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SUBSTITUTED 6,ll-ETHAN0-6,11-DIHYDROBENZO[b] 
QUINOUZINIUM SALTS AND 

COMPOSITIONS AND METHODS OF USE 
THEREOF 

The invention relates to substituted 6,ll-ethano-6,11-di­
. hydrobenzo[b]quinolizinium salts, to pharmaceutical compositions 

. ·containing the same and to the method of use thereof in the treatment 
or prevention of neurodegenerative disorders or neurotoxic injuries. 

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

R1 

wherein each of Rt, R2, R3 and R4 when taken separately, is 
hydrogen, lower alkyl, lower aryl, lower acyloxy, lower alkoxy, nitro, 

15 halogen, lower acylamino, di(lower alkyl) amino; one group of 
RI and R2, R2 and R3, and R3 and R4, preferably RI and R2, and 
R3 and R4, each group when taken together, represents a fused ring 
system containing up to three 6-member carbocyclic and nitrogen­
containing heterocyclic rings at least one of which. is an aromatic 

20 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 Rt, R2, R3 and R4; each of RS and R6, when 
taken separately is hydrogen, lower alkyl or lower aryl; each of 
R7 and R•· when taken separately, is hydrogen; R7 and RB, when taken 

25 together, represent a fused ring system as defined hercinbcfore; · 
R9, when taken individually, is methylene or lower alkyl, lower aryl, 
lower alkenyl, halogen, or cyano substituted methylene; RIO, when 
taken individually, is a protected carbOilyl group; R9 and RIO, when 
taken together, represent a fused aromatic carbocyclic or hcterocyclic 

30 ring system, whose valence bonds are from adjacent carbons, 
containing up to three 6-membered carbocyclic and nitrogen-
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containing heterocyclic rings having no more than two nitrogens in 

any ring and which may be substituted with one or more of the 

substituents defined by RI, 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 9,10-(0-benzeno)-

9, 1 O-dihydro-5-methyl-4a-azoniaantbracene perchlorate. Also 

disclosed are compounds of the formula: 

R1 

R10 

I 
R" H 

c Y 'CR7 

I I , 
N..._ ~,CR 

R8 'C"\ 
H Hm 

wherein RI-RIO are as defined above and m is an odd integer having a 

1 O value of from 1 to 5, inclusive. Among the compounds specifically 

disclosed are 12,12-diethoxy-11-methyl-9,10-ethano-4a-aza­

l,2,3,4,4a,9,9a,10-oct.ahydroanthracene perchlorate acid salt, 

9,10-(0-benzeno)-5-methyl-4a-aza-l,2,3,4,4a,9,9a,10-octahydro­

anthracene and 12,12-diethoxy-9,10-ethano-11-bromo-4a-aza-

15 l,2,3,4,4a,9,9a,10-octahydroanthracene. The above-described 

compounds are disclosed as being intermediates in the synthesis of 

2-napthol derivatives and various antbracene derivatives. 

Fields et al., J. Org. Chem. 1968, 33(1), 390-395, 

disclose a series of sixteen Diels-Alder adducts prepared from a 

20 4a-azoniaanthracene ion and various dienophiles. Among the 

compounds specifically disclosed are 12-ethyl, 12-hydroxymethyl and 

12-ethylene-9, 1O-dihydro-4a-azonia-9,10-ethanoanthracene 

bromides; 12-phenyl-12-( 4-morpholinyl), 12-methyl-12-(1-methyl­

ethylene ), 12,12-diethoxy-11-bromo and 12-diethylamino-11-phenyl-

25 9,10-dihydro-4a-azonia-9,10-ethanoandlracene perchlorates, as well 

as 9,10[1',2']cyclopentyl and 9,10[2',31tetrahydropyranyl-9,10-di­

hydro-4a-azoniaanthracene perchlorates. No utility is disclosed for 

these compounds. 

Th~i1lili 1iii1rnif 1iff lif 'd 
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Fields and Regan, J. Org. Chem. 1971, 36(20), 2986-
2990, disclose compounds of the formula:_ 

EtO OEt 

R 

ON; CI04-

5 wherein R is H, Br, or OAc, as intermediates in the synthesis of 
substituted 8-tert-butyl-1-(2-pyridyl)napthalenes. 

10 

15 

20 

Fields and Regan, J. Org. Chem. 1971, 36(20), 2991-
2994, disclose compounds of the formula: 

CI04-

wherein R is H, CH3, C~s, or Br, as intermediates in the synthesis of 
2-pyridylnapthols. 

Fields, J. Org. Chem. 1971, 36(20), 3002-3005, discloses 
a series of substituted 12,12-diethoxy-9,10-ethano-9,10-dihydro-
4a-azoniaanthracenes and the corresponding derivatives wherein the 
pyridinium moiety is partially or completely reduced, as 
intermediates in the synthesis of substituted 2-napthols. Among the 
compounds specifically disclosed is 12,12-diethoxy-5,l l-dimethyl-
9, 1 O-ethano-9 ,1 O-dihydro-4a-azoniaanthracenc perchlorate. Also 
disclosed is a series of substituted 9,10-(0-ben7.Cno)-9,10-dihydro-
4a-azoniaanthraccnes and the corresponding derivatives wherein the 
pyridinium moiety is partially or completely reduced, as 
intermediates in the synthesis of substituted anthraccnes. Among the 
compounds specifically disclosed is 9,10-(0-bcnzeno)-9,10-dihydro-
4a-azoniaanthracene perchlorate. 
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Westerman and Bradsher, J. Org. Chem. 1971, 36(7), 

969-970, disclose compounds of the formula: 

R 

5 wherein R is CH3, CH(CH3)2, H, F, I, Cl, Br, C02H, C~CH3, or 

N~. No utility is disclosed for these compounds. 
Bradsher and Day, J. Het. Chem. 1973, 10, 1031-1033, 

disclose four Diels-Alder adducts prepared from acridizinium 

perchlorate and cyclopentadiene, methyl vinyl ether, norbomadiene 

1 O and maleic anhydride. No utility is disclosed for these compounds. 

Fields and Regan, J. Org. Chem. 1970, 35(6), 1870-

1875, disclose compounds of the formula: 

+ 
15 wherein R is H, CH3 or 41I5. Also specifically disclosed are 

9,10-dihydro-12,12-dimethoxy-ll,ll-dimethyl-4a-azonia-

9,10-ethanoanthracene perchlorate and 9,10-dihydro-9,l l-dimethyl-

12,12-diethoxy-4a-azonia-9, 10-ethanoanthracene perchlorate. The 

compounds are said to be intermediates in the synthesis of 

20 9, 10-dihydro-12-oxo-4a-azonia-9 ,10-ethanoanthracenes. 
Fields et al., J. Org. Chem. 1971, 36(20), 2995-3001, 

disclose 9, 10-dihydro-4a-azonia-9, 10-0-benzenoanthracene per~ 

chlorate and several analogs as intermediates in the synthesis of 

various 9-(2-pyridyl)anthracenes. 
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Fields and Miller, I. Het. Chem. 1970, 7, 91-97, disclose 

a compound of the formula: 

OH 

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

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

519-523, disclose a series of Diels-Alder adducts prepared from an 

acridizinium ion and maleic anhydride, maleate esters, fumarate 

1 O esters and various para-substituted styrenes in which the para 

substituent is H, CH3, OCH3 or N(h. No utility is disclosed for these 

compounds. A substantially similar disclosure for the preparation of 

Diels-Alder adducts from acridizinium bromide and maleic 

anhydride, maleate or fumarate esters can be found in Bradsher and 

15 Solomons, I. Am. Chem. Soc. 1958, 80, 933-934. 
BradSher and Stone, J. Org. Chem. 1969, 34(6), 

1700-1702, disclose compounds of the formula: 

R + 
x-

20 wherein R is H, or CH3! R'. is H, or CH3; R" is OCH3, CH3, H, or 

N(h; and X- is perchlorate; without an indication of utility. Also 

disclosed are the Diels-Aldcr adducts obtained from acridizinium 



5 

perchlorate and diethyl maleate, diethyl fumarate or dimethyl 

maleate, without an indication of utility. 

Burnham and Bradsher, J. Org. 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, without an indication of 

utility 
10 Parham~., J. Org. Chem. 1972, 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}, 

15 C(O)OC(O), CH20CH2, or CH2NHrtCH2, without an indication of 

utility. 

20 

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

2588-2591, disclose compounds of the formula: 

This Sheet Has Bee:1 Replaced 
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wherein: RI=R2=R4=RS=H; Rl=Me, and R2=R"=R'=H; 

RI:R4=RS=H, and R~Me; and Rl=H, and R2:R4=RS=Me. No utility 

is disclosed for these compounds. 

Bradsher et al., 1. Org. Chem. 1978, 43(5), 822-827, 

5 disclose compounds of the formula: 

R 

wherein: RI is OEt and R is Me, H, F, Cl, COiMe or N(h; 

RI is 0-Ph-p-X, wherein Xis CH3, OCH3, H, C(O)CH3, or N~, and 

10 R is hydrogen; and Rl is N-carbazolyl and R is hydrogen. No utility 

is disclosed for these compounds. 

Westerman and Bradsher, I. Org~ Chem. 1978, 43(15), 

3002-3006, disclose a series of Diels-Alder adducts prepared from an 

acridizinium ion and various unsymmetrical alkene~ without an 

15 indication of utility. Among the compounds specifically disclosed 

are 6,11[2',3']indanyl-6,ll-dihydroacridizinium tetrafluoroborate, and 

12-phenyl-13-(2-pyridyl)-6, 11-dihydro-6, 11-ethanoacridizinium 

tetrafluoroborate. 

Westerman and Bradsher, J. Org. Chem. 1979, 44{5), 

20 727-733, disclose a series ofDiels-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-

6,ll-ethanoacridizinium perchlorate or bromide, 9-methyl-

25 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-12-(2-pyridyl)-

6, l 1-dihydro-6,11-ethanoacridizinium tetrafluoroborates. 

Bradsher '1.11., 1. Org. Chem. 1979, 44(8), 1199-1201, 

30 disclose a series of Diels-Alder adducts prepared from a substituted 

or unsubstituted acridizinium ion and cyclopropene or 1-methyl­

cyclopropene, without an indication of utility. 



S.; 
·,, 

·•· ; .. ~ 

-8-

Hart~., Tetrahedron Letters 1975, 52, 4639-4642, 

disclose a compound of the formula: 

H3C 

5 as an intermediate in the synthesis of 1,4,5,8,9-pentamethyl­
anthracene. 

The present invention relates to compounds of Formula I: 

10 I 
wherein: 

Rl is hydrogen, or from one to four, the same or different, 
substituents in any of the 1-;i-,3- or 4- positions selected from the 

group consisting of lower-alkoxy, lower-alkyl, halogen, hydroxy, 
15 OC(O) alkyl-CH=CH-alkyl, OC(O) alkyl, 

OC(O)-lower-alkenyl-C(O)Oalkyl, alkoxy, OC(O)alkylC(O)Oalkyl, 

hydroxymethyl, nitro, amino and lower-alk.ylsulfonylamino or 
R 1 is a fused benzene ring; 

R2 is hydrogen, lower-alkyl, cyano or lower-alkoxycarbonyl; 

20 R3 and R4 are independently hydrog~ or lower-alkyl; or 

R3 and R4 together form a cycloalkyl ring, or a lower­
alkylidene group; 

R5 and R6 are independently phenyl (or phenyl substituted by 
lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower-

This Sheet Has Been Repla1.:ed 
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alkoxyphenyl-lower-alkyl-N (lower-alk:ylsulfonyl), hydroxy, or 

polychlorolower-alkyl), a 5- or 6-membered monocyclic or 

9- or 10-membered bicyclic aromatic heterocyclic ring system or a 

5- or 6-membered monocyclic nonaromatic heterocyclic ring system 

5 (or said 5- or 6- membered monocyclic or 9- or 10-membered 

bicyclic aromatic heterocyclic ring system or said 5- or 6- membered 

monocyclic nonaromatic heterocyclic ring system substituted on any 

available carbon atom thereof by hydroxy, lower-alkyl, oxo, nitre, 

halogen, or lower-alkoxy; or on any available nitrogen atom thereof 

by lower-alkyl, phenyl-lower-alkyl (or said phenyl lower-alkyl group 

substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 

halogen), trilower-alkylsilyl, lower-alk:ylphenylsulfonyl, or trilower­

alkylsilyl-lower-alkoxy-lower-alkyl), lower-alkoxy, or lower-alkynyl; 

or R5 and R6 together form a fluorene_ring; 

or R3 and R5, and/or R4 and R6 taken together with the carbon 

atoms to which they are attached form a bicyclic ring system of 

Formula A: 

20 wherein 

(R') or (R') 

A 

A is phenyl, or a 5- or 6-membered monocyclic aromatic 

heterocyclic ring system and n is an integer from one to three (or said 

A ring substituted on any available carbon atom thereof by lower­

alkoxy or lower-alkyl); 

25 R 7 is hydrogen, or from one to four, the same or different, 

substituents in any of the 7-, 8-,9-, or 10- positions selected from the 

group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, 

hydroxy, lower-alkoxy, methylenedioxy, polyfluoro-lower-alkyl, 

OCO(CH2)m.C(O)Oalkyl, OC(O)alkyl, C(O)Oalkyl, C02-, carboxy, 

30 sulfo, S03-, P03H, P03-, cyano, polychloro-lower-alkyl, 

OC(O)alkyl-CH=CH-alkyl, OC(O)-lower-alkenyl-C(O)Oalkyl, 

alkoxy, OC(O)alkylC(O)Oalkyl, halomethyl, hydroxymethyl, amino 
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and lowcr-alkylsulfonylamino wherein m is an integer from one to 
four and/or R 7 is a fused pyrazole ring; __ 

x- is an anion; and pis zero when R7 is a negatively charged 
radical and p is one when R 7 is other than a negatively charged 

radical; 
or a pharmaceutically acceptable acid-addition salt of basic members 
thereof; or a solvate thereof; or a stereoisomer thereof; with the 
following provisos 
a) at least one of RS and R 6 when taken individually must be a 
substituted or unsubstituted phenyl group, or a substituted or 
unsubstituted S- or 6-membered monocyclic or 9- or 10-membcred 
bicyclic aromatic heterocyclic ring system or a substituted or 
unsubstituted S- or 6-membered nonaromatic heterocyclic ring 
system; 
b) when R 3 and RS or R4 and R 6 together form a bicyclic ring 
system of formula A wherein A is phenyl and n is 1; Rl,R2$4 and 
R6 or Rl,R2,R3 and RS, respectively are hydrogen and x- is BF4-, 

R 7 is other than hydrogen or 9-methyl; 
c) when Rl,R2,R3 and R4 are hydrogen; RS and R6 are phenyl, and 
x- is CI04- or Br; R 7 is other than hydrogen, 
d) when Rl,R2,R3 and R4 are hydrogen; one of RS or R6 is phenyl, 
and one of R5 or R6 is methoxy; and x- is BF4-, R7 is other than 
hydrogen or 9-methyl; and 
e) when Rl,R2,R3 and R4 are hydrogen; R5 is 4-morpholinyl and 
R6 is phenyl or R5 is phenyl and R6 is 4-morpholinyl; and 
X- is CIQ4-, Br or BF4-, R7 is other than hydrogen, 9-methyl, or 
7, 10-dimethyl. 

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

Compounds within the ambit of Formula I above are those 
wherein: 

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; 
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R2 is hydrogen, or lower-alkyl; 

R3 and R4 are independently hydrogen, or lower-alkyl; or 

R3 and R4 together form a cycloalkyl ring, or a lower 

alkylidene group; 
RS and R6 are mdependently phenyl (or phenyl substituted by 

Iower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower­

alkoxypheny 1-lower-alkyl-N(lower-alkylsulfonyl), hydroxy, or 

polychlorolower-alkyl), a 5- or 6-membered monocyclic or 

9- or 10-membered bicyclic aromatic heterocyclic ring system or a 

5- or 6-membered monocyclic nonaromatic heterocyclic ring system 

(or said 5- or 6- membered monocyclic or 9- or 10-membered 

bicyclic aromatic heterocyclic ring system or said 5- or 6- membered 

monocyclic nonaromatic heterocyclic ring system substituted on any 

available carbon atom thereof by lower-alkyl, oxo, nitro, halogen, or 

lower-alkoxy; or on any available nitrogen atom thereof by lower­

alkyl, phenyl-lower-alkyl (or said phenyl lower-alkyl group 

substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 

halogen), trilower-alkylsilyl, or trilower-alkylsilyl-lower-alkoxy­

lower-alkyl), lower-alkoxy, or lower-alkynyl; or RS and R 6 together 

20 form a fluorene ring; 

25 

or R3 and RS, and/or R4 and R6 taken together with the carbon 

atoms to which they are attached form a bicyclic ring system of 

Formula A: 

wherein 

(R') or (R') 

A 

(R3) or(~ 

A is phenyl, or a 5- or 6-membered monocyclic aromatic 

heterocyclic ring system and n is an integer from one to three (or said 

A ring substituted on any available carbon atom thereof by lower-

30 alkoxy, or lower-alkyl); 
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R 7 is hydrogen, or from one to four, the same or different, 

substituents in any of the 1-, s-,9-, or 10- positions selected from the 

group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, 

hydroxy, lower-alkoxy, methylenedioxy, polyfluorolower-alkyl, 

5 OCO(CH2)mC(O)Oalkyl, OC(O)alkyl, C(O)Oalkyl, C02·, carboxy, 

sulfo, S03-, P03H, P03·, cyano, and polychlorolower-alkyl, wherein 

m is an integer from one to four; 
. x- is an anion; and pis zero when R7 is a negatively charged 

radical and p is one when R 7 is other than a negatively charged 

10 radical; 
or a pharmaceutically acceptable acid-addition salt of basic members 

thereof; or a solvate thereof; or a stereoisomer thereof; with the 

following provisos 
a) at least one of RS and R6 when taken individually must be a 

15 substituted or unsubstituted phenyl group, or a substituted or 

unsubstituted 5- or 6-membered monocyclic or 9- or 10-membered 

bicyclic aromatic heterocyclic ring system or a substituted or 

unsubstituted 5- or 6-membered nonaromatic heterocyclic ring 

system; 
20 b) when R3 and R5 or R4 and R6 together form a bicyclic ring system 

of formula A wherein A is phenyl and n is 1; Rl,R2,R4 and R6 or 

Rl,R2,R3 and RS, respectively are hydrogen and x- is BF4-, 

R7 is other than hydrogen or 9-methyl; 

c) when Rl,R2,R3 and R4 are hydrogen; RS and R6 are phenyl, and 

25 X- is Cl04- or Br; R7 is other than hydrogen, 

d) when Rl,R2,R3 and R4 are hydrogen; one of R5 or R6 is phenyl, 

and one of R5 or R 6 is methoxy; and x- is BF 4 ·, R 7 is other than 

hydrogen or 9-methyl; and 
e) when Rl,R2,R3 andR4 are hydrogen; RS is 4-morpholinyl and 

30 R6 is phenyl or RS is phenyl and R6 is 4-morpholinyl; and 

X- is ClQ4-, Br or BF4·, R7 is other than hydrogen, 9-methyl, or 

7, 10-dimethyl. 
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Preferred compounds of Formula I above are those wherein: 

Rl,R2,R3 and R4, taken independently or together, R3 and RS, 

and/or R4 and R6 taken together with the carbon atoms to which they 

are attached, A, X- and p arc as defined directly hereinabovc and 

RS and R6 arc independently phenyl (or phenyl substituted by 

lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower­

alkoxypheny l-lower-alkyl-N (lower-alkylsulfonyl), hydroxy, or 

polychlorolower-alkyl), a 5- or 6-membered monocyclic or 

9- or 10-membered bicyclic aromatic heterocyclic ring system (or 

said S- or 6-membered monocyclic or 9- or 10-membered bicyclic 

aromatic heterocyclic ring system substituted on any available carbon 

atom thereof by lower-alkyl, oxo, or lower-alkoxy; or on any 

available nitrogen atom thereof by lower-alkyl, phenyl-lower-alkyl 

(or said phenyl-lower-alkyl group substituted on the phenyl group by 

lower-alkoxy, lower-alkyl, or halogen), trilower-alkylsilyl or tri­

lower-alkylsilyl-lower-alkoxy-lower-alkyl), lower-alkoxy, or lower­

alkynyl; or RS and R6 together form a fluorene ring; and 

R 7 is hydrogen, or from one to four, the same or different, 

substituents in any of the 7-, 8-, 9- or 10- positions selected from the 

group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, 

hydroxy, lower-alkoxy, methylenedioxy, polyfluorolower-alkyl, 

S03- and polychlorolower-alkyl. 

Particularly preferred compounds of Formula I above are those 

wherein: 
RS and R6 are independently phenyl (or phenyl substituted by 

lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl (especially 

trifluoromethyl) or lower-alkoxyphenyl-lower-alkyl-N(lower-alkyl­

sulfonyl)), a S- or 6-membered monocyclic or 9- membered bicyclic 

aromatic heterocyclic ring system preferably selected from the group 

consisting of furanyl, benzofmany~ pyridinyl, thienyi oxazolyl, 

thiazolyl, pyrazolyl, triazolyl and pyrrolyl (or said S- or 6-membered 

monocyclic or 9-membered bicyclic aromatic heterocyclic ring 

system substituted on any available carbon atom thereof by lower­

alkyl, oxo, or lower-alkoxy; or on any available nitrogen atom thereof 

by lower-alkoxyphenyl-lower-alkyl, trilower-alkylsilyl or trilower-
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alkylsilyl-lower-alkoxy-lower-alkyl), lower-alkoxy, or lower-alkynyl; 

or RS and R6 together form a fluorcne ring; 

especially those wherein 
Rl is hydrogen, or one lower-alkyl substituent in any of the 

5 i -,2-,3- or 4· positions; 
R7 is hydrogen, or from one to two, the same or different, 

substituents in any of the 1-, 8-,9-, or 10-positions selected from the 

group consisting of halogen, hydroxy, lower-alkoxy, s03- and 

polyfluorolower-alkyl; and 

1 o A is phenyl, or a 5-membered monocyclic aromatic hetero-

cyclic ring system, preferably selected from the group consisting of 

furanyl, isoxazolyl and thienyl, and n is an integer from one to two 

(or said A ring substituted on any available carbon atom thereof by 

lower-alkoxy or lower-alkyl). 

15 More particularly prefered compounds within this group are 

those wherein R5 and R6 are independently phenyl (or phenyl 

substituted by methoxy, bromine, chlorine, fluorine, methyl, 

trifluoromethyl, or CH30-Ph-CH2-N(S02CH3)-), a 

S- or 6-membered monocyclic or 9-membered bicyclic aromatic 

20 heterocyclic ring system selected from the group consisting of 

2-furanyl, 3-furanyl, 2-benzofuranyl, 2-,3- and4-pyridinyl, 2-thienyl, 

3-thienyl, 4-oxazolyl, 2-thiazolyl, 5-thiazolyl, 5-pyrazolyl, 

5-(1,2,3-triazolyl) and 3-pyrrolyl (or said 5- or 6- membered 

::/:_-25 
monocyclic or 9-membered bicyclic aromatic heterocyclic ring 

system substituted on any available carbon atom thereof by methyl, 

oxo, or methoxy; or any available nitrogen atom thereof by methoxy­

phcnylmethyl, triisopropylsilyl, or (CH3)3Si(CH2)20CH2), ethoxy 

or ethynyl; or RS and R6 together form a fluorene ring; and A is 

phenyl, or a 5-membered monocyclic aromatic heterocyclic ring 

system selected from the group consisting of [2',3'] furanyl, [4',5'] 

isoxazolyl and [2',3'] thienyl (or said A ring substituted on any 

available carbon atom thereof by methoxy, or methyl), in particular 

those wherein Rl is hydrogen or 1-lowcr-alkyl (especially 1-methyl); 

R2 is hydrogen, methyl or butyl; R3 and R4 are independently 

hydrogen, or methyl; or R3 and R4 together form a cyclopropyl ring, 

This Sheet Has Been Replaced 

1111111111111111111111111 



-lS-

or a methylidene group and R 7 is hydrogen, or from one to two, the 

same or different, substituents in any of the 1-, s-, 9-, or 10- positions 

selected from the group consisting of bromine, fluorine, hydroxy, 

methoxy, isopropoxy, SQ3- and trifluoromethyl. 

5 Other preferred compounds of the Formula I above are those 

wherein: 
R 1 is hydrogen or one lower-alkoxy or halogen substituent in 

any of the 1-, 2-, 3-, or 4- positions, preferably the 1- position; 

R2 is hydrogen or lower-alkyl; 

10 R3 and R4 are independently hydrogen, or lower-alkyl; or 

R3 and R4 together form a cycloalkyl ring, or a lower­

alkylidene group; 
R5 and R6 are independently phenyl substituted by hydroxy or 

a 5- or 6- membered monocyclic aromatic heterocyclic ring system 

15 selected from the group consisting of pyrazolyl (especially 3-,4- and 

5-pyrazolyl, triazolyl (especially 5-(1,2,4-triazolyl), pyridinyl 

(especially 3-pyridinyl), furanyl (especially 3-furanyl), imidazolyl 

(especially 2-imidazolyl), and pyrrolyl (especially 3-pyrrolyl) (or said 

5- or 6- membered monocyclic aromatic heterocyclic ring system 

substituted on any available carbon atom thereof by lower-alkoxy 

(especially methoxy), or on any available_ nitrogen atom thereof by 

lower-alkyl (especially methyl), lower-alkoxyphenyllower-alkyl 

(especially methoxyphenylmethyl), or trilower-alkylsilyl) (especially 

triisopropylsilyl); 
R 1 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 OC(O)alkyl (especially OC(O)(CH2)6CH3, 

OC(O)CH3 and OC(O)t-Bu), OCO(CH2)mC(O)Oalkyl, especially 

OCO(CH2)2C(O)OCH2CH3, hydroxy, lower-alkoxy (especially 

methoxy), methylenedioxy, halogen (especially chloro and fluoro )and 

nitro; and 
X and p are as defined hereinabove. 
Specific compounds within this latter group are those wherein 

Rl is hydrogen, 1-fluoro, or 1-methoxy; R2 is hydrogen, or methyl; 
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and R3 and R4 are independently hydrogen or methyl; or R3 and R4 

together form a methylidene group. 

Other compounds of the Formula I above are those wherein: 

R 1 is from one to four, the same or different, substituents in 

5 any of the 1-, 2-, 3- or 4- positions selected from the group consisting 

of hydroxy, OC(O)alkyl-CH=CH-alkyl, OC(O)alkyl, 

OC(O)-lower-alkenyl-C(O)Oalkyl, alkoxy, OC(O)alkylC(O)Oalkyl, 

hydroxymethyl, nitro, amino and lower-alkylsulfonylamino; or 

R 1 is a fused benzene ring; and R2, R3, R4, R5, R6, R7, A, rn, n, x-

10 and pare as first defined. 

Preferred compounds of the Formula I within this latter group 

are those wherein: 

R 1 is one substituent in any of the 1-, 2-, 3-, or 4- positions 

selected from the group consisting of hydroxy (especially 

I-hydroxy) and OC(O) alkyl (especially l-OC(O)CH3) or Rl is a 

fused benzene ring; 

R2, R3, R4 and R7 are hydrogen; 

RS and R 6 are independently a 5- or 6- membered monocyclic 

aromatic heterocyclic ring system selected from the group consisting 

of furanyl, pyridinyl, thienyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, 

pyrrolyl and imidazolyl and especially furanyl; and 

X- is an anion. 

Still other compounds of the Formula I above are those 

wherein: 
"'>,;_.'.~ · ..... 

·~·:·25 R2 is cyano or lower-alkoxycarbonyJ; and 
·::_""(:. 

-~: .7. 
~r 
··~:-

RI, R3, R4, RS, R6, R7, A, n, m, x-, and pare as first defined. 

Pref erred compounds of the Formula I within this latter group 

are those wherein: 

RI, R3, R4 and R7 are hydrogen; 

RS and R 6 are independently selected from the group 

consisting of f uranyl, pyridinyl, thienyl, oxazolyl, thiazolyl, 

PYrazolyl, triazolyl, pyrrolyl and imidazolyl and especially f uranyl; 

and 

x- is an anion. 
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Still other compounds of the Formula I above are those 

wherein: 
Rl, R2, R3, R4, R5, R6, A, n, m, x- and pare as first defined 

and, 

5 R7 is from one to four, the same or different, substituents in 

any of the 7-, 8-, 9- or 10- positions selected from the group 

consisting of OC(O)alkyl-CH=CH-alkyl, 

OC(O)-lower-alkenyl-C(O)Oalkyl, alkoxy, OC(O)alkylC(O)O alkyl, 

halomethyl, hydroxymethyl, amino and lower-alkylsulf onylamino; 

10 and/or R7 is a fused pyrazole ring. 

Preferred compounds of the Formula I within this latter group 

are those wherein: 

RI, R2, R3 and R4 are hydrogen; 

R5 and R6 are independently a 5- or 6- membered monocyclic 

15 aromatic heterocyclic ring system selected from the group consisting 

of furanyl, pyridinyl, thienyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, 

pyrrolyl and imidazolyl, especially furanyl and 

R7 is as defined directly hereinabove and especially one 

substituent selected from the group consisting of 

20 OC(O)(CH2)7HC=CH-(CH2)7Cff3, 

OC(O)-CH=CH-C(O)OCH2CH3, O(CH2)7CHJ, 

OC(O)C(CH3)2CH2C(O)OCH2CHJ, chloromethyl, hydroxymethyl, 

and OC(O)C(CH3)2CH2C(O)O(CH2)7CHJ; and/or R7 is a fused. 

pyrazole ring 

25 and 
x- is an anion. 

T·11u1u, 1in1r1i11nr 
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The invention further relates to pharmaceutical compositions 

which comprise a compound of Formula I': 

I' 

wherein: 
Rl,R2,R3 and R4 both independently and together, R5,R6, 

R3 and RS, and/or R4 and R6 with the attached carbon atoms, A, R7, 

x-,. and p are as defined for the compound of Formula I, except for 

the single proviso wherein at least one of R5 and R6 when taken 

individually must be a substituted or unsubstituted phenyl group, or a 

substituted or unsubstituted 5- or 6-membered monocyclic or 

9- or 10-membered bicyclic aromatic heterocyclic ring system or a 

substituted or unsubstituted 5- or 6-membered monocyclic non­

aromatic heterocyclic ring system, 

or a pharmaceutically acceptable acid-addition salt of basic members 

thereof; or a solvate thereof; or a stereoisomer thereof; together with 

a pharmaceutically acceptable carrier, adjuvant, diluent or vehicle, 

The invention further relates to a method of use of a compound 

of Formula I', as defined hereinabove for the pharmaceutical 

~mposition, for the preparation of a medicament for the treatment or 

prevention of neurodegenerative disorders or neurotoxic injuries in a 

patient in need of such treatment. 

The term lower-alkyl as used herein means linear or branched 

hydrocarbon chains having one to about four carbon atoms and thus 

includes methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, and the 

like. 

The term lower-alkoxy as used herein means linear or branched 

alkyloxy substituents having one to about four carbon atoms and thus 



-19-

includes methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, 

and the like. -
The term alkyl as used herein means linear or branched 

hydrocarbon chains having one to about sixteen carbon atoms and 

thus includes methyl, ethyl, 1,1-dimethylethyl, propyl, isopropyl, 

n-butyl, sec-butyl, t-butyl, n-pentyl, 2-methyl-3-butyl, 1-methylbutyl, 

2-mcthylbutyl, neopcntyl, n-hexyl, 1-methylpentyl, 3-methylpentyl, 

1-ethylbutyl, 2-ethylbutyl, 2-hexyl, 3-hexyl, n-heptyl, 2-heptyl, 

n-octyl, 2,4,4-trimethylpcntyl, n-nonyl, 3,5,5-trimethylhexyl, n-decyl, 

3, 7-dimethyloctyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetradecyl, 

n-pcntadecyl, n-hexadecyl, and the like. 

The term alkoxy as used herein means linear or branched 

alkyloxy substitucnts having from one to about sixteen carbon atoms 

and thus includes methoxy, ethoxy, propoxy, isopropoxy, butoxy, 

sec-butoxy, t-butoxy, n-pentyloxy, 2-methyl-3-butyloxy, 1-methyl­

butytoxy, 2-methylbutyloxy, neopentyloxy, n-hexyloxy, 1-methyl­

pentyloxy, 3-methylpentyloxy, 1-ethylbutyloxy, 2-ethylbutyloxy, 

2-hexyloxy, 3-hexyloxy, n-heptyloxy, 2-heptyloxy, n-octyloxy, 

2,4,4-trimethylpcntyloxy, n-nonyloxy, 3,5,5-trimethylhexyloxy, 

n-decyloxy, 3,7-dimethyloctyloxy, n-undecyloxy, n-dodecyloxy, 

n-tridecyloxy, n-tetradecyloxy, n-pentadecyloxy, n-hexadecyloxy, 

and the like. 
The term halogen, halo, or halide as used herein means 

bromine, chlorine, iodine, or fluorine. 

The term lower-alkanoyloxy as used herein means linear or 

branched hydrocarbon chains having two to about four carbon atoms 

and thus includes acetyloxy, propionyloxy, isobutyryloxy, and the 

like. 
The term cycloalkyl as used herein means C3 to C7 unsaturated 

monocyclic hydrocarbon residues and thus includes cyclopropyl, 

cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. 

The term lower-alkylidene as used herein means linear or 

branched hydrocarbon chains having one to about four carbon atoms 

and thus includes methylidene, ethylidene, propylidene, iso­

propylidene, sec-butylidene, and the like. 
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The term lower-alkenyl as used herein means linear or 

branched unsaturated hydrocarbon radicals having two to about four 

carbon atoms and thus includes ethenyl, 1-propenyl, 2-propenyl, 

isopropenyl, 1-methyl-2-propenyl, 2-butenyl, isobutenyl and the like. 

The term lower-alkynyl as used herein means linear or 

branched unsaturated radicals having two to about four carbon atoms 

and thus includes ethynyl, 1-propynyl, 2-propynyl, 1-methyl-

2-propynyl, 2-butynyl and the like. 
The term anion (X-) as used herein means the anion of an 

organic acid (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, trifluoro­

acetic acid methanesulf onic acid, toluenesulfonic acid, trifluoro­

methanesulfonic acid, (-)-dibenzoyl-L-tartaric acid [(-)-DBT], 

(+)dibenzoyl-D-tartaric acid [(+)-DBT], and the like; or it means an 

inorganic acid anion such as chloride, bromide, perchlorate, PF0 and 

the like, preferably chloride. 
The term 5- or 6-membered monocyclic aromatic heterocyclic 

ring system as used herein means 5- or 6-membered monocyclic 

aromatic heterocyclic ring systems containing from one to three, the 

same or different, heteroatoms selected from the group consisting of 

nitrogen, oxygen and sulfur (or said 5- or 6-membered monocyclic 

aromatic heterocyclic ring system substituted on any available carbon 

atom thereof or on any available nitrogen atom thereof as 

hereinbefore described). Representative examples of such 

5- or 6-membered monocyclic aromatic heterocyclic ring systems 

include, but arc not limited to, furan, pyridine, thiophene, oxazolc, 

thiazole, pyrazole, triazole, pyrrole, imidazole, isoxazole, oxadiazole, 

pyrazine, pyridazine, pyrimidine, triazine, thiadiazole and the like; or 

said 5- or 6-membered monocyclic aromatic heterocyclic ring 

systems substituted on any available carbon or nitrogen atom thereof 

as described hereinabove. 
The term 5- or 6-membered monocyclic nonaromatic hetero­

cyclic ring system as used herein means 5- or 6-membered non­

aromatic heterocyclic ring systems containing from one to two, the 
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saJDe or different, heteroatoms selected from the group consisting of 

nitrogen, oxygen and sulfur (or said 5- or 6-membered monocyclic 

nonaromatic heterocyclic ring system substituted on any available 

carbon atom thereof or on any available nitrogen atom thereof as 

hereinbefore described). Representative examples of such 

5. or 6-membered monocyclic nonaromatic heterocyclic ring systems 

include, but are not limited to, pyrrolidine, thiazolidine, tetra­

hydrofuran, tetrahydrothiophene, thiomorpholine, morpholine, . 

piperazine, piperidine, tetrahydropyran, 1,4-thioxane, and the like; or 

1 o said 5- or 6-membered monocyclic nonaromatic heterocyclic ring 

system substituted on any available carbon or nitrogen atom thereof 

as described hereinabove. 

The term 9- or 10-membered bicyclic aromatic heterocyclic 

ring system as used herein means 9- or 10-membered bicyclic 

15 aromatic heterocyclic ring systems containing from one to three, the 

same or different, heteroatoms selected from the group consisting of 

oxygen, nitrogen and sulfur (or said 9- or 10-membered bicyclic 

aromatic heterocyclic ring system substituted on any available carbon 

atom thereof or on any available nitrogen atom thereof as herein-

20 before described). Representative examples of such 

9- or 10-membered bicyclic aromatic heterocyclic ring systems 

include, but are not limited to, benzofuran, benzimidazole, 

thianaphthene, benzisothiazole, quinoline, isoquinoline, quinoxaline, 

quinazoline, indole, 1,8-naphthyridine, benzothiazole, benzoxazole, 

25 indazole, benzo-triazole and the like; or said 9- or 10-membered 

bicyclic aromatic heterocyclic ring system substituted on any 

available carbon or nitrogen atom thereof as described hereinabove. 

It will be appreciated that in the compounds of Formulae 

I and II, X- is an anion when p, in the term (X-)p, is one; however, 

30 when the compounds of the formula I and II contain a negatively 

charged radical, e.g. when R7 is C(h-, SQ)-, or P03·, p, in the term 

(X-)p, is zero and the compounds exist as zwitterionic species. 
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The numbering system used throughout the specification is 

shown in the ring system which is illustrated below. This ring system 

is usually named in the chemical literature as a 6,ll-ethano-6,11-di­

hydrobenz.o[b]quinolizinium or a 6,ll-dihydro-6,11-ethano­

acridizinium. 

