers • 
.. 20 

-~ 

~ I 

Example 12 

(a) A mixture of_ 12,12-(2R,4R-pentanediol ketal)-

13,13-dimethyl-~,11-ethano-6,11-dihydrobenzo[b]­

.quinolizinium perchlorate of Example lO(c) (0.46 g, 

25 l.OS mmol) in concentrated hydrochloric acid (10 ml) was 

heated at 80°c for 1.s hours. The mixture was cooled to 

room temperature, diluted with water and treated wi.th 

10% sodium perchlorate in water. The mixture was cooled 

and·the solid which formed was collected by filtration 

30 and washed with water, hexane, then ether •. The compound 

was dried to afford 0.33 q (89%) of (-)12-oxo-13,13-di­

methy.l-6,ll-ethano-6,ll-dihydrobenzo(b]quinolizinium 

per~.h.lor.ate [Formula I: Rl-R2-R7•e: R3-R4•CH3; 

as and a6 together• •O: x--c104-, as (-)-isomer) as 

3;<; white crystals, rii..p.• 282-284°C (dec.),[n]o25 • -1.36°, 

1 % methanol. 
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(b) To a solution of (-)-12-oxo-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium 

perchlorate of Example 12(a) (0.3 g, 0.86 1Dl1l01) in 

tetraethoxysilane (l.65 q, 8.6 1Dl1l01), nitromethane 

s (4 ml) and ethanol (0.5 ml, 8.6 mmol) was added 

chloroform (about 95 ml). The reaction mixture was 

heated to reflux and most of the chlorof o:cm was removed 

via a Dean-Stark apparatus. The reaction mixture was 

cooled to room temperature, and triflic acid (0.13 g, 

10 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 CH2c12 (20 ml) 

containing pyridine (l.O ml) at o•c. The reaction 
is 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-djethoxy-13,13-dimethyl-

6,11-ethano-6,lldihydrobenzo[h]quinolizinium perchlorate 

[Formula I: Rl=R2=R7=B;~3=R4=CB3;R5=R6=oc2H5;X-=Cl04-; 

20 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 

25 with water. The product fractions were pooled, 

concentrated in vacuo, and the residue was purified by 

column chromatography on silica eluting with 

CH2Cl2/methanol (9/1) to afford 0.22 q (71%) of 

(-)-12,12-djethoxy-13,13-dimethyl-6,ll-ethano-6,ll-di-

30 hydrobenzo[b]qujnolizinjum chioride• 1/2-7/4 hydrate 

[Formula I: Rl=R2-R7•H; R3-R4-ca3; R5-R6-oc2H5;x--c1-; 

as (-)isomer]. The product was recrystallized from 

CH2Cl2/ether/hexane to afford 0.17 q (55\) of the 

product as a white powder, [a]o25 • -42.3•, 1\ CHCl3 . 
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Example 13 

(a) Followinq a procedure substantially similar to 

that described in Example 12 (a), there was obtained 

0.52 g (93%) of (+)-12-oxo-13.13-djmethyl-6,11-ethano-

5 6,11-djhydrobenzo[b]qninolizinium perchlorate 

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

Rs and R6 toqether= =O;X-=Clo4-, as (+)-isomer], 

m.p.= 281-283°C, [a]n25 = +1.1, 1% CH3CN; from 

12,12-(2R,4R-pentanediol ketal)-13,13-9imethyl-

10 6,11-ethano-6,11-dihydrobenzo[b]quinolizinium per­

chlorate of Example lO(b) (0.7 q, 1.6 mmol) and 

concentrated hydrochloric acid (15 ml). 

(b) Followinq a procedure substantially similar to 

that described in Example 12(b), there was obtained 

15 0.51 q of crude (+)-12,12-djethox.y-13,13-dimethyl-

6,ll-ethano-6,ll-djbydrobenzo[bJqllinoljzjnjum . 

perchlorate [Formula I: Rl=R2-R7=H; R3=R4=CH3; 

Rs=R6=0C2Hs; and x-=c104-, as (+)-isomer], from 

(+)-12-oxo-13,13-dimethyl-6,ll-ethano-6,ll-dihydro-

. 20 benzo(b]quinolizinium perchlorate (0.349 q, 1 nunol), 

tetraethoxysilane (2.1 ml, 10 nunol), ethanol (0.6 ml, 

10 mmol), nitromethane (4 ml) and triflic acid (0.1 ml, 

1 mmol). 

(c) Followinq a ·procedure substantially similar to 

25 that described in Example 12(c), there was obtained 

0.23 q of {+)-12,12-djetboxy-13,13-dimethyl-6,ll-ethano-

6,ll-dihydrohenzo[b]quinolizjnjum chloride• 

1/2-3/4 hydrate [Formula I: Rl-R2-R7-a; R3-R4•CH3; 

RS-R6-oc2Hs; and x-=c1-; as (+)-isomer], 

30 m.p.= 120-121°·C, [a]59925 = +43.8°, 1% CHCl3; from 

(+)-12,12-diethoxy-13,13-dimethyl-6,ll-ethano-6,11-di­

hydrobenzo[b]quinolizinium perchlorate (0.71 g), and 

Dowex® 1X2-200 ion-exchanqe resin, after purification 

of the product by column chromatography on silica 

35 eluting with CH2Cl2/ether (4:1) to CH2Cl2/ether/methanol 

(8/1/1) and recrystallization from CH2Cl2/ether/hexane. 
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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

methylethyle~e (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 stirred 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 10-acetoxy-

12,12-diethoxy-13,13-djmethyl-6,l l-ethano-6 ,ll-dihydro-

benzo[b]qujnoljzjnjum perchlorate [Formula I: Rl-R7-H; 

R2-10-0Ac;R3-R4=cH3; R5-R6=0C2H5; and x-=clo4-1 as an 

off-white powder; m.p. 135-137°C. 

(b) To a solution of 10-acetoxy-12,12-diethoxy-

13, 13-dimethyl-6,11-ethano-6,11-dihydrobenzo[b]-

quinolizinium perchlorate (0.5 q, 1 mmol) in methanol 

(25 ml) at room temperature, was added NaOH (0.12 q, 

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 

30 recrystallized from water to afford 0.24 9 (52%) of 

10-hydroxy-12,12-djethoxy-13,13-dimethyl-6,11-ethano-

6,ll-dihydrobenzo[b]quinolizinium perchlorate 

[Formula I: Rl-R7•H: R2=10-0H; R3-R4•CH3; RS-R6-oc2H5; 

x--c104-l as a white solid. 
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(c) A Dowex® 1X2-200 ion-exchange resin column 

(100 g of resin) was eluted with o.s N BCl (1.5 1) until 

f a clear solution was obtained and then was washed with 
< 

water (4 1) until a pH of about 6.0 was obtained. A 

s solution of 10-hydroxy-12,12-diethoxy-13,13-dimethyl-

6,ll-ethano-6,ll-dihydrobenzo[b]quinolizinium per­

chlorate (1.4 g, 3.2 mmol) in acetonitrile was ~hen 

loaded onto the resin column and eluted with water. The 

product fractions were pooled, and concentrated in vacuo 

10 to afford 0.85 q (70.8%) of 10-hydroxy-12,12-diethoxy-

13, 13-djmethyl-6,ll-ethano-6, ll-dihydrobenzo[b)­

qninolizinium chloride [Formula I: Rl=R7=B; R2-10=0B; 

R3=R4=CH3; Rs=R6=0C2H5; and x-=c1-1, as a white solid, 

m.p. 151 •c. (dee.). 

15 

Example 16 

A mixture of 7-methoxybenzo[b]quinolizinium . 

hexafluorophosphate (0.66 g, 1.85 mmol), l,1-diethoxy-

2,2-dimethylethylene (2.05 g, 60% pure material) in 

w 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 
7-methoxy-12,12-diethoxy-13,13-dimethyl-6,ll-ethano-

6,11-dib.ydrobenzo[bJquinoU:zinium hexafluorophosphate 

(Formula I: Rl-R7=B;R2=7-0CH3;R3-R4•cB3; RS-R6-ot2Hs; 

Jo R7•H; and x-·PF6-l 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•0CH3; 

35 R4-osi(CH3)3;RS-R6-c2Hs) (6.J 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 vacuo, the residue was taken up in ether and the 

solids thus obtained were collected by filtration to 
afford 6.3 q (97%) of 12-methoxy-12-trjmetbylsilyloxy-

13,13-djethyl-6,ll-ethano-6,ll-dihydrohenzo[b]­

qujnoljzjnjum perchlorate [Formula I: Rl=R2=R7aa·; 

R3-R4=Et; Rs=OCH3; R6=0Si(CH3)3;x-- c104-]. 

(b) A mixture of 12-methoxy-12-trimethylsilyloxy-

13, 13-diethyl-6,11-ethano-6, 11-dihydrobenzo[b]­

quinolizinium perchlorate (4.8 q, 0.01 mol) and 
concentrated BCl (80·ml) was heated at·ao•c under N2 for 

1 hour. 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 q (99%) of 
12-oxo-13,13-diethyl-6,Jl-ethano•6,11-dihydrobenzo[b]-

quinoljzinium pe.rcblorate 

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

Rs and_R6 toqether= =O; and x-=c104-J. 

(c) To a solution of 12-oxo-13,13-diethyl-

6, ll-ethano-6,11-dihydrobenzo[b]quinolizini~m 

perchlorate (l.O q, 2.6 mmol) in nitromethane (8 ml), 

tetraethoxysilane (S.52 g, 26.5 mmol) and ethanol 

(1.2 q, 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 

30 mixture-was cooled to room temperature and triflic acid 

(0.39 q, 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 

.ls containing saturated NaHC03, extracted with CH2Cl2 
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(2·x 100 ml) and the combined organic layers were dried 

over Na2S04 and concentrated in vacuo. The residue was 

taken up in hexane (50 ml), sonicated and a solid was 

collected by filtration and washed with hexane. The 

s solid was taken up in ethyl acetate (10 ml), treated 

with ca2c12 (0.5 ml) and allowed to stand. A solid 

formed which was collected by filtration and washed with 

ethyl acetate to afford 0.5 q of recovered starting 

material. The filtrate was placed on a silica gel 

10 column and eluted with ethyl acetate/PAW (6/4; wherein 

PAW=pyridine/acetic a~id/water (55/25/20) to·afford 
. . 