13 

It should be noted, however, that in some 
of the earlier chemical literature references (see references cited in 

Information Disclosure Statement) this ring system was numbered as 

shown below, and was named as a 9JO-ethano-9,10-dihydro-
4a-azoniaanthracene, or a 9,10-dihydro-4a-azonia-9,10-ethano­

anthracene. 
11 

I 1 

Tiiroughout this specification, however, we will use the former 

numbering system, and we will name the compounds as 6,11-ethano-
6, 11-dihydrobenzo[b ]quinolizinium salts. 
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The synthesis of the compounds of the invention may be 

outlined as shown in Scheme A: 

S'b~m~A 
R2 

R' R4 

R7- + >==< R' R3 

n m 

5 I 

A suitably substituted benzo[b ]quinolizinium salt (II) in an 

appropriate organic solvent, e.g. nitromethane, acetonitrile, 

nitropropane and lower-alkanols (e.g. methanol and ethanol) or 

mixtures thereof, is treated with at least one molar equivalent of a 

10 suitably substituted olefm (III), at a temperature in the range of about 

so·c up to the boiling point of the solvent or solvent mixture used to 

afford the compounds of Formula L 
H desired, the compounds of Formula I can be converted 

. . ... into other compounds of Formula I which possess various different 
·· __ ,_., : ~<>ns (X·) by 

(f: a) treating a compound of the Formula I with at least one molar 
'\_._,. · equivalent of the alkali metal salt of an organic acid anion or an 

inorganic acid anion, M+X-, wherein the acid of the salt used is a 

stronger acid than the corresponding acid of the initial acid 

anion (X·), and wherein M+ is an alkali metal, e.g. lithium, sodium or 

~ :: potassium; 
.ii: 

·;;_ b) passing a compound of Formula I wherein X- is other than Cl-

'-:.. __ through a Dowex® lx2-200 ion-exchange resin (Dowex®-1-

: chloride) column to produce the compounds of Formula I wherein 
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x- is CI-; or 
c) passing a compound of Formula I through a suitable ion-exchange 

resin column (prepared, for example, by treating Dowex® 1X2-200 

ion-exchange resin with a suitable organic acid or inorganic acid) to 

provide various compounds of Formula I wherein X- is other than 

CI-, Cl04· or PF6·· 
It will be appreciated that the compounds of Formula I can 

possess one or more asymmetric carbon atoms and are thus capable 

of existing in a number of stereoisomeric forms, e.g. enantiomers, 

diastereomers, and geometric isomers. Unless otherwise specified 

herein, the invention is intended to extend to each of these stereo­

isomeric forms, and to mixtures thereof, including the racemates. In 

some cases, there may be advantages, e.g. greater potency, to using a 

particular enantiomer when compared to the other enantionmer or the 

racemate in the treatment or prevention of neurodegenerative 

disorders or neurotoxic injuries, and such advantages can be readily 

determined by those skilled in the art. The different stereoisomeric 

forms may be separated one from the other by the methods described 

herein below. 
20 The diastereomers/geometric isomers can be separated by 

conventional procedures which are well known in the art of chemistry 

such as chromatography, fractional crystallization and the like. The 

separation of enantiomers can be accomplished by 

a) chiral chromatography, or 
25 b) treating a racemic mixture of a compound of Formula I with the 

potassium salt of (+)-dibenzoyl-D-tartaric acid (K+[(+)-DBT]) to 

afford a compound of Formula I as the ·[( + )-DBT] salt; fractional 

crystamzation of the -[(+)-DBT] salt to afford a single diastereomer 

of the -[( + )-DBT] salt, and then conversion of the single diastereomer 

30 of the ·[(+)-DBT] salt into various other non-chiral anions (X-) by 

following the procedures described hereinabove for the conversion of 

compounds of Formula I into other compounds of Formula I with 

various different anions (X-), to produce the compounds of Formula I 

as a single enantiomer; or 



.:·. 

---·- -·-·-·--··------------------ ------······--------·· 

-25-

c) treating a racemic mixture of a compound of Formula I with the 
potassium salt of (-)-dibenzoyl-L-tartaric acid (K-[(-)-DBT]) to afford 

a compound of Formula I as the ·[(-)-DBT] salt and then proceeding 
as described hereinabove in part b) to afford the compounds of 

5 Formula I as the other enantiomer. 
Simple chemical transformations which are conventional and 

well known to those skilled in the art of chemistry can be used for 

effecting changes in the functional groups of the compounds of 
Formula L For example, removal of N-(lower-alkyl-Iower-alkoxy-

1 O trilower-alkylsilyl), N-Iower-alkoxyphenyl-lower-alkyl, N-lower­
alkylphenylsulfonyl and N-trilower-alkylsilyl protecting groups to 

afford the corresponding N-H derivatives; treatment of 2-lower­
alkoxy pyridine derivatives with an acid to produce the corresponding 
2-oxopyridine derivatives, treatment of alcohols with acylating 

15 agents to afford the corrresponding esters, hydrolysis of nitriles to 

afford the corresponding acids, treatment of acids with alcohols in the 
presence of a dehydrating agent to afford the corresponding ester, 
treatment of halides with dialkylphosphites in the presence of a 
catalyst to produce phosphonates which in tum can be hydrolyzed to 

20 afford the corresponding phosphonic acid derivatives, treatment of 

alcohols with alkyl halides to afford the corresponding alkoxy 
derivatives, dealkylation of ethers to afford the corresponding · 
alcohols, hydrolysis of alkyl halides to afford the corresponding 
alcohols, dehalogenation of aryl halides to afford the corresponding 

25 aryl derivatives, reduction of nitro derivatives to afford the 
corresponding amino derivatives and treatment of amino derivatives 
with sulfonyl halides to afford the corresponding sulfonamide 
derivatives. 

The suitably substituted benzo[b]quinolizinium salts of 
30 Formula lI, which are required for the synthesis of the compounds of 

Formula I, are either known and can thus be prepared by procedures 
which are known in the art of chemistry (see for example, Bradsher 
and Parham, J. Org. Chem., 1963, 28, 83-85; Bradsher and Jones, J. 
Am. Chem. Soc., 1957, 79, 6033-34; Bradsher et al., J. Het Chem. 

35 1964, 1, 30-33; and Bradsher and Parham, J. Het. Chem. 1964, 1, 
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121-124); or if they are novel, they can be prepared by the procedures 
described in the art or those described hereinbelow and illustrated in 

Schemes B,C and D .. In Scheme B, at least one molar equivalent of 
an appropriately substituted benzyl halide (IV), wherein Z is a 

5 halogen, preferably chlorine, bromine, or iodine, is treated with at 
least one mole of an appropriately substituted 2-(1,3-dioxolan-
2-yl)pyridine (V) in the presence or absence of a suitable organic 
solvent, e.g. sulfolane, at a temperature of about room temperature up 
to about 146.C, to produce the pyridinium salts of Formula VI. H 

1 o desired, the pyridinium salt (VI) can then be converted into other 
pyridinium salts of the Formula VII, wherein X- has the meanings 
given hereinabove, by utilizing procedures similar to those descibed 
hereinabove for the preparation of compounds of Formula I with 

various anions (X·). The pyridinium salt (Vll), or if conversion into 

15 various anions (X ·) was not effected, the pyridinium sal_t (VI) can 
then be treated with an excess of an acid, e.g. polyphosphoric acid, 
48 % hydrobromic acid, acetic acid, methanesulfonic acid, or mixtures 
thereof, at a temperature of about room temperature up to the boiling 
point of the acid or acid mixture used, to afford the benzo[b]-

20 quinolizinium salts of Formula II . 

I 
i 
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Alternatively, the benzo[b]quinolizinium salts of Formula II 

can be prepared as shown in Scheme C. At least one molar 
5 equivalent of a suitably substituted benzyl alcohol (Vlll), wherein Y 

is hydrogen, or halogen, especially hydrogen or bromine, is treated 
with at least two molar equivalents of a lower-alkyl alkali metal, 
preferably n-BuLi, optionally in the presence of at least one mole of a 
second base, e.g. tetramethylethylenediamine, followed by the 
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S,GhemeC 
R2 

OH R'-fi + ~N CHO 

VIII IX 

R2 
(TF)~ 

R1 

0 n 

N 

OH PO(halide)3 

x 

addition of at least one molar equivalent, or preferably an excess of a 
5 suitable pyridine derivative (IX), in an organic solvent, such as ether, 

at room temperature or below, preferably at a temperature in the 
range of about room temperature to about -45 ·c to afford the 
diol (X). The diol (X) can then be treated with 
(a) an excess of trifluoromethanesulfonic anhydride ((TFhO), in a 

10 suitable solvent, e.g. benzene, at a temperature in the range of about 
room temperature up to the boiling point of the solvent used to afford 
a compound of the Formula II wherein X· is -OTF; or 
(b) at least one molar equivalent of a phosphorous oxyhalide, 
preferably phosphorous oxychloridc, at a temperature in the range of 

15 about room temperature up to the boiling point of the phosphorous 
oxyhalide, to afford a compound of the Fonnula II wherein 
X· is halogen. 

It will be noted that the methods described hereinabove in 
Scheme C arc the preferred methods when it is desired to prepare 

.. 20 benzo[b]quinolizinium salts of Formula II which contain substituents 
·' in the 6- and/or 10- positions. 

·-· 
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Alternatively, the benzo[b ]quinolizinium salts of 
formula II can be prepared as shown in Scheme D. 

~bemeD 

R'-t:Olcoo + 

z 

IX 

XI II 

A suitably substituted benzyl halide (IV), is treated with at 

least one mole of suitably substituted pyridine derivative (IX), in the 
presence of a suitable organic solvent, e.g. sulpholane, at a 
temperature of about room temperature up to the boiling point of the 

1 O solvent used, to produce a pyridinium salt (XI). The pyridinium salt 
(XI) can then be treated with an excess of an acid, e.g. 48% hydro­
bromic acid, in the absence of a solvent, at a temperature of about 
room temperature up to the boiling point of the acid used to produce 
the benzo[b]quinolizinium salt of Formula II {Z-=X-=halogen). 

15 Alternatively, if a benzo[b]quinolizinium salt of Formula II 
wherein R 1 is 3-hydroxy is desired, it is convenient to proceed as 
shown in Scheme E. A suitably substinited isoquinoline derivative of 
Formula XIl is treated with an excess of a haloacetone derivative of 
Formula XIII, wherein 'Z: is a halogen, preferably chlorine or 

20 bromine, in a suitable organic solvent, such as acetone at a 
temperature of about room temperature up to the boiling point of the 
solvent used, to afford the isoquinolinium salts of Formula XIV. The 
isoqulinolinium salts of the Formula XIV can then be treated with an 
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excess of an acid, e.g. 48% hydrobromine acid, in the absence of a 

solvent, at a temperature of about room temperature up to the boiling 

point of the acid used to product the 3-hydroxybenzo[b ]quinolizinium 

salt of the Formula II (Z'·=X-=halogen). 

ScbemeE 

~CHs 

+r II 
a 

XIII 

II 

If desired, the benzo[b ]quinolizinium salts of Formula II can be 

converted into other compounds of Formula II which possess various 

different anion groups, X-, by following procedures similar to those 

described hereinabove for the conversion of the compounds of 

Formula I to various other anion groups, X-. 
Simple chemical transformations which are conventional and 

well known to those skilled in the art of chemistry can be used for 

effecting changes in functional groups of the compounds of 

Formula IL For examp~e, dealkylation of ethers to produce the 

corresponding alcohols, halogcnation of aryl rings to produce the 

corresponding aryl halides, acetylation of alcohols to produce the 
corresponding acetates, treatment of alcohols with halogenating 
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reagents to afford the corresponding halogen derivative, and nitration 

of aryl rings to afford the corresponding nitre derivatives. 

The appropriately substituted olefin (III), alkali metal salts of 

an inorganic acid anion or an organic acid anion (M+X-), benzyl 

halide (IV), 2-(1,3-dioxolan-2-yl) pyridine (V), benzyl alcohol 

derivative (VIlI), pyridine derivative (lX), isoquinoline derivative 

(XII) and haloacetone derivative (XllI) are commercially available, 

or they can be prepared by procedures well known in the ~ or by 

the procedures described hereinbelow in the examples. 

The compounds of Formula I which contain basic substituents 

are useful both in the free base form and in the form of acid-addition 

salts, and, both forms are within the 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 used to prepare the acid-addition salts 

include preferably those which produce, when combined with the free 

base, pharmaceutically-acceptable salts, that is, salts whose anions 

are relatively innocuous to the animal organism in pharmaceutical 

doses of the salts, so that the beneficial properties inherent in the free 

base are not vitiated by side effects ascribable to the anions. 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, toluenesulfonic acid, fumaric acid or maleic acid or the 

anions (X•) of inorganic acids such as hydrobromic and hydrochloric 

acid. However, other appropriate pharmaceutically acceptable salts 

within the scope of the invention are those derived from other mineral 

acids and organic acids. The acid-addition salts of the basic 

compounds are prepared by standard procedures well known in the 

art which include, but are not limited thereto, dissolving the free base 

in an aqueous alcohol solution containing the appropriate acid and 

isolating the salt by evaporating the solution, or by reacting the free 

base and an acid in an organic solvent, in which case the salt 

separates directly, or is precipitated with a second organic solvent, or 

can be obtained by concentration of the solution. Although 

medicinally acceptable salts of the basic compounds arc preferred, all 
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acid-addition salts are within the scope of the present invention. All 
acid-addition salts are useful as sources of the free base form even if 
the particular salt per se is desired only as an intermediate product, 
as, for example, when the salt is formed for purposes of purification 
or identificatio~ 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 more of 
elemental analysis, and infrared, nuclear magnetic resonance and 
mass spectroscopy. The course of the reactions and the identity and 
homogeneity of the products were assessed by one or more of thin 
layer chromatography (TLC), high pressure liquid chromatography 
(HPLC), or gas-liquid chromatography (GLC). 

The following examples will further illustrate the invention 
without, however, limiting it thereto. All melting points (m.p.) are 
given in degrees C CC) and are uncorrected. The abbreviation 
E/P AW as used herein means ethyl acetate in pyridine/acetic 
acid/water (55/20/25); 1EA stands for triethylamine, TEOF stands for 
triethylorthoformate, DME stands for dimethoxyethane, THF stands 
for tetrahydrofuran, LAH stands for lithium aluminum hydride, MDC 
stands for dichloromethane, TBME stands for tert-butylmethyl ether, 
TMEDA stands for N,N,N',N'-tetramethylethylene diamine, and 
DMPU stands for 1,3-dimethyl-3,4,5,6-tetrahydro-
2( lH)-pyrimidinone. 
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~xample 1 
(a) To a solution of 1-indanone (23.78 g, 0.18 mol) in 250 ml 

ether at o·c was added dropwise over 30 min, 100 ml phenyllithium. 

in ether (1.8 Min ether) and the mixture was allowed to warm to 

room temperature and stirred for 1 h. The reaction mixture was 

poured into a cold saturated ammonium chloride solution, extracted 

with ether (2 x 200 ml), and the combined organic layer was washed 

with brine and dried over sodium sulfate. The organic solvent was 

removed under reduced pressure, 70 ml 20% sulfuric acid in acetic 

acid was added to the residue and stirred 2 min. To the above 

solution water (100 ml) and ether (3 x 200 ml) were added. The 

organic layer was washed with sodium bicarbonate solution, dried 

over sodium sulfate, filtered, and concentrated. Toluene (300 ml) 

was added to the residue and the mixture. was distilled (azeotropic 

removal of acetic acid) to afford a brown oil. The brown oil was 

purified by chromatography (silica; (2:1 hexane/methylene 

chloride)) to afford 15.58 g (45.82%) of 1-phenylindene as a 

colorless oil. In addition 11 g of l-phenyl-1-acetoxyindane was 

isolated as a by-product. 
(b) A mixture of 2-pyridinecarboxaldehyde (500 g, 4.67 mol), 

561 ml ethylene glycol, and 234 g p-toluenesulfonic acid mono­

hydrate in 5.8 1 toluene was heated to reflux while distilling 

(azeotropic) water formed during the reaction. The solvent was 

removed in vacuo and the residue was distilled to afford 4 75 g 

(67%) of 2-Cl.3-dioxolan-2-yl)pyridine (Formula V: Rl=H) 

(c) A mixture of 716 g (4.74 mol) of 2-(1,3-dioxolan-2-yl)­

pyridine and 859 g (5 mol) of benzyl bromide in a 5 1 flask was 

heated on a steam-bath to 80 • C where an exothermic reaction caused 

the reaction temperature to reach 146.C. The reaction mixture was 

allowed to cool to 90 • C and the mixture was heated on a steam-bath 

for 2 h. The reaction mixture was cooled to room temperature, the 

resulting solid product was heated on a steam-bath with ethyl 

acetate, and ethyl acetate was decanted. The treatment with ethyl 

acetate was repeated three times to afford 1526.8 g of 

2-( 1.3-dioxolan-2-y])- l-benzylpyridinium bromide 



(Formula VI: Rl:R2=R7=H;Z--=Br). 

(d) A mixture of 1526.8 g (4.74 mol) of 2-(1,3-dioxolan-2-yl)-

1-benzylpyridinium bromide in 9 1 48 % HBr solution was heated on 

a steam-bath until the bromide dissolved. The mixture was heated 

5 (heating mantle) in vacuo (aspirator) to remove HBr solution. The 

dry residue was suspended in 800 ml HBr solution, cooled, and 4 1 

THF was slowly added. The reaction mixture was filtered to afford 

1080 g (87%) of benzorblquinolizinium bromide as a green solid. 

Benzo[b]quinolizinium bromide (586 g) was dissolved in 2.41 hot 

1 o water and filtered to remove an insoluble dark material. The 

filtrate was cooled in ice-water for 4 h, filtered, and the residue was 

washed with water, dried in vacuo at room temperature for 9 days 

to afford 508.8 g (86.8%) of benzo[bJquinolizinium bromide 

(Formula II: Rl:R2=R'=H;X--=Br). 

(e) Benzo[b]quinolizinium bromide (508.5 g, 1.95 mol) was 

dissolved in 5 1 distilled ·water with heating (steam-bath). Potassium 

hexafluorophosphate (367.2 g, 1.95 mol) was dissolved in 1.11 

water with heating and the resulting solution was poured in portions 

into the above bromide solution with steam-bath heating (20 min). 

The precipitate was formed immediately and the mixture was stirred 

at room temperature for 3 h, then stirred 1 h in an ice-water bath. 

The solid was filtered, washed with cold water (800 ml), dried 

(50-60.C) in vacuo for 3 days to afford 601 g (94.8%) of benzoCbl­

quinolizinium hexafluorophosphate 
(Formula II: Rl:R2=R7=H;X--=PF6-). 

(f) To a solution of benzo[b]quinolizinium. hexafluorophosphate 

(4g, 0.013 mol) in 60 ml nitromethane was added 1-phenylindene 

(3.78 g, 0.0196 mol) and the mixture was heated to reflux for 3 h. 
The reaction mixture was cooled, filtered, the filtrate concentrated 

.; in vacuo. and the residue was dissolved in ether and cooled to yield 

;·, a gray/white solid. The solid was filtered, dissolved in ethyl 

~: acetate/methylene chloride, and the solution was refluxed while 

::. distilling off methylene chloride. The solution was cooled, the 
-~; filtered solid (NMR indicated 2.3: 1 isomeric mixture) was dried 
·.: . . 
::: m. vacuo at (45 C/48 h) to afford 6.95 g (94.3%) of 
~~: 



-3S-

2.,11 [[2' .3'1-3 'phenylindanyll 6. 11-dihydrobenzofblquinolizinium 

~xafluorophosphate _ oc·ff' 
(Fonnulal: Rl:R2=R3=R7=H; Q ·ff' ; RS=phenyJ;X·=PFo; oc·ff' 
and Formula I: Rl=R2=R4=R7=H; • ; R6=phenyl; 

X·=Pf6·). 

'xamples 2(a) and {bl 
A mixture of 4 g (0.013 mol) of benzo[b]quinolizinium 

hexafluorophosphate and 2.12 g (0.0183 mol) of indene in 55 ml 
nitromethane was allowed to reflux for 36 h, cooled, and filtered to 

obtain a brown solid product. The solid was triturated in ether, 

decanted, and the residue was dried in vacuo to yield 5.6 g (87%) of 

a solid product (3:1 isomeric ratio). The isomeric mixture was 
purified by chromatography (silica/E/PA W)(2:1) and each isomer 

(isomer 1 and isomer 2) was converted to the corresponding 
chloride salt by passing the hexafluorophosphate adducts through 

Dowex® lx2-200 to afford 176.9 mg of 6.11U2'.3'lindanyll 
6. 11-dihydrobenzo[bJquinolizinium chloride oc·ff' 
(Formula I: Rl=R2=R3:RS..R7=H; Q .ft' ; X-=Cl-; 
Example 2(a)) isomer 1 (m.p. 134-143.C, isomeric ratio 1:15) and 

178.0 mg 6. 11U2'.3'Jindanyll6.11-dihydrobenzo[blquinolizium 
chloride o::·ff' 
(Formula I: Rl=R2=R4=R6=R'=H; .r1 ; X·=CI-; 
Example 2(b)) isomer 2 (m.p.24o·c, isomeric ratio 10:1). 

Example 3 
(a) To a solution of 3-(4-methoxyphenyl)propionic acid (50.34 g, 
0.279 mol) in 500 ml methylene chloride cooled to o·c was added 

slowly at o·c 30.5 ml (0.418 mol) of thionyl chloride, the mixture 
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was stirred 10 h at room temperature and the solvent was removed 

in vacuo. The residue was dissolved in 1 1 methylene chloride, 

cooled to 0 • C, and 40.92 g (0.306 mol) of aluminum chloride was 

added in small portions and the resulting mixture was stirred at 

room temperature for 1 h. The above mixru.re was poured onto ice, 

the resulting mixture was filtered through celite, and the aqueous 

layer was extracted with methylene chloride (2 x 200 ml). The 

combined organic layer was dried over sodium sulfate, concentrated 

in vacuo, and the residue was extracted with hexane to afford 40 g 

(88%) of 6-methoxy-1-indanone. 
(b) To a solution of 20 g (0.123 mol) of 6-methoxy-1-indanone in 

500 ml ether cooled to -2o·c was added 72 ml (0.129 mol) of 1.8 M 

phenyllithium in cyclohexane/ether and the mixture was stirred at 

room temperature for 1 h. An additional (10 ml) phenyllithium 

solution was added and stirred at room temperature for 1 h. To the 

reaction mixture was added saturated ammonium chloride solution 

and the resulting mixture was extracted with ethyl acetate 

(3 x 250 ml), and the organic layer was dried over sodium sulfate 

and concentrated in vacuo to afford 32.3 g of crude (contains 

solvent) 6-methoxy-1-phenylindan-1-ol. 

(c) To 1.5 I toluene was added 32 g (0.133 mol) of 6-methoxy-

1-phenylindan-1-ol and 100 mg of p-toluenesulfonic acid mono­

hydrate and the mixture was placed on a Rotovap and the solvent 

was distilled in vacuo ( 40 mm) until a brown oil residue was 

obtained. The brown oil was chromatographed (silica, 1: 1 hexane/­

methylene chloride) to afford 17.47 g (60.2 %) of 1-phenyl-

6-methoxyindene as a pale yellow oil. 

(d) A mixture of 5.6 g ( 0.0183 mol) of benzo[b]quinolizinium 

hexafluorophosphate and 6.09 g (0.027 mol) of 1-phenyl-

6-methoxyindene in 100 ml nitromethane was heated to· reflux for 

12 h. The reaction mixture was cooled in ice, filtered, and 

concentrated in vacuo to yield a brown oil which was further 

concentrated in vacuo. The above brown foam was triturated in 
ether, decanted, and the residue in ether was filtered and dried 

Thilitiilf 1iU1li lflllif od 



iD vacuo to yield 10.0 g (99%) of 6.lHC2'.3'J-3'-phenyl-6'-methoxy­
indarlY116. 11-dihydrobenzofblquinolizinium hexafluorophosphate 

~-R' 
~-R' (Formula I: Rl=R2=R3=R7=H; CH.O ; RS=phenyl; 

X·=PF6-; and 

~-R' 
N--R' Formula I: Rl-R2=R4=R7=H; CH.a ; R6=phenyl; 

X·=PF6-; isomeric ratio 2.39:1), as a white solid, m.p. 210-216.C. 

Example4 
(a) Dihydrocoumarin (35 g, 0.236 mol) was added to 62.9 g 
(0.472 mol) of aluminum chloride and the mixture was heated in an 
oil-bath at 2oo·c for 2.5 h with stirring. The reaction mixture was 
cooled, poured into ice (300 g), 300 ml methylene chloride added to 
the mixture, cooled, and 400 ml methylene chloride was added. 
The mixture was filtered and the solid residue was dissolved in hot 
methanol, filtered, and the filtrate was cooled to afford 14.5 g 
(41 %) of 4-hydroxyindan-1-one. 
(b) To a mixture of 4-hydroxyindan-1-one (14.S g, 0.0979 mol) 
and 27.08 g (0.195 mol) of potassium carbonate was added 500 ml 
acetone and 48. 7 ml (0. 78 mol) methanol with stirring and the 
resulting mixture was heated to reflux for 4 h, cooled, and allowed 
to stand at room temperature for 10 h. The above mixture was 
filtered, concentrated under vacuo, the solid residue was dissolved 
in methanol, heated and filtered. The filtrate was concentrated to a 
volume of 100 ml, cooled and filtered to afford 12.6 g (79 %) of 
4-methoxyindan-1-one. 
(c) To a solution of 9.38 g (0.057 mol) of 4-methoxy-1-indanone 
in 250 ml ether cooled to o·c was added dropwise over 5 min 
33. 72 ml (0.0607 mol) of 1.8 M phenyllithium in cyclohexane/ether 
and the mixture was stirred at room temperature for 1 h. An 
additional (10 ml) phcnyllithium solution was added and stirred at 
room temperature for 1 h. To the reaction mixture was added 

' 
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saturated ammonium chloride solution and the resulting mixture was extracted with ethyl acetate (3 x 100 ml), and the organic layer was washed with brine, dried over sodium sulfate and concentrated in vacuo to afford 14.3 g of crude 4-methoxv-1-phenylindan-1-ol which was used directly in the next step without further 
purification. 
(d) To 11 toluene was added 14 g (0.058 mol) of 4-methoxy-1-phenylindan-l-ol andlOO mg of p-toluenesulfonic acid mono­hydrate and the solvent was distilled in vacuo ( 40 mm) until an oily residue was obtained. The oil was chromatographed (silica, 1:1 hexane/ methylene chloride followed by ether) to afford 8.6 g (60.2 %) of 1-phenvl-4-methoxyindene as a pale red oil. 

(e) A mixture of 5.6 g (0.0183 mol) of benzo[b]quinolizinium hexafluorophosphate and 6.09 g (0.027 mol) of 1-phenyl-
4-methoxyindene in 100 ml nitromethane was heated to reflux for 6 h, cooled and filtered. The filtrate was concentrated in vacuo, 100 ml ether was added to the brown foamy residue and the resulting mixture was triturated, a solid powder was filtered and washed with ether. After drying, 9.8 g (97%) of 
6.l 1[[2'.3'1-3'-phenyl-7'-methoxy-indany116.l l-dihydro­
benzofblquinolizinium hexafluorophosphate (FormUla I: 

&:-~ 
Rl:R2....R3=R7-H; ·R' ; R5=phenyl;X-=PF6-; and 

&:-~ 
Formula I: Rl:R2=R4=R7=H; • R' ; R6=phenyl;X--PF6-) as a brown solid, m.p.120-125.C, isomeric ratio, 2 7:1, was obtained. 

Example S 
(a) To a solution of 13.17 ml (0.104 mol) of 3-bromoanisole in 150 ml ether cooled to -78.C was added 10.4 ml (0.104 mol) of 10 M n-butyllithium in hexane and the mixture was allowed to warm to room temperature (10 min). The above mixture was 

li1ili~' 1iii1l1li1ii~f 



cooled to -2o·c and 12.5 g (0.094 mol) of indanone in 20 ml THF 
. . was added and the mixture was allowed to warm to room 

temperature, and then stirred for 1 h. To the mixture was added 
saturated ammonium chloride solution and the resulting mixture was 
extracted with ethyl acetate (3 x 50 ml), and the organic layer was 
washed with brine, dried over sodium sulfate and concentrated 
in vacuo to afford 23.3 g of crude 1-(3-methoxy)phenylindan-1-ol, 
as a brown oil, which was used directly in the next step without 
further purification. 
(b) To a mixture of 23 g (0.095 mol) of 1-(3-methoxyphenyl)­
indan-1-ol and 100 mg p-toluene sulfonic acid monohydrate was 
added 1 I toluene and the solvent was distilled in vacuo ( 40 mm) 
until an oil residue was obtained. The oil was chromatographed 
(silica, 1:1 hexane/methylene chloride) to afford 17.0 g (80.1 %) of 
1-(3-methoxyphenvllindene as a pale yellow oil. 
(c) A mixture of 5.6 g (0.0183 mol) of benzo[b]quinolizinium 
hexafluorophosphatc and 6.09 g (0.027 mol) of 1-(3-methoxy­
phenyl)indene in 100 ml nitromcthane was heated to reflux for 14 ~ 
cooled and concentrated in vacuo. The residue was triturated in 
ether, and a solid product was filtered to afford 9.8 g (98%) of 
6.11 U2' .3'1-3'-{3-methoxyphenyl)indanyll6.1 l-dihydrobenzoCbl­
Quinolizinium hexafluorophosphate (Formula I: Rl=R2=R3=R7 H; 

~-~ 
V-.R' s ; R =3-CH30-phenyl;X-=PF6-; and Formula I: 

o:-~ 
Rl=R2=R4=R7=H; • RI ; R6=3-CH30-phenyl;X-=PF6-) 
as a grey solid, m.p.178-185.C, isomeric ratio, 2.27:1. 
( d) The product of example S ( c was taken up in methanol 
(300 ml) and CH2Cl2 (100 ml) and heated to reflux. The mixture 
was cooled to room temperature and a solid was collected by 
filtration. The solid was fractionally crystallized several times from 
hot methanol to afford 6.1 H2'.3'1-3'-(3-methoxyphenyl)-



-1().. 

indanyll6.11-dihydrobenzo[blquinolizinium hexafluorophosphate - cc:-~ 
(Formula I: Rl:R2=R3:R7=H; .rt1 ;R5=3-CH30-phenyl; 
X-=PF6-) as a single geometric isomer. 

:Example 6 
(a) To a solution of 2.7 ml (0.027 mol) of 10 M n-butyllithium in 
hexane in 70 ml ether cooled to -78 • C was added 4 g (0.027 mol) of 
3-bromofuran and the mixture was stirred for 15 min. To the above 
cooled mixture was added 3.17 g (0.024 mol) of indanone in 10 ml 
of THF and the mixture was allowed to warm to room temperature, 
and then stirred for 20 min. To the mixture was added saturated 
ammonium chloride solution and the resulting mixture was 
extracted with ethyl acetate (3 x 100 ml), and the organic layer was 
washed with brine, dried over sodium sulfate and concentrated 
in vacuo to afford 5 g of crude 1-(3-fuzyllindan-1-ol. as an orange 
oil, which was used directly in the next step. 
(b) To a mixture of 5 g (0.024 mol) of 1-(3-furyl)indan-l-ol in 
500 ml toluene was added 50 mg of p-toluenesulfonic acid mono­
hydrate and the solvent was distilled in vacuo ( 40 mm) until a 
residue was obtained. The residue was chromatographed (silica, 
1:1 hexane/ methylene chloride) to afford 2.7 g (61.3 %) of 
1-(3-fuzyl)indene as a clear oil. 
(c) A mixture of 4.28 g (0.014 mol) of benzo[b]quinolizinium 
hexafluorophosphate and 2.6 g (0.0143 mol) of 1-(3-furyl)indene in 
75 ml nitromethane was heated to reflux for 2 ~cooled to o·c, 

,. filtered, and concentrated in vacuo. The brown foamy residue was .:' ~ 

triturated in ether, a tan solid product was filtered to afford 6.5 g of 
6. 11 ([2' .3'1-3'-C3-furyllindanyll6. 11-dihydrobenzofblquinolizinium 
hexafluorQphosphate 
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(Formula I: Rl:R2=R3=R'=H; • ;RS=3-furanyl;X-=PF0 

ex:-~ 
and Formula I: Rl:R2=R4....R7=H; .R' ;R6=3-furanyl; 
x·=PF6-), as at.an solid, m.p.155-161 ·c, isomeric ratio, 1.1:1. 
(d) 6,11[[2',3']-3'-(3-Furyl)indanyl]6,ll-dihydrobenzo[b]­
quinolizinium hexafluorophosphate (1.3 g, 0.00256 mol) was 
converted to the corresponding chloride salt by passing the 
hexafluorophosphate adduct through Dowex® lx2-200 to afford, 
after by drying in vacuo for 12 h, 420 mg of 
6. 11U2'.3']-3'-(3-fw:yl)indanyll6.11-dihydrobenzofblquinolizinium 

ex:-~ 
chloride (Formula I: Rl=R2=R3-R7=H; ·R' 

R5=3-furanyl;X·=CI·), m.p. 188-193.C, as a white solid. 

Example 7 
(a) To a solution of 10.2 ml (0.102 mol) of 10 M n-butyllithium 
in hexane in 200 ml ether cooled to -78 • C was added dropwise 15 g 
(0.102 mol) of 3-bromofuran and the mixture was stirred for 
15 min. To the above cooled mixture was added 12.61 g 
(0.092 mol) of 4',5',6',7'-tetrahydrobenzofuran-7-one in 50 ml THF 
and the mixture was allowed to warm to room temperature, and 
then stirred for 15 min. To the mixture was added saturated 
ammonium chloride solution and the resulting mixture was 
extracted with ethyl acetate (3 x 100 ml), and the organic layer was 
Washed with brine, dried over sodium sulfate and concentrated 
in vacuo to afford 16.3 g (86%) of 4'.5'.6'.7'-tetrahydro-
7-(3-furyl) benzofuran-7-ol, a red oil. 

To a mixture of 16.3 g of the above alcohol in 400 ml toluene 
was added 100 mg of p-toluenesulfonic acid monohydrate and the 
mixture was placed on a Rotovap and the solvent was distilled 
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in vacuo ( 40 mm/50 • C) until a brown-red residue was obtained 

yielding 14.3 g (96%) of 4.5-dihyciro-7-{3-fuzyllbenzofuran as a 

red oil. 
(b) To a mixture of 19 g (0.062 mol) of benzo[b]quinolizinium 

5 bexafluorophosphate and 200 mg of potassium carbonate in 200 ml 

of acetonitrile was added 14.3 g (0.0768 mol) of 4,5-dihydro-

7-(3-furyl)benzofuran and the mixture was heated to reflux for 

1 O min, cooled, and concentrated in vacuo. The residue was 

triturated in ether (300 ml), a brown solid product was filtered and 

.:: 1 o dissolved in 300 ml isopropanol, heated to 50 • C and cooled. The 

solid was filtered and chromatographed on silica (13% aceto­

nitrile/methylene chloride) to afford 13.8 g of 

6. 11 US' .4'1-4'-(3-fuzyl)-4' .5' .6' .7'-tetrahydrobenzofuzyll 

6. 11-dihydrobenzofblquinoliziniurn hexafluorophospate 

a:--:-~ 
(Formula l; Rl:R2=R3:R7 H; .Ft' ; R5=3-furanyl;X·=PF6-; 

0 

cr-:·R' 
and Formula I: Rl-R2=R4=R7=H; ·R' ; R6=3-furanyl; 

X·=PF6·), as a tan solid, m.p. 203-21o·c (1:1.8 mixture of 

isomers). The solid was further purified by dissolving in 400 ml of 

methylene chloride/ethanol (1:1) with heating, distilling methylene 

chloride, followed by cooling to yield the product as an enriched 

5.6:1 mixture of the geometric isomers. 

(c) 6, 11-[5' ,4']-4'-(3-Furyl)-4',5' ,6' ,7'-tetrahydrobenzofuryl]-

6,11-dihydrobenzo[b ]quinolizinium hexafluorophosphate, enriched 

. isomer, (1.3 g, 0.00256 mol) was converted to the corresponding 

chloride salt by passing the hexafluorophosphate through Dowex® 

lx2-200 (65 g) after placing the hexafluorophosphate salt with 

10 ml acetonitrile. The residue obtained was dissolved in 

acetonitrile, heated to reflux, ethyl acetate was added, cooled and 

filtered to afford 2.2 g (70.9%) of 6.ll-[5'.4"1-4'-(3-fw:yll­

.4'.5'.6'.7'-tetrahydrobenzofw:yll-6.11-dihydrobenzofbl­

.Q.uinolizinium chloride. 
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~-R' . 

(Formula I: Rl:R2=R3=R'=H; • .t ; R5=3-furanyl;X-=CI-) 
• • m.p. 253-256 C, as a tan solid. 

Example 8 
5 (a) To a solution of 4 ml (0.04 mol) of 10 M n-butyllithium in 

• hexane cooled to -78 C was added 3.59 ml (0.04 mol) of 3-bromo-
furan in 100 ml ether and the mixture was stirred for 10 min. To 
the above cooled solution was added 5.49 g (0.036 mol) 
4',5',6',7'-tetrahydro-3-methylbenzisoxazol-7-one and the mixture 

1 o was allowed to warm to room temperature, and then stirred for 1 h. 
To the mixture was added saturated ammonium chloride solution 
and the resulting mixture was extracted with ethyl acetate 
(3 x 100 ml), and the organic layer was washed with brine, dried 
over sodium sulfate and concentrated in vacuo to afford 7.6 g (96%) 

15 of 7-(3-fuzyll-3-methyl-4'.5'.6'.7'-tetrahydrobenzisoxazol-7-ol, as a 
brown oil. 
(b) To a mixture of 7.6 g (0.034 mol) of 7-(3-furyl)-3-methyl-
4',5',6',7'-tetrahydrobenzisoxazol-7-ol in 300 ml toluene was added 
100 mg of p-toluenesulfonic acid and the mixrure was placed on a 
Rotovap, and the solvent was distilled in vacuo (80 • C) until an, oil 
residue was obtained. Toluene (200 ml) was added to the above 
residue, the mixture was placed on a Rotovap, and the solvent was 
distilled in vacuo to complete the reaction. The oil was . 
chromatographed (silica, 1:1 hexane/methylene chloride) to afford 
3.36 g (95%) of 7-(3-fuzyll-3-methyl-4.5-dihydrobenzisoxazole, 

R'x>-~ 
R'~~ 

(Formula ill: R3=H; ; R5=3-furanyl) as a clear oil. 
(c) A mixture of 3.86 g (0.0124 mol) of benzo[b]quinolizinium 
hexafluorophosphate and 3 g (0.0149 mol) of 7-(3-furyl)-3-methyl-
4,5-dihydrobenzisoxazole in 50 ml nitromethane was heated to 
reflux for 14 h, cooled, and concentrated in vacuo. The residue was 
triturated in ether (100 ml), and a tan solid product was filtered. 
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This solid was chrom.atographed (silica, 9% methanol/methylene 

chloride) and dried to afford 1.6gof6.11[[6'.7'1-7'-(3-furyl)-_ 

3'-methyl-4' .5'. 6'. 7'-tetrahydrobenzisoxazolyll6. 11-dihydro­

benzorblquinolizinium hexafluorophos.phate, 

~-R6 

(Formula I: Rl:R2=R3=R'=H; (~.R' ; R5=3-furanyl; 

X·=Pf 6·; and 

TY~ 
Formula I: Rl=R2=R4=R7-H; 0 ·R' ;R6=3-furanyl; 
X·=PF6·), m.p.150-156.C, (1:2.29 mixture of isomers). 

Example 9 
(a) To a solution of 20 g (0.147 mol) of 4,5,6,7-tetrahydro-

benzofuryl-4-onc was added 31.8 ml triethylorthoformate, 34.5 ml 

ethanol, and 100 mg of p-toluenesulfonic acid monohydrate and the 

mixture was stirred for 16 h. To the above mixture was added 2 g 

15 of potassium carbonate, and the mixture was stirred for S min, 

filtered and concentrated in vacuo to afford 24.1gofa2:1 mixture 

of 4-ethoxy-6.7-dihydrobenzofuran and starting 4' ,5' ,6', 7'-tetra­

hydrobenzofuryl-4-one. 
(b) A mixture of 5 g (0.0163 mol) of benzo[b]quinolizinium 

20 hexafluorophosphate and 8.5 g (0.0407 mol) of 4-ethoxy-6,7-di­

hydrobenzofur~ and 100 mg of p-toluenesulfonic acid mono­
hydrate in 100 ml acetonitrile was heated to reflux for 10 h, cooled, 

and concentrated in vacuo. The brown residue was triturated in 

ether (30 min), a tan solid product was filtered and 
25 chromatographed on silica (15% acetonitrile/methylene chloride) to 

afford 3.69 g (46%) of 6.1UC5'.4'1-4'-ethoxy-4'.5'.6'.7'-tetrahy<iro­

benzofury116. 11-dihydrobenzoCblquinolizinium hexafluoro­
phosphate, 



5 

45-

.. a-:-~ 
(Formula I: Rl=R2=R3=R'=H; .Ft ;R5=CH3CH20;X--PF6-; 

tr-~ 
and Formula I: R l:R2=R4=R7=H; ·Ft ;R6=CH3CH20; 
X-=PF6·), as a yellow foam, m.p.101-107.C, (1:1.36 mixture of 
isomers). 