0.21 q (17.5%) of crude 12,12-diethoxy-13,13-diethyl-

6,11-ethano-6,11-dihydrohenzo[h]quinolizinium 

·.perchlorate [Formula I: Rl=R2=R7=a; R3-R4=Et;-

15 R5-R6=0C2H5; and x-=clo4-1. The crude product was 

passed through a Dowex® 1X2-200 -ion-exchange.resin 

(30 q, resin was purified as described hereinabove in 

Example lSC) eluting with water and the pooled product 
fractions were concentrated in vacuo. The residue was 

. -io taken up in water ( 5 ml) and treated with an aqueous .. · 

solution of 10% sodium ·perchlorate and the s~lid which 

precipitated was.collected by filtration, and washed 

with water and air dried to.afford 0.11 q of purified 

product as the perchlorate, isolated as a white solid, 

25 m. p • 121 • c (dee ) • 

Example 18 

A mixture of benzo[b]quinolizinium perchlorate 

(2.55 g, 1.96 mmol), l,l-diethoxy-2,2-dimethylethylene 

30 (2.0 q 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 vacua, 

and the residue was taken up in CHCl3 and filtered. The 

solvent was removed in-.lZAcno and the residue was 

35 purified by column chromatography on silica eluting with 

CH2Cl2/ethyl acetate/methanol (5/4/1) to afford 



-84-

0.12 9 (i5.6%) of 12,12-(1,2-ethanedjol ketal)-13,13-di­
methyl-6,ll-ethano-6,ll-dihydrobenzo(b]quinolizinium 
perchlorate [Formula I: Rl-R2-R7=a;·R3-R4=CB3; 
RS and R6 togethe~ are -O(CB2)20-; and x-=clo4-1 as a 

s white solid, m.p. 240-242°C (d~c.). 

Example 19 

(a) A mixture of 10-methoxybenzo[b]quinolizinium 
perchlorate (8.0 q, 25.8 nnnol), l,l-diethoxy-2,2-di-

·10 methylethylene (12.5 q, 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) 
15 and the mixture was extracted with CH2Cl2 (2 x 250 ml). 

The combined organics were dried over Na2so4 and 
concentrated in vacuo. The residue·was purified by 
column chromatography on sili.ca eluting with 
methanol/CB2Cl2 (5/95) to afford a gummy residue. The 

w residue was taken up in isopropanol (200 ml), treated 
with charcoal (5.0 g), boiled and filtered. The 
filtrate was concentrated in vacuo to afford 5.0 g 
(43.9%) of crude 10-methoxy-12,12-diethoxy-13,13-di­
methyl-6,ll-ethano-6,ll-dihydrobenzo[b]qninolizinium 

~ perchlorate [Formula I: Rl=H; R2=10-0CB3; R7=B; 
R3-R4•CH3; R5-R6=0C2Hs; and x--c104-1, as a yellow foam. 
(b) Alternatively,. the above reaction was also 
performed as described hereinbelow. To acetonitrile 
(5.0 ml) was added 10-methoxybenzo[b]quinolizinium 

o perchlorate (0.08 q, 0.2 mmol), followed by l,l-di­
ethoxy-2,2-dimetbylethylene (0.081 g, 0.38 mmol, 68% 
pure material with impurity being ethyl isobutyrate). 
The mixture was stirred at room. temperature for l hour, 
then was heated to 60°C for 10 hours. The solvent was 

s removed in_JlAC.11.0, toluene was added to the residue and 

.. 
I. 

~ : 

:· 
I 



s 

10 

15 

20 

-85-

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 vacuo 

and the mixture was filtered to afford 0.021 g (23%) of 
10-methoxy-12,12-diethoxy-13-13-djmethyl-6,ll-ethano-
6,ll-dihydrobenzo[b]quinoljzjnjum perchlorate, as an 

orange-brown solid, m.p. 85-95°C. 
( c) 10-Methoxy-12,_12-diethoxy-13, 13-dimethyl-
6, ll-ethano-6, ll-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 lSC 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 vacuo. 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 q (98%) of lO~methoxy-12,12-di­
ethoxy-13,13-dimethyl-6,11-ethano-6,ll-dihydrobenzo[b]­
qujnolizinium hexafluorophosphate [Formula I: Rl=H; 

25 R2=10-0CH3; R7=H; R3=R4=CH3; R5-R6=0C2H5; and x-·PF6-]1 

as a pale yellow solid. 

(d) Following a procedure similar to that described 
in Example lS(c), but loading the compound in methanol/­
CH3CN (9/1) rather than acetonitrile, there was obtained 

30 2.7g (64%) of 10-methoxy-12,12-diethoxy-13,13-dimethyl-
6,ll-ethano-6,ll-dihydrobenzo[b]quinolizinium 
chloride•3/2 hydrate [Formula I: Rl•H; R2•10-0CH3; 
R7•H; R3-R4-ca3; RS-R6-oc2Hs; and x--c1-1, as a yellow 

solid; from the hexafluorophosphate of Example 19(C) 
35 (5.lg) and Dowex® 1X2-200 ion-exchange resin (150 g). 
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Example 20 

(a) To a mixture of 9-methoxybenzo[b]quinolizinium 
perchlorate/hexafluorophosphate (1.33 q, 0.004 mol, 
4.8/1 ratio of perchlorate to hexafluorophosphate) and 

s acetonitrile was added 1,1-diethoxy-2,2-dimethylethylene 
(l.17 q, 0.081 mol). The mixture was heated to 60°c for 
12 hours, additional l,1-diethoxy-2,2-dimethylethylene 
was added (1.0 q), and the mixture was heated at reflux 
for 18 hours. The mixture was cooled, the solvent was 

10 removed in vacuo and the residue was taken up in 8% 
ethanol/0.5% triethylamine/CB2c12. The mixture was 
filtered and the filtrate was purified by column 
chromatoqraphy on silica elutinq with 8% ethanol/ 

· 0.5% triet~ylamine/CB2Cl2. The product fractions were 
IS pooled, concentrated in vacuo, and the res-idue was taken 

up in methanol (0.5 ml) and added to a hot- solution 
(60°C) of _potassium hexafluorophosphate (1.47 q) in 
water (50 ml).· The methanol ·was reinoved by filtration, 
the water was decanted, and the residue was taken up in 

20 methanol and treated with water. Removal of the 
methanol, and decantation of water afford 0.62 q (31.2%) 
of 9-methoxy-12,12-diethoxy-13,13-djmethyl-6,11-ethano-
6,ll-dihydrobenzo[b]quinoljzjnium hexafluorophosphate 
[Formula I:. Rl=H; a2=9-0CH3; R7=H; R3-R4•CH3; 

25 R5-R6=0C2H5; and x-=PF6-l 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 20(a), but starting with 
9·-methoxybenzo [ b] quinoliz inium hexaf 1 uorophospha te, 

~ there was obtained directly 9-methoxy-12,12-diethoxy-
13, 13-dimethyl-6,11-ethano-6,ll-dihydrobenzo(b]­
quinolizinium hexafluorophosphate from 9-methoxy­
benzo [b ]quinolizinium hexafluorophosphate (4.5 q, 
0.013 mol), acetonitrile (50 ml), and 1,1-diethoxy-

ls 2,2-dimethylethylene (4. 75 q, 0.033 mol). 
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(c) Following a procedure substantially similar to 
that described in. Example lS(c), there was obtained 
3.5 g of crude 9-methoxy-12,12-dietboxy-13,13-dimethyl-
6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium chloride 

5 [Formula I: Rl-a; R2=9-0CH3; R7=H; R3-R4-ca3; 
Rs=R6=oc2H5; and x-=c1-1, from 9-methoxy-12,12-diethoxy-
13,13-dimethyl-6,ll-ethano-6,ll-dihydrobenzo[b]­
quinolizinium hexafluorophosphate of Example 20(b), 
Dowex® 1X2-200 ion-exchange resin (150 g) and 

io acetonitrile (20 ml). The crude product was treated 
with an aqueous solution of ~odium perchlorate a~d the 
resulting precipitate was collected by filtration and 
purified by column chromatography on silica eluting with 

· acetonitrile/CH2Cl2 (1/3) to afford the product as the 
. 15 perchlorate anion. The perchlorate was loaded onto ·a 

Dowex® 1X2-200 ion-exchange column as described 
~ereinabove, eluted with water and the product fractions. 
were concentrated in vacuo to afford purified 9-methoxy-
12, 12-diethoxy-13, 13-djmethyl-6, l l~ethano-6, l l-dihydro-

20 benzo[b]quinolizinium chloride, as a tan solid. 

Example 21 

(a) A reaction mixture of 2 q (6.8 mmol) of 
11-methylbenzo[b]quinolizinium perchlorate and 3.2 g of 

25 l,l-dimethyl-2,.2-diethoxyethylene in 100 ml acetonitrile 
was heated under nitrogen at eooc for 16 hours. 
Additional 2,2-dimethyl-1,1-diethoxyethylene (1.0 g) was 
added to the mixture and the reaction mixture was heated 

0 

at 80 C for one hour and cooled to room temperature. 
30 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 isopropanol (with activated 
charcoal) to afford 1.98 g (66%) of 6,11-ethano.=. 
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12,12-diethoxy-13,13-djmethyl-ll-methyl-6,ll-dihydro­
benzo[b]quinolizinium perchlorate. (Formula I: 
Rl-R2=H;R3-R4-ca3;RS-R6=0C2Hs;R7=cH3;X--c104-). 

(b) The above purified perchiorate was converted 
s to the-corresponding chloride salt by passing the 

perchlorate through 75 q Dowex® lx2-200 pretreated with 
0.5 N HCl to afford O·.S2 q (Sl') of 6,ll-ethano-
12,12-djethoxy-13;13-djmethyl-ll-methyl-6,ll-dihydro­
benzo[b]qujnoljzinjum chloride (Fo:cmula I: Rl=R2-a; 

10 R3=R4=CH3;RS-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 g 

IS (23.3 mmol) of benzo[b]quinoliziniwn perchlorate and 
6.S g (S0.7 mmol) of 2-isopropylidene-1,3-dioxane in 
100 ml of acetonitrile was stirred under nitrogen at 
room temperature for 2 hours. The mixture was 
concentrated in vacuo, the residue triturated with 

20 ether, and the solid product was·filtered and dried to 
afford 9.2 g (97%) of 6,ll-ethano-12,12-(1,3-prapanedjol 
ketal)-13,13-djmet?yl-6,ll-pihydrobenzo[b]qujnoljzinjum 
perchlorate (Formula I: Rl=R2~R7•H;R3-R4-ca3; 
Rs and R6 together--O(CH2)30-;x-=clo4-). 