Example 10 
(a) To a solution of 11.1 g (0.0939 mol) of benzofuran in 
150 ml ether cooled to -2o·c was added a solution of 9.39 ml 
(0.0939 mol) of 10 M n-butyllithium in hexane, and the mixture was 

1 o heated to warm to 0 • C and stirred for 30 min. The mixture was • cooled to -78 C and 10.6 g (0.078 mol) of 4',5',6',7'-tetrahydro-
benzofuran-4-one in 20 ml ether was added dropwise and the 
mixture was heated to warm to room temperature, and then stirred 
for 1 h. To the mixture was added saturated ammonium chloride 

15 solution and the resulting mixture was extracted with ethyl acetate 
(3 x 100 ml). The organic layer was washed with brine, dried over 
sodium sulfate and concentrated in vacuo to afford 19.3 g (97%) of 
4'.5'.6'.7'-tetrahydro-4-(2-benzofw:yl)benzofuran-7-ol, an oil which 
crystallized on standing as a yellow solid. 

20 (b) To a mixture of 19.3 g of 4,5,6,7-tetrahydro-4-(2-benzo­
furyl)benzofuran-7-ol in 400 ml toluene was added 100 mg of 
p-toluenesulfonic acid monohydrate, and the mixture was placed on 

• a Rotovap, and the solvent was distilled in vacuo ( 60 C) until a 
residue was obtained. The residue was chromatographed on silica 
(hexane/methylene chloride 1.5:1) to afford 15.3 g (86%) of 
6. 7-dihydro-4-(2-benzofuzyllbenzofuran. (Formula Ill: R 3=H; 

~:P 
; R5=2-benzofuryl) as an orange oiL 

(c) To a mixture of S.S g (0.0179 mol) of benzo[b]quinolizinium 
hexafluorophosphatc in 100 ml acetonitrile was added 5.51 g 
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(0.0768 mol) of 6,7-dihydro-4-(2-benzofuryl)benzofuran and the 
mixture was heated to reflux for 2 h, cooled, and concentrated. 
in vacuo. The residue was triturated in ether, a tan solid product 
was filtered and chromatographed on silica (13% acetonitrile/­
methylene chloride) to afford 16 g of 6.1 lf(5'.4'1-4'-(2-benzo­
fmyl)-4'.5'.6'.7'-tetrahydrobenzofurvll6. 11-dihydrobenzofbl­
guinolizinium hexafluorophosphate (Example lO(c): isomeric ratio 
1:1.3) as a yellow foam, m.p.146-150.C. Isomeric separation was 
achieved by dissolving the mixture in 400 ml methanol with heating, 
followed by cooling, and separating a solid (methanol insoluble G­
isomer) via filtration and a methanol soluble isomer K. The solid G 
was fractionally recrystallized from methanol/methylene chloride to 
afford 2.0 g of 6.11U5'.4'1-4'-(2-benzofuzyl)-4'.5'.6'.7'-tetrahydro­
benzofuryll6. 11-dihydrobenzo[bJquinolizinium hexafluorophosphate 

(c-~ 
(Formula I: Rl:R2=R4=R7=H; ·R' ;R6=2-benzofuryl; 
X·=PF6·; Example lO(c)-G), m.p. 238-242.C, as a white solid. 
The filtrate containing methanol soluble isomer K was concentrated 
to 100 ml and the insoluble G-isomer was removed. The 
purification procedure of retaining methanol soluble K-isomer and 
removing the methanol insoluble G-isomer was repeated to afford 
1.4 g of 6.11U5'.4'1-4'-(2-benzofur.yD-4'.5'.6'.7'-tetrahydro­
benzofuryll6.-ll-dihydrobenzo[bJquinolizinium hexafluoro-

':'·_·_ phosphate 
~;_ . (o'y'-.~ 
·~i-· LL._ " 
(·(Formula I: Rl:R2=R3=R'=H; ·R' ;R5=2-benzofuryl; 
~-·X-=PF6-;Example lO(c)-K),m.p. 170-176.C, as a pale-yellow solid. 
~.:~ 

\Example 11 
-~(a) To a solution of furan-3-<:arboxylic acid (26 g, 0.23 mol) in 
"~250 ml toluene was added 24.15 ml (0.276 mol) of oxalyl chloride 
.and 1 drop of pyridine and the mixture was heated on a steam-bath 
·.for 2 h. The mixture was cooled to room temperature, and 

:· ,0-dimethylhydroxamine hydrochloride (24.66 g, 0.253 mol), 
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4-dimethylaminopyridine (DMAP, 1.2 g, 0.01 mol), and 600 ml 
methylene chloride were added. The mixture was cooled to 0 • C, 
50.1mlpyridinein50 ml methylene chloride was added slowly, the 
mixture was heated to warm to room temperature (3 h), and 2 g of 

5 N,0-dimethylhydroxamine hydrochloride and 1 g of 4-dimethyl­
aminopyridine (DMAP) were added. The resulting mixture was 
stirred for 12 h. The above mixture was cooled to a·c, filtered, 
and the filtrate was washed with 3 N HCI, brine, dried over sodium 
sulfate, and concentrated in vacuo to yield 14 g (39%) of 

.,; 10 3-CN-methyl-N-methoxycarbamovl)furan. 
(b) To a solution of 3-(N-methyl-N-methoxycarbamoyl)furan 
(14 g, 0.09 mol) in 150 ml THF cooled to -1s·c was added in 
portions 36.1 ml (0.108 mol) of 3M methylmagnesium bromide in 
ether and the mixture was heated to warm to room temperature, and 

15 then stirred for 30 min. To the above mixture was added a cold 2N 
HCI (100 ml) and the aqueous layer was extracted with ether 
(3 x 100 ml), the combined organic layer was washed with brine, 
dried over sodium sulfate, and concentrated in vacuo to yield a pale­
yellow oil. The above oil was chromatographed on silica 

20 (methylene chloride/hexane 2:1) to afford 6.95 g (70.2 %) of 
1-C3-furyll-1-propanone as a colorless oil which crystallized as a 
white solid. 
(c) To a stirring mixture of 1-(3-furyl)-1-propanone (6.75 g, 
0.0612 mol) in 150 ml methylene chloride was added TEOF 

25 (13.2 ml, 0.079 mol) with stirring followed by 100 mg of 
p-toluenesulfonic acid monohydrate and the resulting mixture was 
stirred for 126 h. Potassium carbonate (2 g) was added to the above 
reaction mixture, stirred for 10 min, filtered, and concentrated 
in vacuo. The residue was distilled (35 mm, 82-85. C) to afford 

30 2.5 g (29%) of 1-(3-fm:yll-l-ethoxyethylene (Formula m: 
R3=R4=H;R5=CH3CH20;R 6=3-furanyl), as a clear oil. 
(d) To a mixture of 4.59 g (0.015 mol) of bcnzo[b]quinolizium 
hexafluorophosphate in 50 ml acetonitrile was added 1-(3-furyl)­
l-ethoxyethylene (2.5 g, 0.018 mol) and the mixture was heated to 

35 reflux for 20 min, cooled, filtered, and concentrated in vacuo. The 



brown residue was triturated in ether for l h, a tan solid product 
_was filtered and dried in vacuo to yield 6.3 g (90%) of 6.11-ethano-
12-(3-furvl)-12-ethoxy-6. 11-dihydrobenzo(b]quinolizinium 
hexafluorophosphate, as a tan solid, m.p.143-147.C, (1.59:1 mixture 

5 of isomers). 
(e) isomeric separation 

6,l l-Ethano-12-(3-furyl)-12-ethoxy-6, 11-dihydrobenzo[b ]­
quinolizinium hexafluorophosphate (6.0 g) was dissolved in hot 
methanol/isopropanol (1:3) and filtered while hot, separating 
insoluble solid isomer P and soluble isomer R. 
Isomer P - the solid insoluble in hot methanol/isopropanol (1:3) was 
fractionally recrystallized from methanol/isopropanol ( 1 :5), 
followed by dissolving the solid in methylene chloride/methanol/­
isopropanol (1:1:4) and distilling methylene chloride to isolate 
1.75 g of 6.11-ethano-12-(3-furyl}-12-ethoxy-6.l l-dihydro­
benzo(b]quinolizinium hexafluorophosphate (isomer P). 
Isomer R - the solid soluble in hot methanol/isopropanol (1:3) was 
successively treated with hot methanoVisopropanol (1 :5) to remove 
the insoluble soli~ while retaining the soluble product and then 
distilling methanol to 1(2 of its original volume to yield upon 
cooling and filtration 629 mg of 6. 11-ethano-12-(3-fu.Iyl)-
12-ethoxy-6. 11-dihydrobenzo[blquinolizinium hexafluorophosphate 
(isomer R). 
(f) 6,ll-Ethano-12-(3-furyl)-12-ethoxy-6,ll-dihydrobenzo[b]­
quinolizinium hexafluorophosphate (isomer R, 629 mg, 
0.00135 mol) was converted to the corresponding chloride salt by 
passing the hexafluorophosphate dissolved in CH3CN (5 ml) through 
Dowex® lx2-200 (45 g) eluting with H20. The aqueous fractions 
were concentrated and the residue obtained was dried in vacuo 
(0.1 mm/40.C/12 h) to afford 460 mg (95.8%) of 6.l l-ethano-
12-(3-fmyl)-12-ethoxy-6. 11-dihydrobenzo(blquinolizinium 
chloride. (Formula I: Rl:R2=R3=R4=R7=H;R5=3-furanyl; 
R6=cH3CH20; x--el-), m.p. 178-182.C, as a white solid. 
(g) 6, l l-Ethano-12-(3-fwyl)-12-ethoxy-6, 11-dihydrobenzo[b ]­
quinolizinium hexafluorophosphate (isomer P, l.75g, 0.0037 mol) 
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,,., was converted to the corresponding chloride salt by passing the 
.Th< bexafluorophosphate dissolved in CH3CN (10 ml) through Dowex® 
~~ .. :- 1x2-200 (65 g) eluting with H20, and concentration of residue. The 

,, residue obtained was dried in vacuo (0.1 mm/40.C/12 h) to afford 
1.2 g (90.2%) of 6.11-ethano-12-{3-furyD-12-ethoxy-6.l l-dihydro­
~nzofblquinolizinium chloride, (Formula I: Rl=R2=R3-R4=R7=H; 
&S::CH3CH20;R6=3-furanyl; X·=CI·), m.p. 132-136.C, 
as an off-white solid. 

example 12 
(a) A mixture of (2,5-dimethyl-3-acetyl)furan (12.5 g, 
0.09 mol), 300 mg of p-toluenesulfonic acid monohydrate, 21.2 ml 
(0.35 mol) of ethanol, and 29.9 ml (0.18 mol) of triethylortho­
formate in 250 ml methylene chloride was stirred at room 
temperature 72 h, then 1 g of potassium carbonate, was ~dded. The 
mixture was stirred for 5 min, filtered, and concentrated in vacuo. 
The residue was distilled (40-45 mm/115-125.C) to afford 7.94 g 
(53.2%) of 1-[(2.5-dimethyD-3-furyIJ-1-ethoxyethylene, 
(Formula ill: R3:R4=H;R5=CH3CH20;R 6=2,5-dimethyl-3-furanyl); 
as a clear oil. 
(b) To a mixture of 6 g (0.0196 mol) of benzo[b]quinolizinium 
hexafluorophosphate in 100 ml acetonitrile was added 1-((2,5-di­
methyl)-3-furyl]-1-ethoxyethylene (3.9 g, 0.0235 mol) and 100 mg 
of p-toluenesulfonic acid monohydrate and the mixture was heated 
to reflux for 24 h, cooled, filtered, and concentrated in vacuo. The 
brown residue was triturated in ether (150 ml) for 1 h, and a tan 
solid product was filtered and dried in vacuo. The solid residue was 
chromatographed on silica (13% acetonitrile/methylene chloride) to 
yield, after crystallization from isopropanol, 6. 11-ethano­
l2-[(2.5-dimethyl)-3-fuzyll-12-ethoJtY-6.1 l-dihydrobenzo[bJ­
Quinolizinium hexafluorophosphate 
(Formula I: Rl:R2=R3-R4=R7-.H; RS=CH3CH20; 
R6=2,S-dimethyl-3-furyl;X-=PF6- and 
Fonnuia I: Rl:R2:R3:R4=R7=H;RS=2,5-dimethyl-3-furyl; 
R6=CH3CH20;X-=PF6-) as a tan solid, (1:1.33 mixture of isomers). 

4 
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Example 13 
(a) To a mixture of 8 g of 6-methylbenzo[b]quinolizinium 
perchlorate (Bradsher and Parham J. Het. Chem. 1964, 1, 121-124) 
in 200 ml ethanol was added 7.86 g (0.057 mol) of 1-(3-furyl)-
1-ethoxyethylene and 75 ml acetonitrile and the mixture was heated 
to reflux, cooled, filtered (to remove the perchlorate salt) and the 
solvent was heated to evaporate at room temperature. The residue 
was triturated in 50 ml methylene chloride, filtered, and the filtrate 
was concentrated in vacuo and the resulting residue was 
chromatographed on silica (methylene chloride/ethyl acetate/­
methanol, 7:2:1) to afford 7.5 g of 6.11-ethano-12-(3-fur:yll-
12-ethoxy-6-methyl-6, 11-dihydrobenzo[b]quinolizinium per­
chlorate, (Formula I: Rl:R3:R4=R7=H;R2=CH3;RS=CH3CH20; 
R6=3-furyl;X·=ClQ4- and Formula I: Rl=R3=R4=R7=H; . 
R2=CH3;R5=3-furyl;R6=CH3CH20;X-=CI04·) as a white solid 

(isomeric ratio, 1:1). 
(b) 6,l l-Ethano-12-(3-furyl)-12-ethoxy-6-methyl-6,l l-di­
hydrobenzo[b]quinolizinium perchlorate of Example 13(a) (5.4 g), 
was converted to the corresponding chloride salt by passing the 
perchlorate through Dowex® lx2-200 to afford 5.4 g (0.0125 mol) 
of the chloride salt which was treated with 4.955 g (0.0125 mol) of 
potassium monobenzoyl-D-tartarate in methylene chloride to afford 
10.05 g of the monobenzoyl-D-tartarate salt as a white solid. The 
monobenzoyl-D-tartarate salt was recrysraIJized (3x) from ethanol 
to yield 100 mg of 6.11-ethano-12-(3-fuiyl)-12-ethoxy-6-methyl-
6. 11-dihydrobenzofblguinolizinium monobenzoyl-D-tartarate, 
(Formula I: Rl R3--R4...R7-H;R2=CH3;R5=3-furyl;R6=CH3CH20; 
X-=(-)C1sH140g), as a white solid, m.p.15o·c. 

Example 14 
(a) To a solution of 3,3-difurylmethanone (3 g, 0.0185 mol) in 
SO ml THF cooled to o·c was added 7.4 ml (0.022 mol) of 3 M 
cthylmagnesium bromide in ether and the mixture was heated to 
warm to room temperature, and then stirred for 30 min. To the 
above mixture was added ammonium chloride solution, the mixture 

Thiil111111iii1r~r11n1r 
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was extracted with ethyl acetate, and the organic layer was dried 
over sodium sulfate and concentrated in vacuo to yield 2.5 g 
(70.4 % ) of l, l-(di-3-fueyl)propanol, a brown oil. 
(b) A mixture of 1,1-(di-3-furyl)propanol (2.95 g. 0.0153 mol) 
and 150 ml p-toluenesulfonic acid monohydrate in toluene was 
heated to 70 • C and the mixture was distilled to remove toluene in 
vacuo to yield a pale-yellow oil. The above oil was 
chromatographed on silica (hexane/methylene chloride 3: 1) to 
afford 500 mg (18.7%) of l,l-(di-3-furyl)-2-methylethylene, 
(Formula III: R3=CH3;R4=H;R5=R6=3-furyl), as a clear oil. 
(c) A mixture of 0.78 g (0.00256 mol) of benzo[b]quinolizinium 
hexafl uorophosphate and 1, 1-( di-3-furyl)-2-methylethylene 
(0.49 g, 0.0028 mol) in 25 ml nitromethane was heated to reflux 

for 8 h, and SO ml methylene chloride was added. The mixture was 
c~led to 0°C, filtered, and the filtrate was concentrated in vacuo. 
The solid residue was triturated in ether, filtered, and 
chromatographed on silica (15% acetonitrile/methylene chloride) to 
afford 150 mg (11%) of 6,l l-etbano-l2,12-difucyl-13-methyl-
6,11-dihydrobenzo[b]-quinolizinium hexafluorophosphate 
(Formula I: Rl=R2=R3=R7=H;R.4=CH3;R5=R6=3-furyI;X-=PF6- and 
Formula I: R l:R2=R4=R7=H;R3=CH3 ;R5=R6=3-furyl;X-=PF6-) as 
a tan solid, m.p.122-126°C. 

Example 15 

(a) To a solution of 7.22 ml (0.0722 mol) of 10 M n-butyllithium 
in hexane in 150 ml ether cooled to -78°C was added 10.62 g 
(0.0722 mol) of 3-bromofuran and the mixture was stirred for 
15 min. To the above cooled mixture was added 10 g (0.0656 mol) 
of 4,5,6,7-tetrahydrothianaphthen-4-one in 25 ml THF and the 

·· mixture was heated to wann to room temperature, and then stirred. 
To the mixture was added saturated ammonium chloride solution 
and the resulting mixture was extracted with ethyl acetate 
(3 x I 00 mJ), and the organic layer was washed with brine, dried 
over sodium sulfate and concentrated in vacuo to afford 13.6 g 
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(94.2%) of 4-(3-fw:yl)-4.5.6.7-tetrahydrothianaphthen-4-ol, as a 

brown oil. 
(b) To a mixture of 13.6 g (0.0618 mol) of 4-(3-furyl)-
4,5,6,7-tetrahydrothianaphthen-4-ol in 250 ml toluene was added 
600 mg of p-toluenesulfonic acid monohydrate. The mixture was 
placed on a Rotovap and toluene was distilled in vacuo (60.C) until a 

residue was obtained. The residue was chromatographed (silica, 
3:1 hexane/methylene chloride) to afford 11.6 g (92.9 %) of 
4-(3-furvl}-6, 7-dihvdrothianaphthene as a pale-yellow oil. 
(c) A mixture of 6 g (0.0196 mol) of benzo[b]quinolizinium 
hexafluorophosphate and 5.12 g (0.023 mol) of 4-(3-furyl)-
6, 7-dihydrothianaphthene in 100 ml nitromethane was heated to 
reflux for 14 h, cooled, and concentrated in vacuo. The residue was 
dissolved in ethyl acetate (200 ml), filtered, and the filtrate was 
concentrated in vacuo, the residue was dissoved in ether, and the 
ether solution was cooled to yield 11gof6.11U5'.4'1-4'-(3-fmyl)-
4'.5'.6',7'-tetrahydrothianaphthyll6.11-dihydrobenzo[bl 
quinolizinium hexafluorophosphate as a gray solid, (1:1.03 mixture 
of isomers). The gray solid, product was dissolved in 500 ml iso­
propanol/methylene chloride (3:2) on a steam-bath while distilling 
150 ml methylene chloride and cooled to afford 
6. 11 U5'.4'1-4'-C3-furyll-4' .5' ,6'. 7'-tetrahvdrothianaphthyll 
6. 11-dihydrobenzo[blquinolizinium hexafluorophosphate, 

(C-~ 
(Formula I: Rl=R2=R3=R'=H; ·R' ;R5=3-furyl;X·=PF0 ; 

(C-~ 
and Formula I: Rl:R2=R4=R7=H; -R'. ;R6=3-fiiryl; 
X-=PF6·), as a tan solid (1:1 mixture of isomers). 

Example 16 

(a) A mixture of 0.52 g of benzo[b]quinolizinium bromide and 
l.02 g of 1,1-diphenylethylene in 50 ml nitromethane was heated to 
reflux under argon for 16 h, cooled, and concentrated in vacuo. 
The residue was chromatographed on silica (methylene chloride/-

r \ 
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. ·If snethanol 9:1), the solid product was dissolved in 50 ml w:um 
'.··water, filtered, and the filtrated was treated with 10% sodium 

.} perchlorate solution. The solid precipitate was filtered, washed with 
'.> hexane, ether, and dried in vacuo for 72 h to afford 6.11-ethano-

U· 12-diphenyl-6.11-dihydrobenzoCblguinolizinium perchlorate, 
(Formula I: Rl=R2=R3=R4=R7=H;R5-R6=phenyl;X-::CI04·), 

m.p.150.C(d). 

~xample 17 
(a) A mixture of 4.6 g (0.0165 mol) of benzo[b]quinolizinium 
perchlorate and 9 g of 1,1-diphenylethylene (0.05 mol) in 250 ml of 
nitromethane was heated to reflux under nitrogen for 16 h. The 
reaction mixture was poured into 100 ml water, shaken, and the 
organic layer was separated and washed with 100 ml water, and the 
nitromethane layer was concentrated in vacuo to 50 ml of its 
volume. To the above nitromethane layer was added 100 ml water, 
the resulting mixture was concentrated in vacuo, and the residue was 
dissolved in 200 ml acetonitrile and 500 ml water. The above 
mixture was extracted with hexane (3 x 100 ml; a black oil insoluble 
in both hexane and acetonitrile/water was removed), and the 
aqueous layer was steam distilled to remove acetonitrile to yield an 
oil which crystallized on standing. The solid product was washed 
with 200 ml ether, 200 ml hexane, and 200 ml ether to afford 5.1 g 
(67%) of 6.11-ethano-12.12-diphenyl-6.l l-dihydrobenzo[bJ­
guinolizinium perchlorate, as a tan solid. 
(b) A Dowex® column was prepared with 150 g of Dowex® 
lx2-200 in 0.5 N HCI., washed with 0.5 N HCI, followed by water 

·· until the pH was 4-5. 6,ll-Ethano-12,12-diphenyl-6,ll-dihydro­
benzo[b]quinolizinium perchlorate (5.1 g) was dissolved in 40 ml 
acctonitrile and was placed on the column, eluted with water, and 
the aqueous eluent was concentrated in vacuo (45.C). The residue 
was dissolved in 50 ml warm acetonitrile, treated with activated 
charcoal, filtered through cliatomaceous earth, and the filtrate 
triturated in isopropyl acetate to yield an insoluble solid (0.5 g). 
The above filtrate (isopropyl acetate) was concentrated, the residue 
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was ttirurated in acetonitrile, and filtered to yield 1.6 g of an 
aIDorphous solid. The mother liquor (acetonitrile) was concentrated 
further to obtain 2.0 g of an amorphous solid. All solid products 
were combined and dried in vacuo (48 h) to give 4.036 g of a white 
solid which was recrystallized from 100 ml water and dried 
in vacuo to afford 3.57 g of 6.11-ethano-12.12-diphenyl-6.l l-di­
h.vdrobenzo[blquinolizinium chloride, 
(Formula I: Rl=R2=R3:R4=R7=H;R5-R6=phenyl;X-=CI-), as a 
white solid, m.p. 169 -174.C. 

Example 18 
(a) A mixture of 0.5 g of benzo(b]quinolizinium perchlorate and 
1 g of l,l-diphenyl-2-methylethylene in 40 ml nitropropane was 
heated to reflux under nitrogen for 2 h. An additional l,l-di­
phenyl-2-methylethylene (0.3 g) was added and the mixture was 
refluxed for 48 h. The reaction mixture was concentrated in vacuo, 
the residue was triturated in ether/hexane (1:1), and the solid was 
filtered. The above solid was resuspended with methylene 
chloride/hexane (1:1), and filtered. The filtrate was concentrated 
in vacuo, and the resulting residue was chromatographed on silica 
(methylene chloride and then methylene chloride/methanol 9:1) to 
afford 0.52 g of 6. 1l-ethano-12.12-diphenyl-13-methyl-6.11-di­
hydrobenzo[blguinolizinium perchlorate, as a foamy solid. 

The above perchlorate was purified by dissolving the solid in 
methanol/ethyl acetate (9:1), treating the solution with activated 
charcoal, and concentrating the filtrate in vacuo to yield a foamy 
solid. The purified solid was converted to the corresponding 
chloride salt by passing the perchlorate through Dowex® lx2-200 
exchange resin. The chloride salt residue obtained was dissolved in 
10 ml methanol, treated with 10% sodium perchorate solution · 
(10 ml), stirred for 10 min, and methanol was removed in vacuo to 
yield a solid product The above perchlorate salt was washed with 
Water, ether, and hexane and dried in vacuo to afford 0.12 g of 
.§..l 1-ethano-12. 12-diphenyl-13-methyl-6.11-dihydrobenzo[b]­
Q..Uinolizinium perchlorate, (Formula I: Rl:R2::R3-R7=H;R4....CH3; 
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R5:R6=phenyl;X-=CIQ4-; and Formula I: Rl=R2=R4=R7=H; 

R3::CH3; RS=R6=phenyI;X-=ClQ4-), m.p. 197-199.C. 

~arnple 19 
(a) A mixture of 0.52 g of 6-methylbenzo[b]quinolizinium 

perchlorate and 1.02 g of 1,1-diphenylethylene in 40 ml nitro­

xnethane was heated to reflux under nitrogen for 16 h. An 

additional 1,1-cliphenylethylene (0.5 g) was added, and the mixture 

was refluxed for an additional 72 h, cooled, and concentrated. The 

residue was triturated in hexane/ether (1:1), filtered, dried, and 

chromatographed on silica (methylene chloride/methanol 9:1) to 

afford 0.88 g of 6.11-ethano-12.12-diphenyl-6-methyl-6.11-di­

bydrobenzofblquinolizinium perchlorate as a solid. 

(b) 6,l l-Ethano-12.12-cliphenyl-6-methyl-6, 11-dihydrobenzo[b ]­

quinolizinium perchlorate (850 mg) was converted to the 

corresponding chloride salt by passing the perchlorate through 

100 g of Dowex® lx2-200 exchange resin to afford 580 mg 

(79 .4%) of 6. 1l-ethano-12.12-diphenyl-6-methyl-6. 11-dihydro­

}: benzo[blquinolizinium chloride, (Formula I: Rl=R3=R4=R7=H; 

·.:·:,:. R2=CH3;R5=R6=phenyl;X-=Cl·) as a solid, m.p. 160.C(d). 

:: Example 20 

f- (a) A mixture of 1-(1-methylbenzyl)2-(l,3-dioxolan-2-yl)­

;~--Pyridinium perchlorate (18 g) and 100 g of polyphosphoric acid was 

·'I:;:: heated to heat at 1oo·c for 5 hand then the mixture was allow to 
··· .. 

~·stand at room temperature overnight To the mixture was added 

_:200 ml water, the reaction mixture was stirred for 30 min, filtered, 

}and sodium perchlorate solution (a slight excess) was added to the 

.:·above filtrate. The ·precipitated solid was filtered and dried to 

.: afford 10.5 g (70%) of 6-methylbenzofblquinolizinium perchlorate 

-_(Formula II: Rl=R'=H;R2=CH3;X-=CIQ4-) as a yellow solid. 

_::(b) A mixture of 9.5 g (0.032 mol) of 6-methylbenzo[b]­

.,~uinolizinium perchlorate and 16.2 g (0.09 mol) of 1,1-diphenyl­

.ethylene in 100 ml nitromethane was heated to reflux for 3 days. 

·'.~c reaction mixture was filtered through a pad of silica gel, 



washed with 150 ml acetonitrile, the filtrate was triturated with 
ether, and the crystalline white solid was filtered, washed with 
ether, and dried to afford 18.3 g (100%) of 6.11-ethano-12.12-di­
Wtenyl-6-methyl-6.11-dihydrobenzo[bJguinolizinium perchlorate, 
(Formula I: Rl:R3:R4=R7=H;R2=CH3;RS:R6=phenyI;X-=CI04-) as 

a white solid. 
(c) To a solution of dibenzoyl-L-tartrate (64 g, 0.17 mol) in 
450 ml methanol was added dropwise a solution of potassium 
hydrogen carbonate (17.2 g, 0.17 mol) in 100 ml water in 4 min . 
and the mixture was stirred overnight. The white solid formed was 
filtered, washed with 100 ml methanol, dried in an oven in vacuo to 
afford 67.4 g (86.5%) of mono-potassium monobenzoyI-L-tartarate. 
(d) A mixture of 6,ll-ethano-12,12-diphenyl-6-methyl-6,11-di­
hydrobenzo[b]quinolizinium perchlorate (15.8 g, 0.033 mol) and 
mono-potassium monobenzoyl-L-tartarate (13.2 g, 0.033 mol) in 
2 1 methanol was gently warmed on a steam bath to dissolve the 
solids, and then filtered. The filtrate was concentrat~ the residue 
was combined with 21 methylene chloride with stirring, and re­
filtered to remove potassium perchlorate. The methylene chloride 
filtrate on standing at room temperature yielded a white solid which 
was recrystallized from methylene chloride/methanol to afford 5. 7 g 
of 6, 1l-ethano-12.12-diphenyl-6-methyl-6. 11-dihydrobenzo[bJ­
Quinolizinium monobenzoyl-L-tartarate, 
(Formula I: Rl-R3:R4=R7=H;R2=CH3;R5:R6=phenyl; 

X·=[(-)-DBT]) as a white solid, m.p. 160-161.C. 
(e) The mother liquor from the above recrystallization 

: (methylene chloride/methanol) containing 6,ll-ethano-12,12-di­
:; phenyl-6-methyl-6, 11-dihydrobenzo[b ]quinolizinium perchlorate 

(' was passed through 100 g of Dowex® lx2-200. The residue 
·:'· obtained was dissolved in 41 warm water/methanol (1:1), the 
;;·, solution was stirred, 14 g of sodium perchlorate in 100 ml water 
-~~ was added, methanol was removed in vacuo. and a crystalline solid 
f was filtered and washed with water. The above solid was dissolved 
.,:· in 75 ml methylene chloride, the solution was extracted with 50 ml 
·.:;\ of water containing 1 g of sodium perchlorate, and washed with 
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water. The organic layer was concentrated in vacuo. the residue 

was flash chromatographed on silica (methylene chloride/aceto- _ 

nitrile to afford 8.7 g of 6.11-ethano-12.12-diphenyl-6-methyl­

~l l-dihydrobenzolblguinolizinium perchlorate. as an amorphous 

solid. 
(f) To a solution of dibenzoyl-D-tartarate (49.2 g, 0.1307 mol) in 

345 ml methanol was added dropwise a solution of potassium 

hydrogen carbonate (13.09 g, 0.1307 mol) in 77 ml water in 4 min 

and the mixture was stirred overnight. The white solid formed was 

filtered, washed with 100 ml methanol, dried in vacuo to afford 

51.6 g (84%) of mono-potassium monobenzoyl-D-tartarate. 

(g) A mixture of 6,ll-ethano-12,12-diphenyl-6-methyl-

6,ll-dihydrobenzo[b]quinolizinium perchlorate (8.5 g, 0.0179 mol) 

and mono-potassium monobenzoyl-D-tartarate (7.11 g, 0.0179 mol) 

in· 1 I methanol was gently warmed on a steam bath to dissolve the 

solids, the mixture was concentrated, the residue was dissolved in 

500 ml methylene chloride with stirring, and filtered to remove 

potassium perchlorate. The methylene chloride filtrate was 

concentrated to 200 ml of its volume, cooled, filtered, and the solid 

obtained was washed with methylene chloride (2 x 20 ml) to afford 

6.8 g (51.9 %) of 6.11-ethano-12.12-diphenyl-6-methyl-6.11-di­

hydrobenzo[blguinolizinium monobenzovl-D-tartarate, 

(Formula I: Rl:R3:R4=R7=H;R2=CH3;R5=R6=phenyl; 

X·=[(+)-DBT]), as a white solid, m.p. 160-161 ·c. 
(h) 6,l l-Ethano-12,12-diphenyl-6-methyl-6,11-dihydrobenzo[b ]­

quinolizinium monobenzoyl-D-tartarate (6.8 g) was passed through 

Dowex® lx2-200 (100 g). The residue obtained was dried in vacuo 

to afford 3.84 g of 6.l 1-ethano~12.12-diphenyl-6-methyl-6.l l-di­

hydrobenzofb1guinolizinium chloride 1/2 hydrate, (Formula I: 
Rl:R3:R4=R7=H;R~CH3;R5=R6=phenyl;X-=CI-; as (-)-isomer), as 

an amorphous solid, [a]o2S=-50.7• in CHC13,C=l0 mg/ml. 
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~ample 21 
6, l l-Ethano-12, 12-diphenyl-6-methyl-6, 11-dihydrobenzo[b ]­

quinolizinium monobenzoyl-L-tartarate ( 11 g) was converted to the 
corresponding chloride salt by passing the monobenzoyl-L-tartrate 
through Dowex® lx2-200 (100 g) after placing the salt in SO ml 
methanol. The amorphous residue obtained was dried in vacuo to 
afford 2.7 g of 6.11-ethano-12.12-diphenyl-6-methyl-6.l l-dihydro­
benzo[blquinolizinium chloride hydrate 
(Formula I: Rl:R3:R4=R7=H; R2=CH3;R5:R6=phenyl;X·=CI-; as 
(+)-isomer) as a solid, [a]0 25=+5o.9· in CHCl3,C=lO mg/ml. 

Example 22 
(a) A mixture of 1.0 g of benzo[b]quinolizinium perchlorate and 
1.28 g of 1,1-diphenylmethylenecyclopropane in 40 ml nitro­
methane was heated to reflux under nitrogen for 16 h. The mixture 
was concentrated in vacuo and the residue was triturated in 
hexane/ether (1:1), filtered, dried, and chromatographed on silica 
(methylene chloride/methanol 9:1) to afford 2.4 g of 6.11-ethano-
12.12-diphenyl-13.13-spirocyclopropyl-6.11-dihydrobenzo[bJ­
quinolizinium perchlorate as a solid. 
(b) 6,ll-Ethano-12,12-diphenyl-13,13-spirocyclopropyl-
6,11-dihydrobenzo[b]quinolizinium perchlorate (2.4 g) was 
converted to the corresponding chloride salt by passing the 
perchlorate through Dowex® lx2-200 ion exchange resin to afford 
2.7 g of 6.11-ethano-12.12-diphenyl-13.13-spirocyclopropyl-
6. 11-dihydrobenzofblquinolizinium chloride, (Formula I: 
Rl=R2=R7=H;R3 and R4 together form a cyclopropyl ring; 
R5:R6=phenyl;X-=CI-), as a solid. 

Example 23 
(a) To a solution of bromobenzene (100 g, 0.63 mol) in 300 ml 
of dichloroethane cooled to o·c was added 169.6 g (1.27 mol) of 
aluminum chloride. The m.ixture was stirred (1 min), and 37.6 g 
(0.378 mol) of 1,1,1-trichloroethane in 50 ml dichloroethane was 
added and stirred at o·c for 1 h. The above mixture was diluted 
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'.,. vnth 500 g of ice, basified with 30% sodium hydroxide solution, 

{ filtered, the aqueous layer was extracted with methylene chloride 

· (2 x 500 ml), and the combined organic layer was dried over 

sodiuID sulfate and concentrated in vacuo to yield a brown oil. The 

brown oil was crystallized from hexane (2 x 150 ml) to afford 

10.S g of 1.1-di(p-bromo)phenvlethylene (Formula ill: R3=R4=H; 

RS=R 6=4-bromophenyl) as a white solid. The mother liquor was 

concentrated in vacuo and chromatographed on silica (hexane) to 

yield 18.5 g (total 29 g, 27%) of an additional white solid. 

(b) A mixture of 3.0 g (0.0098 mol) of benzo[b]quinolizinium 

hcxafluorophosphate and 4.9 g (0.0147 mol) of 1,1-di-p-bromo­

phenylethylene in 50 ml nitromethane was heated to reflux for 8 h. 

After adding 0.5 g of 1,1-di-p-bromophenylethylene, the mixture 

was refluxed for an additional 12 h. The mixture was cooled, 

concentrated in vacuo and the residue was triturated in hexane/ether 

(1:1), filtered, and dried to afford 6.25 g (99.2%) of 6.11-ethano-

12. 12-di-p-bromophenyl-6. 11-dihydrobenzofblguinolizinium 

hexafluorophosphate, (Formula I: Rl=R2.,,,R3:R4=R7=H; 

R5:R6=4-bromophenyl;X-=PF6-) as a white solid. 

(c) 6,ll-Ethano-12,12-di-p-bromophenyl-6,ll-dihydrobenzo[b]-

quinolizinium hexafluorophosphate (6.2 g, 0.0096 mol)) was 

converted to the corresponding chloride salt by passing the salt 

through Dowex® lx2-200 (80 g) by placing the salt in 20 ml 

acetonitrile. The eluent was concentrated in vacuo, and the residue 

obtained was dried by dissolving in 200 ml toluene and 

concentrating the solution. The resulting residue was crystallized 

from ethyl acetate to afford 4.4 g (83%) of 6.11-ethano-12.12-di­

n,-bromophenyl-6. 11-dihydrobenzofblquinolizinium chloride, 

(Formula I: Rl=R2=R3=R4=R7=H;R5=R6=4-bromophenyl;X-=CI-), 

as a white solid. 

Example 24 

(a) A mixture of 0.5 g of benzo[b]quinolizinium perchlorate and 

0.77 g of 1,1-di-(2-pyridyl)ethylene in 30 ml nitromethane was 

heated under nitrogen at 100 • C for 8 h. The mixture was cooled, 



.. concentrated in vacuo, the dark residue was dissolved in 100 ml 

.:· IXlethanol, treated with activated charcoal, filtered, and concentrated 

;/'. in. vacuo to afford 0.55 g (62.5%) of 6.11-ethano-12.12-di­

!Z·ovridvll-6. 11-dihydrobenzofblquinolizinium perchlorate 

(formula I: Rl:R2=R3-R4=R7=H;R5:R6=2-pyridyl;X-=CIQ4-), as 

8 brown foamy solid. 

(b) 6,11-Ethano-12,12-di-(2-pyridyl)-6, 11-dihydrobenzo[b]­

quinolizinium perchlorate (750 mg) was purified by passing through 

a pad of silica gel (dichloromethane/methanol) to yield 450 mg of 

the perchlorate, and the perchlorate was converted to the 

corresponding chloride salt by passing the salt through Dowex® 

lx2-200 ion exchange resin. The eluent was concentrated in vacuo, 

and the residue obtained was dried to afford 250 mg ( 40%) of 

6.11-ethano-12.12-di-{2-pyridyl)-6.11-dihydrobenzo[bl-

quinolizinium chloride hydrate (Formula I: . 

Rl:R2=R3:R4=R7=H;R5:R6=2-pyridyl;X·=CI·), as a pale-yellow 

solid. 