25 (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 oowex® lx2-200 eluting with water to 
afford 7.2 9 (85.7%) of 6,ll-ethano-12,12-(1,3-propane-

30 djol ketal)-13,13-dimetb.yl-6,ll-dihydrobenzo[b]­
quinolizinium chloride (Formula I: Rl-R2-R7•H;R3-a4•CH3; 
Rs and R6 to9ether=-O(CH2)30-;x--c1-). 
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Example 23 

(a) Followinq 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 q (7.5 mmol) 1,1-diethoxy-

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 vacuo, and the residue 

10 triturated with water and filtered to yield as a solid 

6,ll-ethano-12,12-diethoxy-13,13-djmethyl-9-trifluoro-

methyl -6,11-dihydrobenzo[b)quinoljzjnjum hexafluoro­

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

. RS-a6=oc2H5;X-=PF6-). 

15 (b) The above hexafluorophosphate in 10 ml aceto-

nitrile was converted to the corresponding chloride salt 

by passinq the hexafluorophosphate· throuqh 60 q of 

Dowex® lx2-200 pretreated with 0.5 N HCl and eluting 

with water. The eluent was treated with 1 g activated 

20 charcoal,and filtered •. The filtrate was extracted with 

ether (2x240 ml), and the aqueous layer was concentrated 

in· yacug to afford O-. 48 q ( 48 % ) of 6, l l-ethano-

12, 12-djethoxy-13, 13-djmethyl-9-trifluoromethyl-6, l l-di~ 

hydrobenzo[b]quinolizinjum chloride 

25 (Formula I-: Rl-R7=H;R2=9-CF3;R3 .. a4=cH3;RS=R6-oc2H5; 

x--c1-), as a foam. 

Example 24 

(a) Following a procedure similar to that 

30 described in Example 21, a reaction mixture of 2 q 

(5.5 nunol) of 8,10-difluorobenzo[b]quinolizinium 

hexafluorophosphate and 2.4 g (7.5 nunol) of l,l-di­

ethoxy-2,2-dimethylethylene in 20 ml acetonitrile was 

refluxed under nitrogen with stirring for 3 days. The 

35 mixture was cooled, filtered through silica using 150 ml 

of acetonitrile, the filtrate was concentrated in. __ v..ac..uo, 
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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 silica eluting with 

acetonitrile/methylene chloride (1:3). 

s (b) The above hexafluorophosphate in a minimum 

amount of acetonitrile was converted to the 

corresponding chloride salt by passing the salt through 

Dowex® lx2-200 pretreated with 0.5 N HCl and eluting 

with water. The aqueous layer was concentrated i~ vacuo 

10 to afford 1.10 g (51%) of 6,ll-ethano-12,12-diethoxy-

13,13-djmethyl-8,10-difluoro-6,ll-dihydrobenzo[b]­

qUinoljzjnjum chloride (Formula I: Rl=R7=H; 

R2-s,10-F2;R3-R4-ca3;RS-R6=0C2Hs;x--c1-). 

15 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 l,l-diethoxy-

20 2,2-dimethylethylene in 15 ml acetonitrile was heated at 
0 

65 c for 20 hours. Additional l,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 

25 through silica using 200 ml acetonitrile, the filtrate 

was concentrated in vacug, the residue was purified by 

flash chromatography eluting with methylene chloride/­

acetonitrile (9:1), and the product was isolated by 

concentrating the eluent in vacuo to yield as a solid 

30 6,ll-etbano-12,12-diethoxy-13,13 dimethyl-8-methox.y-

6,11-dihydrobenzo[b]quinolizinium hexaflugrgpbgspbate 

(Formula I: Rl-R7•H;R2-s-ocH3;R3-R4-cH3;RS-R6-oc2H5; 

x-•PF6-) • 

(b) The above hexafluorophosphate in 3 ml aceto-

35 nitrile was converted to the corresponding chloride salt 

by passing the salt through Dowex® lx2-200 pretreated 
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with 0.5 N HCl and eluting with water. The aqueous 
layer wa~ concentrated in vacuo and dried to afford 
237 mg (48.8 %) of 6,ll-ethano-12,12-diethox.y-13,13-di­
methyl-8-methoxy-6,ll-djhydrobenzo(b]quinolizinium 

S chloride (Formula I: Rl=R7=H;R2=8-0CH3; R3=R4=CH3; 
Rs=R6=oc2a5;x-=c1-), as an amorphous solid. 

Example 26 

Following a procedure similar to that 
10 described in Example 21, a reaction mixture of 2.87 g. 

(9.7 mmol) of·9-chlorobenzo[b]quinolizinium chloride an~ 
2.1 g (14.6 mmol) l,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 
is 24 hours. An additional 2,2-diethoxy-1,l-dimethyl­

ethylene ·· ( 1 q) 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 

20 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 

25 distilled in vacuo, and the mixture was cooled; and 
· filtered. 

acetate, 
isolated. 

The product isolated was dissolved in ethyl 
diluted with ether, cooled, filtered and 

The desired salt was dissolved in ethyl 
30 acetate/methanol, treated with activated charcoal, 

filtered, and concentrated to afford 0.137 q (3%) of 
6,ll-ethano-12,12-die:t.hox.y-13,13-dimethyl-9-chlar:O= 
6,11-dihidrobenzo[b]quino.liz.iniwn._pe:a:.chlora~e, as a tan 
powder. 

35 (Formula I: Rl-R7•H;R2•9-Cl;R3-R4-ce3;RS-R6-oc2Hs; 
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[b]quinolizinium perchlorate 

5 and 1.68 g (11.6 mm.al) of 1,l-diethoxy-2,2-di.methyl­
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 

0 

10 50 c for·36 hours and cooled. The reaction mixture was 
filtered, the filtrate was concentrated in vacuo, and 

the residue purified by chromatography on silica eluting 
with 9% methanol/methylene chloride (0.5% TEA). The 

· eluent was-concentrated in vacuo to afford 2.6 g (76.6%) 
15 of 6,11-ethano-12,12-djethoxy-13,13-dimethyl-4-methyl-

6,ll-dihydrohenzo[h]QJlinolizinium perchlorate 
(Formula I: Rl=4-CB3;R2=R7•B;R3-R4-ca3;R5-R6-oc2H5; 
x-=clo4-), as a tan foam. 

(b) The above perchlorate in 3 ml acetonitrile 
20 was converted to the corresponding chloride salt by 

passin~ the salt through Dowex® lx2-200 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 
25 was concentrated in vacuo to afford 1.77 g (80.4 %) of 

6,11-ethano-12,12-dietboxy-13,13-djmethyl-4-methy....l..: 
6 1 11-dihydrobenzo[b]quinoljzinjum chloride 

30 

(Formula I: Rl•4=CH3;R2-R7•H;R3-R4-ca3;R5-R6-oc2H5; 

x-=c1-), as a tan powder, m.p. 60-65°C. 

Example 28 

(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 
35 and 12.1 9 (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 vacuo, and the residue was crystallized from hot 
ethanol to afford 21.6 g (91.5%) of 6,11-ethano..:. 
12,12-diethoxy-6,11-dihydrobenzo[b]quinoljzjnjum 
hexafluorophosphate (Formula I: Rl=R2=R7-R3=R4=H; 

RS-R6-oc2H5;x-=PF6-) 0 

(b) The above hexafluorophosph~te in a minimum 

10 

amount of acetonitrile was converted to the 
corresponding chloride salt by passing the salt through 
Dowex® lx2-200 pretreated with 0.5 N BCl and eluting 
with water. The aqueous layer was concentrated jn vacuo 

. 15 

0 

(from 400 ·ml to 50 ml), the residual mixture was diluted 
· with toluene, and the resulting mixture was concentrated 

0 

in vacuo (<.60 C). A white solid was crystallized from 

methylene chloride/ethyl acetate to afford 8.49 g 
(52.7 %) of 6,11-ethano-12,12-djethoxy-6,ll-dihydro­
benzo[b]quinolizinjum chloride 
(Formula I: Rl=R2=R7-R3-R4=B;R5-R6=oc2H5;x-=c1-), as a 

0 

whit~. 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 
(l mmol) of 10-bromobenzo(b]quinolizinium perchlorate 
and 0.28 q (2 mmol) of l,l-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 

o purified by column chromatography on silica eluting with 
9% methanol/methylene chloride/0.05% triethylamine. The 
eluent was concentrated in·vacuo; to the residue was 

added methanol (5 ml), water (Sml), and 1 q of sodium 
perchlorate. The solid product was filtered, the solid 

5 residue was washed with cold water and dried (vac) to 
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afford 0. 201 g ( 39%) 9£ 6, l_l-ethano-12, 12-diethoxy~ 
13,13-djmethyl-10-bromo-6,ll-dihydrobenzo[b]­
qU.inolizinium perchlorate (Formula I: Rl=R7•H; 
R2=10-Br;R3 ... R4=CH3;RS-a6=-oc2Hs;x--c104-), as a white 

0 s solid, m.p. 188-194 c. 

Example 30 

The perchlorate of Example 29 in a minimum 
amount of acetonitrile was converted.to the 

o corresponding chloride salt by passing the salt through 
Dowex®.lx2-200 pretreated with.0.5 N HCl and eluting 
with water. The aqueous layer was concentrated in 
vacuo, the-residue was diluted with toiuene, ~nd the 
organic solvent was concentrated in vacuo. A solid 
residue was triturated with ether and filtered to· afford 
1.68 g (93.8 %) of 6,ll-ethano-12,12-diethoxy-13,13-di­
methyl-10-brgmo~6,ll-dihydrobenzo[b]quinolizinium 

chloride (Formula I: Rl=R7=H;R2=10-Br; R3=R4=CH3; 
R5=R6=0C2H5;X-=Cl-), m.p. 82-88°C. 