Example 25 

(a) To a mixture of 63.55 g (0.46 mol) of m-methoxybenzyl 

alcohol in 1.5 1 ether cooled to -40 • C was added in 2 portions 

(100 ml, 1.0 mol) 10 M of n-butyllithium over a 30 min period and 

the reaction mixture was slowly (removing a bath) warmed to room 

temperature by removal of the cooling bath and stirred for 30 

minutes. The above reaction mixture was cooled to -2o·c, 69.7 g 

(0.651 mol) of 4-pyridinecarboxaldehyde was added to the mixture, 

and the resulting reaction mixture was heated to warm to room 

temperature. After 1 h, ammonium chloride solution was added to 

the mixture. The diol was extracted with ethyl acetate, dried over 

sodium sulfate, and the solvent was removed in vacuo. 

Recrystallization (2x) from ethyl acetate/ether afforded 68.5 g 

(60. 7%) of 2-[l-hydroxy-(2' -methoxy-6'-hydroxymethyll­

h.enzvIJpyridine (Formula X: Rl=R2=H;R7=6'-0CH3). 
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·~-- (b) To 25 g (0.102 mol) of 2-[1-hydroxy-(2'-methoxy-

, · 6'-hydroxymethyl)benzyl]pyridinc 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 HCI gas) was coole4 250 ml methylene chloride was 

added, and the solvent was decanted to yield an oil. The oil was 

dissolved in water, treated with S g of sodium perchlorate, in 

100 ml water and the precipitated perchlorate was isolated by 

filtration. The above decanted organic solvent was concentrated, the 

residual chloride was triturated with 100 ml methylene chloride, 

and the precipitated solid was filtered and converted to the 

perchlorate by treating with sodium perchlorate solution. The 

combined perchlorate salts were crystallized from methanol to 

afford 12.2 g (38.7%) of 10-methoxvbenzo(bJquinolizinium 

perchlorate (Formula II: Rl=R2=H;R7=10-0CH3;X-=ClQ4·). 

(c) A mixture of 5 g (0.016 mol)) of 10-methoxybenzo[b]­

quinolizinium perchlorate and 3.49 g (0.0194 mol) of 1,1-di­

phenylethylene in 100 ml nitromethane was heated to reflux for 

14 h. The mixture was cooled, filtered, and the filtrate was 

concentrated in vacuo. The residue was dissolved in methanol, and 

filtered to afford 7.29 g (92.2%) of 6.11-ethano-12.12-diphenyl-

1 O-methoxy-6.11-dihydrobenzo[blquinolizinium perchlorate 

(Formula I: Rl:R2=R3:R4=H;R7=10-0CH3;X-=Cl04·), as a white 

solid, m.p. 227-230.C. 

Example 26 

6,l l-Ethano-12, 12-d.iphenyl-1O-methoxy-6,11-dihydro­

benzo[b ]quinolizinium perchlorate (0.0143 mol) was converted to 

the corresponding chloride salt by passing the salt dissolved in 

CH3CN (20 ml) through Dowex® lx2-200 ion exchange resin 

(70 g) elutate with H20. The eluent was concentrated in vacuo. and 

the residue obtained was dried by dissolving in toluene and distilling 

the solvent followed by triturating with ethyl acetate to afford 4.4 g 

(72.3%) of 6.1 l-ethano-12.12-diphenvl-10-methoxv-6.11-dihydro-
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benzofblguinolizinium chloride (Formula I: Rl:R2=R3=R4=H; - . 
R7=10-0CH3;X-=Cl-), as a white amorphous solid m.p. 158-164 C. 

Example 27 
(a) A mixture of pyricline-2-carboxaldehyde (151 g, 1.41 mol), 

ethylene glycol (157 ml), and 56 g (0.29 mol) of p-toluenesulfonic 

acid monohydrate in 1.4 1 toluene placed in a S 1 flask fitted with a 

Dean Stark trap was heated to reflux for 16 h, removing 50 ml 
water. The mixture was concentrated in vacuo to a 800 ml volume, 

cooled, saturated sodium hydrogen carbonate solution was added (to 

pH 8 - 9), the layers were separated and the aqueous layer was 

washed with 100 ml toluene. The combined organic layer was dried 

over magnesium sulfate, concentrated in vacuo, and distilled (with a 

short distilling head) to afford 119.5 g of 2-Cl.3-dioxolan-2-yl)­

pyridine (Formula V: Rl=H) as a pale oil, b.p. 100.C/1 mm. 

(b) A mixture of 20 g of 2-(1,3-d.ioxolan-2-yl)-pyridine and 

p-methoxybenzyl chloride (21.2 g) was stirred at room temperature 

overnight, then left to stand six days. The mixture was dissolved in 
100 ml water and extracted with 30 ml ether/hexane (1:1). To the 

aqueous solution was added a solution of potassium hexafluoro­

phosphate (excess) in 250 ml water. The solid product precipitate 

was filtered and dried (2 days) to afford 67g of 1-(p-methoxy­

benzyn-2-( 1.3-dioxolan-2-yl)pyridinium hexafluorophosphate 

(Formula VIl: Rl:R2=H; R7=4-CH30;X-=PF6·). 

(c) To a mixture of 50 g of polyphosphoric acid and 125 ml 
methanesulfonic acid heated to 40 • C was added with stirring 52 g 

(0.125 mol) of l-(p-methoxybenzyl)-2(1,3-dioxolan-2-yl)­

pyridinium hexafluorophosphate and the resulting reaction mixture 

was heated at 105·c with stirring for 2 hours. The mixture was 

cooled to room temperature and poured into 21 ice-water. To the 

resulting solution was added 55 g of potassium hexafluorophosphate 

With stirring, the solid precipitate was filtered and dried to afford 

56.2 g of 9-methoxybenzo[blquinolizinium hexafluorophosphate 

<Formula II: Rl-R2=H; R7=9-0CH3;X-=PF6·). 
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(d) A mixture of 5.82 g (0.0165 mol) of 9-methoxybenzo[b]­
quinolizinium hexafluorophosphate and 9 g (0.05 mol) of 1,1-cli­
phenylethylene in 250 ml nitromethane was heated at reflux 
overnight. An additional 1,1-diphenylethylene (5 g) was added and 
the mixture was heated for an additional 72 h, cooled, and 200 ml of 
water was added with stirring. The organic layer was washed with 
100 ml water and concentrated at ss·c. The residue was triturated 
in a mixture of 200 ml water, 150 ml acetonitrile, and 50 ml 
hexane. The aqueous layer was extracted with 50 ml ether, and 
concentrated in vacuo to afford 4 g of 6.11-ethano-12.12-diphenyl-
2.-methoxy-6. 11-dihvdrobenzofblquinoliziniurn hexafluoro­
~hosphate (Formula I: Rl:R2=R3:R4=H;R7=9-CH30; 
R5=R6=phenyl; X-=PFo1 as a solid. 
(e) 6,ll-Ethano-12,12-diphenyl-9-methoxy-6,ll-dihydro­
benzo[b ]quinolizinium hexafluorophosphate ( 4 g) was converted to 
the corresponding chloride salt by passing the above salt through 
Dowex® lx2-200 (150 g) after placing the salt in acetonitrile 
( 15 ml). The residue obtained was dried in vacuo to afford 0.97 g of 
6.11-ethano-12.12-diphenyl-9-methoxv-6. 11-dihydrobenzo[b]­
quinolizinium chloride 1/2 hydrate (Formula I: Rl-R2=R3=R4=H; 
R5=R6=phenyl;R7=9-CH30;X-=CI-) as a solid. 

Example 28 
(a) A mixture of 4 g of 10-methoxybenzo[b]quinolizinium per­
chlorate in 50 ml 48% HBr was heated at 1oo·c for 20 h, cooled to 
room temperature, and the resulting mixture was poured into 
100 ml 50% sodium perchlorate solution and stirred for S min. The 
precipitate was filtered, washed with ice-water, ether, ethyl acetate 
and air dried to afford 2.9 g of 10-hydroxybenzo[blquinolizinium 
perchlorate, (Formula Il: Rl:R2=H;R7=10-0H;X-=Cl04-) 
m.p. 218-229.C(d). 

(b) A mixture of 1.4 g (4.7 mmol) of 10-hydroxybenzo[b]­
quinolizinium perchlorate and 1.28 g (7.1 mmol) of 1,1-diphenyl­
ethylene in 50 ml nitromethane was heated to heat at ioo·c for 



15 h, cooled to room temperature, and the resulting mixture was 

concentrated in vacuo. The above residue was purified by 

chromatography on silica (methylene dichloride/methanol 9: 1) to 

yield a yellow foamy solid which was triturated with isopropanol to 

afford, after filtration, 1.7 g (75.5%) of 6. l l-ethano-12.12-di­

:R,henyl-1 O-hydroxy-6.11-dihydrobenzo[bJguinolizinium perchlorate 

(Formula I: Rl=R2=R3:R4=H;R5=R6=phenyl;R7=10-0H;X-=Cl04·) 

as a solid. 
(c) 6,ll-Ethano-12,12-diphenyl-10-hydroxy-6,ll-dihydro­

benzo[b]quinolizinium perchlorate (1.7 g) was converted to the 

corresponding chloride salt by passing the above salt through 

Dowex® lx2-200 (100 g) to afford 1.28 g (87%) of 6.11-ethano-

12.12-diphenyl-1O-hydroxy-6.11-dihydrobenzo(b]quinolizinium 

chloride (Formula I: Rl:R2=R3:R4=H;R5:R6=phenyl; 

R7=10-0H;X-=Cl-) as a solid, m.p. >260.C(d). 

Example 29 

(a) To a solution of 1,1-di(N-methylsulfonylaminophenyl)ketone 

(10 g, 0.027 mol) in 200 ml DMF was added 2.6 g (0.065 mol) of 

60% NaH dispersion, and the mixture was stirred at room 

temperature under nitrogen for 1 h, and then p-methoxybenzyl 

chloride (9.34 g, 0.057 mol) and n-tetra-n-butylammonium bromide 

(870 mg) were added. The resulting mixture was stirred for 1 hat 

room temperature, heated at 1oo·c under nitrogen for 2 h, cooled 

to room temperature and poured into 600 mL of water. The solid 

mixture was stirred, 1 N HCI solution was added, and the product 

was filtered, washed with water, hexane, ether, and dried to afford 

16 g (96.9%) of 1.1-di[4-(N-p-methoxybenzyl-N-methvlsulfonyl­

amino )phenyllketone, as a solid. 

(b) To a suspension of methyl triphenylphosphonium bromide 

(2.2 g; 6.1mmol)in50 ml DMa was added at room temperature 

n-butyllithium in hexane (3.8 ml; 6.1 mmol) and the mixture was 

stirred for 30 min. To the above reaction mixture was added 3.0 g 

(4.9 mmol) of 1,l-di[4-(N-p-methoxybenzyl-N-methylsulfonyl­

amino)phenyl]ketone in 40 ml DME/D:MPU (2:1), and the mixture 
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was stirred at room temperature for 30 minutes and then was heated 

to reflux under nitrogen for 2 h. The mixture was poured into 

zso rol water, the solid product was filtered, and washed with water 

and ether respectively, and purified by chromatography on silica 

eluting with hexane/ethyl acetate (1:1) to afford 1.4 g (46.6%) of 

L,1-di[4-CN-p-methoxybenzvl-N-methylsulfonylamino)phenyll­

~ylene (Formula ill: R3:R4=H; 
RS:R6=4-[N(S02CH3)(4-CH30benzyl)]phenyl) as a solid 

(c) A reaction mixture containing benzo[b]quinolizinium 

perchlorate (1.45 g; 5.18 mmol) and l,l-di[4-(N-p-methoxybenzyl­

N-methylsulfonylamino)phenyl]ethylene (3 g; 4.94 mmol) in 

100 ml nitromethane was heated to reflux under nitrogen for 24 h. 

The reaction mixture was cooled, concentrated in vacuo, and the 

residue was purified by chromatography on silica eluting with 

methylene chloride/methanol (9: 1). The perchlorate was treated 

with wann acetonitrile (200 ml), filtered, and the filtrate was 

concentrated in vacuo to afford 2.0 g (45%) of 6.11-ethano-

12. 12-di[ 4-<N-p-methoxybenzyl-N-methylsulfonylamino)phenyll-

6.11-dihydrobenzo[b]quinolizini um perchlorate 112 ethyl acetate 

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

R5=R6=4-[N(SOi(:H3)(4-CH30benzyl)]phenyl;X-=Cl04·), 

m.p. 174-77.C. 

Example 30 
(a) To a suspension of methyl triphenylphosphonium bromide 

(17.83 g; 49.9 mmol) in 150 ml ether was added at -10· 10 M 

n-butyllithium in hexane (4.99 ml; 49.4 mm.cl) and the mixture was 

stirred at room temperature for 1 h. To the above mixture was 

added 10 g (47 mmol) of 1,1-di(p-tolyl)ketone in 50 ml ether/tetra­

hydrofuran (3:2), and the mixture was heated to reflux for 2 ~ 

cooled, 20 ml THF added, and filtered. To the filtrate was added 

ammonium chloride solution and the resulting mixture was 

extracted with ethyl acetate (2x), dried over sodium sulfate and 

concentrated in vacuo to yield a yellow oil. The oil was purified 

.i 
i 
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·::IJrough flash chromatography on silica (hexane/methylene chloride 

':;3:1).to afford 9.3 g (95.1 %) of 1.1-di(p-tolyl)ethylene 

'::;·(formula ID: R3:R4=H;RS=R6=4-CH3phenyl). 

/ (b) A reaction mixture containing benzo[b]~uinolizinium hexa­

. fluorophosphate (3.5 g; 11.4 mmol) and l,l-d1(p-tolyl)ethylene 

/ (2.85 g; 13.7 m.mol) in 50 ml nitromethane was heated to reflux 

: · under nitrogen for 5 h. The reaction mixture was cooled, filtered, 

and the filtrate was concentrated in vacuo to yield a brown foamy 

solid. The solid product was triturated with ether, filtered, and 

dried to yield 5.8 g (95.4%) of 6.11-ethano-12. 12-di(p-toly1l-

.6J 1-dihvdrobenzo[blquinoliziniurn hexafluorophosphate 

(Fonnula I: Rl=R2=R3=R4=R7=H;R5=R6=4-CH3-phenyl;X- PF6-) 

as a solid. 
(c) 6,l l-Ethano-12,12-di(p-tolyl)-6,l l-dihydrobenzo[b]­

quinolizinium hexafluorophosphate (5.8g: 10.8 mmol) was 

converted to the corresponding chloride salt by passing the 

hexafluorophosphate salt through Dowex® lx.2-200 (60 g) eluting 

with H20 to afford 4.18 g (91.6%) of 6.l 1-ethano-12.12-di 

{p-methvlphenvn-6. 11-dihydrobenzo[bJquinolizinium chloride 

(Formula I: Rl=R2=R3=R4=R7=H;R5=R6=4-CH3-phenyl;X-=CI-), as 

an off-white solid, m.p. 180-85.C. 
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~ample 31 
(a) To a suspension of methyl triphenylphosphonium bromide 
(42.94 g; 120 mmol) in 500 ml ether was added at -3o·c 10 M 
n-butyllithium in hexane (12.02 ml; 120 mmol) and the mixture was 
stirred at room temperature for 1 h. To the above mixture was 
added 25 g (114.5 mmol) of 1,1-di(p-fluorophenyl)ketone in 
100 ml THF during a 5 min period, and the mixture was heated to 
reflux for 2 h, cooled, and filtered. To the filtrate was added 
ammonium chloride solution and the resulting mixture was 
extracted with ethyl acetate (2x), dried over sodium sulfate and 
concentrated in vacuo to yield a red oil which was purified through 
flash chromatography on silica (hexane/methylene chloride 5:1) to 
afford 21.2 g (85.7%) of 1.1-di(p-fluorophenyl)ethylene 
(Formula ill: R3=R4=H;R5=R6=4-F-phenyl). 
(b) A reaction mixture containing benzo[b]quinolizinium 
hexafluorophosphate (3 g, 9.8 mmol) and 1,1-di(p-fluorophenyl)­
ethylene (3.17 g; 14.7 mmol) in 50 ml nitromethane was heated to 
reflux under nitrogen for 6 hours. The reaction mixture was 
cooled, filtered, and the filtrate was concentrated in vacuo to yield a 
foamy solid. The solid product was triturated with ether, tiltered, 
and dried to yield 5.07 g (87.4%) of 6.11-ethano-12.12-di 
(p-fluorophenyl)-6, 11-dihydrobenzo [b]quinolizinium hexafluoro­
phosphate (Formula I: Rl=R2=R3=R4=R7=H;R5=R6=4-F-phenyl; 
X·=PF6-), as a solid. 

(c) 6,l l-Ethano-12,12-di(p-fluorophenyl)-6,11-dihydro 
benzo[b ]quinolinium hexafluorophosphate (5 g: 8.4 mmol) was 
converted to the corresponding chloride by passing through 
Dowex® lx2-200 (60 g) to afford 2.84 g (77.3%) of 6.l l-ethano-
12, 12-di(p-fluorophenyl)-6, 11-dihydrobenzo[b]quinolizinium 
£..hloride (Formula I: Rl=R2=R3=R4=R7=H;R5=R6=4-F-phenyl; 
X-=Cl-), m.p. 155-161 ·c. 
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Example 32 
(a) A mixture of isopropyl bromide (36.8 ml, 0.39 mol), 
m-hydroxybenzaldehyde ( 40 g, 0.327 mol), and potassium carbonate 
(53.9 g, 0.39 mol) in 200 ml D:MF was stirred at room temperature 

5 for 12 h. After adding additional isopropyl bromide (20 ml) and 
potassium carbonate (10 g), the reaction mixture was stirred at 
room temperature for 18 h and then heated at 50 • C for 1 h. Water 
(500 ml) was added to the mixture, the red oil formed was removed 
by decantation, and the aqueous layer was extracted with methylene 
chloride (3 x 250 ml) and the combined organic layers were washed 
with 200 ml 2 N NaOH solution, brine, dried over sodium sulfate, 
filtered, and concentrated in vacuo. The residue was distilled 
(0.75 mm/80-100.C) to afford 44.2 g (82%) of m-isopropoxy­
benzaldehyde as a colorless oil. 

;; (b) To m-isopropoxybenzaldehyde (38 g, 0.23 mol) in 500 ml 
,,. ,~~.· ethanol was added slowly sodium borohydride (12.2 g, 0.32 mol) 

over a period of 1 h and the mixture was stirred for 2 h, filtered, 
and concentrated to 100 ml of its volume. The above mixture was 
diluted with 50 ml water, neutralized with sulfuric acid solution 
with cooling, and was extracted with ether (4 x 100 ml). The 
organic layer was dried over sodium sulfate, filtered, and 
concentrated in vacuo to afford 36.32 g (95%) of m-isopropoxy­
benzyl alcohol. 
(c) To a mixture of 30 g (0.18 mol) of 3-isopropoxybenzyl 
alcohol in 600 ml ether cooled to -2o·c was added in portions 
38.7 ml (0.387 mol) of n-butyllithium (10 M) in hexane over a 

·-· 20 min periqd, and the reaction mixture was heated to warm to 

room temperature and stirred for 2 h. The above reaction mixture 
was cooled to -2o·c, 23.13 g (0.216 mol) of pyridine-
2-carboxaldehyde was added in one portion to the mixture, and the 
resulting reaction mixture was heated to warm to room temperature 
and stirred for 1 h. Ammonium chloride solution (200 ml) and 
100 ml ethyl acetate were added to the mixture. The aqueous layer 
was extracted with methylene chloride (2 x 200 ml), the combined 
organic layer was washed with brine, dried over sodium sulfate, and 
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concentrated. The diol was purified by chromatography on silica 
eluting with ethyl acetate/hexane (9: 1; and 0.05% TEA). The solvent 
was concentrated in vacuo, the brown oil was dissolved in methylene 
chloride/hexane, and removal of methylene chloride in vacuo to 1/2 
of its volume afforded 11.1 g (22.6%) of 2-f1-hydroxy­
{.2'-hvdroxymethvl-2'-isopropoxy)benzyllpyridine 
(Formula X: Rl:R2=H;R7=2'-0CH(CH3)2), as a tan solid. 
(d) To 11.1 g (0.0406 mol) of 2-[1-hydroxy-(6'-hydroxymethyl-
2'-isopropoxy)benzyl]pyridine was added 25 ml POCl3 in 1 min, 
the mixture was heated at 11o·c for S min and then cooled. The 
reaction mixture was concentrated in vacuo, l 00 ml toluene was 
added and concentrated to yield an oil. Water and sodium per­
chlorate were added to the above oil, water was decanted, and the 
residue was dried under reduced pressure to yield a foam. The 
foam was dissolved in methanol/water, potassium hexafluoro­
phosphate 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 to remove potassium perchlorate. The mixture 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-isopropoxybenzofb]quinoliziniuni 
hexafluorophosphate (Formula II: R l:R 2=H;R 7=1 O-OCH(CH3)2; 
X·=PF6·), as an orange solid. 
(e) A reaction mixture containing 10-isopropoxybenzo[b]-
quinolizinium hexafluorophosphate (2 g; 5.2 mmol) and 1,1-di­
phenylethylene (1.129 g; 6.2 mmol) in 50 ml nitromethane was 
heated to reflux under nitrogen for 16 hours. The reaction mixture 
was cooled, filtered, and the filtrate was concentrated in vacuo to 
yield a foamy solid. The solid product was triturated with ether, 
filtered, and dried to yield 2.63 g (89.4%) of 6.11-ethano-
12. 12-diphenyl-1O-isopropoxy-6.11-dihydrobenzo[b]quinolizinium 
hexafluorophosphate (Formula I: Rl:R2=R3=R4=H; 
R5=R6=phenyl;R7=10-0CH(CH3)2;X-=PF6-). 
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(f) 6,11-Ethano-12,12-diphenyl-10-isopropoxy-6,l l-dihydro­
benzo(b]quinolizinium hexafluorophosphate(2.6 g:4.6 mmol) was 
converted to the corresponding chloride by passing through 
Dowcx® lx2-200 (60 g) to afford 1.66 g (79.4%) of 6.11-ethano-
12.12-diphenyl-1 O-isopropoxy-6.11-dihydrobenzo(blquinolizinium 
~loride (Formula I: Rl-R2:R3:R4=H; R5=R~phenyl; 
R7:lO-OCH(CH3)2;X-=Cl-), m.p. 226-3o·c. 

~xample 33 
(a) A mixture of 5 g (0.024 mol) of 3,5-difluorobenzyl bromide 
and 3.6 g (0.024 mol) of 2-(2'-pyridyl)-1,3-dioxolane was heated to 
stir at room temperature overnight and then filtered. The reaction 
mixture was partitioned between water and ether, the aqueous phase 
was separated and treated with a solution of potassium hexafluoro­
phosphate in water. The solid residue was filtered and dried in 
vacuo to afford 9 g (76.9%) of 1-C3.5-difluorobenzy1)-
2-(2'-l,3-dioxo1ane)pyridinium hexafluorophosphate 
(Formula VI: Rl:R2=H;R7=3,5-F2;Z-=Br). 
(b) A mixture of 1-(3,5-difluorobenzyl-2-(2'-l,3-dioxolane)­
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 solution 
of 9 g of 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[bJquinolizinium 
;;. hexafluorophosphate (Formula Il: Rl:R2=H;R7=8,10-F2;X-=PF6·). 
'.i (c) A reaction mixture containing 8,10-difluorobenzo[b]-
~( quinolizinium hexafluorophosphate (4 g; 11 mmol) and 1,1-di-
·: phcnylethylene (4 ml; 22 mmol) in 40 ml nitromethane was heated 

:} to reflux under nitrogen for 3 days. The reaction mixture was 
: COOied, concentrated in vacuo, and the residue was purified by 
·;:;. chromatography on silica eluting with acetonitrile. The hexa-
.:: .. fluorophosphate was converted to the corresponding chloride by 

/~'.·Passing through Dowex® lx2-200 to afford 1.68 g (35.5%) of ;(', 
, ~. 

\ 

I 
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~1l-ethano-12.12-diphenyl-8.1 O-difluoro-6.11-dihydrobenzoCbl­

gyinolizinium chloride 1/4 hydrate (Formula I: R~=R2=R3=R4=H; 
RS:R6=phenyl;R7=8,10-F2;X-=Cl·). 

~ample 34 
(a) A mixture of 9-methoxybenzo[b]quinolizinium hexafluoro­

phosphate (4 g) and 25 ml 48% HBr was stirred and heated to 11o·c 

overnight The above reaction mixture was filtered and- the residue 

was washed with water and dried to yield 1.8 g of 9-hydroxy-

3nzo[blguinolizinium bromide 

(Formula II: Rl:R2=H;R7=9-0H;X-=Br). 

(b) A reaction mixture containing 9-hydroxybenzo[b ]­

quinolizinium bromide (1.35 g; 4.9 mmol) and 1,1-diphenylethylene 

(2.64 g; 14. 7 mmol) in 20 ml nitromethane was heated to reflux 

under nitrogen for 3 days. The reaction mixture was cooled and the 

solid product was filtered, triturated with hexane (40 ml x 3), and 

isolated by filtration. The solid product was dissolved in a mixture 

of 2 N-HCI solution (150 ml), methanol (500 ml), and water 

(100 ml), filtered, and the solvent was removed in vacuo to yield the 

residue. The residual product was washed with 20 ml water and 

dried to afford 1.0 g (45.5%) of 6.11-ethano-12.12-diphenyl-

2-hvdroxy-6. 11-dihydrobenzo[blguinolizinium chloride 

(Formula I: R l:R2=R3:R4=H;R5-R6=phenyl;R 7=9-0H;X-=Cl-), 

as a gray solid, m.p. 270.C(d). 

Example 35 

(a) To a suspension of methyltriphenylphosphonium bromide 

(7.14 g; 20 mmol) in ether was added at o·c n-butyllithium in 

hexane (8 ml; 20 mmol) and the mixture was stirred at room 

temperature for 1 h. To the above mixture was added 2.8 g 

(8.2 mmol) of 1,1-di(m-methoxyphenyl)ketone in ether and the 

mixture was stirred for 10 minutes. The above reaction mixture 

Was quenched with acetone (5 ml), stirred for 5 minutes, filtered, 

and the filtrate was concentrated in vacuo. The residue was 

Purified by chromatography on silica eluting with hexane/ether 
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· .1) to afford 3.6 g (90%) of l. l-di(3-methoxyphenyl)ethylene 

:(FonDula ill: ~3=R:=H;RS=R6:=~-CH30-phenyl!. . .. 
./(b) A reaction rmxture contauung .benzo[b ]qumob.zuuum per­

~-!.; chlorate (2.5 g; 8.9. mmol) and. l,l-di(3-methoxyphenyl)ethylene 

··~· (3.0 g;12.S mmol) m 100 ml rutromethane was heated to reflux 
'.:under nitrogen for 48 h. The reaction mixture was cooled, 

?·'. concentrated in vacuo, and the residue was purified by 
. j'..'. chromatography on silica eluting with methylene chloride/ethyl 

.,\ acetate/methanol (7:2:1). The perchlorate was dissolved in 200 ml 

> .• of warm acetonitrile/methanol (2:1), treated with activated charcoal, 

/ filtered, and the filtrate was concentrated in vacuo to afford 3.8 g 
·.:: (81.7%) of 6.11-ethano-12.12-di(m-methoxyphenyD-6.11-di-

. • h_ydrobenzo[blquinolizinium perchlorate (Formula I: 
·~ · Rl:R2=R3:R4=R 7:H;R5=R 6=3-CH30-phenyl;X-=Cl04 ·). 

(c) 6,11-Ethano-12,12-di(m-methoxyphenyl)-6,l l-dihydro­
benzo[b]quinolizinium perchlorate (3.8 g) was converted to the 
corresponding chloride by passing through Dowex® lx2-200 to 
afford 2.8 g (84.8%) of 6.ll-ethano-12.12-diCm-methoxyphenyl)-
6.11-dihvdrobenzo[bJquinolizinium chloride 
(Formula I: Rl:R2=R3=R4=R7=H;R5:R6=3-CH30-phenyl;X-=Cl-), 

• m.p. 164-68 C. 

Example 36 
(a) To a suspension of methyltriphenylphosphonium bromide 
(3.25 g; 9.05 mmol) in 100 ml ether was added at a·c n-butyl­
lithium in hexane (3.7 ml; 9.05 mmol) and the mixture was heated 
to stir at room temperature for 1 h. To the above mixture was 
added 2.8 g (8.2 mmol) of 1,1-di(m-bromophenyl)ketone in 30 ml 

of tetrahydrofuran and the mixture was stirred for 10 min. The 
above reaction mixture was quenched with acetone (5 ml), stirred 
for 5 minutes, filtered, and the filtrate was concentrated in vacuo. 
The residue in hexane/methylene chloride (3: 1) was purified by 
chromatography on silica eluting with hexane to afford 2.2 g 
(78.6%) of 1.1-diCm-bromophenvl)ethylene 
(Formula ill: R3=R 4=H;R5=R 6=3-Br-phenyl). 
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(b) A reaction mixture containing 1.51 g (5.4 mmol) of 
benzo[b]quinolizinium perchlorate and 1,1-di(m-bromophenyl)­
ethYlene (2.2 g; 6.5 mmol) in 70 ml nitromethane was heated to 

reflux under nitrogen for 40 hours. The reaction mixture was 
cooled, concentrated in vacuo, and the residue was triturated with 
ether. The solid product was filtered and purified by 
chromatographic separations on silica (methylene chloride/ethyl 
acetate/methanol (9:2:1)). The perchlorate was treated with warm 
acetonitrile/methanol and activated charcoal, filtered, and the filtrate 
was concentrated in vacuo to afford 2.7 g (81.8%) of 6.11-ethano-
12. 12-di-Cm-bromophenyD-6. 11-dihydrobenzofblquinolizinium 
R-erchlorate (Formula I: Rl:R2=R.3=R4=R7-H; 
R 5:R 6=3-Br-pheny l;X ·=Cl04-). 
(c) 6,ll-Ethano-12,12-di(m-bromophenyl)-6,ll-dihydro­
benzo[b ]quinolizinium perchlorate (2. 7 g; 4.5 mmol) was converted 
to the corresponding chloride by passing through Dowex® lx2-200 
(50 g) to afford 2.16 g (86.4%) of 6.11-ethano-12.12-di(m-bromo­
phenyD-6. 11-dihydrobenzo[blquinolizinium chloride (Formula I: 
Rl:R2:R3:R4=R7=H;R5:R6=3-Br-phenyl;X·-CI·), m.p. 194-98.C. 

Example 37 
(a) To m-methoxyacetophenone (100 g, 0.665 mol) in 400 ml 
methanol was added with cooling sodium borohydride (30.22 g, 
0. 799 mol) over a period of 1 h and the mixture was stirred, poured 
into ice-water, and neutralized with cone. HCI. The above mixture 
was extracted with ether (3 x 400 ml), the organic layer was dried 
over sodium sulfate, and concentrated. The residue was then 
distilled ( 149-151 ·c @ 25 mm)(short path column) to afford 95.6 g 
(94%) of m-methoxy-1-methylbenzvl alcohol as a clear oil. 
(b) To a mixture of 71 g (0.467 mol) of m-methoxy-1-methyl­
benzyI alcohol in 800 ml ether cooled to -2o·c was added in 
Portions 100.4 ml (1.004 mol) of n-butyllithium (10 M) in hexane 
over a 40 min period, and the reaction mixture was heated to warm 
to room temperature and stirred for 3 h. The above reaction 
lllixture was cooled to -2o·c, 59.98 g (0.56 mol) of pyridine-
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2-carboxaldehyde was added to the mixture, and the resulting 

reaction mixture was heated to warm to room temperature and 

stirred for 2 h. Ammonium chloride solution and ethyl acetate 

were added to the mixture. The aqueous layer was extracted with 

ethyl acetate, the combined organic layer was dried over sodium 

sulfate, and concentrated to afford 63 g (53%) of 2-[l-hydroxy­

L6' -( 1 '-hvdroxyethyl)-2'-methoxv Jbenzvllpvridine 

(Fonnula X: Rl=H;R2=CH3;R7=2'-methoxy), as an oil which was 

recrystallized from ethyl acetate/hexane as a tan solid. 

(c) A mixture of 5.4 g (0.021 mol) of 2-[1-hydroxy-

(6'-(1 '-hydroxyethyl)-2'-methoxy]benzyl]pyridine in POCIJ was 

refluxed for 1 h and then cooled. The reaction mixture was poured 

into ice with stirring, warmed, and 20 g of sodium perchlorate was 

added with stirring. The solid product precipitated was filtered, 

washed with water, hexane, ethyl acetate, and ether, and then air 

dried to afford 4.12 g (61.4%) of 10-methoxy-6-methvlbenzo[bJ­

quinolizinium perchlorate (Formula II: Rl=H;R2=CH3; 

R7=10-0CH3;X-=Cl04·), as a solid, m.p. 300-302.C (d) 

(recrystallization from methanol/acetonitrile). 

(d) A reaction mixture containing 10-methoxy-6-methyl­

benzo[b]quinolizinium perchlorate (1.5 g; 4.63 mmol) and 1,1-di­

phenylethylene (1.1.7g; 9.2 mmol) in 50 ml nitromethane was 

heated to reflux under nitrogen for 72 hours. After adding 

additional 1,1-diphenylethylene (0.5 g), the mixture was heated to 

25 reflux overnight. The reaction mixture was cooled and 

concentrated in vacuo to yield a foamy solid. The solid product was 

treated with activated charcoal in boiling methanol/acetonitrile 

30 

35 

(3: 1), filtered and the filtrate was concentrated in vacuo to afford 

2.1 g (90.1 %) of 6.l l-ethano-12.12-diphenyl-10-methoxy-6-methyl-

6.11-dihydrobenzofblguinolizinium perchlorate 

(Formula I: Rl:R3:R4=H;R2=CH3;R5=R6=phenyl;R7=10-0CH3; 

X--CI04·). 

(e) 6,11-Ethano-12,12-diphenyl-10-methoxy-6-methyl-6,ll-di-

hydrobenzo[b]quinolizinium perchlorate (2.lg: 4.2 mmol) was 

converted to the corresponding chloride by passing through 
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wex®lx2-200 (100 g) to afford 1.54 g (84.1 %) of 6.11-ethano­
-di hen 1-10-methox -6-meth 1-6 11-dihvdrobenzo 

· lizinium chloride (Formula I: Rl=R3:R4=H;R2=CH3; 
:,-;)l5.R6=phenyl;R7=10-0CH3;X--CI04-), m.p. 184-188.C. 

\11ample 38 
.. ··(a) A mixture of 2.3 g of 10-methoxy-6-methylbenzo[b]- • 
\:quinolizinium perchlorate in 35 ml 48% HBr was heated at 100 C 

for 14 h, cooled to room temperature, and was diluted with water. 
~- 1be resulting mixture was heated to dissolve the solid product, 
~~:.·filtered while hot, and the filtrate was treated with 20 g of sodium 
t perchlorate. The precipitated solid product was filtered, washed 
~-~ .. with ether, air dried to afford 2 g (90.9%) of 10-hydroxy-6-methyl­
\ ~ozo[blguinolizinium perchlorate (Formula II: Rl=H;R2=CH3; 
,.:.·R7=10-0H; X--CI04·), m.p. 246-248.C(d). 
)>(b) A mixture of 1.5 g (5.5 mmol) of 10-hydroxy-6-methyl-

'.~: benzo[b]quinolizinium perchlorate and 1.98 g (10 mmol) of 
r~-1,1-diphenylethylene in 75 ml nitromethane was heated to reflux 
:L·· under nitrogen for 48 h. After adding additional 1,1-diphenyl-
'"'· b· ·ethylene (0.5 g), the mixture was heated to reflux under nitrogen 
·-~··for an additional 48 h. The reaction mixture was cooled and 
r' 'concentrated in vacuo to yield a yellow foam. The solid product was 
;: treated with activated charcoal in boiling methanol/acetonitrile 
( ·.(3:1), filtered and the filtrate was concentrated in vacuo. The 

:·~ residue was crystallized from isopropanol to afford 1.7 g (62.9%) 
; . of 6, l 1-ethano-12. 12-diphenyl-1O-hydroxy-6-methyl-6.11-di-
:': · hYdrobenzo[blquinolizinium perchlorate (Formula I: 
F R1=R3=R4=H;R2=CH3;R5=R6=phenyl;R7=10-0H;X--CIQ4-). 
~' (c) 6,l l-Ethano-12,12-diphenyl-10-hydroxy-6-methyl-

6,ll-dihydrobenzo[b]quinolizinium perchlorate (1.7 g) was 
converted to the corresponding chloride salt by passing the above 

/ Salt through Dowex® lx2-200 (100 g) to afford 1.05 g (75%) of 
-~~-- §...l l-ethano-12.12-diphenyl-1O-hydroxy-6-methyl-6.11-dihydro-
. S bsnzo[bJquinolizinium chloride (Formula I: Rl=R3=R4=H;R2=CH3; 

R5==R6=phenyl;R7=10-0H;X--CI-)as a solid, m.p. 208-212.C(d). 
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Example 39 --(a) To a suspension of methyltriphenylphosphonium bromide 
(6 g; 16.8 mmol) in 75 ml ether was added at -2o·c n-butyllithium 
in hexane (6.8 ml; 17 mmol) and the mixture was heated to stir at 
room temperature for 1 h. To the above mixture was added 2.5 g 
(15.4 mmol) of l,l-di(3-furyl)ketone in 50 ml tetrahydrofuran in 
1 O minutes and the mixture was stirred at room temperature for 
2 h. To the above reaction mixture was added saturated ammonium 
chloride solution, and the mixture was diluted with hexane. The 
organic layer was separated, washed with water, dried, and 
concentrated in vacuo. The residue was purified by 
chromatography on silica eluting with hexane to afford 1 g ( 40%) 
of l.1-diC3-furyl)ethvlene (Formula ill: R3-R4=H;R5:R6=3-furyl). 
(b) A reaction mixture containing benzo[b]quinolizinium 
perchlorate (1.4 g; 4.95 mmol) and l,l-di(3-furyl)ethylene (0.95 g; 
5.9 mmol) in 50 ml nitromethane was heated to reflux under 
nitrogen for 3 h. The reaction mixture was cooled, concentrated 
in vacuo, and the residue was purified by chromatography on silica 
eluting with methylene chloride/ethyl acetate/methanol (7:2:1) to 

yield a pale yellow solid. The solid product was treated with warm 
methanol and activated charcoal, filtered, and the filtrate was 
concentrated to give 1.9 g (86.3%) of 6.11-ethano-12.12-di 
(3-furanyll-6. 11-dihydrobenzo [blquinolizinium perchlorate 
(Formula I: Rl:R2=R3:R4:R7=H;R5:R6=3-furyl;X--Cl04·), 

as a colorless solid. 
( c) 6, 11-Ethano-12,12-di(3-furanyl)-6, 11-dihydrobenzo[b ]­
quinolizinium perchlorate (1.9 g; 4.3 mmol) was converted to the 
corresponding chloride by passing the salt through Dowex® 
lx2-200 (50 g) to afford 1.3 g (80.2%) of 6.11-ethano-12.12-di 
!..3-furanyll-6. 11-dihydrobenzo[blquinolizinium chloride 
(Formula I: R l:R2=R3:R4=R 7:H;R5=R 6=3-furyl;X--Cl-), 
m.p. 168-7f C. 
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Example 40 -(a)+(b) _ 6,l l-Ethano-12,12-di(3-furanyl)-6,l l-dihydrobenzo[b]-

quinolizinium perchlorate (3.5 g) dissolved in 50 ml acetonitrile 

(hot) was passed through Dowex® lx2-200 ion exchange resin 

(OH·), collecting 500 ml aqueous eluate. This eluate was extracted 

with 50 ml ether, and the aqueous layer was treated with excess 

dibenzoyl-L(-)-tartaric acid monohydrate. The aqueous layer was 

concentrated in vacuo, a pale-yellow residue was triturated in 

40 ml ethanol with heating to afford 2.6 g (2 crops) of 6.11-ethano-

12. 12-diC3-furanvD-6.1 l-dihydrobenzofblquinolizinium o.o' -di­
benzovl-L(-)-tartarate (Example 40 (a)). The above 0,0'-dibenzoyl 

L(-)-tartrate salt was recrystallized from 20 ml hot ethanol, was 

converted to the corresponding chloride salt by passing the salt 

through Dowex® lx2-200 to afford 0.67 g of (+)-6.11-ethano-

12.12-diC3-furanyD-6.11-dihvdrobenzo(bJquinolizinium chloride 

3!2 hydrate (Formula I: Rl:R2=R3:R4=R7=H;R5=R6=3-furyl; 

x--Cl-;Example 40(b)) as a white solid. 
[cx]o25=+10.1·,in10% DMS0d6 in CDCl3,C=lO mg/ml. 