Example 31 

Following a procedure similar to that 
described in Example 21, a reaction mixture of 15.7 mg 
(0.048 nunol) 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 vacuo, and the residue purified by 
chromatography on silica eluting with 9% methanol/­
methylene chloride (0.05% TEA). The eluent was 
concentrated in vacuo, methanol (15 ml), water (S 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 mq (18.1%) of 6,11-etha.n.a:l.2..,_l.2..:.di: 
et.hox~-13,13.:.dimethyi~~o.:.methy..len..edioxy-6,ll::.d!.=: 

hy.drob.enzQ(.b.].quinoliz inium.._perchlcr.a.~e 
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(Formula I: Rl-R7-=H;R2•2',3' (-OCB20-);R3-R4•cH3; 

R?=R6=oc2H5;x--c104-). 

Example 32 

s Following a p~ocedure similar to that 

described in Example 21, a reaction mixture of 55 mg 

(0.15-mmol} 10-methoxy-ll-methylbenzo[b]quinolizinium 

perchlorate and 44 mg (0.3 mmol) l,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 l,l-diethoxy-2,2-dimethylethylene 

(50 mg) was added and the reaction mixture was ~efluxed 

for 12 hours and cooled. The reaction mixture was 

concentrated in vacuo, and the residue purified by 

chromatography on silica eluting with 9' methanol/­

methylene chloride (0.05% TEA). The eluent was 

concentrated in vacuo .and methanol (5 m_l), water (5 ml), 

and_l g of sodium perchlorate were added to the residue. 

The solid product was filtered, washed with water and 

dried to aff~rd 12.4 mg (17.4%) of 6.11-ethano-12.12-di­

ethoxy-13.13-dimetbyl-lO=methoxy-11-methyl-6.11-dihydro­

benzofblquinolizinium perchlorate 

(Formula I: Rl=H;R2=10-0CH3;R7=cH3;R3-R4•cH3; 

R5-R6=oc2H5;x-=Clo4-), as a white powder, mp 189-193·c. 

EJ::ample 33 

Following a procedure similar to that 

described in Example 21, a reaction mixture o_f 0. l g 

(0.32 mmol) of 1-meth~xybenzo[b]quinolizinium per­

chlorate and 0 .. 6 mg (0. 6 mmol) of l, l-diethoxy-2, 2-di­

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 yacuo, and the residue purified by chromatography on 

silica eluting with 9% methanol/methylene chloride 

.;·:• 
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(0.05% TBA). The eluent was concentr~ted in va~uo, the 

residue was dissolved in 0.5 ml methanol and 10 ml 

water, and 1 q sodium perchlorate was added. Methanol 

was removed in vacuo, the aqueous 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-

13,13-dimethyl-l-methoX¥-6,11-djhydrohenzo[b]­

quinolizinium perchlorate (Formula I: Rl=l-OCH3; 

R2=R7=s;R3-R4=cH3;RS=R6-oc2as;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) 10-isopropoxybenzo[b]quinolizini1Ull 

hexafluorophosphate and 1.69 g (11.7 nanol) 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 (9~ .... ~%) of 6,11-ethano-. 

12,12-djethoxy-13,13-dimethyl-10-jso.propoxy-6,ll-di­

hydrobenzo[b]qninolizjnjum hexafluorophosphate 

·(Formula I: Rl=_R7=a;R2=10-ocacca3 )2·;R3-R4--ca3; 

R5-R6•0C2Hs;x-·PF6-)1 as a yellow foam. 

(b) The hexafluorophosphate of Example 34(a) 

(4 9; 6.9 mmol) in a minimum amount of acetonitrile was 

converted to the correspondinq chloride salt by passing 

the salt through Dowex® lx2-200 pretreated with 

0.5 N HCl .and eluting with water. The aqueous layer was 

concentrated in vacuo to afford l.4g (47.8%) of 

6~11-ethano-12,12-diethoxy-13,13-dimethyl-10-isoprapoxy-

6, 11-dihydrobenzo[b]quinolizinium chloride (Formula I: 

Rl-R7•H;R2-10-ocH(CH3)2;R3-R4-cH3;RS-R6-oc2H5;X~-c1-), 
• 

as a yellow powder, m.p. 74-80 c. 

: ~ ; 
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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 

s 1.24 g (17.6 mmol) of l,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,l-diethoxy-2,2-dimethylethylene (1 g) was 
• added and the reaction mixture was heated at 55 c for 

o 26 hours and cooled. The reaction mixture was 
concentrated in vacuo 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 

s filtrate was concentrated in vacuo. The residual product 

was purified by chromatography on silica eluting with 
10% ethanolimethylene 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 with methanol (5 ml) and warm 
water. The white solid was filtered and dried to afford 
1.91 g (31.7t) of 6,ll-ethano-12,12-diethoxy-13,13-di­
methyl-9-bromo-6,ll-dihydrobenzo[b]quinoliziniwn 
pe.rchlorate (Formula· I: Rl=R7=a.;R2=9..,.Br;R3=R4-=C:H3; 
R5-R6•0C2H5;X-•Cl04-), m.p. 163-165°C. 

Example...16. 

Following procedures similar to those 
described hereinabove, the followinq'known compound was 
prepared: 6,ll-ethano-12,12-diethoxy-13-bromo-6,ll-di­
hydrobenzo[b]quinolizinium perchlorate 

(Formula I: Rl-R2-R7•H;R3•Br;R4•H;R5-R6=oc2H5;x--c104-), 
• m.p. 191-194 c. 
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Examples 37 & 38 

.. Fqllowing a procedure similar to_ that 

'described in Example 21, a solution of l,l-~iethoxy-

2-methylethylene (10.9 g; 0.084 mol) in 100 ml aceto-

5 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 

10 300 mi of methylene chloride, heated to 30 • C and then 

cooled.to o·c. The solid benzo[b]quinolizinium was 

removed _by filtration,· the filtrate was concent·rated to 
afford 22 g (87.8%) of 6.11-ethano-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 l and fraction 2 were obtained. Each fraction 
was concentrated in vacuo, water (20 ml) and sodiUitl · 

perchlorate·were added to the residue, and each salt was 

filtered. 

Each residual solid isolated was dissolved in 

hot water/methanol, filtered, and the precipitated solid 

was· isolated and recrystallized.from water to afford 
6.ll-ethano-12.12-diethoxy-13-methyl-6.11-dihydro­

benzofblquinolizinium perchlor9te (Formula I: 

Rl-R2-R7•H;R3•cH3;R4•H;R5-R6-oc2H5;x--c104-) 

(Example 37), as a white solid, m.p. 159-162.C, and 
6.ll-ethano-12.12-diethoxy-13-metbyl-6.ll-dihydro­

benzoCb]guinolizinium perchlor9te (Formula I: 

Rl-R2-R7•H;R3•H;R4•cH3;RS-R6-oc2Hs;x--c104-) 

(Example 38), as a white solid, m.p.177-180.C. 
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Example 39 

Follow;ng a p'rocedu·re similar to that 

described in Example 21, l,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[b]quinolizinium perchlorate in 

25 ml acetonitrile and the reaction mixture was heated 
at so·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 acet~te, treated ~ith activated 
charcoal, filtered through supercel®,· and the filtr~te 
was concentrated in vacuo and a white powder was dried 

(40.C; in vacuo) to afford 1.77 q (54.8%) of 
6,11-ethano-12.12-dipropoxy-13.13-dimethyl-6.11-di­
hydrobenzofblguinolizinium perchlorate (Formula I: 
Rl=R2=R7=H; R3-R4=CH3;R5=R6=0C3H7;X-=Clo4-), ·as a white 

powder, m.p. 150-lss·c. 

Example 40 

Following a procedure similar to that 

described in Example 21, l-methoxy-1-trimethylsilyloxy-
2, 2-dimethylethylene (l.24 q; 7.1 mmol) was. added to a 

·mixture of 1 q (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 l ml methanol, and the solution was briefly heated 

.-~ . 
•' 

The above solution was cooled .and filtered to 
afford 1.42 q (87.7%) of 6.ll-ethano-12-methoxy-12-tri­
methylsilyloxy-13.13-dimethyl-6.11-dihydrobenzoCb]­
wiinolizinium perchlorate (Formula I: Rl•R2-R7•H; 

R3-R4•cH3;RS•oCH3;R6-osi(CH3}3;x--c104-), 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, l,l-diethoxy-2-chloroethylene 
(3.6 q; 24 mmol) was added to a mi¥ture of 4 g 

s (16.1 mmol) of benzo[b]quinolizinium bromide in 40 ml 
acetonitrile and the reaction mixture was stirred at 

0 

room temperature for 14 hours a~d then heated at 45 c 
for 2 days while adding 2,2-diethoxy-1-chloroethylene 
(2xl g). The reaction mixture was cooled and filtered 

o to yield 4.1 g (59.4%) of ~,ll-ethano-12,12-diethoxy-
13-chloro-6,ll-dihydrobenzo[h]Qllinolizinium bromide 
(Formula I: Rl=R2=R7=B;R3=c1;R4=H;R5--R6=0C2Hs;x-=Br-) 

0 

(Example 41), m.p.220-30 c. The above filtrate was 
concentrated in.vacuo and the residue was purified by 

chromatogra.phy on silica (E/PAW ( 1: 1) ) yielding 
fraction A and fraction B. 

The fraction A·was concentrated to afford an 
additional 40 mg of 6,11-ethano-12,12-diethoxy-
13-chloro-6,ll-dihydrobenzo[b]quinolizinium bromide 
(Example 41,·isomer A). upon concentration ·of.the 
fraction B, 800 mg (11.6%) of 6,11-ethano-12,12-di­
ethoxy-13-chloro-6,ll-dihJdrobenzo[b]quinolizinium 
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 
6,11-ethano-12;12-diethoxy-13-chloro-6,ll~dib.ydro­

benzo[b]quinolizinium perchlorate (Formula I: 

Rl-R2-R7-a;R3-H;R4-c1;RS-R6-oc2Hs;x--c104-),(Example 42, 
0 

isomer B), as a white solid, m.p. 184-188 c. 

Followinq a procedure similar to that 
described in Example 21, l-(diethyl)amino-2,2-dimethyl-

I:: i 
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ethylene (4 q; 31 mmol) in 20 ml acetonitrile was added 
• at O c dropwise over a 20 min. period to a mixture of 

6 q (24 mmol) of acridizinium bromide in 100 ml aceto­
nitrile. The reaction mixture was allowed to warm to 

s room telilperature with stirring. The reaction mixture was 
concentrated in vacuo, the residue was dissolved in 
water and HCl04 was added to the aqueous solution. The 

white solid precipitate was filtered, washed with water 
and THF to afford 6.2 q (51%) of 6,11-ethano-

to 12-(dietbyl)amjno-13,13~dimethyl-6,ll-dibydrohenzo[b]-

quinolizinium dipercblorate (Formula I: Rl=R2-R7-=H; 
R3-R4=CH3;Rs=N(C2Hs)2;R6=a;x--c104-), as a white solid, 

• m.p. 143-146 c. 

IS Example 45 

Followinq 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 mq (2.88 mmol) of 2-isopropylidene-4(R),6(R)-(di-

20 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 
25 (63.6%) of 6,ll-ethano-12,12-(2R,4R-pentanedjol ketal)-

13,13-dimethyl-6,ll-dihydrobenzo[b]quinolizinium 
pe:cchlorate (Formula I: Rl=R2-R7=H;R3•R4=CH3; 

30 

R5 and R6 together=(R,R)-OCH(CH3)CH2CH(CH3)0-;X-=Cl04-), 
as a white solid, m.p. 193-196°C. 

Example 46 

Following a procedure similar to that 
described in Example 21, 1,l-diethoxy-2,2-dimethyl­
ethylene (l.29 g; 18.4 mmol) was added to a mixture of 

35 4 g (12.3 mmol) of 9-nitrobenzo[b]quinolizinium per­
chlorate in 50 ml acetonitrile and the reaction mixture 

:j; 
j:: 
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was stirred at roOlll temperature for 1 hour and then 
• heated at 45 C for 3 hours. After an addition of 

l,l-diethoxy-2,2-dimethylethylene (1 g), the reaction 
mixture was heated at ss 0 c for 23 hours. The reaction 
mixture was cooled, concentrated in vacuo, and ethyl 
acetate was added to the residue. The white solid 

• precipitated was filtered and dried (40 C/vac) to afford 
6,ll-ethano-12,12-diethoX1-13,13-dimethyl-9-nitro-
6,11-dihydrc>benzo[b]quinoljzjnjum perchlorate 
(Formula I: Rl=R7=H;R2=9-N02;R3-R4=CB3;R5=R6=0C2Bs; 

• x-=clo4-), as a white solid, m.p. 193-195 c. 

Example 47 

Following a procedure similar to that 
• 

described in Example 21, l,l-diethoxy-2,2-dimethyl-
ethylene (107 mg; 0.5 mmol) was added to a mixture of 
100 mg (0.34 mmol) -10-methylbenzo[b]quinolizinium 
perchlorate in 5 ml acetonitrile •nd 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 vacuo. The resulting oil 
was treated with water/methanol (4:1), sodium per­
chlorate (500 mg), and methanol was.removed in yacuo. 

The resulting tan solid was filtered and dried to afford 
58 mg (39%) of 6,ll-ethano-12,12-dietboxy-13,13-di­
methyl-lO-methyl-6,ll-djhydrobenzo[b)quinolizinium 
perchlorate (Formula I: Rl•R'•H;R2•10-CH3;Rl•R4•CH3; 
Rs-a6•0C2Hs;x--c104-), as a tan solid, m.p. 82-91°c. 

Examp.les 48 & 49 

Following a procedure similar to that 
described in Example 21, 1-ethoxy-2,2-dimethylethylene 
(1.69 g; 16 mmol) was added to a mixture of 

I !I' l 
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3 g (10.7 mmol) of benzo[b]quinolizinium perchlorate in 
35 ml acetonitrile·and the reaction mixture was heated 
at 60°C for 12 hours. After cooling, the brown solutio~ 
was purified by chromatography on silica eluting with 
91 methanol/methylene chloride (0.51 TEA). The eluent 
was concentrated in vacuo and the residue was re­
chromatographed on silica (E/PAW (l.5:1) followed by 
E/PAW(2:1)) to afford 600 mg of 6~11-ethano-12-ethoxy-
13,13-djmethyl-6,ll-dihydrobenzo[b]quinolizjnium 
perchlorate (Formula I: Rl-R2=R'-H;R3-R4-ca3 ;~s=H; 
R6=0C2Hs;x-=clo4-) (Example 48), as a .white solid, 

•O 

m.p. 158-164 C, and 40 mg of 6,ll-ethano-12-ethoxy-
13,13-djmethyl-6,ll~dihydrobenzo[h]quinoljzjnjum 

perchlorate (Formula I: Rl=R2=R'=H;R3=R4=CH3;RS=OC2H5; 
5 R6•H;x-=clo4-)(Example 49), as a white solid, 

0 

m.p. 106-108 c, respectively. 
Each isomer was further purified by dissoiving the 

solid product in methylene chloride/methanol, filtering, 
concentrating the solvent in vacuo, and tritura~ing with 

ether followed by isolation. 

Example 50 

Following a procedure similar to that 
described in Example 21, l,l-diethoxy-2,2-dimethyl-

·15 ethylene (77 mg; 0.53 mmol) was added to a mixture of 
150 mg (0.487 mmol) of 7,10-dimethylbenzo[b]­
quinolizinium perchlorate in 5 ml acetonitrile and the 

0 

reaction mixture was heated with stirring at 50 c for 
0 

8 hours and then at 65 c for 4 hours while adding an 
o additional l,l-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_,_l1=.e.thanc:l2,12-di­
ethoxy-1J, l.3.:::dimethyl-·7,10-dimeth;yl-6, 11-dihy..d~<l.:: 

5 benzo.[.b_].q.uinollziniwn percblora.t.e 
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(Formula I: Rl=R7=H;R2=7,10-(CH3)2;R3=R4=CH3;RS=R6=0C2H5; 
0 

x-=c104-), as an amorphous foam, m.p. 82-90 c. 

Example 51 

s Following a procedure similar to that 
described in Example 21, 1,l-diethoxy-2,2-dimethyl­
ethylene (81 mg; 0.56 mmol) was added to a mixture of 
150 mg (0.51 mmol) 11-methylbenzo[b]quinolizinium 
perchlorate (Bradsher and Parham J. Org. Chem • .l.9..6..3., 

·o 28,83-85) in 5 ml acetonitrile and the reaction mixture 
0 0 

was heated at 50 c for 8 hours and then at 65 C for 
12 hours while ~dding an additional l,l-diethoxy-
2,2-dimethylethylene (81 mg; 0.56 mmol). The reaction 
mixture was cooled, .. concentrated, and the residual oil 

s was purified by chromatography on silica eluting with 
· 9% methanol/methylene chloride. The eluent was 
concentrated and the tan residual powder was 
crystalliz~d from ethyl acetate/ether to afford 180 mg 
(81%) of 6,ll-ethano-12,12-diethoxy-13,13-dimethyl­

ll-methyl-6,ll-dihydrohenzo[b]q.uinoljzjnium perchlorate 

(Formula I: Rl=R2=H;R7=CH3;Rl=R4=CH3;RS=R6=0C2H5; 
. . . . 

x-=clo4-), as a tan powder, m.p. 144-146 c. 

Example 52 

Following a proc~dure similar to that 
described in Example 21, l,l-diethoxy-2,2-dimethyl- · 
ethylene (93 mg; 0.64 mmol) was added to a mixture of 
i10 mg (0.32 mmol) of 7,10-dimethoxybenzo[b]­
quinolizinium perchlorate in 10 ml acetonitrile and the 
reaction mixture was stirred at room temperature for 
48 hours and then refluxed for 4 hours. After adding an 
additional l,l-diethoxy-2,2-dimethylethy1ene (100 mg), 
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 }n vacuo and 5 ml water, 0.5 ml methanol, 

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

Methanol was removed in yacuo and the brown solid was 

S filtered, washed with cold water, and dried (40.C/vac) 

to. ~fford 80. 9 mg (51%) of 6,-ll-ethano-12, 12-diethoxy-

13, 13-dimetbyl-7 .10-dimethoxy-6. ll-dihydrobenzo Cb] -

quinolizinium perchlorate (Formula I: Rl=R'=H; 

R2=7,10-(0CH3)2;R3=R4=CH3;RS=R6=0C2H5;X-=Cl04-}, as a 

io brown solid, m.p. 212-22o·c. 

_Example 54 

Following a procedure similar to that 

described in Example 21, a reaction mixture of 730 mg 

~ (2.4 nunol) 7-methylbenzo[b]quinolizinium perchlorate and 

536 mg (3.7 mmol) of l,l-cliethoxy-2,2-dimethylethylene 

in 10 ml acetonitrile was stirred at room temperature 

for 4 hours and then heated at SO· C for 12 hours •. After 

adding an additional l,l-diethoxy-2,2-dimethylethylene 

20. (1 g), the reaction mixture was heated at 5o·c for 

30 hours. 

The mixture was cooled, filtered, and the 

filtrate was concentrated.in yacuo. The residue was 

purified by chromatography on silica eluting with 9% 

~ methanol/methylene chloride (0.5% triethylamine (TEA)). 

The solvent was concentrated in yacuo to afford 783 mg 

· (75.8%) of 6,ll-ethano-12,12-diethoxy-13,13-dimethyl-

7-metbyl-6,11-dihydrobenzorbJguinolizinium percblorate 

(Fo.rmula I: Rl•R7•H; R2•7-CH3; R3-R4•CH3; Rs-R6•0C2H5; 

30 x--c104-) . 

Ei': ample 5 5 

The perchlorate of Example 54 in 10 ml aceto­

ni trile was converted to the corresponding chloride salt 

S by passing the perchlorate through 50 g·of Dowex® 
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lx2-200 pretreated with 0.5 N HCl and eluting with 
water. The eluent was concentrated in yacuo and the ... 

brown residual solid was triturated with toluene to 
afford 0.351 g of 6.11-ethano-12,12-diethoxy-

5 13.13-dimethyl-7-methyl-6.11-dihydrobenzoCbl-

qyinolizinium- chloride (Formula I: Rl•R7•H;R2•7-CH3; 

R3-R4•cH3;RS-R6•0C2Hs;x--c1-), as a brown glass, 

m.p. 49-56.C. 