Example 41 

{a)+(b) The residue obtained on evaporation of all mother 

liquor from Example 40 in methanol/acetonitrile (minimum) was 

made acidic by the addition of 2 N HCI solution, diluted with 

300 ml water, and extracted with ether (3 x 75 ml). The aqueous 

layer was concentrated in vacuo, the residue was dissolved in 
acetonitrile, and passed through Dowex® 1X2-200 ion exchange 

resin (OH·), then treated with 2.5 g of dibenzoyl-D(+)-tartaric acid 

monohydrate in acetonitrile. The solvent was concentrated to 

1/3 its volume and water was added to the mixture. The solid 

precipitate was filtered and recrystallized from ethanol to afford 

6,l l-ethano-12.12-di(3-furanyl)-6,l 1-dihydrobenzo[b]quinolizinium 

gibenzoyl-DC+)-tartarate (Example 41(a)). The above 

D( + )-tartarate salt was converted to the corresponding chloride salt 

by passing the salt through Dowex® lx2-200 to afford 0.67 g of 
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.(:)-6. 1l-ethano-12.12-diC3-furanyll-6. 11-dihydrobenzo[b]­

gpinolizinium chloride (Formula I:_ Rl=R2=R3:R4=R7=H; 

R5::R6=3-furyl;X--Cl-;(-)-isomer), Example 41(b)) as a white solid, 

[<X]D25,=+9.37. in D:MF or [a.]o2S=-10.o· in 10% DMS0d6 in 

cDCl3,C=lO mg/ml. 

~xample 42 
(a) To a solution of 3-bromopyridine (9.84 g, 0.062 mol) in 

300 ml ether cooled to -1s·c was added n-butyllithium (1.6 M, 

41 ml, 0.066 mol) and stirred for 30 min. N-Methyl-N-methoxy­

urethane (3.76 g, 0.028 mol) in 20 ml ether was added in 10 min, 

the mixture was stirred (-78 • C) for 1 h, allowed to warm to room 

temperature and stirred for 2 h. The reaction mixture was 

quenched with 6 N HCl (100 ml) and stirred. The aqueous layer 

was basified with 10% NaOH solution, extracted with ethyl acetate 

(2x) and methylene dichloride. The organic layer was dried over 

sodium sulfate, concentrated in vacuo, and the residue was purified 

by chromatography on silica (ethyl acetate, 10% methanol/ethyl 

acetate) to afford 1.7 g (33%) of di-(3-pyridyl)ketone. 

(b) To a suspension of methytriphenylphosphonium bromide (3.6 

g; 10.1 mmol) in 50 ml ether was added at -2o·c 2.5 M 

n-butyllithium in hexane (4 ml; 10.1 mmol) and the mixture was 

heated to stir at room temperature for 1 hour. To the above mixture 

was added 1.7 g (9.3 mmol) of l,1-di(3-pyridyl)ketone in 50 ml 

tetrahydrofuran and the mixture was stirred at room temperature 

for 2 h. Ammonium chloride solution and ethyl acetate (250 ml) 

were added to the above mixture, the organic phase was washed 

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

was purified by chromatography on silica (ether/hexane/methanol, 

5:4.5:0.5) to afford 0.9 g (52.9%) of 1.l-diC3-pyridyl)ethylene 

(Formula ill: R3:R4=H;R5:R6=3-pyridyl). 

(c) A reaction mixture containing benzo[b]quinolizinium per-

chlorate (1.15 g; 4.12 mmol) and l,l-di(3-pyridyl)ethylene 

(0.9 g; 4.94 mmol) in nitromethane was heated to reflux under 

nitrogen for 120 h. The reaction mixture was cooled, concentrated 
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in vacuo, the residue was treated with 300 ml warm methanoV­
acetonitrile (3:1) and activated charcoal, and the mixture was 
filtered. The filtrate was concentrated in vacuo and the residue was 
triturated with ether to yield 1.2 g (63.1 %) of 6.11-ethano-12.12-di­
Q-pvridyl)-6, 11-dihydrobenzo[blquinolizinium perchlorate 
(Formula I: Rl:R2:R3:R4=R7=H;R5:R6=3-pyridyl;X-=Cl04-). 

(d) 6,11-Ethano-12,12-di(3-pyridyl)-6,ll-dihydrobenzo[b]­
quinolizinium perchlorate (1.2 g; 2.6 mmol) was further purified by 
chromatography on silica (1:2 ethanol/PAW), passed through 
Dowex® lx2-200 resin (CI·), and then treated with 10% potassium 
hexafluorophosphate solution to yield 1.1 g (83.3%) of 6.11-ethano-
12. 12-diC3-pyridvD-6. 11-dihvdrobenzo[b]quinolizinium 
hexafluorophosphate (Formula I: R l:R 2=R 3=R 4=R 7 =H; 
R5:R6=3-pyridyl;X·=PF6-). 

(e) The above hexafluorophosphate (1.05 g, 2.06 mmol) was 
converted to the corresponding chloride by passing the salt through 
Dowex® lx.2-200 resin (Cl-) to afford 540 mg (65.8%) of 
6. l 1-ethano-12. 12-diC3-pyridyl)-6, 11-dihydrobenzo[b]quinolizinium 
chloride (Formula I: Rl:R2:R3:R4=R7=H;R5:R6=3-pyridyl; 
X-=Cl·), m.p. 225.C(d). 

Example 43 

(a) To a suspension of methyltriphenylphosphonium bromide 
(31.36 g; 0.0878 mol) in 500 ml ether was added at -3o·c 10 M 
n-butyllithium in hexane (8.78 ml; 0.078mol), the mixture was 
heated to warm and then stirred at room temperature for 1 h. To 
the above mixture was added 21 g (0.0836 mol) of 1,1-di(p-chloro­
phenyl)ketone in 50 ml tetrahydrofuran and the mixture was 
refluxed for 1 h, cooled, and filtered. The above filtrate was added 
to ammonium chloride solution, the resulting mixture was extracted 
with ethyl acetate (3 x 150 ml), the organic layer was dried over 
sodium sulfate, and concentrated in vacuo to afford 22 g of crude 
l, 1-di-(p-chlorophenyl)ethylene, (Formula m: R 3=R 4=H; 
R5=R 6=4-Cl-phenyl), as an off-white solid. 
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·~(b) A reaction mixture containing benzo[b]qu.inolizinium 

/hexafiuorophosphate (3 g; 9.8 mmol) and 1,1-di(p-chloro-

·t'- phenyl)ethylene (3.64g; 14. 7 mmol) in 60 ml nitromethane was 

heated to reflux under nitrogen for 3 h. The reaction mixture was 

cooled, filtered, and the filtrate was concentrated in vacuo .. The 

;. · dark residue was triturated with ether, filtered, and dried to give a 

pale brown solid product which was recrystallized from methylene 

chloride/ethyl acetate to afford 3.8 g (62.3%) of 6.11-ethano-

,V. 12-di(p-chlorophenyD-6. 11-dihydrobenzo[b]guinolizinium 

h,exafluorophosphate (Formula I: Rl=R~R3=R4=R7=H; 

R5=R6=4-Cl-phenyl;X-=PF6·), as a white solid, m.p. 212-1s·c. 

f:xample 44 
(a) To a suspension of methyltriphenylphosphonium bromide 

. . 
(30.96 g; 0.0825 mol) in ether (500 ml) was added at -30 C 10 M 

n-butyllithium in hexane (8.66 ml; 0.0866 mol) and the mixture was 

heated to stir at room temperature for 1 h. To the above mixture 

was added 20 g (0.0825 mol) of 1,1-di(p-methoxyphenyl)ketone in 

50 ml THF over a 4 min period and the mixture was refluxed for 

1 h and cooled. The above reaction mixture was filtered and 

ammonium chloride solution was added to the filtrate. The above 

mixture was extracted with ethyl acetate (3 x 150 ml), the organic 

layer was dried over sodium sulfate and concentrated in vacuo to 

afford 20.2 g of crude 1.1-di-(p-methoxyphenyl)ethylene 

(Formula ID: R3:R4=H;RS=R6=4-0CH3-phenyl). 

(b) A reaction mixture containing benzo[b]quinolizinium 

hexafluorophosphate (3.52 g; 14.7 mmol) and 1,1-di(p-methoxy­

phenyl)ethylene (3.52 g, 14.7 mmol) in 60 ml nitromethane was 

heated to reflux under nitrogen for 18 h. The reaction mixture was 

cooled, filtered, and the filtrate was concentrated in vacuo. The 

resulting brown residue was triturated in ether, the gray powder 

was dissolved in 10 ml methylene chloride, 100 ml ethyl acetate, and 

hexane and the resulting solution was concentrated in vacuo to 

remove methylene chloride. Upon cooling the solution, an off-

whi te solid formed, was filtered and dried to afford 4 g (66%) of 
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:.jJt-ethano-12.12-di(p-methoxyphenyl}-6.11-dihydrobenzo[bJ-

.- inolizinium hexafluorophosphate (Formula I: __ 

-~:::R2--R3:R4=R7=H;R5=R6=4-0CH3-phenyl;X-=PF6-)· 

'3ample 4.5 
(a) To a mixture of 5 g (0.024 mol) of p-trifluoromethylbenzoyl 

chloride in 100 ml THF was added in portions 3 g (0.027 mol) of 

LAfi, stirred at room temperature for 2 h, then refluxed for 2 h and 

cooled. To the reaction mixture was added 3 ml water, 3 ml 15% 

Na OH solution, and 9 ml water and the resulting mixture was 

refluxed for 10 min, cooled, and filtered. The filtrate was 

concentrated in vacuo to afford 5.5 g (100%) of p-trifluoromethyl­

~nzyl alcohol, as a clear oil. 

(b) A mixture of 5.5 g of p-trifluoromethylbenzyl alcohol in 

50 ml 48% HBr was heated on a steam-bath for 6 h with stirring, 

and cooled. Water (100 ml) was added to the above mixture, and 

the aqueous layer was extracted with ether, and the organic layer 

was concentrated in vacuo to afford 4.8 g of p-trifluoromethyl­

benzvl bromide. 

(c) A mixture of 4.8 g (0.02 mol) of p-trifluoromethylbenzyl 

bromide and 3 g (0.019 mol) of 2-(2'-pyridyl)-1,3-dioxolane was 

heated to stir at room temperature 2 days, then filtered. The solid 

residue was washed with ether and dried in vacuo to afford 6 g 

(76.9%) of 1-(p-trifluoromethylbenzyl)-2-(1.3-dioxolon-2-yl)­

pvridinium bromide (Formula VI: Rl=R2=H;R7=4-CF3;Z- Br) 

(d) A mixture of 1-(p-trifluoromethylbenzyl)-2-(1,3-dioxolan-

2-yl)pyridinium bromide (5 g; 12.8 mmol) in 50 g of poly­

phosphoric acid and 5 g of methanesulfonic acid was heated to 

110 • C overnight. The reaction mixture was cooled, poured into 

water, and treated with 6 g of potassium hexafluorophosphate in 

water. The solid product was filtered and dried to afford 3.05 g 

( 60%) of 9-trifluoromethyl)benzo(blquinolizinium hexafluoro­

Rhosphate (Formula II: Rl=R2=H;R7=9-CF3;X-=PF6·). 

(e) A reaction mixture containing 9-trifluoromethylbenzo[b]-

quinolizinium hexafluorophosphate (2 g; 5 mmol) and 1,1-diphenyl-
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~~Jene (1.8 ~; 10 mmol) in 30 ml nitrom~than~ was heated to 

(leflux under rutrogen for 3 days. The reaction nuxture was cooled 

}:•d filtered through a plug~ silica gel (with 150 ~ accto~trile), 

._f tho filtrate was concentrated m vacuo, and the resulting residue 

x· dissolved in 10 ml acetonitrile was passed through Dowex® lx2-200 

·· {CI·). The eluate was treated with 1 g of activated charcoal, 

filtered, and the filtrate was washed with 50 ml ether, and the 

aqueous solution was concentrated in vacuo. The white solid residue 

was crystallized from water and dried in vacuo to afford 3.04 g of 

~ l 1-ethano-12. 12-diphenyl-9-trifluoromethyl-6. 11-clihydro­

~nzofblguinolizinium chloride 1/4 hydrate 

(Formula I: Rl:R2=R3:R4=H;R5:R6=phenyl;R7=9-CF3;X-=CI-), 

as a white solid, m.p. 1so·c (softens). 

Example 46 

(a) To a suspension of methyl triphenylphosphonium bromide 

(29.44 g; 0.0785 mol) in 500 ml ether was added at -3o·c 10 M 

n-butyllithium in hexane (8.24 ml; 0.0824 mol) and the mixture was 

heated to warm and stir at room temperature for 1 h. To the above 

mixture was added 25 g (0.0785 mol) of 3,3'-bis(trifluoromethyl)­

benzophenone in 50 ml tetrahydrofuran and the mixture was 

refluxed for 1 h, cooled, filtered, and concentrated in vacuo. The 

above residue was chromatographed on silica (hexane:CH2Ch 2: 1) 

to afford 22.3 g (89.9%) of 1.1-di-(m-trifluoromethylphenyl}­

ethvlene (Formula ID: R3=R4=H;R5:R6=3-CF3-phenyl), 

as a yellow liquid. 

(b) A reaction mixture containing benzo[b ]quinolizinium 

hexafluorophosphate (4 g; 13 mmol) and 1,1-di(m-trifluoromethyl­

phenyl)ethylene (4.95 g; 15.6 mmol) in 55 ml nitromethane was 

heated to reflux under nitrogen for 24 h. The reaction mixture was 

coole~ filtered, and the filtrate was concentrated in vacuo. The 

solid product was triturated with ether, filtered, and dried to yield a 

tan powder. The product was purified by chromatography on silica 

eluting with methanol/methylene chloride (8:92) to afford 8.lg 

(90.3%) of 6.11-ethano-12.12-di(m-trifluoromethylphenyD-
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~t 1-dihydrobenzofblguinolizinium hexafluorophosphate 

(FotIIlula I: Rl:R2:R3=R4=R7=H;R5:R6=3-CF3-phenyl;X- PF6-). 

(c) 6,ll-Ethano-12,12-di(m-trifluoromethylphenyl)-6,ll-di­

hydrobenzo[b]quinolizinium hexafluorophosphate (8 g: 11.S mmol) 

was converted to the corresponding chloride by passing the salt 

through Dowex® lx2-200 (CI-) (70 g) to afford 2.63 g (42.7%) of 

~ 1l-ethano-12.12-di(m-trifluoromethylphenv n-6. 11-dihydro­

~nzo[bJquinolizinium chloride (Formula I: Rl=R2=R3=R4=R~=H; 

R5=R6=3-CF3-phenyl;X-=CI-), as a tan powder, m.p. 155-160 C. 

sxample 47 
(a) To a mixture of 12.7 g (0.099 mol) of 2-thienylcarboxylic 

acid, 8.33 g (0.099 mol) of thiophene, and 34.9 ml Amberlyst-15 in 

250 ml nitromethane was added 34.9 ml (0.24 7 mol) of trifluoro­

acetic acid at room temperature and stirred for 14 h. The reaction 

mixture was filtered, the filtrate was concentrated in vacuo, and a 

green oil residue was chromatographed on silica (hexane/methylene 

chloride 1:1) to afford 8 g (41.6%) of di-(2-thienyllketone, as white 

needles. 
(b) To a suspension of methyl triphenylphosphonium bromide 

(15.46 g; 16.8 mmol) in 250 ml ether was added at -3o·c 10 M 

n-butyllithium in hexane (4.3 ml; 43 mmol) and the mixture was 

heated to stir at room temperature for 1 h. To the above mixture 

was added 8 g (41 mmol) of l,l-di(2-thienyl)ketone in 30 ml tetra­

hydrofuran over a 3 min period, the mixture was stirred at room 

temperature for 1 hand then filtered. To the above reaction 

mixture was added saturated ammonium chloride solution, and the 

mixture was extracted with ethyl acetate (3 x 100 ml). The organic 

layer was separated, washed with water, dried, and concentrated 

in vacuo to afford l.1-diC2-thienvl)ethylene 

(Formula ill: R3=R4=H; R5:R6=2-thienyl), as a brown oil. 

(c) A reaction mixture containing 6-methylbenzo[b]quinolizinium 

perchlorate (0.84 g; 2.86 mmol) and l,l-di(2-thienyl)ethylene 

(0.768 g; 4 mmol) in 50 ml nitromethane was heated to reflux under 

nitrogen for 14 h. The reaction mixture was cooled, filter~ and 
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_;;~;:die solid product was triturated with ether, filtered, and dried. The 

~-solid product was recrystallized from methylene chloride/ethyl 

f acetate to yield 6.11-ethano-12.12-diC2-thieny1l-6-methyl-6.1 l-di­

;_ 1a,t4robenzo[blquinolizinium perchlorat~ (Formula I: 

::·,· Jtl=R3=R4=R7=H;R2=CH3;R5=R6=2-thienyl;X-=Cl04-). 

f. (d) 6,l l-Ethano-12,12-di(thienyl)-6-methyl-6, 11-dihydro­

.L benzo[b ]quinolizinium perchlorate was converted to the 

,f corresponding chloride by passing the salt through Dowex® 

> l:<Z-200 (CI-) (55 g) to afford 0.595 g (49.4%) of 6. 11-ethano-

12· 12-di(2-thienyl)-6-methyl-6. 11-dihydrobenzofblquinolizinium 

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

R5=R6=2-thienyl;X-=Cl-), as an off-white solid, m.p. 173-180 C. 

example 48 
.· (a) A reaction mixture containing benzo[b]quinolizinium 

{- hexafluorophosphate (3.06 g; 10 mm.cl) and l,l-di(2-thienyl)­

ethylene (2.2 g; 11.4 mmol) in 50 ml nitromethane was heated to 

reflux under nitrogen for 14 h. The reaction mixture was cooled, 

filtered, and the brown solid product was tritu.rated with ether, 

filtered, and dried to yield a brown powder which was triturated 

with ethyl acetate/ether. The solid product was dissolved in aceto­

nitrile, treated with activated charcoal, filtered and the solvent was 

concentrated to afford 2.3 g (40.5%) of 6.11-ethano-12.12-di 

(2-thienyl)-6, 11-dihydrobenzo[bJquinolizinium hexafluorophosphate 

(Formula I: Rl:R2=R3=R4=R '=H;RS=R 6=2-thienyl;X-=PF6-). 

(b) 6, l 1-Ethano-12,12-di(2-thienyl)-6, 11-dihydrobenzo[b]­

quinolizinium hexafluorophosphate (2.3 g: 4 mmol) was converted 

to the corresponding chloride by passing the salt through Dowex® 

lxl-200 (CI-) (60 g) to afford 0.86 g (53%) of 6.11-ethano-

12. 12-di{2-thieny1l-6. 11-dihydrobenzo[b lguinolizinium chloride 

(Formula I: Rl:R2=R3=R4=R7=H;R5:R6=2-thienyl;X-=CI-), 

as an off-white solid, m.p. 162-168.C. 



l .. 

....... 

··-··--···-----····· ----------------

-85-

: ~~~-' Esarnple 42 . . . . 

<:: (a} To a suspension of 4-bromopyndine hydrochlonde (21 g, 

__ ) 0.1 IOOl) in 300 ml ether was added 200 ml sarurated sodium 

;:: -· bicarbonate and the mixture was stirred for S min. The organic 

layer was dried over sodium sulfate and concetrated in vacuo to 

afford 15.1 g (89.~%) of 4-bromopyridine. 

(b) To a solution of n-butyllithium (2.5 M, 39 ml, 0.096 mol) in 

300 ml ether cooled to -1s·c was added 4-bromopyricline (15.1 g, 

0.095 mol) in 100 ml ether at such a rate to maintain the internal 

teIOperature below -S0°C. The resulting mixture was stirred at 

-7s'C for 15 min, and N-methyl-N-methoxyurethane (5.8 g, 

0.043 mol) in 25 ml ether was added over a 20 min period, and the 

mixture was warmed to room temperature and then stirred for 2 h. 

The mixture was quenched with 300 ml water and the layers were 

separated. The organic layer was extracted with 6 N HCI solution, 

and the aqueous layer was basified with 10% NaOH solution. The 

basic solution was extracted with chlorofo~ the organic layer 

dried over sodium sulfate, concentrated in vacuo, and purified by 

chromatography on silica (ethyl acetate) to afford 3.9 g (48.7%) of 

di-( 4-pyridyl)ketone. 

(c) A suspension of methyl triphenylphosphonium bromide 

(6.4 g; 18 mmol) in 75 ml ether was added at o·c to n-butyllithium 

in hexane (7.2 ml; 18 mmol) and the mixture was heated to stir at 

room temperature under nitrogen for 1 h. To the above mixture 

was added 3 g (16 mmol) of l,l-di(4-pyridyl)ketone in 20 ml tetra­

hydrofuran over a 10 min period and the mixture was stirred at 

room temperature for 30 minutes. The above reaction mixture was 

quenched with water and stirring. The organic layer was 

separated, dried over sodium sulfate, and concentrated in vacuo. 

The residue was purified by chromatography on silica eluting with 

ethyl acetate/methylene chloride/methanol (7:2:1) to afford 2.2 g 

(73.3%) of 1.1-di( 4-pyridyl)ethylene 

(Formula ill: R3:R4=H; R5=R6=4-pyridyl). 

(d) A reaction mixture containing benzo[b]quinolizinium 

:: 35 perchlorate (1.8 g; 6.4 mmol) and l,l-di(4-pyridyl)ethylene (2.1 g; 

·:-:. · .. 
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/J1.5 minol) in 75 ml nitromethane was heated to reflux under 

~: 'j)juogen for 48 h. The reaction mixture was cool~ concentrated, 

:·:· lhe residue was treated with boiling water and the mixture was 

: filtered. The residual mixture was treated with charcoal and hot 

. methanol, filtered, and the filtrate was concentrated in vacuo. The 

residue was further purified by chromatography on silica to afford 

280 mg (9.4%) of 6.11-ethano-12.12-diC4-pyridvl)-6.11-dihydro­

~nzofblguinoliziniurn perchlorate 

(Formula I: Rl:R2:R3:R4=R7=H;R5=R6=4-pyridyl;X-=CI04-) .. 

(e) 6,ll-Ethano-12,12-di(4-pyridyl)-6,ll-dihydrobenzo[b]­

quinolizinium perchlorate (280 mg; 0.61 mmol) was converted to 

the corresponding chloride by passing the salt through Dowex® 

lx2-200 resin to afford 220 mg (9.4%) of 6.l 1-ethano-12.12-di 

( 4-pvridvD-6. 11-dihvdrobenzo [b]guinolizinium chloride 

(Formula I: Rl:R2:R3=R4=R7=H;R5:R6=4-pyridyl;X·=CI·). 

Example 50 

(a) A reaction mixture containing 6-methylbenzo[b]quinolizinium 

perchlorate (2.1 g; 7.1 mmol) and l,l-di(3-furyl)ethylene (1.7 g; 

10.1mmol)in50 ml nitromethane was heated to reflux under 

nitrogen for 16 h. The reaction mixture was cooled, concentrated 

in vacuo, and the residue was triturated with 100 ml ethyl 

acetate/methanol (5: 1 ). The solid product was filtered, washed with 

methanol, water, ether, and methanol to afford 1.5 g (46.8%) of 

6, l l-ethano-12.12-di(3-furanyl)-6-methyl-6. 11-dihvdrobenzofbl­

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

R5:R6=3-furanyl;X·=CI04·). 

(b) 6,11-Ethano-12,12-di(3-furanyl)-6-methyl-6,ll-dihydro­

benzo[b]quinolizinium perchlorate (1.5 g; 3.3 mmol) was converted 

to the corresponding chloride by passing the salt through Dowex® 

lx2-200 (CI-) resin to afford 1.0 g (77.5%) of 6.11-ethano-

12, l 2-diC3-furanyD-6-methyl-6. 11-dihvdrobenzo [b]guinolizinium 

chloride (Formula I: Rl=R3:Rl l:R7=H;R2=CH3; 

R5:R6=3-furanyl;X-=CI-), m.p. 180-84.C(d). 
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./~pie 51 . . . . . 

~:(a) To a suspension. of NaH ( 4. 7. g of 60% disp ~ oil) m D~ 

:' · (150 ml) was added cyclopropyl tnphenylphosphom~ br~IDide 

"-~:~ (44 g) and anhy<!1'°us ethanol (10 drops). The resulting mixture 

~1:· 11as heated at 68 C for 4 h and then 23 g of benzophenone was 

. · •. ;:· added in one portion and the reaction mixture was stirred under 

nitrogen at 70 • C for S h. The mixture was cooled to room 

teIIlperature and stirred overnight under nitrogen. Water (300 ml) 

and 500 ml hexane were added to the mixture, stirred for 10 min, 

and the organic layer was dried over sodium sulfate and 

concentrated in vacuo to afford 6.8 g (28.8% in 2 crops) of 

giphenylmethylenecyclopropane (Formula ill: R3 and R4 together 

form a cyclopropyl ring; R5=R6=phenyl) after chromatography on 

silica (hexane). 

(b) A reaction mixture of 6-methylbenzo[b ]quinolizinium per­

chlorate (2.4 g; 8.2 mmol) and diphenylmethylenecyclopropane 

(3.12 g; 15 mmol) in nitromethane (75 ml) was heated to reflux 

under nitrogen for 48 h. The reaction mixture was cooled, 

concentrated in vacuo, and the residue was triturated with 

ether/ethyl acetate (5:1), and filtered. The solid product was 

purified by chromatography on silica eluting with methylene 

chloride/ethyl acetate/methanol (7:2:1) to yield a brown foamy 

solid. The product was treated with warm methanol/acetonitrile 

(5: 1) and activated charcoal and filtered. The filtrate was 

concentrated in vacuo to give 2.0 g (48.8%) of 6.11-ethano-

12. 12-diphenyl-6-methyl-13, 13-(spiropropane)-6. 11-dihydro­

benzofblquinolizinium perchlorate (Formula I: Rl:R7-H;R2=CH3; 

R3 and R4 together form a cyclopropyl ring; R5=R6=phenyl; 

X·=CI04-). 



·. ·. 

·<. "i. 
'· 

~ . 
.'.· ··:-
~-:. ~: . 

... 
:..-. 

-~ 

-88-

~ 6, 1l-Ethano-12,12-diphenyl-6-methyl-13,13-(spiropropane )­

''j l..dihydrobenzo[b ]quinolizinium perchlorate (2.0 g; 4 mmol) was 

. . verted to the corresponding chloride by passing the salt through 

ex® lx2-200 (CI-) resin to afford 6.ll-ethano-12.12-diphenyl­

;/~~y~-~3. 13-(sp~ocyclopropane)-6. 1 l-dihydrobenzofbl­

:~:(OiJ1ohzlnlum chlonde (Formula I: Rl=R7=H;R2::CH3;R3 and 

-~'.;.:It' together f~rm a cyclopropyl ring; R5:R6=phenyl;X-=CI·), 

-: oi.P· 184-189 C. 

Th1ii11if i 1iii1l1iif lif~ied 
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.: A IJJixture of 2-pyridinecarboxaldehyde (300 g), 300 ml 

.: tene glycol, 31 toluene and 100 g p-toluenesulfonic acid in a S 1 

. · iJieck-flask equipped with a Dean-Stark head was refluxed for 4 ~ 

.)iprating the water formed. The mixture was concentrated 

,-·.;. cuo to 1/2 of its volume, and poured into a 5 l flask containing 

.:}1·cold (5 • C) sodium bicarbonate solution. The aqueous layer was 

Jextracted with methylene chloride (3 x 500 ml), the combined 

'FOr8anic layer was dried over sodium sulfate, and concentrated 

ilo.-vacuo. to yield a dark oiL The oil was distilled .<1 mm/-

§J 100-110 C) to afford 349.1 g (82.4%) of 2-(1.3-dioxolan-2-yll-

;li:·widine. 
-~: (b) A reaction mixture of 249.5 g (1.65 mol) of 2-(1,3-dioxolan­

~i·· 2-yl) pyridine and 339 g (1.98 mol) of benzyl bromide was heated 

. ·\: briefly with stirring on a steam-bath to 50 • C. After an exothermic 
. ;":· . . 
i' reaction (125 C), the mixture was heated at 100 Con a steam-bath 

for 1 h to afford 533 g (1.65 mol) of l-benzvl-2-(1.3-dioxolan-

2-vl)pvridinium bromide (Formula VI: Rl=R2=R7=H;Z-=Br). 

(c) To 1-benzyl-2-(1,3-dioxolan-2-yl)pyridinium bromide 

(l.65 mol) was added 1148% HBr and 11 acetic acid with stirring 

and the mixture was heated on a steam-bath at 95•c for 7 h. The 

mixture was concentrated in vacuo, the oil residue was combined 

with 2 I isopropyl acetate/isopropyl alcohol (1:1), and the solution 

was cooled. The yellow solid was filtered, washed with ethyl acetate 

and dried to afford 292 g (68%) of benzofbJquinolizinium bromide, 

(Formula II: Rl:R2=R7=H;X·-Br), as a light yellow solid. 

(d) To cooled (-78.C) solution of 3-bromothiophene (16.3 g, 

0.1 mol) in THF (100 ml) was added under nitrogen, n-butyllithium 

(2.5 M, 40 ml) and to the above mixture was added N-methyl­

N-methoxyurethane (6.28 g, 0.047 mol) in 5 ml THF over a 0.5 h 

/eriod and the mixture was allowed to warm to room temperature. 

The mixture was quenched with saturated ammonium chloride 

soiution and the aqueous layer was extracted with ether. The 

'.:.Jmbined organic layer was dried over magnesium sulfate, 

··-· ~ ~ 
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concentrated in vacuo, and the oil residue was crystallized from 

roethanol to afford 1.465 g (16%) of 1.1-di-(3-thienyllketone, 

in.P· 1s-so·c. 
Alternatively, 1,1-di-(3-thienyl)ketone was prepared as 

follows: 
To 100 ml THF cooled to -1s·c under nitrogen was added 

2.5 M n-b~tyllithium (36 ml), and 14.67 g (0.09 mol) of 3-bromo­

thiophene was added and the resulting mixture was stirred for 

30 min. To the above mixture was added 3-thiophene­

carboxaldehyde (10 g, 0.089 mol) in 10 ml THF and the mixture 

was stirred, allowing it to reach room temperature. Saturated 

ammonium chloride solution was added to the reaction mixture, the 

aqueous layer was extracted with ether, and the combined organic 

layer was concentrated in vacuo to yield 17.26 g (98.9%) of 1.1-di­

(3-thienyl)methanol, as an oil. 

Chromium trioxide (1.4 g) was dissolved in 12 ml water and 

24 ml acetic acid, and the resulting mixture was added dropwise to 

1,1-di(3-thienyl)methanol in 30 ml acetic acid over a 1 h period. 

The above mixture was stirred for 1 h with cooling (20 • C) in an 

ice-water bath. The mixture was diluted with 150 ml water, 

extracted with methylene chloride, and the organic layer was 

washed with saturated sodium bicarbonate solution, dried over 

sodium sulfate, and concentrated in vacuo to yield an oil, which was 

crystallized in methanol to afford 1.85 g (47.7%) of 1.1-di 

L3-thienyl)ketone, as a solid, m.p. 79-81 • C. 

{e) To a suspension of methyl triphenylphosphonium bromide 

(15.7g; 44 mmol) in 75 ml ether was added under nitrogen at o·c 
2.5 M n-butyllithium in hexane (17.6 ml; 43 mmol) dropwise 

(<5.C) and the mixture was allowed to warm and stir at room 

temperature for 1/2 h. To the above mixture was added 7.85 g 

( 44 mmol) of di(3-thienyl)ketone in 50 ml tetrahydrofuran 

dropwise and the mixture was stirred at room temperature for 

1/2 h. To the above reaction mixture was added 20 ml acetone, 

~- concentrated in vacuo. and the residue was partitioned in 
: 35 

,1, water/methylene chloride and methylene chloride was distilled 
··~ 
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;:j..,vncoo· The oil residue was distilled (0.02 mm/95-100 C) to 

1 afford 5.944 g (77.3%) of l.l-diC3-thicnyllethylene -

_Ak(fonnula ID: ~3=R:=H;RS=R~~-thienyl), as a ~ol~rl.e~s oil. 

· :~t ({) A reacnon nu.xture contammg be~[b J~wnolizinium 

.. ;. perchlorate (0.839 g; 3 mmol) and l,l-di(3-thienyl)ethylene 

-~f (0.68 g; 3.54 mmol) in 2 ml acetonitrile was allowed to reflux 

.:;f under nitrogen with stirring for 21 h. The reaction mixture was 

:if concentrated in vacuo, the residue was stirred in methylene· 

·i'.r'. chloride, and the white solid (975 mg) was filtered. The above solid 

;1·,' was triturated in methanol (15 ml), ~ssolved in water and passed 

,;t';' through Dowex® lx2x200 (CI-) resin, the eluent was concentrated, 

and the residue was washed with acetonitrile and ether to afford 

459 mg (58.6%) of 6.11-ethano-12. 12-diC3-thienyD-6. 11-dihvdro­

~nzoCblquinolizinium chloride (Formula I: R l_R 2=R 3:R 4=R 7 =H; 

R5=R 6=3-thienyl;X-=Cl·). 

Example 53 
(a) To a suspension of 1,1-carbonyldiimidazole (90 g, 0.555 mol) 

in 400 ml THF at 0 • C was added dropwise formic acid 25.5 g 

(0.555mol)in100 ml THF over a 15 min period. The mixture was 

warmed to room temperature and stirred for 1.5 h. The resulting 

solution was added via a canula to the anion of methyl isocyano­

acetate (generated by addition of the methyl isocyanoacetate in 

15 ml THF to a suspension of potassium t-butoxide at 0 • C and 

stirring for 15 min) at o·c. During the addition (exothermic), the 

reaction mixture reached to 20 • C and the ice-bath was remov~ 

stirring was continued at room temperature for 1 h. The above 

mixture was quenched with 100 ml acetic acid followed by 200 ml 

of water, THF was removed in vacuo, and 1000 ml chloroform was 

added to the residual mixture. The.organic layer was washed with 

water (2 x 200 ml), saturated sodium bicarbonate solution 

(Ix 100 ml), water, brine, and dried over sodium sulfate and 

concentrated in vacuo. The resulting residue was chromatographed 

on silica (methylene chloride/hexane/ether 7:2:1) to afford 23.5 g 

(37%) of methyl 4-oxazolecarboxylate. 
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l:' (b) To a suspension of methoxymethylamine hydrochloride 

.· (2.3 g, 23.6 mmol) in 30 ml dichloroethane at o·c was added 

cfropwise 11.8 ml (23.6 mmol) of trimethylaluminum. The mixture 

was stirred at 0 • C for 20 min, and methyl 4-oxazolecarboxylate 

(1 g, 7.9 mmol) in 20 ml dichloroethane was added in one portion. 

Tue mixture was poured into an ice-cold solution of 0.5 N HCl/­

roethylene chloride (2:1) and stirred for 10 min. The aqueous layer 

was extracted with methylene chloride (2 x 50 ml), and the 

combined organic layer was washed with saturated ammonium 

chloride solution, dried over sodium sulfate, and concentrated 

in vacuo. The resulting residue was purified by chromatography on 

silica (methylene chloride/ethyl acetate/methanol 6:3:1) to afford 

1.0 g (81.9%) of 4-oxazolyl-N-methyl-N-methoxycarboxamide. 

(c) To a solution of 4-oxazolyl-N-methyl-N-methoxy­

carboxamide (2.76 g, 17.6 mmol) in 250 ml DME/fHF (2:1) and 

100 ml DME cooled to -7s·c, was added a 1 M solution of LAH 

(35.3 ml, 35.3 mmol) in THF over a 15 min period and the mixture 

was stirred at -78 • C for 1 h. After an additional addition of 35 ml 

of LAH solution, the mixture was stirred for 15 min, quenched with 

2.6 ml water, followed by 2 ml 10% NaOH solution and 2.6 ml 

water. The above mixture was stirred at room temperature for 

15 min, filtered, and the residue was washed with 600 ml 'MDC/­
acetone (2:1). The combined filtrate was concentrated in vacuo, and 

the residue was purified by chromatography on silica (MDC/ethyl 

acetate 6:1) to afford 0.62 g (36%) of 4-oxazolylcarboxaldehyde. 

(d) To a solution of oxazole (0.4 ml, 6.2 mmol) in 20 ml THF 

cooled to-7s·c under nitrogen was added 2.5 M n-butyllithium 

(2.5 ml, 6.2 mmol). The mixture was stirred at -78 • C for 30 min 

and a solution of 4-oxazolylcarboxaldehyde (0.6 g, 6.2 mmol) in 

25 ml THF was added dropwise. The resulting mixture was 

warmed to room temperature and stirred overnight The reaction 

mixture was quenched with a suspension of Dowex® 50x2-200 in 

methanol (20 ml) and stirred for 30 min, filtered, and the filtrate 

was concentrated in vacuo. The residue was dissolved in methylene 

chloride, dried over magnesium sulfate, and concentrated in vacuo. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill \111 



-- I -- ------- ---------------------------

-93 -

The resulting residue was purified by chromatography on silica (5% 

111ethanol in ~C) to afford 0.35 _g (33.9%) of 1.1-di(4-oxazolyD-

ro.ethanol. 
(e) To a suspension of chromium trioxide (1.35 g, 13.5 mmol) in 

75 ml methylene chloride at o·c was added 2.1 g (12.6 mmol) of 

pyridine and the mixture was allowed to warm to room temperature 

and stirred for 30 min. To the mixture was added l,l-di­

(4-oxazolyl)methanol (0.35 g, 2.1 mmol) in 10 ml MDC, and the 

mixture was stirred at room temperature under nitrogen for 

15 min. The mixture was diluted with 100 ml ethyl acetate, stirred, 

filtered through a pad of florisil (4 inches) eluting with 300 ml ethyl 

acetate to afford 0.15 g (43.4%) of l.l-di(4-oxazolyl)ketone, as a 

white solid. 
(f) To a suspension of methyltriphenylphosphonium bromide 

• 
(0.36 g; 1.01mmol)in10 ml THF was added under nitrogen at 0 C 

2.5 M n-butyllithium (0.4 ml, 1.01 mmol), and the mixture was 

stirred for 30 min. To the above mixture was added di( 4-oxazolyl)­

ketone (0.15 g, 0.92 mmol) in 10 ml THF and the mixture was 

stirred for 1 h. The mixture was quenched with 25 ml saturated 

ammonium chloride solution and 50 ml MDC was added and stirred. 