·10 Example 56 

Following a procedure similar to that 

described in Example 21, 2-isop~opylidene-4(R),S(R)-di­

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

300 mg (0.76 nunol) 7-acetoxy-10-t-butylbenzo[b]-

15 quinolizinium. perchlorate in 10 ml acetonitrile and the 

reaction mixture was stirred at room temperature for 

12 hours. The ~eaction mixture was concentrated 
in yacuo and the tan residue was.washed with ether • 

... The above tan residue was purified ·by chromatography on 

20 silica eluting with 8.5% ethanol/methylene chloride 
(0.5% TEA). The eluent was .concentrated in yacuo to 

afford 6,ll-ethano-12;12-(2R,3R-butanediol ketal)-

13,l~-dimethyl-7-acetoxy-10-t-butyl-6,-11-dihydro­

benzo[b]quinolizinium perchlorate, as a tan solid. 

2S The ether layer was also purified by 

chromatography on silica eluting with 5% ethanol/­

methylene chloride (0.5% TEA)~ The eluent was 
concentrated in yacuo to afford 6,ll-ethano­

l2,l2-(2R,3R-butanediol ketal)-13,13-dimethyl-7-acetoxy-

30 10-t-butyl-6,-11-dihydrobenzo[b]quinolizinium 

perchlorate, as a tan solid. The chromatographic 
purifications afforded 195 mg (48%) of 6,11-ethano-

12, 12- C2R. 3R-butanediol ketal)-13, 13-dimethyl-7-acetoxy-

10-t-butyl-6, ll-dihydrobenzo [bl quinolizinium 

35 perchlorate, 

(Formula I: Rl•R7•H;R2•7-0Ac;l0-t-Bu; R3-R4•CH3; 

' . i: 
i : 



-107-

Rs and R6 together•(R,R)-OCR(CR3)CR(CH3)0-; 

x--c104-)as.a tan.solid, m.p. 183-188.C. 

Example 57 

s Following a procedure similar to that 

described in Example 21, 2-isopropylidene-4R,6R-di­

methy1-l,3-dioxane (150 mg; 0.96 mmol) was added to a 

mixture of 377 mg (0.96 mmol) of 7-acetoxy-lO~t-butyl­

acridizinium perchlorate in 10 ml acetonitrile and the 

10·· reaction mixture was stirred at room temperature for 

4 hours and then heated at 6o·c for 3 hours. The 
reaction mixture .was cooled, concentrated·in vacuo, and 

the tan residue was washed with ether, and filtered to 
yield a tan solid. 

15 The above tan residue was purified by 

chromatography on silica eluting with 8.5% ethanol/­

methylene chloride · ( O·. 5% TEA) •· The eluent was 
concentrated in vacuo to ·afford 320 mg (60%) of 

· 6.11...;ethano-12. 12- <2R. 4R-pentanediol ketall-13. 13-di-

20 · methyl-7-acetoxy-10-t-butyl-6.11-dibydrobenzoCbl­
guinolizinium perchlorate 

25 

(Formula.I: Rl=R'•H;R2•7-0Ac; 10-t-Bu;R3-R4•CR3; 

Rs and R6 together-=(R,R).-OCH(CH3)CR2CR(CR3)0-;X-=Cl04-), 

as a tan solid, m.p.118-123.C. 

Example.SS 

Following a procedure similar to that 

described in Example 21, l,l-diethoxy-2,2-dimethyl­

ethylene (5'36 mg; 3. 7 mmol) in 15 ml acetonitrile was 

30 added to 300 mg (0.76 mmol) 7-acetoxy-10-t-butyl­

benzo [b] quinolizinium pe·rchlorate and the reaction . . 
mixture was heated at 50 C for 8 hours and cooled. The 
reaction mixture was concentrated in yacuo and the 

residue was purified by chromatography on silica eluting 

3S with 8% methanol/methylene chloride (0.05% TEA). The 

: : 
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organic solvent was concentrated in vacuo and 278 mg 

(68.1%1 of 6.ll-ethano-12.12-diethoxy-13.13-dimetbyl-

7-acetoxy-10-t-bµtyl-6.11-dihydrobenzo[blQ'Jlinolizinium 

perchlorate (Formula I: Rl·R'•H;R2•7-0Ac,lO-t-Bu; 

s R3-R4•CH3; as-a6-oc2Hs;x-=clo4-), as a tan foam, 

m.p. 86-95°C. 

Example 59 

A reaction mixture of 6,ll-ethano-12,12-di-

10 ethoxy-13, 13-dimethyl-7-acetoxy-10-t-butyl-6, 11-dihydro­

benzo [b] quinolizinium perchlorate (197 mg; 0.37 mmol), 

A ml saturated sodium bicarbonate solution, 4 ml 

ethanol, and 2 ml THF was stirred at room temperature 

for 41/2 hours. Methylene chloride (100 ml) was added 

15 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 chlo·ride.. The organic layer was. dried (sodium 

sulfate), concentrated in vacuo, and the residue was 

20 purified by chromatography on silica eluting: with 11% 

ethanol/methylene chloride to afford 72 mg (39.7%) of 

6.ll-ethano-12.12-diethoxy-13.13-dimethyl-7-bydroxy-

10-t-butyl-6.11-dihydrobenzo[blgyinolizinium perchlorate. 

(Formula I: Rl=R7•H;R2-1-0H;l0-t-Bu;R3-R4•CH3; 

2S as-a6=0C2Hs·;x-=clo4-), as a brown solid, m.p. 210-215 "c. 

Examples 60 &61 

Following a procedure similar to that 

described in Example 21, 1-diethylamino propene (3.56 g; 

30 31 mmol) in 20 ml acetonitrile was added dropwise at 0°C 

to a mixture of 6 q (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 yacuo (also removed 

3S enamine) . The tan residual oil was purified by 

chromatography on silica eluting with pyridine/acetic 
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acid/water(55/20/25)(PAW)/ethyl acetate (l.5:1) yielding 
fraction A and fraction B. Each fraction was 

0 

concentrated in vacuo (<SO C), the residue was dissolved 
in water, sodium perchlorate and HCl04 were added to the 
aqueous solution, and the resulting solid was isolated 
by filtration to afford 6,ll-ethano-12-(diethyl)amino-
13-methyl-6,11-dihydrobenzo[b]quinolizinium 
dip.e~ (Formula I: Rl=R2=R'=H;R3=H;R4=CH3; 
Rs=N(C2Hs)2~R6=H;x-=clo4-) (Example 60; isomer A), as an 

0 

off-white solid, m.p. 175-180 C, and 6,ll-ethano-
12-(diethyl)amjno-13-methyl-6,ll-dihydrobenzo[b]­
qujnoljzjnjum diperchlorate 
(Formula I: Rl=R2=R'=H;R3=CH3;R4=H;R5=N(C2Hs)2;R6=H; 
x-=c104-) (Example 61; isomer B), respectively. 

Example 62 

. Following a procedure similar to that 
described in Example 21, ·1-diethylaminopropene (3.56 g; 

. : .._. 

0 

"31 mmol) in 20 ml acetonitrile was added dropwise at 0 c 
to a mixture of 6 g (24.2 mmol) of be~zo[b]quinolizium 
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 

0 

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 q 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 

30 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 q of 
6.,ll=..e.thano-12-(.die.:th.~l.)..amino:.l..bmet.hyl=.6.,_ll:.dihy..dro.:: 

35 b.enzo.[h.J.quinolizinium_p,er.chlorate (Formula I: 
Rl-R2-R7•H;Rl•H;R4-CH3;R5•N-(C2Hs)2;R6•H;x--c104-; as a 
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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 

hereinabov~, 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,ll-ethano-6,ll-dihydrobenzo[b]-

quinolizinium bromide. 

(b) 12,12-Diethoxy-13-bromo-6,11-ethano-6,11-di-

hydrobenzo[b]quinolizinium perchlorate. 

(c) ll-Methyl-12,12-diethoxy-6,ll-ethano-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate. 

(d) 12,12-Diethoxy-13-methyl-6,ll-ethano-6;11-di-

hydrobenzo[b]quinolizinium perchlorate as a mixture of 

geometric isomers. 

(e) 7, 10-Dimethyl-12, 12.-diethoxy-13-methyl-

6, ll-ethano-6, 11-dihydrobenzo [b] quinolizinium per­

chlorate. 

(f) 7-Methyl-12,12-diethoxy-6,ll-ethano-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate. 

(g) 9-Methyl-12,12-diethoxy-6,11-ethano-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate. 

(h) 7,10-Dimethyl-12,12-diethoxy-6,11-ethano-

30 6,11-dihydrobenzo[b]quinolizinium perchlorate. 

(i) 8,9-Dimethyl-12,12-diethoxy-6,ll-ethano-

6,11-dihydrobenzo[b]quinolizinium perchlorate. 

(j) 12,12-Diethylamino-13-phenyl-6,ll-ethano-

6,ll-dihydrobenzo[b]quinolizinium perchlorate. 

35 (k) 7-Methyl-12,12-diethoxy-13-methyl-6,ll-ethano-

6,ll-dihydrobenzo[b]quinolizinium perchlorate. 

, . 
. .. 
. !! 

·. 

": i 

I 



s 

10 

. 15 

20 

-111-

(1) ll-Methyl-12,12-diethoxy-13-methyl-6,ll-ethano-
6,ll~dihydrobenzo[b]quinolizinium pe~chlorate. 

(m} 12,12-dimethoxy-13,13-dimethyl-6,ll-ethano-
6,11-dihydrobenzo[b]quinolizinium perchlorate. 

Example 64 

Following a procedure similar to that described 

in Example l(a), but substituting an appropriately 

substituted benzo[b]quinolizinium 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 1.12-diethoxy_.13, 13-dimethyl-

6, ll-ethano-6, ll-dihydrobenzo [b] quinolizinium 
hexafluorophosphate • 

. . 

(b} 4-Bromo-12,12-diethoxy-13,13~dimethyl-

6, 11-ethano-6, 11-dihydrobenzo.[b] quinolizinium per­
chlorate. 

(c) 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 

s pharmacological properties. In 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 

10 useful in the treatme~t or prevention of neuro­
degenerative disorders such as Huntington's disease, 
Alzheimer's disease, amyotrophic lateral sclerosis, 
Down's Syndrome, sen;1e dementia, glutaric acidaemia 
type I, multi-in~arct dementia, Parkinson's disease, 

15 viral encephalopathies (which.include, but are not 
limited thereto, dementia associated with HIV 
infections) and.neuronal damage associated with 
uncontrolle~ seizures, as well as in the treatment·or 
prevention of neurotoxic injuries associated w"ith 

20 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, 

25 spinal or head trauma, neqnatal 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-

30 glycemic conditions, and especially ischemic, hypoxic, 
_or hypoglycemic conditions which are associated with 
stroke. 

The pharmacological properties of representative 
examples of the compounds of the invention was 

35 demonstrated by conventional in yitro and in vivo 
biological test procedures such as the following: 

,.: 
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J.3HJTCP Radioregeptor Assav <internal sgreenl 

[3H]TCP binding .to PCP recognition sites was 
performed as described by Vignon et al. Brain Research 

.1.i8.J., 280, 194-197. Male Sprague-Dawley rats were 

s 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 

10 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 ml.·aliquots-·were· frozen at -1o·c until use. The 

15 binding characteristics for PCP recognition sites were 

not altered by the·freezing of membrane suspensions. 

On the day of the assay, 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 

20 use. Each assay tube contained 100 µ.l of [3H] TCP at _·a 

·.· £inal concentration of approximately 1 nM, 100 µl of 

various concentrations of the compounds of interest,. 

50.0 µl of the tissue suspension and 300 µl of buffer to 

a final assay volume of 1 ml and a final protein 

2S concentration of 0.5 mg/tube. Non-specific binding was 

defined by addition of a final concentration of 100 µM 

PCP to blank tubes. All tubes were incubated at room 

temperature for 25 min before termination of the 

reaction by rapid filtration ~ver Whatman GF/B glass 

30 fiber filters that had been presoaked in a solution of 

~.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 radioactivity was determined by 

35 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) !'ere calculated using the EBDA/LIGAND 

program (McPherson, J. Pharmacol. Meth • .1.9.8.5.~ 14, 

s 213-228), purchased from Blsevier/Biosoft, Inc. Results 

are reported as Ki values or as a percent (%) ·inhibition 

of binding at 10 µM. 
Representative compounds of the invention were 

also tested in an external [3H]TCP radioreceptor assay 

10 using the following protocol: 
!3HJTCP Radioreceptor Assay (external screen) 

A procedure similar to that described above for 

the [3H]TCP radioreceptor assay (internal screen) was 

utilized except that the whoi; rat forebrain membranes 

1s were incubated at 25°C for 60 .minutes rather than at 

room temperat~re for 25 minutes~ before termination of 

the reaction. The results are reported as a percent (%) 

inhibition of binding at to µM. 

20 Antagonism of NMDA-induced Neurotoxicity jn Cultured 

Neurons 

Preparation of cultured cortical neurons 

Pregnant, Swiss-Webster mice were obtained from 

Taconic Farms (Germantown, New York) and sacrificed 

2s 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 

30 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 1-qlutamine, 

21 mM d-glucose, 2.2 g/l sodium bicarbonate, 1000 u/ml 

3S penicillin, and 1,000 µg/ml streptomycin. Cells were 

plated onto Falcon primaria 96 well plates at a final 
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density of 50,000 cells/well and incubated at 37·c in 

the presenc~ of 5' (v/v) carbon dioxide. After 5 days,. 

plating media was replaced with maintenance media 

contain;ng minimal essential media (Gibco 330-1430), 

s 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 µg/ml 

streptomycin, and 10 µM cytosine arabinoside. On days 

7 and 10, media was replaced with maintenance media as 

10 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 

lS for.30 minutes to 500 µM N-methyl-D-aspartic acid (NMDA) 

with or without varying concentrations of test· agent·s • 

. Oizocilpine (MK-801) at a final concentration of 

10 µM MK-801 was routinely included as a positive 

control. MK-801 and test agents were prepared in 

20 minimal essential media supplemented with 21 mM 

d-glucose and 2.2 g/l sodium bicarbonate (MEM). After 

· · J.Q 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 
·25 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 . .J.ii5., 90, 210-213. 

The results are expressed as an ICso (in nM) value 

30 (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 

j· 35 external screen) as well as in the antagonism of NMDA-
, 

induced neurotoxicity in cultured neurons .. 
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Example 
Number 
1 (a) 
2 .~ 

3 
4 
5 
7 (b) 
8 
9 
lO(b) 
lO(c) 
11 
l2(c) 
13 (c) 
15 (a) 
l5(b) 
15 (c) 
16 
17 (C) 
18 
19 (b) 
19 (d) 
20 (a) 
20 (c) 
22 (b) 
23 (b) 
24(b) 
25(b) 
26 

·. 27 (b) 
28 (b) 
29 
30 
31 
32 
33 
34(b) 
35 
36 
37 
38 
39 
40 
41 
42 
44 
45 
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TABLE 1 

. [3H]TCP 
(internal screen) 
Ki(nM) or Percent 
inhibition 
@10 UM 
8.40 
5.30 
5.56 
5.66 
5.25 
14.1 
5181 
11% 
614 
365 
497 
4.03 
11.0 
26. 4 
7.87 
6.90 
1873 
10.6 
4000 
13.2 
10.4 
3.52 
7.05 
3298 
407 
272 
147 
12.4 
314 
4269 
132 
107 
7.42 
63.7 
25.8 

.47.5 
61.5 
20.4 
115 
33.8 
11. 5 
1595 
67 
319 
501 
517 

[3H]TCP 
(external screen) 
Percent inhibition 
@10 µM 

. I 
. •. .,.;..oj~;;;.;, ... 1 

. . . I 

Antagonism of 
NMDA-induced 
neurotoxicity 
(IC50 in nM) : 

17 
30-50 

26 
so 

21.8 
157 

95500 
1040 

173 

810 
1160 
85 

445 
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Example 
Number 
46 
47 
48 
49 
51 
52 
55 
56 
57 
58 
61 
62 
63(a) 
63(b) 
63(c) 
63(d) 
63(e) 
63(f) 
63(q) 
63(h). 
63(i) 
63(j) 
63(k) 
63(1) 
63(m) 

[lH]TCP 
(internal screen). 
Ki(nM) or Percent 
inhibition 
110 UM 

2764 
45.5 
2149 
515 
11.3 
33% 
455 
24% 
18% 
12% 
5415 
12203 
3592 
20.4 
9298 
49.3 
255 
7433 
68% 
65% 
2265 
14389 
2456 
39.3 
111 
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.[..1.BJTCP 
(external screen) 
Percent inhibition 
@10 UM 

0 

65 
34 
0 
52 
35 

Middle Cerebral Arte:i:y Occlusion (MCAO) Model With 

Reperfusjon 

Antagonism....af. 
NMDA-induced 
neurotoxicity 
1.ICso in nM\ 
15270 

32.4 

A 3-vessel rat ischemia model similar to those 
5 that have been extensively described in the literature 

(e.q. Stroke 17, 738-743 (1986), Stroke 20, 513-518 
(1989)) was utilized. Under isoflurane anesthesia the 
right middle cerebral artery (via an approach·throuqh 
the .temporalis muscle) and both conunon carotid arteries 

10 were reversibly occluded for varying durations between 
60 minutes and 120 minutes. Both male Lonq Evans hooded 
rats and male Spraque-Dawley rats weighing between 300 

and 420 grams were used. The animals' temperature was 
maintained throughout the study with heat lamps. A 

15 femoral vein and the ipsilateral femoral artery were 
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cannulated for intravenous infusion 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 µ1 per minute. After 

S reinitiation of blood· flow the animals were allowed to 

regain consciousness. Six hours post-~nitiation of 

ischemia the animals were sacrificed and the extent of 

neuronal damage·was quantified with TTC staining. The· 

results are expressed as % inhibition (± SEM) of infarct 

10 

15 

20 

and penumbra region. 

Table 2 summarizes the results obtained from the 

testing of representative compounds of the invention in 

the MCAO model. 

Example 
Number· 

2 

12c 

.TABLE 2 

Dose 
(mg Test cd~pound/ 
kg/min) 
0.03 
0.10 
0.01 
0.03 
0.03 

0.03 
0.10 
0.01 
0.03 
0.10 
0.10 
0.03 
0.10 
0.03 
0.10 

% Inhibition 
(+/- SEM) 

36 +/- 10 
64 +/- 6 

0 +/-.12 
13 +/- 10 
24 +/- 12 

42 +/- 6 
52 +/- 8 
18 +/- 24 
16 +/- 15 
60 +/- 13 
66 +/- 20 
44 +/- 15 
64 +/- 14 
61 +/- 11 
79 +/- 9 

The compounds of the invention can be_ prepared for 

pharmaceutical use by conventional pharmaceutical 

procedures that are well known in the art; that is, by 

formulating a pharmaceutical composition which comprises 

compounds of the invention or their pharmaceutically 

acceptable salts together with one or more 

physiologically acceptable carriers, adjuvants, diluents 

,. 
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or vehicles, for oral administration in solid or liquid 

f ormt parenteral administration, topical administration 

or aerosol inhalation administration, and the like. 

Solid compositions for oral administration include 

S compressed·tablets, pills, powders and granules. In 

.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 

10 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 

15 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 suspend:ing agents, and swee~ening, flavoring, 

p·erfuming and preserving agents. According to the 

20 invention,.the compounds for oral administration also 

include capsules of absorbable material, such as 

gelatin, containing said active component with or 

without the addition of.diluents.or excipients. 

Preparations according to the invention for 

2S 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 oils such as olive oil and injectable organic 

30 esters such as ethyl oleate. These compositions can 

also contain adjuvants such as stabilizing, preserving, 

wetting, emulsifying and dispersing agents. 

Preparations according to the inve~tion for 

topical administration or aerosol inhalation 

35 administration include dissolving or suspending a 

compound of the invention in a pharmaceutically 

. . .. 
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acceptable vehicle such as water, aqueous alcohol, 
glyc?l, oil solution or oi.1-water emulsion, and the_ 
like. 

If desired, the compounds of the invention can 
S further be incorporated into slow release or targeted 

delivery systems such as polymer matrices, liposomes, 
and microspheres. 