The organic layer was dried over sodium sulfate, concentrated 

in vacuo, and the residue was purified by chromatography on silica 

(hexane/ethyl acetate 2:1) to afford 0.05 g (33.3%) of 1.1-di 

[ 4-oxazolyl)ethylene (Formula fil: R3:R4=H;RS=R 6=4-oxazolyl). 

(g) A reaction mixture containing benzo[b]quinolizinium 

perchlorate (71 mg; 0.25 mmol) and l,l-di(4-oxazolyl)ethylene 

(0.05 g; 0.3 mmol) in 10 ml nitromethane was heated at 1oo·c for 

2 h under nitrogen. The reaction mixture was concentrated 

in vacuo and the residue was dissolved in 5 ml methanol and 

concentrated. The residue was triturated in 1 ml methanol, the solid 

product was filtered, washed with 2 ml cold methanol and 10 ml 

ether to afford 85 mg (75.8%) of 6.l 1-ethano-12.12-di(4-oxazolyl}-

6, 11-dihydrobenzofblquinolizinium perchlorate 

(Formula I: Rl:R2=R3:R4=R7=H;RS=R6=4-oxazolyl;X·::CI04-), as 

a white solid, m.p. 236-238.C. 
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~ample 54 . · · - . 
(a) To a solution of 4-picoline-N-oxide (20 g) in CH2C12 

(360 ml) was added TMSCN (26.5 ml}, stirred 5 minutes, added 
dimethyl carbamyl chloride (16.6 ml) was added slowly dropwise. 
The mixture was stirred at RT overnight, poured onto 400 ml H20, 
and 40 g NaC03. Separation of layers and evaporation of CH2Cl2 

gave 17.25 g of 2-cyano-4-methylroDdine-N-oxide, recrystallized 
from hexane, m.p. 95.9g·c. 
{b) To a solution of 2-cyano-4-methylpyridine-N-oxide (3.29 g, 
0.0279 mol) in 164 ml methylene chloride at .7g•c was added 
27.6 ml DIBAL(H) and the mixture was stirred at -7s9C for 2 h. 
To the above mixture was added 13 ml HCl (cone.) and 52 ml 
water, and the mixture was warmed to room temperature. To the 
aqueous layer was added sodium bicarbonate solution, the solution 
was extracted with ether, and the combined organic layer was 

1~ ·. concentrated in vacuo. The residue was purified by 
chromatography on silica (ether) to afford 0.5 g (14.8%) of 
4-methylpyridine-2-carboxaldehyde, as an oil. 
(c) A mixture of 1 g (8.26 mmol) of 4-methylpyridine-
2-carboxaldehyde, and 1.41 g (8.3 mmol) of benzyl bromide in 
10 ml sulf olane was stirred and heated on a steam-bath overnight. 
The resulting mixture was triturated (repeatedly) with ethyl acetate 
and the solvent was decanted to isolate a dark gum. This residue 
was dissolved in water, and washed with ether, and the aqueous 
solution was concentrated in vacuo to afford l-benzyl-4-methyl-
2.-formylpyridinium bromide. which was used without additional 
Purification .. 
(d) A mixture of l-benzyl-4-methyl-2-formylpyridinium 
bromide in 50 ml 48% HBr was heated to ioo·c overnight. The 
reaction mixture was cooled and the solvent removed in vacuo. The 
residue was added to water (20 ml), and treated with 6 g of sodium 
perchlorate in water (100 ml). The solid product was filtered, 
dissolved in methylene chloride/methanol, and was purified by 
chromatography on silica eluting with methylene chloride/methanol 
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(1:1) to afford 2-methylbenzofblquinolizinium perchlorate, 

(Formula n: Rl=2-CH3;R2=R7=H;X-=Br) as a brown oil. 

(e) The above 2-methylbcnzo[b]qainolizinium perchlorate and 

l,1-diphenylethylene (2 ml) in SO ml nitromethane was heated at 

110 • C under nitrogen overnight The reaction mixture was cooled, 

concentrated in vacuo, and the residue was purified by 

chromatography on silica eluting with acetonitrile/methylene 

chloride (from 1 :9 to 4:6) to afford 1 iO mg of 6. l 1-ethano-

12. 12-diphenyl-2-methyl-6. 11-dihvdrobenzo[b]quinolizinium 

perchlorate (Formula I: Rl=2-CH3;R2=R3=:R4=R7=H; 

R5=R6=phenyl;X·=CI04·), as a brown oil. 

Example 55 
(a) To a suspension of methyl tripbcnylphosphonium bromide 

(15.6 g; 44 mmol) in 200 ml ether cooled to -1o·c was added 

dropwise 2.2 M n-butyllithium in hexane (20 ml; 44 mmol) at -10 • C 

and the mixture was allowed to warm to room temperature. To the 

above mixture cooled to -1o·c was added 10 g (44 mmol) of 

1,1-di(m-chlorophenyl)ketone in one portion, and the mixture was 

stirred overnight at room temperature.. The mixture was quenched 

with water, extracted with ethyl aceta~ and the organic layer was 

washed with water, dried over sodium sulfate, and concentrated 

in vacuo to afford 11.55 g of an oil The oil was purified by 

chromatography on silica eluting with hexane to afford 6.5 g 

(65.3%) of 1.1-di(m-chlorophenvnethvlene (Formula m: 
R3=R4=H;R5:R6=3-Cl-phenyl), as a colorless oil. 

(b) A reaction mixture containing 1.7 g (6.5 mmol) of 

benzo[b ]quinolizinium bromide and 1, 1-di(m-chlorophenyl)ethy lene 

(6.5 g; 26 mmol) in 25 ml acetonitrile/mcthanol (1:1) was allowed 

to reflux under nitrogen for 40 hours. The reaction mixture was 

cooled, concentrated in vacuo, and the residue was purified by 

chromatography on silica (ethyl acetate/ethanol 1:1) to afford 2.15 g 

(65%) of a white solid. The white solid was added to a mixture of 

75 ml water, 75 ml methane~ and Do\\'CX® lx2-200 (CI·), and the 

resulting mixture was heated with stirring and poured on Dowex® 
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,,, 1x2-200 (CI·) resin column to afford 1.2 g (36.3%) of 6.11-ethano­
.;::: .. .iz.12-di(m-chlorophenyll-6. 11-dihydrobenzofblguinolizinium 
'l .· '1Jloride (Formula I: Rl-R2=R3:R4=R7=H;RS:R6=3-Cl-phenyl; 

x-=CI·). 

~ample 56 
A reaction mixture containing 0.5 g (1.6 mmol) of 

benzo[b]quinolizinium hexafluorophosphate, 0.001 g of p-tolucne­
sulfonic acid, and 1-phenyl-1-ethynylmcthanol (0.9 g; 6.4 mmol) in 
10 ml nitromethane was heated to reflux under nitrogen for 4 h. 
The reaction mixture was cooled, concentrated in vacuo, and the 
residue (4.1:1 mixture of isomers) was purified by chromatography 
on silica (methanol/methylene chloride 1:10) to afford 95 mg 
(13.6%) of 6.l l-ethano-12-phenyl-12-ethynyl-6.11-dihydro­
benzorblguinolizinium hexafluorophosphate (Formula I: 
Rl:R2=R3=R4=R7=H;RS=-C--CH;R6=phenyl;X-=PF6·), 

• single isomer, as a brown solid, m.p. 101-106 C. 

Example 57 
(a) To a solution of 45.04 g (0.66 mol) of furan in 300 ml ether 
was added 36.3 ml (0.363 mol) of 10 M n-butyllithium at -2o·c and 
the mixture was warmed to 0 • C and stirred for 1 h. The above 
mixture was cooled to -1s·c and N-methyl-N-methoxyurethane 
(22 g, 0.165 mol) in 20 ml ether was added dropwise over a 20 min 
period and the resulting mixture was allowed to warm to room 
temperature for 1 h. The reaction mixture was quenched with 
100 ml ammonium chloride solution, extracted with ether 
(2 x lOOml), and the organic layer was dried over sodium sulfate 
and concentrated in vacuo to yield an oil. The above oil was 
Purified by chromatography on silica (methylene chloride) to afford 
26.S g (95%) of 1.l-di(2-furyllketone, as a pale oil. 
(b) A suspension of methyl triphcnylphosphonium bromide 
(11.56 g; 32.3 mmol) in 100 ml ether was added at -3o·c 10 M 
n-butyllithium in hexane (3.23 ml; 32.3 mmol) and the mixture was 
allowed to stir at room temperature for 1 h. To the above mixture 
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was added S g (30.8 mmol) of l,l-di(2-furyl)ketone in 15 ml 

tetrahydrofuran in 1 min and the mixture was refluxed. The above 

roixture was cooled, filtered, and concentrated to yield 4.92 g 

(100%) of 1.1-diC2-furyl)ethylene 

(Formula ill: R3:R4=H; R5=R~2-Furyl). 

(c) A reaction mixture containing benzo[b]quinolizinium 

hexafluorophosphate (5 g; 16.3 mmol) and l,l-di(2-furyl)ethylene 

(4.92 g; 30 mmol) in 100 ml nitromethane was allowed to reflux 

under nitrogen for 15 min. The reaction mixture was cooled, 

triturated in ether for 20 ~ and the solvent was decanted to yield 

a brown powder. The above solid was purified by two 

chromatographic purifications on silica (acetonitrile/methylene 

chloride, 1:9) to afford 1.2 g (15.1 %) of 6.1 l-ethano-12.12-di­

(2-furanyl)-6. 11-dihydrobenzofblguinolizinium hexafluoro­

phosphate (Formula I: Rl:R2:R3:R4=R7=H;R5:R6=2-Furyl; 

x-=PF6·), as a solid. 

(d) 6,ll-Ethano-12,12-di(2-furanyl)-6,ll-dihydrobenzo[b]­

quinolizinium hexa.fluorophosphate (1.2 g; 2.47 mmol) was 

converted to the corresponding chloride by passing the salt through 

Dowex® lx2-200 (Cl-) (60 g) to afford 0.91 g (98.9%) of 

6. 11-ethano-12. 12-di(2-furanyD-6. 11-dihydrobenzofbl­

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

R5:R6=2-Furyl;X-=Cl-), m.p. 136-141 ·c. 

Example 58 

(a) A suspension of methyl triphenylphosphonium bromide 

(31.22 g; 87.3 mmol) in 500 ml ether was added at -3o·c 10 M 

n-butyllithium in hexane (8.73 ml; 87.3 mmol) and the mixture was 

allowed to stir at room temperature for 1/2 h. To the above 

tnixture was added 15 g (83.2 mmol) of 9-fluorenone in 50 ml 

tetrahydrofuran and the mixture was refluxed for 1 h. The above 

tnixture was cooled to 0 • C, filtered, and concentrated to yield 11.3 g 

(76.3%) of 9-methylenefluorene (Formula ID: R3=R4=H;R5:R6 

together form a 9-fluorene ring). 
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(b) To a reaction mixture containing benzo[b]quinolizinium 

hexafluorophosphate (6 g; 19.6 mmol) in 100 ml_nitromethane was 

added 9-methylenefluorene (6 g; 19.6 mmol) and the mixture was 

refluxed under nitrogen for 1 h. After the addition of another 2 g 

of 9-methylenefluorene, the reaction mixture was refluxed for 1 h. 

To the refluxing solution an additional 4 g of 9-methylenefluorene 

was added and refluxed for an additional 20 min, cooled, and 

filtered. The filtrate was concentrated, the residue was triturated in 

water, and the solvent was decanted to yield a gray powder. The 

above powder was chromatographed on silica ( 11 % acetonitrile in 

methylene chloride) to afford 2.3 g (21.3%) of 6.11-ethano-

12. 12-spiro-9H-fluorenvl-6. 11-dihvdrobenzo [b]quinolizinium 

hexafluorophosphate, as a yellow foam. 

(c) 6,ll-Ethano-12,12-spiro-9H-fluorenyl-6,ll-dihydro-

benzo[b]quinolizinium hexafluorophosphate (2.3 g) was converted to 

the corresponding chloride by passing the salt through Dowex® 

lx2-200 (Cl-) (60g) to afford 6. l 1-ethano-12.12-spiro-

9H-fluorenvl-6. 11-dihydrobenzo[bJguinolizinium chloride 

(Formula I: Rl=R2=R3=R4=R7:H; ~ ), as a white 

solid, m.p. 236-242.C(d). 

Example 59 

(a) To a mixture of 10 ml {85.6 mmol) of 2-bromobenzaldehyde 

in 300 ml ether cooled to -4s9 C was added in portions 8.56 ml 

(85.6 mmol) of 10 M n-butyllithium in hexane over a 20 min 

period, and the reaction mixture was stirred at -20 for 1(2 h. To 

the above reaction mixture cooled to -2o·c, was added 8.98 ml 

(88.9 mmol) of 10 M n-butyllithium in hexane over a 10 min 

period, and the mixture was allowed to warm to room temperature 

and stirred for 1 h. The mixture was cooled to -2o·c, and 12.2 ml 
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(128 mmol) of 2-pyridinecarboxaldehyde was added rapidly and the 

atlxrure was allowed to warm to room temperature and stirred for 

1 h. The above reaction mixture was poured into 150 ml saturated 

ammonium chloride solution with stirring, the aqueous layer was 

extracted with ethyl acetate (3 x 200 ml), the combined organic 

layer was washed with brine, dried over sodium sulfate, and 

concentrated in vacuo to yield a brown oil. The oil was purified by 

chromatography on silica eluting with methylene chloride and then 

ether/hexane (9:1). The solvent was concentrated in vacuo, the 

brown oil was dissolved in methylene chloride/hexane, and removal 

of methylene chloride in vacuo to 1/2 of its volume afforded 19.3 g 

(83.2%) of 2-fl-hydroxy-6'-Cl-hvdroxypentyl)benzyl]pyridine 

(Formula X: Rl=R7=H;R2=n-butyl), as a yellow solid. 

(b) To a refluxing solution of 11.1 g (0.04 mol) of 2-[1-hydroxy-

6'-(l-hydroxypentyl)benzyl]pyridine in 250 ml benzene was added 

23.9 ml (0.14 mol) of triflic anhydride in 5 min, the mixture was 

heated for 65 min and then cooled. The reaction mixture was 

concentrated in vacuo, the residual oil was triturated in ether and 

decanted. The oil was chromatographed on silica (ethyl acetate/­

methylene chloride, 1:1) to afford an oil, which was treated with 

sodium perchlorate solution. The salt was triturated in hot water, 

decanted, and the residue crystallized on cooling. The above solid 

was crystallized (2x) from ethyl acetate/methylene chloride to 

afford 1.5 g (11 %) of 6-but;ylbenzo[b]guinolizinium perchlorate 

(Formula Il: Rl=R'=H;R2=n-butyl;X-=Cl04·), as a pale solid, 

m.p. 174-177.C. 

(c) A reaction mixture containing 6-butylbenzo[b]quinolizinium 

perchlorate (0.75 g; 2.2 mmol) and 1,1-diphenylethylene (0.6 g; 

3.3 mmol) in 50 ml nitromethane was allowed to reflux under 

nitrogen for 16 h. The reaction mixture was cooled, concentrated 

in vacuo and the resulting residue was triturated in ether to yield a 

brown powder. The solid product was dissolved in methylene 

chloride, filtered, and the filtrate was chromatographed on silica 

(15% acetonitrile in methylene chloride) to afford 400 mg (35.3%) 

I 
I 
I 
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of§., 1l-ethano-12.12-diphenyl-6-butyl-6. 11-dihydrobenzofbl­

gyinolizinium perchlorate (Formula I: Rl:R3:R4=R7.=H; 

R2=n-butyl;RS:R6=phenyl;X·=CI04·), m.p. 134-138 C. 

Example 60 --(a) A mixmre of 2-pyridinecarboxaldehyde (267g, 2.5 mol), 

ethylene glycol (310.35 g, S mol), and 118.8 g (0.62 mol) of 

p-toluenesulfonic acid in 1.5 1 toluene placed in a 3 1 flask fitted 

with a Dean Stark trap was allowed to reflux until the removal of 

water was complete. The mixmre was concentrated in vacuo and 

the residue was poured into 800 ml ice/10% potassium carbonate 

solution. The above mixture was extracted with ether 

(2 x 500 ml), and the organic layer was dried over sodium sulfate, 

filtered through an active charcoal/supercel and concentrated 

in vacuo to yield an oil. The oil was distilled (0.15 mm/90.C) to 

afford 109.7 g (29.3%) of 2-Cl.3-dioxolan-2-yllpyridine, as a pale 

yellow liquid. 

(b) To a solution of 75 g (0.3 mol) of 2,5-dibromotoluene in 11 

of carbon tetrachloride was added 58.73 g (0.33 mol) of NBS and 

50 mg of benzyl peroxide, and the resulting mixture was refluxed 

with stirring for 24 h. The mixture was cooled, and concentrated 

in vacuo. The residue was crystallized from hot methanol and 

washed with hexane to afford 54.S g (55.7%) of 2.5-dibromobeneyl 

bromide as a solid. 

(c) A mixture of 25.03 g (0.165 mol) of 2-(1,3-dioxolan-2-yl)­

pyridine and 2,5-dibromobenzyl bromide (54 g, 0.165 mol) in 

60 ml sulfolane was heated on a steam-bath for 6 h. The mixture 

was diluted with 600 ml ethyl acetate, cooled, and the resulting solid 

product was isolated by filtration. The above solid was triturated in 

300 ml ethyl acetate, the mixture was cooled, filtered and dried to 

afford 62.24 g (79%) of 1-(2.5-dibromobenzyll-2-Cl.3-dioxolan-

2-vl)pvridinium bromide (Formula VI: Rl:R2=H;R7=2,5-Br2; 

Z-=Br), as a yellow solid, m.p.135-139.C. 
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( d) A mixture of 400 g of 48% HBr and 52 g (0.125 mol) of 

l-(2,5-dibromobenzyl)-2-(1,3-dioxolan-2-yl)pyridiniwn bromide 

was heated at 1oo·c with stirring for 39 h. The mixture was cooled 

to room temperature and poured into 400 g of ice, stirred, and 

filtered. The filtrate was diluted with 300 ml water with stining 

and filtered to yield a yellow solid. The solid was dissolved in hot 

water, filtered, and treated with sodium perchlorate solution to 

afford 21 g (39%) of 7.10-dibromobenzo[blquinolizinium 

Rerchlorate (Formula JI: Rl:R2=H;R7=7,10-Br2;X-=CI04·), as a 

yellow solid, m.p. >27o·c. 

(e) A mixture of 2.5 g (6 mmol) of 7,10-dibromobenzo[b]­

quinolizinium perchlorate and 1.15 g (7.2 mmol) of l,l-di(3-furyl)­

ethylene in 50 ml nitromethane was refluxed for 20 min and cooled. 

The mixture was concentrated in vacuo, the residue (brown oil) was 

triturated in ether, and the resulting solid was crystallized from 

methanol to afford 3.49 g (99.7%) of 6.11-ethano-12.12-di­

(3-furyl)-7. 1O-dibromo-6.11-dihydrobenzo[blquinolizinium 

perchlorate (Formula I: Rl=R2-R3=R4=H;R5=R6=3-Furyl; 

R7=7,10-Br2;X-=Cl04·) as an off white solid, m.p. 174-179.C. 

Example 61 

(a) To a cooled (-78.C) ether solution containing n-butyllithium 

(2.5 M, 13 ml, 32.5 mmol) was added 5.2 g (31 mmol) of 2-bromo­

thiazole in 50 ml ether over a 30 min period, and the mixture was 

stirred (-78.C) for 1 h. N-Methyl-N-methoxyurethane (2.1 g, 

15 mol) in 25 ml ether was added to the above mixture over a 

15 min period, the resulting reaction mixture was stirred at -7s·c 

for 1 h, warmed to room temperature, and stirred for 2 h. The 

above mixture was quenched with 3 N HCl (200 ml) and stirred for 

15 min. The aqueous layer was treated with solid sodium 

bicarbonate (to pH 9), the precipitated solid was filtered, and 

washed with water, and dried to yield a solid product. The solid 

product was purified by chromatography on silica (hexane/ether/­

methylene dichloride 4:2:1) to afford 1.7 g (54.8%) of 

1. 1-diC2-thiazolyl)ketone. 
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(b) To a solution of l,l-di(2-thiazolyl)kctone (1.96 g, 10 mmol) 

in 75 ml THF cooled to 0 • C under nitrogen was added 15 ml . . 

(15 mmol) 1 M trimethylsilylmcthylmagnesium chloride over a 
1 O min period, and the resulting mixture was warmed to room 

temperature and stirred for 1 h. The reaction mixture was 

quenched with 3 ml saturated ammonium ~hloride solution, diluted 

with 100 ml methylene chloride, and filtered. The filtrate was 

washed with saturated ammonium chloride solution, and the organic 

layer was dried over sodium sulfate and concentrated in vacuo. The 

residue was purified by passing through a pad of silica, eluting with 

hexane/ether/methylene chloride 4:2:1) to afford 1.1 g (38.5%) of 

1. l-di(2-thiazolyl)-2-trimethvlsilylethanol. 
(c) A mixture of 0.18 g (0.665 mmol) of benzo[b]quinolizinium 

perchlorate, 0.24 g (0.85 mmol) of l,l-di(2-thiazolyl)2-trimethyl­

silylethanol, and 0.21 g (0.65 mmol) of p-toluenesulfonic acid in 

10 ml nitromethane was refluxed under nitrogen for 3 h and cooled. 

The mixture was concentrated in vacuo, the residue was purified by 

chromatography on silica (ethyl acetate, and then methylene 

chloride/ethyl acetate/methanol 6:3:1) to yield a foamy solid which 

was triturated with isopropanol, filtered and dried in vacuo 

(65.C/60 h) to afford 30 mg (9.7%) of 6.11-ethano-12.12-di­
(2-thiazolyl}-6. 11-dihvdrobenzo[b]quinolizinium perchlorate 
(Formula I: Rl=R2=R3:R4=R7=H;R5:R6=2-thiazolyl;X-=CI04·) as 

an off white solid, m.p. 235-23?9C. 

Example 62 
(a) To a cooled (-78 • C) ether (200 ml) solution containing 
n-butyllithium (2.5 M, 13.5 ml, 33 mmol) was added 6.43 g 
(40.9 mmol) of 2-trimethylsilylthiazolc in 50 ml ether over a 1 h 

period and the mixture was stirred (-78.C) for 1 h. N-Methyl­

N-methoxyurethane (2.32 g, 17.5 mol) in 50 ml ether was added to 

the above mixture over a 15 min period, the resulting reaction 

mixture was stirred at • 7g•c for 1 h, and then warmed to room 

temperature with stirring. The above mixture was quenched with 
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·:· 3 N HCl and stirred for 2 h. The aqueous layer was treated with 

solid sodium bicarbonate (to pH 8), diluted with saturated_ 

aJDIIlOnium chloride solution, and extracted with chloroform 

(3 x 150 ml). The combined organic layer (including the original 

ether layer) was dried over sodium sulfate, and concentrated 

in vacuo. The residue was triturated with ether (50 ml), filtered, 

and dried to afford 160 mg (4.6%) of 1.l-diC5-thiazolyl)ketone. 

(b) To a suspension of methyl triphenylphosphonium bromide 

(0.35 g; 1 mmol) in 15 ml THF was added under nitrogen at o·c 

2.s M n-butyllithium (0.4 ml,l mmol) and the mixture was stirred 

for 1 h. To the above mixture was added l,l-di(5-thiazolyl)ketone 

(0.16 g, 0. 82 mmol) in 5 ml THF and the mixture was stirred under 

nitrogen at room temperature for 2 h. The mixture was quenched 

with 2 ml acetone, diluted with 50 ml ether, and filtered. The 

filtrate was concentrated in vacuo and the residue was purified by 

chromatography on silica (ether) to afford 0.035 g (21.8%) of 

l.1-diC5-thiazolyllethylene (Formula ill: R3=R4=H; 

R5=R 6=5-thiazolyl). 
(c) A reaction mixture containing benzo[b]quinolizinium 

perchlorate (450 mg; 0.165 mmol) and 1,l-di(5-thiazolyl)ethylene 

(0.035 g; 0.18 mmol) in 8 ml nitromethane was heated at 9o·c for 

16 h under nitrogen. The reaction mixture was concentrated 

jn vacuo and the residue was dissolved in 25 ml boiling methanol 

with charcoal, filtered, and concentrated in vacuo. The residue was 

triturated with 10 ml methanol/isopropanol ( 1 :2), and the solid 

product was filtered and dried to afford 22 mg (28.2 % ) of 

·.r. 6, l l-ethano-12. 12-di(S-thiazolyll-6.11-dihydrobenzo [bJ­

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

R5=R6=5-thiazolyl;X-=CI04·), as a solid. 

Example 63 
(a) To a cooled (-78.C) 200 mlf THF solution containing 19.8 g 

(0.1 mol) of 1-(trimethylsilylethoxymethyl)pyrazole was added 

n-butyllithium (2.5 M, 40 ml, 0.1 mol) over a 30 min period, and 

the mixture was stirred at -78.C for 2 h. To the above mixture was 
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added at -7s9C N-methyl-N-methoxyurethane (6.7 g, 0.05 mol) in 

30 ml THF and the mixture was stirred for 1 ~ and then was 

allowed to warm to room temperature and stirred for 14 h under 

nitrogen. The above mixture was quenched with 100 ml saturated 

ammonium chloride solution and stirred for 10 min. The organic 

layer was dried over sodium sulfate, concentrated in vacuo. and the 

residue was purified by chromatography on silica (hexane/ether 4:1) 

to afford 15 g (71.4%) of l.1-dif5-0-trirnethylsilvlethoxymethyl)­

;ronzolvllketone. 

(b) To a suspension of methyl triphenylphosphonium bromide 

(7.3 g; 0.02 mol, dried in vacuo) in 150 ml ether was added under 
• 

nitrogen at 0 C 2.5 M n-butyllithium (8 ml, 0.02 mol) and the 

mixture was stirred for 1 h. To the above mixture was added 

1,l-di[5-(1-trimethylsilylethoxymethyl)pyrazolyl]ketone (7.2 g, 

0.017 mol) in 30 ml ether over a 10 min peri~ then the mixture 

was stirred for 10 min at room temperature, refluxed for 15 min, 

and the mixture was cooled. The above mixture was quenched with 

2 ml acetone, stirred for 10 min, filtered through a pad of supercel, 

and washed with ether. The filtrate was concentrated in vacuo and 

the residue was purified by chromatography on silica (hexane/­

methylene chloride/ether 6:3:1) to afford 3.6 g (50.7%) of 1.l-di­

I5-( 1-trimethylsilylethoxymethvllpyrazolv llethylene (Formula ill: 
R 3=R 4=H;R 5=R 6=5-[l-(CH3)3Si(CH2)20CH2)pyrazolyl]). 

(c) A reaction mixture containing benzo[b]quinolizinium 

perchlorate (1.9 g; 6.8 mmol) and 1,l-di[5-(1-trimethylsilylethoxy­

methyl)pyrazolyl]ethylene (3.6 g; 8.6 mmol) in 70 ml nitromethane 

was heated at 1os·c for 9 h under nitrogen. The reaction mixture 

was concentrated in vacuo, the residue was triturated with 50 ml 

isopropanol, filtered, and dried to afford 4 g (84.2%) of 

6.11-ethano-12. 12-diC5-<1-trimethylsilylethoxymethyl)pvrazolyll-

6. l 1-dihydrobenzofblquinolizinium perchlorate, (Formula I: 
Rl:R2...R3:R4=R7=H; R5:R6=5-[1-(CH3)3Si(CH2)20CH2)­

pyrazolyl]; X-=CIQ4·), as a soli~ m.p.123-125.C. 

(d) To a solution of 525 mg (0.74 mmol) of 6,ll-ethano-

12,12-l,l-di[5-(1-trimethylsilylethoxymethyl)pyrazolyl]-
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6,U-dihydrobcnzo[b]quinolizinium perchlorate in 15 ml 

dichloroethanc was added S ml trifluoroacctic acid and the mixture 

was stirred at room temperature for 2 h. The reaction mixture was 

concentrated in vacuo to afford 6. 1l-ethano-12.12-di{S-pyrazolyD­

.Q, 11-dihydrobenzo[b]quinolizinium perchlorate (Formula I: 

Rl:R2=R3-R4=R7=H;R5:R6=5-pyrazolyl;X-=Cl04·), as a white 

solid, which was dissolved in 75 ml ethanol/isopropanol (2:1), 

heated with charcoal, filtered, and concentrated. The resulting 

residue was dissolved in 25 ml water, filtered, and the filtrate was 

concentrated in vacuo to yield a white solid The above white solid 

was purified by chromatography on silica (E/P AW) and the residue 

was dissolved in water, filtered, and the filtrate was concentrated 
• 

in vacuo to afford the purified perchlorate salt, m.p. 178-180 C. 

Example 64 
(a) To a cooled (-78.C) solution of 46.3 g (0.3 mol) of 

1-(1-pyrrolidinomethyl)pyrazole in anhydrous THF (11) was added 

n-butyllithium (2.5 M, 123 ml, 0.3 mol), and the mixture was 

stirred at -1s·c for 1.5 h. To the above mixture was added Dl\.1PU 

and stirred at .7g•c for 20 min, and then N-methyl-N-methoxy­

urethane (79 g, 0.612 mol) in 150 ml THF, and the mixture was 

allowed to warm to room temperature and stirred overnight. The 

above mixture was quenched with 200 ml water and stirred. The 

aqueous layer was extracted with ethyl acetate (2 x 100 ml}, and the 

organic layer was dried over sodium sulfate, and concentrated 

in vacuo. The residue was dissolved in 500 ml dioxane/ether {2:1), 

diluted with 300 ml 6N HCl and stirred under nitrogen for 20 h. 

The layers were separated, the organic layer was washed with brine, 

and the aqueous layer was extracted with THF/ether (5 x 400 ml). 

The combined organic layer was dried over sodium sulfate and 

concentrated to afford 45 g of a mixture that contained 25% (by 

N:MR.) of 1. 1-di-{5-pyrazolyl)ketone. 

{b) To a suspension of 3.7 g (0.15 mol) of NaH in DlViF at o·c 
was added 11.25 g (0.07 mol) of 1,1-di-(5-pyrazolyl)ketone, and the 

mixture was allowed to warm to room temperature and stirred for 
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~:_1 h- To the abov~ mixture was added p-~thoxybenzy~ chloride 

·:~,(24 g, 0.15 mol) m 25 ml D:MF and the mixture was stirred at room 

·:\~ttJ!lperature under nitrogen for 20 h. The mixture was 

Vconcentrated in vacuo, and the residue was purified by 

~-, chro111atography on silica (hexane/ethanol) to afford 6.2 g (22%) of 

~f .1:[1-p-methoxvbenzvl)pyrazol-3-yll-1-[Cl-p-methoxvbenzyD-

~t J211azol-5-yl)-ketone and 18 g (63.9%) of 1.1-di-[Cl-p-methoxy-

,\:·:: ~nzvl)pvrazol-3-yllketone. 

$< (c) To a suspension of potassium t-butoxide (7 g, 0.062 mol) in 

-~? 650 ml THF at 0 • C was added methyl triphenylphosphonium 

;,·:·bromide (22.3 g; 0.062 mol) under nitrogen and the mixture was 

· stirred at room temperature for 1.5 h. To the above mixture was 

added l,l-di-[(1-p-methoxybenzyl)pyrazol-3-yl)ketone in 200 ml 

THF and the mixture was stirred at room temperature under 

nitrogen for 30 min. The above mixture was quenched with 15 ml 

saturated ammonium chloride solution, and 700 ml ether was added 

with stirring. The organic layer was dried over sodium sulfate, 

concentrated in vacuo, and the residue was purified by 

chromatography on silica (ether/hexane 1:1) to afford 14.9 g 

(89.7%) of 1.1-di-fCl-p-methoxybenzvl)pyrazol-3-yl)ethylene 

(Formula ill: R3=R4=H;R5:R6=1-p-methoxybenzyl-3-pyrazolyl). 

(d) A reaction mixture containing benzo[b]quinolizinium 

perchlorate (9.5 g; 6.8 mmol) and l,1-di-[(1-p-methoxybenzyl)­

pyrazol-3-yl)ethylene (14.9 g; 0.034 mol) in 300 ml nitromethane 

was refluxed for 16 h under nitrogen. The reaction mixture was 

concentrated in vacuo, the residue was triturated with 400 ml 

methanol, and the solid was filtered, and dried (60.C) to afford 

22.1 g (85.6%) of 6.11-ethano-12.12-di-[{1-p-methoxybenzyll 

l'.?vrazol-3-yl)J-6.11-dihvdrobenzo[blquinolizinium perchlorate 

(Formula I: Rl=R2=R3:R4=R7=H;R5=R6=1-p-methoxybenzyl-

3-pyrazolyl;X-=Cl04·), as a solid. 

(e) A solution of 5.6 g (8.2 mmol) of 6,ll-ethano-12,12-1,1-di-

[(l-p-methoxybenzyl)pyrazol-3-yl)-6,l l-dihydrobenzo[b]­

quinolizinium perchlorate in 200 ml trifluoroacetic acid was 
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ed under nitrogen for 36 h and then stirred at room 

turc overnight. The reaction mixture was concentrated 

0 the residue was triturated with ethyl acetate, and the solid 
l:.Dll~ 

uct was filtered. The resulting solid dissolved in hot 

+· thanol/acetonitrile (3:1) was treated with activated charcoal, 

"· iered, and the filtrate was concentrated in vacuo to afford 2.6 g 

· .2%) of 6.1l-ethano-12.12-di-[{pvrazol-5-vl)-6.11-dihydro-

b uinolizinium erchlorate . 

nnula I: Rl:R2:R3:R4=R7=H; R5:R6=5-pyrazolyl;X-=CI04-), 

a solid. The above product was further purified by 

bl'omatography on silica (ethyl acetate/PAW, 2:1 and then ethyl 

. cew.te/PAW, 1:1) and the resulting solid was triturated with 

:acetonitrile, the solid was filtered and recrystallized from ethyl 

acetate to yield 2.5 g of 6.11-ethano-12.12-di-[(pyrazol-5-yl)­

i1 l·dihydrobenzofblquinolizinium acetate (Formula I: 

)ll:R2=R3=R 4=R 7:H;R5=R 6=5-pyrazolyl;X·=-OAC). 

·: (0 6, l l-Ethano-12,12-di-[(pyrazol-5-yl)-6,11-dihydrobenzo[b ]­

'.: quinolizinium acetate was converted to the corresponding chloride 

:salt by passing the acetate salt through Dowex® lx2-200 (Cl-) 

•. (200g) to afford 1.9 g (80.8%) of l 1-ethano-12.12-di-[(pyrazol­

,~,'. ,.yl)-6, 11-dihydrobenzofblguinolizinium chloride (Formula I: 

:Rl=R2=R3:R4=R7:H;R5:R6=5-pyrazolyI;X-=Cl-), as a solid. 

_/Example 65 
,:;·:(a) To 300 ml TI.IF was added with cooling (ice-bath) 300 ml 

·;;.- (0.3 mol) of 1 M TiCl4 in methylene chloride and the mixture was 

'<stirred for 10 min. To the above mixture was added at room 

,.·temperature 90.5 ml (0.6 mol) of TMEDA, the mixture was stirred 

/ for 10 min, and then 44.12 g (0. 675 mol) of Zn dust was added with 

J: cooling to maintain the mixture at room temperature and stirred for 

·i 40 min. To the resulting reaction mixture was added dropwise to a 

·::;'.. tnixture of ethyl 3-furoate (10.5 g, 0.075 mol), 31 g (0.165 mol) of 

.. _;~. dibromoethane in 200 ml THF, and the mixrure was stirred at room 

~r.· temperature for 2.5 h. After adding 90 ml aqueous potassium 

):: carbonate solution, the mixture was concentrated in vacuo, the 
7-> 
·-~'.. 
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was diluted with 20 g of basic alumina, passed through a 
' 1 ;c alumina column (ethertrEA 200:1), and the eluent was 

trated. The residue was triturated in ether (200 ml), filtered, 
the filtrate was distilled (80-95.C/25 mm) to afford 

\. 1 (54.3 %) of 1-(3-fuzyll-1-ethoxv-2-methvlethylene 
'·: ula III: R3=CH3;R4=H;R6=CH3CH20;R5=3-Furyl; and 

ula ID: R3=H;R4=CH3;R 6=3-Furyl;R5=CH3H20). 

A reaction mixture containing benzo[b]quinolizinium 
uorophosphate (10.98 g; 35 mmol) and 1-(3-furyl)-1-ethoxy­

:~methylethylene (6 g; 0.039 mol) in 100 ml nitromethane was 
< ted at 60-100.C for 2 h, cooled, and filtered. The reaction 
~· • tu.re was concentrated in vacuo, the residue was triturated in 
tber and decanted. The brown solid was drie4 ground to powder, 

.. d treated with activated charcoal in hot ethyl acetate. The above 
•. · rure was filtered through celite, and concentrated to afford 

1-ethano-12- 3- I -12-ethox -13-meth 1-6 11-dih dro-
o uinolizinium hexafluoro hos hate, as a brown solid 

2.1:1:4.04 mixture geometries]. 

(c) The mixture of Example 65(b) was subjected to fractional 
~turation (5x) in hot isopropanol to yield hot isopropanol insoluble 

_§.11-ethano-12-(3-fwyl)-12-ethoxy-13-methyl-6.l l-dihydro­
.benzo[b]quinolizinium hexafluorophosphate, (Formula I: 
Rl:R2=R4:R7=H;R3=CH3;R5=3-Furyl;R6=CH3CH20;X·-PF6-) as a 

,_.:single geometric isomer, m.p. 195-19J9C. 
;-'t 

ft.j. 

r~ample 66 

-~~:_(a) To a solution of furan-3-carboxylic acid (36 g, 0.32 mol) in 
-,~f2SO ml toluene was added 49 ml (0.385 mol) of oxalyl chloride and 
~} 1 drop of pyridine and the mixture was heated at 80-90 • C for 
~!.~ 1.5 h. The mixture was cooled to room temperature, N,0-di-
~:-methylhydroxylamine hydrochloride (35 g, 0.36 mol}, 4-dim.ethyl­
:~\: aminopyridine {DMAP, 1.8 g, 0.0147 mol), and 600 ml methylene 

. -/· chloride were added. The mixture was cooled to o·c, 68.4 g of 
::~;. Pyridine was added slowly, the mixture was allowed to warm to 
t room temperature and stirred for 2 h. The mixture was filtered, 

I. 
I: 

; j 

" j ~ 

I: ,,,'_'' ' : : ': ~ . 

I i 
·-' ·. 
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.. :{socf the filtrate was washed with w~ter, 5% aqueous ~ethylamino­
-~> ptopYiamine, water, 6 N HCI solunon, water, and bnne. The 

}:~;" oiganic layer was dried and concentrated in vacuo, and the residue 
·.,;:;~,':,.,.s distilled (b.p. 85-87.C/0.2 mm) to afford 44 g (88.7%) of 

~-:}~- l:[N-methyl-N-~ethoxycarb~o~l)furan. . 
(' (b) To a solunon of n-butyllithium (2.5 M, 28 ml, 0.07 mol) m 

~~:-' JSO ml ether at -78 • C was added a solution of 3-bromofuran (10 g, 
·:~:·: o.0628 mol) in 30 ml ether over a 20 min period and the mixture 

:0.- was stirred at -78 • C for 20 min. To the above mixture was added 
:·. 3.(N-methyl-N-methoxycarbamoyl)furan (9.16 g, 0.059 mol) in 

·~;;"· 30 ml ether over a 15 min period and the mixture was stirred at 
fl room temperature for 1/2 h. The reaction mixture was quenched 

with 200 ml ammonium chloride solution, 500 ml methylene 
chloride was added and the mixture was stirred. The organic layer 
was dried over sodium sulfate, concentrated in vacuo, and the 
residue was triturated with 100 ml hexane{TB:ME (9:1). The solid 
product was filtered and washed with TBME to afford 7.5 g 
(78.3%) of di-(3-fwyl)ketone. 

(c) A suspension of methyl triphenylphosphonium bromide 
(145 g; 0.405 mol, dried at 60.C) in 11 ether was added at -2o·c 
n-butyllithium in hexane (2.5 M, 162 ml; 0.405 mol) and the 
mixture was allowed to stir at room temperature for 1 h. To the 
above mixture was added 60 g (0.37 mol) of l,l-di(3-furyl)ketone 
in 450 ml DME;THF/DMPU (2:2:0.5) in 10 minutes and the 
mixture was stirred at room temperature for 1 h. To the above 
reaction mixture was added saturated ammonium chloride solution 
(~0 ml), and the mixture was diluted with 500 ml water. The 
organic layer was separated, washed with water (2 x 500 ml), dried, 
and concentrated in vacuo. The residue was purified by 
chromatography on silica (hexane, then 10% ether/hexane) to afford 
31 g (86%) of 1.1-di(3-furyl)ethylene (Formula m: R3:R4=H; 
R5=R6=3-Furanyl). This product was further distilled 
i).p. 60-63.C/0.0l mm). 

~J'! To a mixture of 14 g (0.1 mol) of m-methoxybenzyl alcohol 
in JOO ml ether cooled to -4o·c was added 12.8 ml (0.2 mol) of 
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;· .· ?d n-butyllithium over a 30 min period and the reaction mixture 
·; slowly (removing a bath) warmed to room temperature and 

! • for 30 minutes. To the above mixture 11.77 g (0.1 mol) of 
DA was added. The above reaction mixture was cooled to 

:a0·c, 16.05 g (0.15 mol) of 2-pyridinecarboxaldehyde was added 
/to the mixture, and the resulting reaction mixture was allowed to 
;~ ... arm to room temperatuare with stirring. After 1 hour, 
:;lznxnonium 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. The residue was triturated in ether, 
2 ftltered and the solid was washed with ether to afford 14.6 g (58%) 
{ of 2-[l-hvdroxy-(2'-methozy-6'-hydroxyrnethyl)benzvlJpyridine 

.• ;·(Formula X: Rl:R2=H;R7=2'-0CH3). 
;t (e) To a stirred POCI3 (75 ml) was added slowly 14.6 g 
~: (0.059 mol) of 2-[l-hydroxy-(2'-methoxy-6'-hydroxymethyl)-
<. benzyl]pyridine and the reaction mixture was heated on a steam-bath 
.:~· for 2 h and cooled. The above mixture was poured into ice-water 

.f and stirred for l(l h. Sodium perchlorate (excess) was added to the 
";;. above mixture, the solid precipitate was filtered and washed with 
" water. The solid product was recrystallized from acetonitrile to 

afford 4 g of 10-methoxybenzo[b]quinolizinium perchlorate 
(Formula Il: Rl:R2=H;R7=10-0CH3; X-=Cl04·). 
(f) A mixture of 3.1 g (0.01 mol)) of 10-methoxybenzo[b]-
quinolizinium perchlorate and 2.4 g (0.01 mol) of 1,1-di-(3-furyl)­
ethylene in 75 ml acetonitrile was allowed to reflux for 18 h. The 
mi""tture was cooled, filtered, and the .filtrate was concentrated 
in vacuo. The residue was triturated in ether, and .filtered to yield 
4.6 g of a crude product. This solid was purified by 
chromatography on silica (methylene chloride/ethyl acetate/­
methanol, 7:2:1) to afford 4.1 g (87.4%) of 6.l 1-ethano-12.12-di­
Q-furvl)-1O-methoxy-6.11-dihydrobenzo [b]guinolizinium per-
8.l orate. (Formula I: Rl=R2=R3=R4=H;R5-R6=3-Furyl; 
R- ==lO-OCH3;X-=Cl04·) as a solid. 
(g; 6,l l-Ethano-12,12-di-(3-furyl)-10-methoxy-6,l l-dihydro-
ber..:::o[b]quinolizinium perchlorate (4.1 g; 8.73 mmol) was 
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~-- converted to the corresponding chloride by passing the salt through 

r'.; powex® lx2-200 (CI·) to afford 3.4 g (96%) of 6.11-ethano- -

~::' .iz. 12-diC3-furanyl)-l O-methoxy-6. 11-dihydrobenzo fblguinolizinium 

;~: £bloride (Formula I: Rl:R2=R3:R4=H;R5:R6=3-Furyl; 
.. ·· R7=10-0CH3;X·=CI·). 

~ample 67 
(a} To a cooled (-78.C) 11 ether solution containing 25 g 

(O. l OS mol) of 2,6-dibromopyridine was added n-butyllithium 

(2.5 M, 42 ml, 0.105 mol) over a 20 min period, and the mixttJre 
was stirred at -78 • C for 1/2 h. To the above mixture was added at 

.7g•c N-methyl-N-methoxyurethane (6.6 g, 0.049 mol) in 50 ml 

ether and the mixture was stirred at -78 • C for 1 h, and was allowed 

"· to warm to room temperature and stirred for 3 h. The above 

mixture was quenched with 100 ml saturated ammonium chloride 

solution and stirred overnight. The organic layer was dried over 

sodium sulfate, concentrated in vacuo, and the residue was triturated 

with ether, filtered, and the solid residue was dried to afford 11 g 

(65.47%) of l.l-di[(6-bromo)-2-p,yridy1Jketone. This solid product 

was recrystallized from ethyl acetate to yield 8.2 g of the ketone. 

(b) To 200 ml methanol was added in portions 2.3 g (0.1 m_ol) of 

sodium and the mixture was stirred under nitrogen for 2 h. l,l-di­

[(6-bromo)-2-pyridyl]ketone (8 g, 0.024 mol) was added to the 
above mixture, and the reaction mixture was refluxed under 

nitrogen for 24 h. An additional 2 g of sodium methoxide was 

added to the mixture and refluxed for 48 h, and cooled. The 

mixture was diluted with ether, washed with saturated ammonium 

chloride solution, and the organic layer was dried over sodium 

sulfate, and concentrated in vacuo. The residue was purified by 

chromatography on silica (ether/hexane, 2:8) to afford 2.5 g 

(42.7%) of l.1-diC6-methoxypyridin-2-yllmethanol. In addition, 

100 mg of l.l-diC6-methox}'Ryridin-2-yl)ketone was also isolated 

from the chromatographic fractions. 
(c) To a solution of 10.2 g (0.13 mol) of pyridine in 500 ml 

methylene chloride at o·c was added CI'03 (6.5 g, 0.011 mol) in 
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~partlons, and the mixtur~ was stirred at?·~ for 1 h. To the above 
~:·jnixture was added 1,l-di(6-methoxypyndin-2-yl)methanol (2.5 g, 
f 0.011 mol) in 50 ml methylene chloride and the mixture was stirred 
¥ for 2 h at room temperature. The reaction mixture was diluted with 
~'. ethyl acetate, filtered through celite, and the filtrate was 
:; concentrated in vacuo to afford 1.65 g (66%) of 1.1-diC6-methoxy­

izyridin-2-yllketone. 
(d) To a suspension of 1.25 g (0.011 mol) of potassium t-butoxide 
in 30 ml THF at 0 • C was added methyl triphenylphosphonium 
bromide (3.57 g; 0.01 mol) and the mixture was stirred at room 
temperature for 1 h. To the above mixture was added 1,1-di 
(6-methoxypyridin-2-yl)ketone (1.6 g, 0.0657 mol) in 30 ml THF 
and the mixture was stirred for 30 min at room temperature under 
nitrogen. The above mixture was quenched with saturated 
ammonium chloride solution, diluted with ether, filtered, the 
aqueous layer was extracted with ether, and the combined organic 
layer was filtered. The above filtrate was concentrated in vacuo. 
and the residue was chromatographed on silica (hexane/ether, 8:2) 
to afford 0.94 g (59.4%) of l.1-diC6-methoxypyridin-2-yl)ethylene 
(Formula ID: R3:R4=H;R5:R6=6-0CH3-2-Pyridyl). 
(e) A mixture of 1 g (3.5 mmol) of benzo[b]quinolizinium 
perchlorate and 0.94 g (3.8 mmol) of l,l-di(6-methoxypyridin-
2-yl)ethylene in 30 ml nitromethane was allowed to reflux under 
nitrogen for 16 h. The mixture was cooled, and concentrated 
in vacuo. The residue was dissolved in 200 ml boiling 
methanol/acetonitrile (5:1) containing activated charcoal, filtered, 
and the filtrate was concentrated in vacuo. The residue was 
triturated with methanol, filtered and the solid residue was washed 
with ether and dried to afford 1.6 g (87.4%) of 6.11-ethano-
12. 12-di-{6-methoxypyridin-2-yn-6.11-dihydrobenzoCbl­
quinolizinium perchlorate (Formula I: Rl:R2=R3=R4=R'=H; 
R5=R6=6-0CH3-2-Pyridyl;X-=CI04·). 

(f) A solution of 6,11-ethano-12,12-di-(6-methoxypyridin-2-yl)-
6,11-dihydrobenzo[b]quinolizinium perchlorate (0.26 g, 0.5 mmol) 
i..11 10 ml 48% HBr was stirred under nitrogen at room temperature 
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-·· . ::·. for 2 h, and then heated at 90 C for 4 ~ and cooled to room 
'/- temperature. The mixture was concentrated in vacuo. the residue 

was treated with boiling methanol containing activated charcoal, 
filtered, and the filtrate was concentrated in vacuo. The residue was 
triturated with acetonitrile, filtered, and the solid product was 
washed with ethyl acetate, ether, and dried (73.C) in vacuo to afford 
0.22 g (91.6%) of 6.11-etbano-12.12-di-C2-oxo-dihydropvridin-
2:Y0-6. 11-dihvdrobenzorblquinolizinium perchlorate (Formula I: 
Rl:R2=R3:R4=R7=H;RS:R6=2-oxo-6-dihydropyridyl;X-=CI04·). 
(g) 6,l l-Ethano-12,i2-di-(2-oxo-dihydropyridin-6-yl)-6,11-di­
hydrobenzo[b]quinolizinium perchlorate (1.3 g) was converted to 
the corresponding chloride by passing the salt through Dowex® 
Ix2-200 (CI·) to afford 1.1 g (93.2%) of 6.11-ethano-12.12-di­
(2-oxo-dihvdropyridin-6-yl)-6. 11-dihydrobenzorblquinolizinium 
chloride (Formula I: Rl:R2=R3-R4=R7=H;R5=R6=2-oxo-6-di­
hydropyridyl;X·=CI·). 

Example 68 
(a) A mixture of 5 g (0.016 mol) of 10-methoxybenzo[b]­
quinolizinium perchlorate in 15 ml 48% HBr was refluxed with 
stirring for 18 h, cooled to room temperature, the resulting mixture 
was filtered, and the solid residue was washed with cold water to 
1ff ord 4.3 g of a solid product. The above solid was redissolved in 
warm water and treated with excess sodium perchlorate, the 
resulting solid was filtered, washed with cold water and dried to 
afford 3.4 g (71 %) of 10-hydroxybenzofblguinolizinium perchlorate 
(Formula II: Rl:R2=H;R7=10-0H;X-=CI04·). 
(b) A mixture of 3.4 g (0.011 mol) of 10-hydroxybenzo[b]­
quinolizinium perchlorate and 2.72 g (0.017 mol) of l,l-cli(3-
furyl)ethylene in 75 ml acetonitrile was refluxed for 3 h, cooled to 
room temperature, and the resulting mixture was concentrated 
in vacuo. The above residue was triturated in ether, filtered, and 
the solid was washed with ether to afford 5.4 g of 6.l l-ethano-
:2, 12-diC3-fwyll-10-hydroxy-6.l 1-dihvdrobenzo(bJguinolizinium 
2,erchlorate (Formula I: Rl:R2=R3=R4=H;R5=R6=3-Furyl; 
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.{ p.7::lO-OH;X-=Cl04·) as a solid. 

. · ( c) 6, l 1-Ethano-12, 12-di(3-furyl)-1O-hydroxy-6,11-dihydro-

benzo[b ]quinolizinium perchlorate (5.3 g, 11.63 mmol) w~ 

converted to the corresponding chloride salt by passing the above 

salt through Dowex® lx2-200 after placing the salt in acetonittile. 

The chloride residue obtained was triturated in water, filtered 

throgh celite, and dried in vacuo to afford 3.2 g (94.5%) of 

2,_l l-ethano- l 2. l 2-di(3-furyl)-1 O-hydroxy-6.11-dihydrobenzofbJ­

QYinolizinium chloride (Formula I: Rl:R2=R3=R4-H; 

R5:R6=3-Furyl;R7=10-0H;X-=Cl·) as a solid. 

Sxample 69 
(a) A mixture of 19.97 g (0.0768 mol) of benzo[b]quinolizinium 

bromide and 15.67 g (0.0768 mol) of 4,5,6,7-tetrahydro-

7-(3-furyl)benzofuran-7-ol in 50 ml ethanol was heated to reflux 

for 4.5 h, :filtered while hot, and the residue was washed with 

10 ml ethanol to yield 14.25 g, after recrystallization from water, of 

6.11[[5'.4'1-4'-{3-fmyD-4.5.6.7-tetrahydrobenzofuzyllbenzofbl­

QUinolizinium bromide (as a mixture of regioisomers), as a white 

solid. 

(b) Sodium borohydride ( 6 g) was added to a cold (0 • C) stirring 

mixture of 12.2 g (0.0275 mol) of 6,11[[5',4']-4'-(3-furyl)-

4,5,6, 7-tetrahydrobenzofuryl]benzo [b ]quinolizinium bromide 

(regioisomers) in 150 ml methanol containing 3 g of sodium 

bicarbonate and the mixture was stirred for 4.5 h. The mixture was 

concentrated in vacuo, and the residue was partitioned between 

200 ml water and 200 ml methylene chloride. The aqueous layer 

was extracted with 200 ml methylene chloride, the combined 

organic layer was washed with 50 ml water, and concentrated 

in. vacuo to yield 10.5 g of a solid. The solid product was triturated 

in 30 ml methylene chloride (insoluble = 2.63 g), filtered, and the 

filtrate was chromatographed on silica (1.8 1 of Hexane/methylene 

chloride, 4:5) to yield 2.5 g of 6. 11 US' .4 'J-4'-(3-fuzyl}-

i.5. 6. 7-tetrahydrobenzofuzyll-1.4.5.6.11. l la-hexahycirobenzofbl­

Q.Uinolizine bromide (pure isomer A), m. p. 177-178 • C. 

. ! 

, I 

! 
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~~ 'J'he 2nd regioisomer was eluted with ethyl acetate/methylene 

~-chloride (21) to afford 3 g of 6.1Hf5'.4'1-4'-(3-fui:yll-

.·_ ~.6.7-tetrahydrobenzofuzyll-1.4.5.6.11.l la-h:xahydrobenzo[bl­

t; QYinolizine bromide (pure isomer B), m.p. 200 C(d). 

i (c) A mixture of 370 mg of 6,11[[5',4']-4'-(3-furyl)-

4,5,6, 7-tetrahydrobenzofuryl]-1,4,5,6,11,l la-hexahydrobenzo[b ]­

quinolizine bromide (pure regioisomer A), 400 mg of mercuric 

acetate in 25 ml 10% acetic acid in water was stirred and heated at 

ioo·c for 1 h. The mixture was filtered hot, the residue was 

washed with 10 ml water, and the filtrate was treated with excess 

sodium perchlorate. The solid product was filtered, and the solid 

was dissolved in methylene chloride and passed through a silica gel 

column to yield (from the 2nd fraction) 40 mg of 

§. 11 [[5' .4']-4'-(3-furyD-4.5.6. 7-tetrahvdrobenzofuzyll-6. 11-di­

hvdrobenzo[b]guinolizinium perchlorate 

0 

er-~ 
(Formula I: Rl:R2:R4=R7=H; ·R' ;R6=3-Furanyl; 

X-=Cl04·). 

(Note that reaction yield rose to 57.5% when 2.2 eq of Hg(OAc)2 

was used). 

Example 70 

(a) To a suspension of 3.5 g (0.139 mol) of sodium hydride in 
120 ml D:MF at o·c was added 8 g (0.115 mol) of 1,2,3-triazole in 

50 ml D:MF dropwise, and the mixture was allowed to warm to 

room temperature and stirred for 1 h. The above mixture was 

cooled to o·c, and 21.8 g (0.139 mol) of p-methoxybenzyl chloride 

was added, and the mixture was allowed to warm to room 

temperature and stirred for 20 h. The reaction mixture was 

concentrated in vacuo and the residue was purified by 

chromatography on silica (hexane/ethyl acetate) to afford 14 g 

( 64.5 % ) of 1-Cp-methoxybenzyn-1.2.3-triazole. 

(b) To a cooled (-78.C) 600 ml THF solution containing 14 g 

(0.074 mol) of l-(p-methoxybenzyl)-1,2,3-triazole was added 
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n-butyllithium (2.5 M, 30 ml, 0.07 mol) dropwise over a 15 min 

period, and the mixture was stirred at -78 • C for 2 h. The mixture 

was stirred at-78.C for 1.5 ~and N-methyl-N-methoxyurethane 

(4.5 g, 0.033 mol) in 25 ml THF was added and the mixture was 

• 
stirred at -78 C for lh, and was allowed to warm to room 

temperature and stirred for 2 h under nitrogen. The above mixture 

was quenched with saturated ammonium chloride solution and the 

layers were separated. The organic layer was dried over sodium 

sulfate, concentrated in vacuo, and the residue was triturated with 

ether and filtered to afford 10.4gof1.l-dif5-Cl-p-methoxybenzyn­

l.2.3-triazolyllketone. The ether filtrate was purified by 

chromatography on silica to afford an additional 0.9 g of the above 

ketone. 

(c) To a suspension of methyl triphenylphosphonium bromide 

15 (14.5 g; 0.04 mol) in 300 ml THF was added under nitrogen at 

-s·c 2.5 M n-butyllithium (16.2 ml, 0.04 mol) and the mixture was 

stirred for 1 h. To the above mixture was added 1,1-di 

[5-(1-p-methoxybenzyl)-1,2,3-triazolyl]ketone (10.9 g, 0.027 mol) 

in 100 ml THF and the mixture was stirred for 2 h at room 

20 temperature under nitrogen. The above mixture was quenched with 

10 ml acetone, and 200 ml ether was added and the mixture was 

stirred overnight. The mixture was concentrated in vacuo, and the 

residue was partitioned between water and methylene chloride with 

stirring. The mixture was filtered, the organic filtrate was 

25 concentrated in vacuo, and the residue was purified by 

chromatography on silica to afford 1.2 g ( 11 % ) of 1.1-di 

fS-Cl-p-metho;ybenzyll-1.2.3-triazolyllethylene (Formula ill: 

R3:R4=H;R5=R 6=1-p-methoxybenzyl-5-( 1,2,3-triazoyl). 

(d) A reaction mixture containing benzo[b]quinolizinium 

30 hexafluorophosphate (0.82 g; 2.6 mmol) and l,l-di[S-(1-p-methoxy­

benzyl)-1,2,3-triazolyl]ethylene (1.27 g; 3.16 mmol) in 25 ml nitro­

methane in a sealed Wheaton vial was heated at 130 • C for 20 h 

under nitrogen. The reaction mixture was concentrated in vacuo, 

the residue was dissolved in boiling methanol/acetonitrile containing 

35 activated charcoal, filtered, and the filtrate was concentrated 
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;. in-vacuo to yield a residue. The above residue was purified by 

;~:. cbrOroatography on silica (methylene dichloride/ethyl acetate/-
~. t inethanol) to yield a brown foam. The brown foam was dissolved 

.:: in 100 ml boiling acetonitrile/methanol (1:1) containing activated 

~:;· charcoal, filu:,red, and concentrated in vacuo. The residue was 

triturated with 30 ml isopropanol/methanol (3:1), filter~ and the 

solid product was washed with ether and dried to afford 720 mg 

(38.9%) of 6.1 l-ethano-12.12-di[5-Cl-p-methoxybenzyll-

12.3-triazolyll6. 11-dihydrobenzo[blquinolizinium hexafluoro­

Jli1osphate (Formula I: Rl=R2=R3:R4=R7=H;R5=R6=1-p-methoxy­

benzyl-5-(l,2,3-triazolyl);X·=PF6-), as a solid. 

(e) A solution of 680 mg (0.95 mmol) of 6,ll-ethano-12,12-di 

[5-(l-p-methoxybenzyl)-l ,2,3-triazolyl]5-6, 11-dihydrobenzo[b ]­

quinolizinium hexafluorophosphate in 25 ml trifluoroacetic acid was 

refluxed under nitrogen for 16 h. After adding 10 ml methanol, the . 

mixture was concentrated in vacuo, the residue was triturated with 

ethyl acetate, and the solid product was filtered. The solid product 

was treated with 100 ml boiling isopropanol/methanol/acetonitrile 

(1:1:1) and charcoal, filtered, and the filtrated was concentrated 

in vacuo to afford 320 mg (71.1%) of 6.11-ethano-12.12-di­

(5-1.2.3-triazolvl)6, 11-dihydrobenzo[bJguinolizinium 

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

R5=R6=5-(1,2,3-triazolyl);X·=PF6·), as a solid. 

(f) 6,ll-Ethano-12,12-di-(5-l,2,3-triazolyl)6,ll-dihydro-

benzo[b]quinolizinium hexafluorophosphate (320 mg, 0.66 mmol) 

was converted to the corresponding chloride salt by passing the 

above salt through Dowex® lx2-200 (CI-) to afford 150 mg (60%) 

of 6. l 1-ethano-12. 12-di-(5-1.2.3-triazolyl)6. 11-dihydrobenzofbl­

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

R5=R6=5-(l,2,3-triazolyl);X·=CI·), as a solid. 

Example 71 

(a) To a solution of 1-triisoproylsilylpyrrole (13.2 g, 0.059 mo!) 

in 250 ml THF at-78.C was added 10.45 g (0.0587 mol) of 

Thili11ill 1iii1l1i1iff If 



J -···· -··-· -------------------------------------· ·--·-- ..... 

-118. 

• N-bromosuccinimide (NBS), and the mixture was stirred at-78 C 
for 3 h. The reaction mixture was warmed to room temperature 
and concentrated in vacuo. and the resulting residue in hexane was 
stirred overnight. The hexane solution was filtered through alumina 
eluting with hexane, the eluate was concentrated in vacuo, and the 
residue was distilled (b.p. 107-108.C/0.2 mm) to afford 10.4 g 
(58.4%) of 3-bromo-1-triisopropylsilvlpyrrole. 
(b) To a solution of 3-bromo-1-triisopropylsilylpyrrole (10.4 g, 
0.0292 mol) in 150 ml THF at -7s·c was added n-butyllithium 

• (2.5 M, 12.3 ml, 0. 031 mol) and the mixture was stirred at -78 C 
for 1/2 h. To the above mixture was added N-methyl-N-metho:xy­
urethane (1.9 g, 0.014 mol) in 25 ml THF, the mixture was allowed 
to warm to room temperataure and stirred under nitrogen for 20 h. 
The mixture was quenched with saturated sodium bicarbonate 
solution and the layers were separated. The organic layer was dried 
over sodium sulfate, concentrated in vacuo, and the residue was 
chromatographed on silica (hexane/ether, 2:1) to afford 4.25 g 
(64.3%) of 1.1-dif3-Cl-triisopropylsilvl)pyrrolvllketone, as an oil. 
(c) To a solution of l,l-di[3-(1-triisopropylsilyl)pyrrolyl]ketone 
(1g,2.1mmol)in30 ml THF at room temperature was added 
methylmagnesium. bromide in ether (3.0 M, 9 mmol) and the 
mixture was stirred for 1/2 h. The above reaction mixture was 
quenched with 2 ml saturated sodium bicarbonate solution. The 
reaction mixture was diluted with methylene chloride, stirred, 
passed through a florisil column, and the filtrate was concentrated 
in vacuo to afford 1.1 g (100%) of 1.l-dif3-Cl-triisopropylsilyl)­
RYrrolyllethylene (Formula ill: R3=R4=H;R5=R6=1-triisopropyl­
silyl-3-pyrrolyl). 
(d) A reaction mixture containing benzo[b]quinolizinium per­
chlorate (0.59 g; 2.11 mmol) and l,l-di[3-(1-triisopropylsilyl)­
pyrrolyl]ethylene (1.1 g; 2.3 mmol) in 50 ml nitromethane was 
refluxed for 1/2 h under nitrogen. The reaction mixture was 
concentrated in vacuo, the residue was dissolved in 10 ml methanol 
and concentrated in vacuo. The resulting bright yellow solid was 
triturated with methanol, filtered and washed with ether to afford 
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1.2.5 g (79.1 %) of 6. 11-ethano-12.12-di[3-Cl-triisopropylsilyl)-

~olylJ-6. 11-dihydrobenzo(bJguinolizinium perchlorate . 

(formula I: Rl=R2=R3=R4=R7=H;R5=R6=1-triisopropylsilyl-

3-pyrroyl;X·=Cl04·), as a yellow solid. 

(e) To a solution of 1.22 g (1.62 mmol) of 6,ll-ethano-

12,12-di[3-( l-triisopropylsilyl)pyrrolyl]-6, 11-dihydrobenzo[b ]­

quinolizinium perchlorate in 50 ml methylene chloride was added 

tetrabutylammonium fluoride (2.8 ml, 3.08 mmol) and the mixture 

was stirred at room temperature under nitrogen for 15 min. The 

solid precipitate was filtered, washed with methylene chloride, 

ether, acetonitrile, methylene chloride, and hexane and dried 

in vacuo at so·c to afford 0.65 g of 6.11-ethano-12.12-di 

(3-pvrrolyl)-6. 11-dihydrobenzofblquinolizinium perchlorate 

(Formula I: Rl:R2:R3-R4=R7=H;R5=R6=3-pyrrolyl; 

x-=CI04·) as a solid. 

(f) 6,l l-ethano-12,12-di(3-pyrrolyl)-6,l l-dihydrobenzo[b]­

quinolizinium perchlorate (600 mg, 1.5 mmol) was converted to the 

corresponding chloride salt by passing the above salt through 

Dowex® lx2-200 (CI-) to afford 350 mg (69%) of 6.11-ethano-

12. 12-diC3-pyrrolvl)-6. 11-dihydrobenzofblguinolizinium chloride 

(Formula I: Rl:R2=R3-R4=R7=H;R5:R6=3-pyrrolyl;X-=Cl-), as a 

solid. 

Example 72 

{a) To 3-furaldehyde (25.0g, 0.26 mol) in THF (250 ml) at 1s·c 
was added ethynylmagnesium bromide (572 ml, 0.286, 0.5 M THF) 

at the rate of 10 ml per min. The mixture was slowly warmed to 

room temperature, stirred for 1 h and then poured into a cooled 

ammonium chloride solution. The mixture was extracted with ethyl 

acetate, and the organic layer was dried over Na2S04 and 

concentrated in vacuo. The residue was distilled at so-s5·c and 

0.24 mm Hg to afford 1-(3-furyl)-1-hydroxy-2-propyne. 

(b) To a mixture of 1-(3-furyl)-1-hydroxy-2-propyne (20.0 g, 

0.163 mol), hexane (200 ml) and THF (25 ml) was added 

tetrabutylammonium bromide (1.05 g, 0.0032 mol), 50% NaOH 
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(150 ml) and then diethylsulfate (30.0g, 0.195 mol) at o·c. The 
mixture was stirred for 3 h at room temperature, poured into ice, 
and extracted with ethyl acetate. The combined organic layers were 
washed with brine, dried over Na2S04 and concentrated in vacuo. 

The residue was distilled at 70-84.C and (10 mm Hg) to afford 

1-(3-fm:yll-1-ethoxy-2-propyne. 
(c) To a mixture of benzo[b]quinolizinium hexafluorophosphate 

(1.69 g, 0.0055 mol), 1-(3-furyl)-1-ethoxy-2-propyne (l.Og, 
0.0066 mol) and THF (25 ml) was added potassium t-butoxide 
(0.06 g, 0.00055 mol) (forms 1-(3-furyl)-1-ethoxyallene in situ). 
The mixture was heated to reflux for 10 min, additional potassium 

t-butoxide (0.06 g) was added and the mixture was refluxed for 1 h. 
Nitromethane (5.0 ml) was added and the mixture was refluxed for 

another 1 h, cooled and the solvent was removed in vacuo. Ether 
was added to the residue, the mixture was cooled to o·c and the 
solid thus formed was collected by filtration. The solid was 
dissolved in ethyl acetate (150 ml), heated to reflux, cooled to room 
temperature and filtered to remove recovered starting material 
(0.42 g). The filtrate was concentrated in vacuo and the residue was 

purified by column chromatography on silica eluting with 10% 
methanol/CH2Cl2. The purified product was recrystallized from hot 

isopropanol (3x) to afford 0.173 g of 12-(3-furyl}- l 2-ethoxy-
13-methylidene-6-. 11-ethano-6. 11-dihydrobenzo[blquinolizinium 
hexafluorophosphate. (Formula I: Rl:R2=R7=H;R5=0C2Hs; 
R6=3-furyl;R3 and R4 together=methylidene;X--PF6·), as a single 

geometric isomer. 

E:umple 73 

To a solution of 6.5 g (23.6 mmol) of 10-hydroxybenzo[b]­
quinolizinium bromide in 400 ml methylene chloride/pyridine (1:1) 
was added 100 mg of DMAP and 50 ml acetic anhydride and the 
resulting reaction mixture was stirred under argon at room 
temperature for 2 h. The reaction mixture was concentrated 
Ill vacuo. The residue was suspended in 2: 1 10%N aCI04/CH2CI2 

(300 ml) and sonicated. The solid was collected by filtration to 
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afford 4.3 g (55.9%) of 10-acetoxybcnzo[b]quinolizinium 

perchlorate. 
The abovel 0-acetoxybenzo[b ]quinolizinium perchlorate 

(3.3 g) was dissolved in 500 ml water, the solution was boiled and 

filtered. To the filtrate was added lOOml 30% sodium perchlorate 

solution and the mixtuire was chilled. The precipitated solid was 

isolated by filtration and dried in vacuo to afford 1.9 g of 
10-acetoxybenzofb]quinolizinium perchlorate (Formula II: 
Rl:R2=H; R7=10-0Ac; X·=CI04·). The filtrate was extracted with 

methylene chloride (3 x 100 ml), the organic layer was dried and 

concentrated to yield an additional 0.32 g of the desired acetate 

perchlorate. 
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E,xample-24 

(a) A mixture of 9.4 g (60 mmoJ) of <rmethoxybenzyl chloride 

and 2-( 1,3-dioxolan-2-yl)pyridine in sulfolane ( 6 ml) was heated at 

SO· C for 5 h, 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 min. A gummy precipitate was 

isolated by decanting ethyl acetate and triturated with ethyl acetate 

(2x). The gummy product 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 to afford 7.4 g 

(29.6%) of 1-(o-methoxybenzyJ)-2( 1.3-dioxolan-2-yJ)pyridinium 

bexafluorophosphate (Formula VII: Rl:R2=H; R7=2'-0CH3; 

x-=PF6·). 
0 

(b) To 50 g of poJyphosphoric acid heated to 95 C in an oil-bath 

was added with stirring 5 g (12 mmol) of 1-(<rmethoxybenzyl)-

2(1,3-dioxolan-2-yl)pyridinium hexafluorophosphate and the 

resulting reaction mixture was heated at this temperature with stirring 

under nitrogen for 5 h. The mixture was cooled to 40 ° C, and 125 ml 

of water was added followed by an additional 125 ml water. The 

resulting mixture was cooled to room temperature, potassium hexa­

fluorophosphate (5 g, 27 mmol) was added, the precipitated solid was 

isolated by filtration, and the desired salt was washed successively 

with water and ether and then dried to afford 3.2 g (74.9 g) of 

7-methoxybenzo[b]quinolizinium hexafluorophosphate 

(Formula II: Rl:R2=H; R7=7-0CH3; X-=PF-6). 

Example 75 

(a) Following a procedure similar to that described in Example 45, 

parts (a)-(d), it is contemplated that there can be prepared 9-trichJoro­

methylbenzo[b]quinoJizinium hexafluorophosphate from p-trichloro­

methylbenzoy) chloride. 

(b) Following a procedure similar to that described in Example 77, 

parts (a)-(b) it is contemplated that there can be prepared 4-bromo-

Thi1i1lif I 1iff iii 1iff HI 
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f· 
;.· ~nzofbJguinolizinium perchlorate from o-bromobenzyl alcohol, and 

~~:- 6-bromo-2-pyridine carboxyaldehyde. 

'1-ample 76 
(a) A mixture of 47.6 g (0.289 mol) of p-chlorobenzyl chloride 

and 45 g (0.298 mol) of 2-(1,3-dioxolan-2-yl)pyridine in 30 ml 

sulf olane was heated on a steam bath for 4 hr. After adding an 

additional 4 g of p-chlorobenzyl chloride, the reaction mixture was 

heated on a steam bath for 12 h and poured into 300 ml ethyl acetate. 

Ethyl acetate was decanted, and an additional 200 ml ethyl acetate 

was added to the residue with stirring (20 min) and decanted to 

remove excess 2-(1,3-dioxolan-2-yl)pyridine and p-chlorobenzyl 

chloride. The ethyl acetate wash was repeated and then the brown 

residue was washed with 300 ml ether to afford 92 g of 1-(p-chloro­

benzyD-2-( l.3-dioxolan-2-yDpyridinium chloride (Formula VI: 

Rl=R2=H;R7=4-Cl;Z-=CI-). 

(b) A miXture of 1-(p-chlorobenzyl-2-(1,3-dioxolan-2-yl)­

pyridinium chloride and 300 ml 48% HBr was heated at 1oo·c for 

24 h, cooled, concentrated in vacuo, and poured into 50 g of ice. The 

resulting tan solid was filtered to afford 7.9 g of 9-chlorobenzo[bl­

quinolizinium chloride (Formula Il: Rl=R2=H;R7=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 g (9%) of 9-chlorobenzo[blquinolizinium perchlorate 

(Formula Il: Rl=R2=H;R7=9-Cl;X-=Cl04·). 

Example 77 
(a) To a mixture of 28.3 g (0.15 mol) of o-bromobenzyl alcohol in 

1 1 ether cooled to -20 • C was added in portions 32.5 ml (0.32 mol) of 

n-butyllithium (10 M) in hexane over a 20 min period and the 

reaction mixture was stirred 1 h. 

The above reaction mixture was cooled to -2o·c, 19.9 g 

(0.165 mol) of 6-methyl-2-pyridinecarboxaldehyde was added to the 

mixture, and the resulting reaction mixture was allowed to warm to 

room temperature. After 1 h, saturated ammonium chloride solution 
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was added to the mixture. The diol was extracted with ethyl acetate, 

washed with brine, the ethyl acetate phase was dried over sodium 

sulfate, and the solvent was removed in vacuo to afford 21.9 g 
(70.5%) of 2-[ 1-hydroxy-(2'-hydroxymethyl)benzyll-6-methyl­
pvridine (Formula X: R1=6-CH3;R2=R7=H). 

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

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

heated to so·c was added in one portion 50 g (0.176) of trifluoro­

methanesulfonic anhydride, and the reaction mixture was allowed to 

react at 60 • C for 10 min, and then allowed to cool to room 

temperature. The reaction.mixture was concentrated in vacuo and the 

residue was purified by chomatography on silica eluting with 9% 

methanol/chloroform to yield a pale yellow solid. This solid was 

dissolved in water and reacted with excess sodium perchlorate. The 

solid product was filtered, washed with water, and dried to afford 

5.54 g (combined yield 37%) of 4-methvlbenzo[blquinolizinium 
perchlorate (Formula II: R1=4-CH3;R2=R7=H;X·=CI04·), as a 

yellow solid, m.p. 160-165.C. 

Example78 
To 8.22 g (0.0316 mol) of 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 h. 

The reaction mixture was poured into ethyl acetate, refrigerated at 
-1s·c for 24 h, and the resulting solid was filtered. The solid product 

was washed with ethyl acetate, dissolved in boiling methanol/acetone 

(1:1), refluxed for 15 min, and the solution was concentrated in vacuo 

to yield a white solid. The solid was stirred at room temperature with 

400 ml water and sodium acetate for 24 h and filtered. The red 
filtrate was treated with sodium perchlorate (15 g) and a resulting 

yellow solid was filtered. The solid product was dissolved in 

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

was distilled (1/2 of the original volume) in vacuo. The reaction 

mixture was cooled and the solid product was filtered to afford 3.6 g 
(32.3%) of 10-bromobenzo(blguinolizinium perchlorate 
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(Formula II: Rl:R2=H;R7=1 O-Br;X·::CI04·), m.p. 112-115. C. 

~ample 79 
(a) To a mixture of 15.0 g (0.098 mol) of 3A-methylenedioxy-

benzyl alcohol in 250 ml ether cooled to-2o·c was added in portions 

21.l ml (0.211 mol) of n-butyllithium (10 M) in hexane over 10 min 

period, and the reaction mixture was allowed to warm to room 

temperature and stirred 1 h. The above reaction mixture was cooled 

• 
to -20 C, 11.18 ml (0.117 mol) of 2-pyridinecarboxaldehyde was 

added to the mixture, and the resulting reaction mixture was allowed 

to warm to room temperature. Ammonium chloride solution (70 ml) 

was added to the mixture and the mixture was extracted with 

methylene chloride (3 x 150 ml). The organic layer was washed with 

brine, dried over sodium sulfate, and concentrated. The diol was 

purified by chomatography on silica eluting with ethyl acetate/hexane 

(9:1). The diol was triturated with ether and filtered to afforded 8.8 g 

(34. 7%) of 2-fl-hydroxy-(6'-hydroxymethyl-2'.3'-methvleneclioxy)­

benzvllpyridine (Formula X: Rl=R2=H;R7=2',3'(-0CH20·), as a 

white solid, m.p. 98-101 ·c. 
(b) To a mixture of 2 g (0.0077 mol) of 2-[1-hydroxy-(6'-hydroxy­

methyl-2',3'-methylenedioxy)benzyl]pyridine in 80 ml benzene 

heated to so·c was added in one portion 7.64 g (0.027 mol) of tri­

fluoromethanesulfonic anhydride, and the mixture was allowed to 

cool to room temperature and stirred for 30 min. The reaction 

mixture was concentrated in vacuo and the residue was purified by 

chomatography on silica eluting with 10% methanol/methylene 

chloride to yield a red solid. This solid was dissolved in water to 

react with the excess sodium perchlorate. The solid product was 

filtered, washed with water, and dried to afford 0.069 g (2.4%) of 

9. 10-methylenedioxybenzo[blquinolizinium perchlorate 

(Formula II: Rl=R2=H; R7=2',3'(-0CH20-);X-=Cl04·), as an orange 

solid, m.p. 220-224.C. 

l ' 
1·: 
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£xample 80 

(a) To a mixture of 3.59 g (0.019 mol) of o-bromobenzyl alcohol 

in 100 ml ether cooled to -20 • C was add~ in portions 4.1 ml 

(0.0412 mol) of 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-methoxypyridine-

2-carboxaldehyde in 5 ml THF was added in one portion to the 

mixture, and the resulting reaction mixture was allowed to warm to 

room temperature and stirred for 20 min. Ammonium chloride 

solution (30 ml) was added to the mixture and the mixture was 

extracted with ethyl acetate (3 x SO ml). The organic layer was 

washed with brine, dried over sodium sulfate, and concentrated. The 

diol was triturated with 100 ml ether, filtered, and purified by 

chc:>matography on silica eluting with 4 %methanol/hexane The 

solvent was concentrated in vacuo to afford 0.68 g (14.5%) of 

2-[1-hydroxy-(2'-hydroxymethyl)benzyl]-3-methoxypyridine 

(Formula X: Rl=3-0CH3;R2=R7=H), as a white solid, 

• 
m.p.138-140 C. 