The percentage of active component in such 
compositions may be varied so that a suitable dosage is 

10 obtained. The dosage administered to a particular 
patient is variable depending upon the clinician's 
judgment·using as criteria: The route of 
administration, the duration of treatment, the size and . . 
physic~l c~ndition ~f the patient, the potency of the 

15 active component and the patient's response thereto. An 
effective dosage amount of the active component can thus 

20 

. . 
readily be determined by.the clinician after a 
consideration of all criteria and using his best 
judgment on the patient's behalf. 
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CLAIMS: 
1. A compound of the formula: 

wherein: 
s Rl is hydrogen, or from one to four, the same or 

different, substituents in any of the 
1-, 2-, 3-, or 4-positions selected from the group 
consisting of lower-alkoxy, lower-alkyl, and halogen; 

R2 is hydrogen, or from one to four, the same or 

10 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; 

15 R3 and a4 are the same or different lower-alkyl; 
-~s and a6 are independently selected from the 

group consisting of hydrogen, lower-alkoxy, trilower­
alkylsilyloxy and dilower-alkylamino; or 

a5 and a6 together represent 
20 -0-CHas (CH2 )nCHR9-o- wherein n is zero or one and 

as and a9 are ~ndependently hydrogen, lower-alkyl, or 
phenyl-lower-alkoxy-lower-alkyl; 

a7 is hydrogen, or lower-alkyl; and 
x- is an anion; 

25 or a pharmaceutically ·acceptable acid-addition salt of 
basic members thereof; or a hydrate thereof; or a 
stereoisomer thereof; 

111111111111111111111111111111 
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with the proviso that when Rl, a2 and R7 are hydrogen, 
al and a4 are methyl and x- is c104-, as and R6 together 

cannot be -O-CB(CH3)CB(CH3)-0- or s.imultaneously 
methoxy; further provided that Rs and R6 together cannot 

s both simultaneously be hydrogen. 
2. A compound according to claim 1 wherein: 

Rl is hydrogen, or one substituent in any of the 

1-, 2-, 3- or 4-positions selected from the group 
consisting of lower-alkoxy, lower-alkyl and halogen; and 

10 a2 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, 
nitre, hydroxy, lower-alkoxy, methylenedioxy, 

ts polyfluorolower-alkyl and polychlorolower-alkyl. 
3. A compound according to claim 2 wherein: 

Rl is hydrogen, or one substituent in any of the 
1-, 2-, 3- or 4-positions selected from the group 
consisting of lower-alkoxy, and lower-alkyl; 

20 a2 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, 
nitre, hydroxy, lower-alkoxy, methylenedioxy, and 

25 polyf luorolower-alkyl; and 
a3 and a4 are the same lower-alkyl. 

4. A compound according to claim 3 wherein: 
Rl is hydrogen, 1-lower-alkoxy, or 4-lower­

alkyl; and 

30 a2 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 

35 trifluoromethyl. 

-I \llllll l\ll\l lllll l\111 111111 
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5. A compound accor.ding to claim 4 wherein 
Rl is hydrogen, 1-methoxy or 4-methyl; and 

R2 is hydrogen, or from one to two, the same or 

different, substituents in any of the 

s 1-, 8-, 9- or 10-positions selected from the group 

·consisting of methyl, tert-butyl, acetoxy, bromine, 
chlorine, fluorine, nitro, hydroxy, methoxy, isopropoxy, 

methylenedioxy and trifluoromethyl. 

6. A compound according to cl.aim 5 wherein 

10 ·R3 and R' are both methyl or ethyl; an~ R7 is hydrogen 

IS 

or methyl. ·. 
7. A compound according to claim 6 wherein 

Rs and R6 are indepen~ently selected from the 
group consisting of hydrogen, lower-alkoxy, ., 

. ' trimethylsilyloxy and diethylamino; or ..... 
Rs and R6 together represent -ocaRe(cH2 )nCHR9~o-

wherein n is zero or one and · ·,, 

Re and R9 are simultaneously hydrogen, lower-alkyl or 
phenyl-lower-alkoxy-lower-alkyl. 

·20 8. A compound according to claim 7 wherein 

Rs and R6 are independently selected from the 

group consisting of hydrogen, methoxy, ethoxy, propoxy, 
trimethylsilyloxy, and diethylamino; or 

. Rs and R6 ·together represent -OCHRe(CH2)nCHR9-o-

2s wherein n is zero or one and 

Re and R9 are simultaneously hydrogen, methyl, or 
phenylmethoxymethyl. 

9. A compound according to claim 8 selected from 
the group consisting of: 

30 12,12-dipropoxy-13,13-dimethyl-6,ll-ethano-
6,ll-dihydrobenzo[b]quinolizinium x-; 

11-methyl-12,12-diethoxy-13,13-dimethyl-
6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium x-; 

9-methoxy-12,12-diethoxy-13,13-dimethyl-
35 6,ll-ethano-6,11-dihydrobenzo[b]quinolizinium x-; 
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10-methoxy-12,12-diethoxy-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium x-; 
12,12-diethoxy-13,13-diethyl-6,ll-ethano-

6,11-dihydrobenzo[b]quinolizinium x-; and 

12,12-diethoxy-13,13-dimethyl-6,ll-ethano-

6,ll-dihydrobenzo(b]quinolizinium x-. 
10. A compound according to claim 9 selected. from 

the group consisting of: 

12,12-dipropoxy-13,13-dimethyl-6,11-ethano-

10 6,11-dihydrobenzo(b]quinolizinium perchlorate; 

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

6, 11-ethano-6, 11-dihydrobenzo[b ]quinoliz.inium 

perchlorate; 
11-methyl-12,12-diethoxy-13,13-dimethyl-

lS 6,11-ethano-6,11-dihydrob~nzo[b]quinolizinium·chloride; 

9-methoxy-12,12-diethoxy-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium·PF6-; 

9-methoxy-12,12"-diethoxy-13,13-dimethyl-
,.. 

6,11-ethano-6,11-dihydrobenzo[b]quinolizinium chloride; 

20 10-methoxy-12,12-diethoxy-13,13-dimethyl-

25 

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium 

perchlorate; 

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,ll-dihydrobenzo[b]quinolizinium perchlorate; and 

12,12-diethoxy-13,13-dimethyl-6,11-ethano-

6,11-dihydrobenzo(b]quinolizinium x-, wherein 

x- is Cl04-, c1-, PF6-, [(-)-DBT]-, [(+)-DBT]-, (S)-(+)-

30 CH3C(Ph) (OH)C02-, or (lS)-(-)-C10H1304-. 

11. 9-Methoxy-12,12-diethoxy-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium·PF6-· 

12. 10-Methoxy-12,12-diethoxy-13,13-dimethyl-

6,11-ethano-6,ll-dihydrobenzo[b]quinolizinium chloride • 
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14. A compound of the formula: 

wherein: 
R3 and R4 are independently hydrogen, lower­

s alkoxy, or'chlorine; 
Rs and R6 are the same -or different lower­

alkoxy; and 

x- is an anion; 
or a stereoisomer thereof; with the proviso that R3 and 

10 .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 
15 Rs and R6 are ethoxy. 

17. A compound according to claim 16 wherein 
R3 is chlorine, R4 is hydrogen, Rs and a6 are ethoxy and 

x- is Br-; or a3 is hydrogen, a4 is chlorine, as and a6 
are ethoxy and x- is Cl04-. 

20 18. 12,12,13,13-tetraethoxy-6,11-ethano-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate. 
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19. A compound of the formula: 

wherein: 
s RJ and R4 are independently hydrogen, or lower-

alkyl; 
Rs and R6 are independently hydrogen, or 

dil~wer-alkylamino; and 
x- is an anion; 

10 or a pharmaceuti~ally acceptable acid-addition salt of 
basic members thereof; or a s'tereoisomer thereof; 

with the proviso that R3 and R4 cannot simultaneously be 

~ower-alkyl; further provided that Rs and R6 cannot 

simultan~ously be hydrogen. 
15 20. A compound according to claim 19 wherein 

R3 and R4 are independently hydrogen or methyl; and 

Rs and R6 are independently hydrogen or diethylamino. 

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

20 22. A pharmaceutical composition which comprises a 

compound of the formula: 

wherein: 
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at, a2, as, a6, a7 and x- are as defined in 

claim 1, subject to the proviso below, and 
a3 and a4 are independently .selected from the 

group consisting of hydrogen, lower-alkoxy, halogen, 

5 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 

10 the proviso that when al, al, a4, and R7. are hydrogen, 
Rs and a6 are ethoxy and x- is c104-, 

a2 cannot be 7,10-diacetoxy or 7-acetoxy-10-tert-butyl; 
further provided that when a1,.a2 and a7 are hydrogen, 
R3 and a4 are methyl and x- is c104-, Rs and a6 together 

15 cannot be -O-CB(CB3)CH(CB3)-0-; still further provided 
that when at, a4, as and a7 are hydrogen, a3 and a6 are 
ethoxy and x- is Cl04-, a2 cannot be 7-N02; still 

·further provided that as and R6 cannot both 
·simultaneously ·be hydrogen. 

20 23. A pharmaceutical composition according to 
claim 22 wherein: 

al and a2 are as defined in any one of claims 
3 to 5. 

24. A pharmaceutical composition according to 
25 claim 23 wherein R3 and R4 are independently selected 

from the group consisting of hydrogen, ethoxy, bromine, 
chlorine, methyl, ethyl and phenyl; and R7 is hydrogen 
or methyl. 

25.· A pharmaceutical composition according to 
30 claim 24 ·wherein Rs and a6 are defined as in claim 8 

26. A pharmaceutical composition according to 
claim 23 wherein.RJ and R4 are the same lower-alkyl. 

27. A pharmaceutical composition according to 
claim 26 wherein RJ and R4 are both methyl ·or ethyl, and 

35 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 pharmaceutical composition according to 
claim 28 wherein the compound is 9-methoxy-12,12-di-

5 ethoxy-13,13-dimethyl-6,ll-ethano-6,11-dihydrobenzo[b]-
quinolizinium·PF6-· 

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]-

10 quinolizinium chloride. 
31. A pharmaceutical composition according to 

claim 28 wherein the compound is (-)-12,12-diethoxy-
13, 13-dimethyl-6,11...;ethano-6,ll-dihydrobenzo[b]­
quinolizinium chloride. 

·' 15 32. The use of a compound of the formula: 

wherein: 
Rl,R2,R3,R4,RS,R6,R7,R8,R9, n and x- are as 

defined in any one of claims 22 to 31 for the 
20 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. 

25 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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