(b) To a mixture of 0.61 g (0.00248 mol) of 2-[l-hydroxy-

(2'-hydroxymethyl)benzyl]-3-methoxypyridine in SO ml benzene 

heated to 50 • C was added in one portion 2.11 g (0.0074 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 was purified by 

chomatography on silica eluting with 5% methanol/methylene 

chloride and 10% methanol/methylene chloride. The second fraction 

was concentrated in vacuo, the residue was dissolved in hot water 

(20 ml), heated to reflux, and reacted with the excess sodium per­

chlorate. The solid product was filtered, washed with water, and 

dried to afford 0.27 g (18.2%) of 1-methoxybenzo[b]quinolizinium 

perchlorate (Formula II: Rl=l-OCH3;R2:R7=H;X-=CI04-), as a 

yellow solid, m.p. 143-145°C. 
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~:~ample 81 
·>(a) A mixture of 2-(1,3-dioxolan-2-yl)-pyridine (48.7g; 0.322 mol) 

J and p-bromobenzylbromide (80.52 g; 0.322 mol) in 60 ml sulfolane 

T was heated on a steam-bath (after 1 h a red precipitate forms) for 3 h. 

< After cooling, 300 ml ethyl acetate was added to the mixture, 

{ sonicated for 30 min, filtered, and the solid was dried to yield 110 g 

;' (85.2%) of 1-(p-bromobenzyD-2-{1,3-dioxolan-2-yl) pyriclinium 

"f· .Qr._omide (Formula VI: Rl=R2=H;R7=4-Br;Z·=Br). 

;\ (b) A mixture of 55 g (0.137 mol) of 1-(p-bromobenzyl)-

,' 2-(1,3-dioxolan-2-yl)pyridinium bromide and 300 g of 48% HBr was 

heated to 100 • C for 24 h and then cooled. The reaction mixture was 

poured into 250 g of ice and the resulting yellow precipitate was 

filtered and dried in vacuo (at 45.C) to afford 32.85 g (70.8%) of 

9-bromobenzofblquinolizinium bromide 

(Formula II: Rl=R2=H;R7=9-Br;X-=Br). 

Example 82 
(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 (50 ml) was 

heated on a steam bath for 10 h. 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 

1-(p-nitrobenzyll-2-1.3-dioxolan-2-yl) pyridinium bromide 

(Formula VI: Rl=R2=H;R7=4-NQi;Z-=Br) 

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

methanesulfonic acid (55 ml) heated to 1oo·c with stirring was 

added 71 g (0.193 mol) of 1-(p-nitrobenzyl)-2-(2'-l',3'-dioxolane­

pyridinium bromide and the resulting mixture was heated to 11o·c 
for 4 h and cooled. The reaction mixture was poured into 500 g of 

ice, activated charcoal was added to the mixture, filtered, and sodium 

perchlorate solution added. The mixture was extracted with 

methylene chloride (2 x 500 ml), and the organic layer was 

concentrated to afford 5.2 g (8.3%) of 9-nitrobenzofblquinolizinium 

*rchlorate (Formula II: Rl=R2=H;-R7=9-N02;X-=Cl04·), as a 

~rown solid. 
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p!e__Sl 
.. :) To a mixture of 12.49 g (0.0621 mol) of o-bromo-m-methyl­

.knzyl alcohol in 400 ml ether cooled to -20° C was added in portions 

~..3 ml (0.1335 mol) of n-butyllithium (10 M) in hexane over a 

[JO rnin period, and the reaction mixture was allowed to warm to room 

::'iernperature and stirred 1 h. The above reaction mixture was cooled 

·:''.&o-2o·c. 14.63 g (0.136 mol) of pyridine-2-carboxaldehyde in 50 ml 

>or ether was added to the mixture over an 1 h period (the mixture 

~: iurns purple), and the resulting reaction mixture was allowed to warm 

A 
(to room temperature and stirred for 1 h. Ammonium chloride 

;) wlution (100 ml) and 200 ml ethyl acetate were added to the mixture 

·, with stirring, and the mixture was extracted with ethyl acetate 

(2 x 200 ml). The combined organic layer was washed with brine, 

if dried over sodium sulfate, and concentrated. The diol was triturated 

':{ with 100 ml ether, filtered, and the solid product was washed with 

·· hexane (yield: 6.6 g; 46%) to afford 2-[1-hydroxy-(2'-hydroxy-

~, methyl-6'-methyl)benzyl]pyridioe (Fonnula X: R l=R2=H; 

R7=6'-CH3), as a pale yellow solid, m.p. 129-132°C. 

(b) To a mixture of 3 g (0.013 mol) of 2-[l-hydroxy-(2'-hydroxy­

methyl-6'-methyl)benzyl]pyridine in 100 ml benzene heated to 40°C 

was added in one portion 12.96 g (0.0458 mol) of trifluoromethane­

sulfonic 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 purified by 

chomatography on silica eluting with 9% methanol/methylene 

chloride. The eluate was concentrated in vacuo, the residue was 

dissolved in water (60 ml), heated to reflux, and reacted with 3 g of 

sodium perchlorate with stirring. The yellow solid product was 

filtered, washed with water and dried to afford 0.926 g (24.4%) of 

10-methylbenzo[b]qui nolizjnium perchlorate (Formula II: R l:R2=H; 

R7=IO-CH3;X-=CI04-), as a pale yellow solid, mp 163-166°C. 

Example 84 

(a) To a mixture of 10 g (0.059 mol) of 2,5-dimethoxybenzyl 

alcohol in 250 ml ether cooled to -20° C was added in pcrtions 
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i-1J 1s tol (0.127 mol) of n-butyllithium (10 M) in hexane over a 
~.O.snin period, an~ the reaction mixture was ~ow~ to warm to room 

,{ : perature and stirred 1 h. The above reacnon IIUXtUre was cooled 

'·fo"zo·c, 7.58 g (0.07 mol) of pyridine-2-carboxaldchyde was added 
to die mixture, and the resulting reaction ~ture was allowed ~ 

~,:warxn to room temperature ( a brown prec1p1tatc formed) and snrred 
·;~for 1 h. Ammonium chloride solution ( 60 ml) was added, the 
~SnixturC was extracted with ethyl acetate, the combined organic layer 
.\\las washed with brine, dried over sodium sulfate, and concentrated. 

;·''(be diol was purified by chomatography on silica eluting with ethyl 
':acetate/hexane (9:1) to afford 1.7 g (10.5%) of 2-[(2'.5'-dimetho3)'-
1§::bydroxvmethyl)benxyllpyridine (Formula X: Rl-R2=H; 

.f(lt7=2',5'-(0CH3)2), as a white solid, m.p. 102-104.C. 
:k'.(b) To a mixture of 1.25 g (0.045 mol) of 2-[(2',5'-dimethoxy­
!~'.6'-hydroxymethyl)benzyl]pyridine in 60 ml benzene heated to so·c 
:.was added in one portion 4.5 g (0.0159 mol) of trifluoromethane­
lisulfonic anhydride, and the mixture was allowed to cool to room 
~~temperature and stirred for 30 min. The reaction mixture was 
~fconcentrated in vacuo and the residue (an oil) was purified by 
:~(chomatography on silica eluting with 10% methanol/methylene 

.!;;:~chloride. The eluate was concentrated in vacuo, the residue was 
/t;dissolved in water (30 ml), heated to reflux, and reacted with excess 
··'· 

.. tsodium perchlorate with stirring and then cooled (using ultrasound 
.. and ice). The orange solid product was filtered, washed with water 

t,..,(4 ml), and dried in vacuo to afford 0.42 g (27.6%) of 7.10-di­
i(ln.cthoxvbenzo[b]quinolizinium perchlorate (Formula II: Rl=R2=H; 
}'.R7=7,10-(0CH3)2;X-=Cl04·), as an orange solid, m.p.235-240.C. 
:"':.:-:.. 

iE;ample 85 
+~ A mixture of 3-methoxybenzylchloride (5.0 g, 0.032 mol) and 
:t2-{1,3-dioxolan-2-yl) pyridine (5.0 g, 0.032 mol) was stirred at room 
3-tcmperature 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 
:'.:tooled, the solvent was removed in vacuo and the residue was diluted 

.)~. ~ith water and treated with KPF6 (7.0 g) in water. A precipitate 
Ji-
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formed, which was collected by filtration. The solid product was 
purified by column chomatography on silica eluting with aceto­
nitrile/CH2Cl2 (1/3), followed by slurrying the product in hot 
methanol and then collecting the product by filtration to afford 1.0 g 
of 8-methoxybenzo[b]qunolizinium hexafluorophosphate 
(Formula II: Rl=R2=H;R7=8-0CH3;X-=PF6-). 

Following procedures similar to those described in 
Example 42, parts (a)-(b), but substituting an appropriately 
substituted 5- or 6-membered monocyclic aromatic heterocyclic 
halide, or 5- or 6-membered monocyclic nonaromatic heterocyclic 
halide, or 9- or 10-membered bicyclic aromatic heterocyclic halide 
for 3-bromopyridine in part (a), it is contemplated that the following 
olefins of Formula ill, illustrated in Table 1 can be prepared. 

TABLE 1 
R' R" 

>=< Rs R' 
m 

leNumber R3 R5 R6 

H H (L (L 
I I 
CMrPM-OCH, CH2-Ph-+OCH, 

H H --CN 
0 

-CN 
0 

H H cc?r cgr 
H H ff. CH3 t(' ff. CM, N"' 

H H )Qr 
CH30 N"' 

)Qr 
CH30 N"' 
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TABLE 1 (continued) 
., 

,·,. le Number R3 R4 RS R6 

H H 
~)g'YCH' ON CH')g'YCH' ON 

H H ©- ©-
H H --@ -@ 

H H 00-- 00--
H H Q- Q-

H H ----<~ 
0-N 

----<~ o-N 

H H 0- 0-
H H ©I>- ©:>--
H H ~ ~ 
H H ro ro 

" 1

l'iU1m1u1r11i11nr 
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TABLE 1 (continued) 

IeNumber R3 

H H 

H H 

H H 1QJ:Qr ~'©tQr 

H H OOl OOl 
H H ©o- ©o-
H H "©c>-CM, "©c>-~ 

H H ©o- ©0-
I I 
CH2 Ph-+OCHs CH2 PIM-OCH, 
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TABLE 1 (continued) 

R4 RS 

H H l~ 
N 
I 
CHzPM-OCH, 

~N 

H H l }-. 
N 
I 
CHz~ 

pr-N 

H H CH,)-)--

tee> 
H H I 

CH10{CHz)zSi(~ 

H H 

Examples 108 Ca)-Oil 

R6 

'(N) 
N 
I 
CHz F'tM-OCHs 

~N 

l }-. N 
I 
CHz~ 

~N 

CH,J-s}-. 

tee> I 
CH20(~CH:s}., 

00 
I 
CHzO(CHz)zSl(CHs}s 

Following procedures similar to those described in 
Example 64, parts (b), and (c), but substituting an appropriate halide 
for p-methoxybenzylchloride in part (b ), it is contemplated that there 
can be prepared the following olefins of the Formula Ill 

; 
: 
j: 
I I . . . 

·i 
'.I 
1; 

i1 
11· 
q 

' 

; 

'. 



·-····-·· ·-·-·--·-· ---------------

-134-

·a) l, 1-Dif l-(methyll-3-pyrazolyllcthylenc 

_;(fofl]lula m.: R3:R4=H;RS:R6=1-methyl-3-pyrazolyl) 

{(b) 1.1-DH 1-(benzyl)-3-pyrazolyllethylene 

~ (fonnula ID: R 3:R 4=H;R5=R 6= l-benzyl-3-pyrazolyl) 
_'5 
\'( 
··~ .f ~amples 109 (a)-(b) 

~; Following procedures similar to those described in 

·: Eiample 70, parts (a), (b) and (c), but substituting an appropriate 
11'' 

;:_' halide for p-methoxybenzylchloride in part (a), it is contemplated that 

'i: there can be prepared the following olefins of the Formula ill. 

{a) 1. 1-Di[l ( 4-methylbenzyD-5-Cl.2.3-triazolyl)Jethylene 

(Formula ill: R3:R4=H; R5=R6=1-(4-methylbenzyl)­

S-(l,2,3-triazolyl)) 
(b) 1. 1-DHH 4-chlorobenzyl)-5-0 .2.3-triazolyl)]ethylene 

(Formula ill: R3:R4=H; R5:R6=1-(4-chlorobenzyl)-

5-( 1,2,3-triazolyl)) 

Examples 110 (a)-(b) 

Following procedures similar to those described in 

Example 46, part (a), but substituting an appropriately substituted 

benzophenone derivative for 3,3'-bis (trifluoromethyl) benzophenone, 

it is contemplated that the following olefins of the Formula ill can be 

prepared. 
(a) 1. 1-DiC3-trichloromethylphenyl)ethylene 

(Formula ill: R3=R4=H; R5=R6=3-trichloromethylphenyl) 

(b) 1. 1-DiC3-hydroxyphenyl)ethylene 

(Formula ill: R3=R4=H; R5-R6=3-hydroxyphenyl) 

Example 111 (a)-(b) 
Following procedures similar to those described hereinabove, 

or by utilizing procedures which are known in the art, the following 

known compounds (Examples 111 (a)- b)) were prepared and, 

unexpectedly, they were found to bind to the PCP receptor and are 

thus useful in the treatment or prevention of neurodegenerative 

iisorders or neurotoxic injuries. 
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.. , (a) 6.11-Ethano-12.12-diphenyl-6.11-dihydrobenzofbl-
i . gyinolizinium perchlorate. 
;" (b) 6.11-Ethano-12-phenyl-12-(4-moipholinyl)-6.11-di-

b.Ydmbenzofblquinolizinium perchlorate. 
Following procedures similar to those described in 

Example 42 (c), but substituting an appropriately substituted olefin of 
the Formula ill for l,l-di(3-pyridyl)ethylene and an appropriately 
substituted benzo[b ]quinolizinium salt of the Formula II for 
benzo[b]quinolizinium perchlorate it is contemplated that the 
following compounds of Formula I illustrated in Table 2 can be 

prepared. 
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Example Number Rl R2 R3 RS R4 R6 R7 x-

112 H H H 0- H 0- lO-OC(O)CH3 CI04-I I 
CH;rPM.OCHa CHa·Ph-4-0CHa . I 

...... ....., 
w 

__ g: 
--"' 

-D -D °' ==rn I --P"' 113 H H H H 7-0CH3 PF6-
-0 
=~ ,,....N ,,....N 
iiiiiiii ::r: 0 0 
-"' _,,, 
=to 

Cc}l Cc}l =o 114 H H H H 9-CCl3 
--ro -= PF6-iiiiiiiii ;t; --o 
--'"Cl 

-~--"' --n 
0 
Q.. 

)§r )§r 115 4-Br H H H H CI04-
CH, H"' CH3 H"' 

116 H H H . )Qr H )Qr 9-Cl a-
CH,O H"' CH,O tf" 
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117 4-Cll3 H H CH)gYCH' ON H CH,)QYCH, 
ON H ClQ4-

118 H H H ©L H ©L 10-Br CI04· 

119 H H H --@ H "ON 9,10-0CH20· ~~ CI04· 
o-j 

--2: 

I 

-en 

..... 
-VJ !!!!!!!!!!!!!!! ::r 

w 

_.,, 
C9J C9J ..J 

==2 
120 l-OCH3 H H H H I 

iiiiiiiiiiiii ::r:: 

Cl04-
-I» -"' =to =I'll 
iiiiiiiiiiii ~ 
iiiiiiiiiiii :;i:i 

00-- 00--
==:.g 

121 H H H H 9-Br Br-
---I» -n 

I'll 
0.. 

122 H H. H 0- H 0- 9-NOi CI04· 

123 H H H -{"n H -{"n 10-01] CI04· CY'"N O.,...N 

.. ··---·· ·~·----~--- -----·--------------------
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Example Number RI R2 R3 R5 R4 R6 R1 x-

124 H H H 0- H 0- 7,10-(0CH3)2 CI04-

12S H H H ©:>--- H ©:>--- 8-0CH3 Pf 6· 

126 H H H ~ H ~. lO-OC(O)CH3 CI04· 
....i _;:r. I 

-"' 
..... 

fa 
w ---0 00 00 
00 

!l 
I 

---::r: 127 H H H H 9-CC13 PF6--I» _,,, 
·=to 
--l'l> 

(1) -0 ---l'J ©:>- ©:>----n; 
-"Cl - ....... -I» -n 

128 4-Br H H H H (1) CI04· 0. 
I I 
CH:zO(CH2'zSl(CH:i),, CH:zO(CH2)zSl(CH:l)s 

Br Br 

129 4-CH3 H H ~~ H ~ H 
CI04-
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130 H H H "lg(Q( H "lg(Q( 9,IO-OOl20- 004-

131 l-OCH3 H H oo· N~ H OOl H 004-

.... ~ 

00--- 00---. =---· 132 H H H H 9-NOz -"' 
CI04· -r:n 

~=- I -(!) 
...... -(!) - ... 
w iiiiiiiiiim :::r: 
ID -"' '©:>-CH, I -"' '©:>-CH• =O:l 133 H H H H IO-CH3 CI04"' 

=(ti 
-(!) 
-::: 
iiiiiiiiiim ;;i;; - .. -"C ---I" -n 

f"i 

00--- ©0-
c.. 

134 H H H H 7,10-(0CH3)2 004· 
I I 
CH1 Ph-4-0CH:1 CH1 Ph-4-0CH:1 

13S (a) H H H 0- H 0- lO-OC(O)CH3 004-

H H 
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136 (b) 4-Br H H ©£:)---- H ©:>---- H CI04· 

H H 

137 (c) H H H 00---- H 00---- 7,10-(0CH3)2 CI04· 

H H 

>-l 
O' --· 138 4-Br H H 3-HO-Ph H 3-HO-Ph H -"' CI04· -Cll 

!!!!!!!!!!!!!!! ::r' -n I 
===~ ...... 
iiiiiimim ::r: .t. -l" 139 4-CH3 H H 3-CC13-Ph H 3-CC13-Ph H 0 -"' CI04· =t:c I 
=n -.,, 
-::s 
iiiiiiiiiiii ;;r,:i (( « -.,, 
-T.I ---l" 140 l-OCH3 H H H H --n 

CI04· n ,...... rN Q.. 

I 
CH3 CH3 

141 4-Br H H 0 H 0 H CI04· " " lPh lPh 
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E.rnu1p/e Nmul>cr Rl n.2 R3 
-· "·-----------

~« ~tt 
142 4-CH3 H H t("N H t("N H ao4-

lPh--4-CI lPh-4-CI 

~~ ~~ 
143 l-OCH3 H H t("'N H tr" H ao4-

lPh.+C~ lPIM-CH1 ;i --· ---="' V-! 

l~ l~ 
, ____..., .... 

~ I-' ---- .... .ti. ::i:: 144 H H H H H Br- ...... ....... "' N r , .......... .,. 
I l:l:l 

(!) CH1 Ph-4-0CH, CHa Ph-4-0CH, g 
~ 

-(!) 
---'"d ,.-N ,.-N ~ 
-n l~ l~ 

1 
(\J 

e:. 14.5 H H H H H 7 N er-
I 

CH1~-0CH3 CH1 Ph.....ac~ 

_r>-. N 

146 H H H H 5~ H er-CH3 S CH1 S 
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Ex.ample Number Rl R2 R3 R5 R4 

147 H H H 'O:> H [6("~· H Br-
I 7 
CHzO(CHms~CHJb CHzO(CHz)zSl(CHJb 

00 00 H Br-
~ 148 H H H H 

--~-2. 
--c11 I I 
~-= C/l CHzO(CH2)zSi(CHJb CHzO(CH2)zSi(CHJb 
----·· :::T ~~ .... . I 

------ g . 
...... 

-·---· ~"'~"-' 
A 

~._·~ l\ l"~ 
N 

~&-; 

.;:~~f 
I 

149(d) H H H H H Bl"" 
-~UAi 

N N 

~~· 
H H 

3. N N 

(~ r~ 
1s0Cc> H H H H lN H Br"' N 

H H 

1s1CO H H H 'O:;· H ~;. H 81"" 
H H 
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HJCample NumbeT Rl R2 R3 R5 R4 R6 

1s2<g> H H H 00 H 00 
H H 

1S3 H H H © H © ..... 
::f 

... --~· 
Cf.I ::r 
~ --..+ 

- ::c 
~ 

. - c:l 
0 

£ 
•7.; ---- '~ -'2.. __ r, 

---o 0 
~:... 

(a) Prepared by treating the compound of Example 112 with trifluoroacctic acid. 
(b) Prepared by treating the compound of Example 128 in dichlorocthane with trifluoroacctic acid. 

(c) Prepared by treating the compound of Example 134 with trifluoroacctic acid. 

(d) Prcpan:d by treating the compound of Example 144 with trifluoroacctic acid. 
(e) Prepared by treating the compound of Example 145 with trifluoroacctic acid. 
(0 Prepan:d by treating the compound of Example 147 in dichloroctha.,e with trifluoroacetic acid. 

(g) Prcpan:d by treating the compound of Example 148 in dichlorocthane with trifluoroacctic acid. 

H er· 

10-Br CI04· 

I . ...... 
ob 
w 
I 
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~~~pie 154 . 
·r~ (a), (b), (c), and (d) It is contemplated that by treatment of 

j!~ · 6,l l-ethano-12, 12-di(3-furyl)-1O-hydroxy-6,11-dihydrobenzo[b ]­

-{'.-: quinolizinium chloride of Example 68(c) with heptadecanoyl 

;.:'chloride, propionyl chloride, ethylsuccinyl chloride, or hexadecyl 

J" succinyl chloride there can be prepared the following compounds of 

?~ formula I, respectively, 
_j:_ (a) 6,ll-Ethano-12,12-di(3-furyl)-10-[0C(O)(CH2)15CH3]-

~i. 6,11-dihydrobenzo[b]quinolizinium chloride 

_. (Formula I: Rl:R2=R3=R4=H;R5=R~3-furyl; 

2 R'=lO-[OC(O)(CH2hsCH3];X·=CI-). 

;·). (b) 6,ll-Ethano-12,12-di(3-furyl)-10-[0C(O)C2Hs]-6,ll-di-

\: hydrobenzo[b]quinolizinium chloride (Formula I: Rl=R2=R3=R4=H; 

f __ R5:R6=3-furyl;R7=10-[0C(O)C2Hs];X-=CI-). 

·;: (c) 6,l l-Ethano-12,12-di(3-furyl)-

·~'.·: !O-[OC(O)(CH2)2C(O)OC2Hs]-6,ll-dihydrobenzo[b]quinolizinium 

1:- chloride (Formula I: Rl=R2:R3:R4=H;R5=R6=3-furyl; 

·s R7=10-[0C(O)(CH2)2C(O)OC2Hs];X-=CI-). 

~· (d) 6,11-Ethano-12,12-di(3-furyl)-

.. ~ lO-[OC(O)(CH2)2C(O)O(CH2hsCH3]-6,l l-dihydrobenzo[b)-., .. 
I quinolizinium chloride (Formula I: Rl:R2=R3:R4=H; 

-~f R5=R6=3-furyl;R7=10-[0C(O)(CH2)2C(O)O(CH2)15CH3];X-=Cl-). 

"{. 

4: Example 155 

,,t (a) Following a procedure similar to that described in 

~-- Example 82, parts 9(a)-(b), but substituting 4-cyanobenzyl bromide 

.. \: for 4-nitrobenzyl bromide it is contemplated that there can be 

~. prepared 9-cyanobenzofblquinolizinium perchlorate 

·;:; (Formula II: Rl=R2=H;R7=9-CN;X-=Cl04·). 

-~- (b) It is contemplated that treatment of 9-cyanobenzo[b]-

:~ quinolizinium perchlorate with 1,1-diphenylethylene, following a 

:~ procedure similar to that described in Example 42(c), will afford 

-:'. 2.:.cyano-6. l 1-ethano-12. 12-diphenyl-6. 11-dihydrobenzoCbl-

~-: ID!inolizinium perchlorate (Formula I: Rl=R2=R3:R4=H; 

,; R5::R 6=phenyl;R '=9-CN ;X-=CI04 ·). 
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It is contemplated that the treatment of the compound of 
.· pie 155(b) with aqueous sodium hydroxide containing about 

ltl2% of H202 with afford 9-carboxy-6. 11-ethano-12.12-diphenyl­
'.f'.4JJ;dihydrobenzo{blquinolizinium perchlorate (Formula I: 
:~,Rl;R2=R3:R4=H;R5=R6=phenyl;R7=9-C02H;X-=Cl04·). 
~i'{d) and (e) It~ co~templated that treatment of th~ compound 
}of Example 155(c) with either propanol or hexadecanol m the 
'.{presence of dicyclohexylcarbodiimide .will afford, re~pectively, 
;; 2:f CC0)0propyll-6. l l-ethano-12. 12-diphenvl-6. 1 l-dihydro-
I k£nzo[blguinolizinium perchlorate (Example 155(d) Formula I: 
;:Rl:R2=R3=R4=H;R5=R6=phenyl;R7=9-C(O)Opropyl;X-=CI04·) J and 2-rCCOlOCCHz)_uCH1J-6. l 1-ethano-12. 12-diphenyl-6. 11-di-
J b,ydrobenzofblguinolizinium perchlorate (Example 155(e) 
·~:Formula I: Rl=R2=R3=R4=H;R5:R6=phenyl; 
. Ri=9-[C(O)O(CH2hsCH3]; x-=CI04·). 

~; 'xample 156 
; · It is contemplated that treatment of 6,ll-ethano-12,12-di-

'.:- phenyl-10-bromo-6,11-dihydrobenzo[b]quinolizinium perchlorate of 
- Example 153 with diethyl phosphite in the presence of a source of 'I;·· 

:. Pd(O) will afford 6,ll-ethano-12,12-diphenyl-10-[P(0)(0C2Hs)2]-
;:' 6,11-dihydrobenzo[b]quinolizinium perchlorate, which can be 

h:drolyzed with aqueous hydrochloric acid to afford 6.11-ethano-
12, 12-diphenyl-1O-CP01ID-6.11-dihvdrobenzo[b]quinolizinium 
gerchlorate (Formula I: Rl:R2=R3=R4=H;R5-R6=phenyl; 
R 7= l O-P03H;X-=CI04·) . 

Example 157 
A mixture of lO-(S03·)-benzo[b]quinolizinium (0.99 g, 

3..!7 mmol) (prepared as described in Bradsher and Turner, 
J. Org. Chem. 1965, 31, 565-567), acetonitrile (20 ml) and l,l-di-
3-fu.ryl)ethylene (0.83 g, 5.2 mmol) was refluxed for three days. 

T:1e solvent was removed in vacuo and the residue was triturated 
w:~1 eL11er, filtered and washed with ether. The residue was 
Pt:.-::ied by column chromatography on silica eluting with 
dic::.:oromethane/methanol (8/2) to afford crude product, which was 
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recrystallized from acetonitrite/ethyl acetate, then water to afford 

0.58 g (40%) of 10-CSOJ~)-6.11-ethano-12.12-diC3-furyl)-6.1 l-di-

lu'drobenzo[bJquinolizinium Formula I: 
Rl=R2=R3:R4=H;R5=R6=3-furyl;R7=S03·), m.p. 300 ·c (dee). 

g_xample 15 8 

" (a) To a cooled (-78oC) solution of 1-(p-methoxyphenyl)methyl­

pyrazole (110 g, 0.582 mol) in 3 I ethern'HF (2:1) was added in . 

portions, 240 ml (0.593 mol) of n-butyllithium (2.5M) over a 

1 hour period, and the mixture was stirred at -780C for 1.5 h. To 

the above mixture was added at -780C N-methyl-N-methoxy­

urethane (37.1 g, 0.28 mol), the mixture was stirred for 1 hat 

-78oC, then allowed to warm to -lOoC. The mixture was quenched 

with saturated ammonium chloride solution and stirred overnight. 

The organic layer was dried over sodium sulfate, concentrated 

in vacuo, and the residue was purified by medium pressure liquid 

chromatography to afford 48 g (42.8%) of 1.l-dHS-0-(p-methoxv­

phenyl)methylpyrazolyllketone. 

(b) A solution of l,l-di[5-(1-(p-methoxyphenyl)methyl­

pyrazolyl]ketone (43.6 g, 0.108 mol) in 250 ml trifluoroacetic acid 

was refluxed under nitrogen for 16 hours, cooled to room 

temperature, and concentrated in vacuo. The residue was suspended 

in methanol/ether (100 ml, 1:3), stirred, and filtered. The filtrate 

was concentrated in vacuo, the residue was triturated in methylene 

chloride, filtered, and the solid was washed with hexane to afford 

16.4 g (93.7%) of 1.1-di(S-pyrazolyl)ketone. 

(c) To a solution of l,l-di(5-pyrazolyl)ketone (3.25 g, 0.02 mol) 

in 100 ml of D:MF cooled to OOC was added NaH (1.05 g, 44 mmol), 

the mixture was stirred, and methyl iodide (7.1 g, 0.05 mol) was 

added with stirring. The resulting mixture was stirred for 20 hours 

allowing the mixture to warm to room temperature. The reaction 

mixture was concentrated in vacuo, the residue was dissolved in 

ethyl acetate, and the organic layer was washed with water and 

brine. The above organic layer was dried and concentrated in vacuo 

and the residue was crystallized from ethyl acetate and ethyl 
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i'.; acetate/methylene chloride/methanol (6:3:1) to afford 0.8 g (21 %) 

-~ of L l-dif 3-( 1-methylpyrazolyllketone. 

~- (d) To a solution of potassium t-butoxide (0.63 g, S.9 mmol) in 

::.: SO ml of THF cooled at OoC was added methyltriphenyl-

- phosphonium bromide (2.03 g; 5.2 mmol) and the resulting mixture 

was allowed to warm to room temperature with stirring for 1 hour. 

To the above mixture was added l,l-di[3-(1-methylpyrazolyl]ketone 

(0.72 g, 3.8 mmol) in 30 ml of THF, and the mixture was stirred 

for 2 hours at room temperature. The above mixture was quenched 

with saturated ammonium chloride solution, stirred, and filtered 

through a pad of florisil. The filtrate was concentrated in vacuo and 

the residue was purified by chromatography on silica (ethyl acetate, 

ethyl acetate/ether/methanol) to afford 0.6 g (50.7%) of 1.1-di 

[3-Cl-methylpyrazolyl)Jethylene (Formula ill: R3=R4=H; 

0 
I 

R5:R6= CHs ). 

(e) A reaction mixture containing 4a-azoniaanthracene per­

chlorate (0.82 g; 2.9 mmol) and l,l-di[3-(l-methylpyrazolyl)]­

ethylene (0.6 g; 3.2 mmol) in 50 ml of nitromethane was refluxed 

for 24 h under nitrogen. The reaction mixture was concentrated 

in vacuo, the residue was dissolved in acetonitrile/methanol (200 ml, 

1:1), treated with activated charcoal, filtered, and the filtrate was 

concentrated in vacuo. The above residue was triturated in iso­

propanol/methanol (100 ml, 9:1), filtered, and dried to afford 1.3 g 

(84.2 % ) of 6. 1l-ethano-12.12-dH3-( l-methylpyrazolyl)J-6. 11-di­

hydrobenzo[b]quinolizinium perchlorate (Formula I: 

0 
I 

Rl:R2=R3:R4=R7=H; R5:R6= CHa ; x-=CI04-), as a solid. 

(f) 6, l l-Ethano-12,12-di[3-(1-methylpyrazolyl)]-6,l l-dihydro-

benzo[b]quinolizinium perchlorate (1.3 g, 2.8 mmol) in ethanoV­

(pyridine/acetic acid/water (55/20/25)) was converted to the 

corresponding chloride by passing the salt through OOWEX® 
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1x2-200-CI·(water/acetonitrile, 7.3) to afford 0.84 g (74.3%) of 

2. l l-ethano-12. 12-dH3-0-methylpyrazolylll-6. 11-dihydro- -

2'nzofblguinolizinium chloride (Formula I: Rl:R2=R3=R~R7=H; 

0 
I 

Rs=RI!- CH, x Cl ) lid. U= ; ·= -,asaso 

Example 159 
(a) To a suspension of 4 g (0.16 mol) of sodium hydride in 
200 ml DMF at OOC was added 10 g (0.145 mol) of 1,2,4-triazole in 
75 ml of D~ dropwise over a period of 30 minutes, and the 

mixture was allowed to warm to room temperature and stirred for 

1 h. The above mixture was cooled to ooc, 25 g (0.16 mol) of 

p-methoxybenzyl chloride was added, the mixture was allowed to 

warm to room temperature, and stirred for 16 h. The reaction 

mixture was concentrated in vacuo and the residue was purified by 

chromatography on silica (hexane/ethyl acetate) to afford 21.9 g 

(64.5%) of 1-Cp-methozybenzyD-1.2.4-triazole . 

(b) To a cooled (-78oC) solution containing 14 g (0.074 mol) of 

l-(p-methoxybenzyl)-1,2,4-triazole (21.9 g, 0.115 mol) in 500 ml 

of THF was added n-butyllithium (2.5M, 46.3 ml, 0.115 mol) 

dropwise over a 15 min period. The mixture was stirred at -780C 

for 1.5 h. To the mixture was added N-methyl-N-methoxyurethane 

(6.95 g, 0.052 mol) in 20 ml of THF and the mixture was stirred at 

room temperature for 2 h under nitrogen. The above mixture was 

quenched with saturated ammonium chloride solution and was 

diluted with 200 ml of ethyl acetate. The two layers were separated. 

The organic layer was dried over sodium sulfate, concentrated 

in vacuo, and the residue was triturated in ether, filtered, and 

washed with hexane to afford 20 g (95.2%) of 1.l-di-

15-( 1-p-methoxybenzy1l-1.2.4-triazolyllketone. 

(c) A solution of l,l-cli[S-(l-p-methoxybenzyl)-

1,2,4-triazolyl]ketone (10 g, 0.02 mol) in 150 ml of trifluoroacetic 

acid was refluxed under nitrogen for 18 hours, cooled to room 

temperature, and concentrated in vacuo. The residue was suspended 
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in methylene chloride (200 ml), stirred, and filtered. The residue 

was washed with methylene chloride, ethyl acetate, and ether to 

afford 5.4 g of l. l-dH5-(1.2.4-triazolyl)Jketone. 

(d) To a solution of l,l-di[5-(l,2,4-triazolyl)ketone (5.4 g, 

o.032 mol) in 200 ml of DMF cooled to OOC was added NaH (1.8 g, 

72 mmol), and the mixture was stirred for 2 hours, and p-methoxy­

benzyl chloride (12.9 g, 0.082 mol) was added with stirring. The 

resulting mixture was stirred for 98 hours at room temperature. 

The reaction mixture was filtered through CELITE®, the filtrate 

was concentrated in vacuo, the residue was dissolved in ethyl 

acetate, and the organic layer was washed with water and brine. 

The above organic layer was dried and concentrated in vacuo and 

the residue was crystallized from ethyl acetate and ethyl acetate/­

methylene chloride/methanol (6:3:1) to afford 2.5 g of 1.1-di 

[3-( 1-p-methoxybenzyl-1.2 .4-triazolyllketone. 

(e) To a solution of potassium t-butoxide (0.95 g, 8.4 mmol) in 

75 ml of THF at OOC was added methyltriphenylphosphonium 

bromide (2.88 g; 8 mmol) under nitrogen and the mixture was 

stirred for 1 hat room temperature. To the above mixture was 

added l,l-di[3-(1-p-methoxybenzyl)-1,2,4-triazolyl]ketone (2.57 g, 

6.2 mol) in SO ml of THF and the mixture was stirred for 2 h at 

room temperature under nitrogen. The above mixture was 

quenched with saturated ammonium chloride solution, filtered 

through CELITE®, and the filtrate was concentrated in vacuo. The 

residue was purified by crystallization from ethyl acetate and ethyl 

acetate/methylene chloride/methanol (6:3:1) to afford 0.9 g (36%) 

of 1. 1-di[3-( l-p-methozybenzyD-1.2.4-triazolyllethylene 

Q 
I 

(Formula ill: R3=R4=H; R5=R6= CHz-f'tM.OCH, ). 

(f) A reaction mixture containing 4a-azoniaanthracene per-

~ lo chlorate (0.61 g; 2.2 mm.cl) and l,l-di[3-(1-p-methoxybenzyl)­

l,2,4-triazolyl]ethylene (0.85 g; 2.12 mmol) in 25 ml of nitro­

methane was refluxed for 20 h under nitrogen. The reaction 

mixture was concentrated in vacuo, the residue was dissolved in 

'.t 

>f 
;;: 

·· . ....,~ ... 
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inethanol/acetonitrile containing active charcoal, filtered, 

·-:·cbe filtrate was concentrated in vacuo to yield a residue. The 

~ · residue was purified by chromatography on silica (methylene 

.:· 'de/ethyl acetate/methanol) to yield a brown foam. The residue 

·~·· triturated in water, filtered, and the solid was washed with 

:t e to afford 0.9 g (62%) of 6.1 l-ethano-12.12-di 

.: . rnethox be 1 -1 2 4-triazolvl -6 11-dih d.robenzo 

jliaolizinium perchlorate (Formula I: Rl=R2=R3=R4=R7=H; 

i 'r-r 
l ~~ 
;;, I 

;;··, R6- CHa-PM-OCHt. x--c104-) 
... : JS - t - • 

;{g) A solution of 700 mg (1.32 mmol) of 6,11-ethano-12,12-di 

~f3·(1-p-methoxybenzyl)-l ,2,4-triazolyl]-6, 11-dihydrobenzo[b ]­

/quinolizinium perchlorate in 50 ml of trifluoroacetic acid was 

:·refluxed under nitrogen for 28 h. The mixture was concentrated 

:~in vacuo. the residue triturated in methanol, and the solid product 

.(filtered. The solid was crystallized from ethanol/PAW (1:1) to 

~~afford 170 mg (29.3%) of 6.ll-ethano-12.12-di-

/[3·< 1.2.4-triazolyl)J-6. 11-dihyd.robenzo[blquinolizinium perchlorate 

·f:· 
U N 

.i; M..) 
:;~(Formula I: Rl:R2=R3:R4:R7=H; R5:R6= H ; x-=Q04-). 

f (h) 6, l 1-Ethano-12, 12-di-[3-(l,2,4-triazolyl)]-6, 11-dihydro-

t benzo[b ]quinolizinium perchlorate (170 mg) was converted to the 

.~ corresponding chloride salt by passing the above salt through 

~; DOWEX® lx20-200-CI- after placing the salt in acetonitrile. The 

~- chloride residue obtained was dried in vacuo to afford 90 mg 

: (88.2%) of 6.11-ethano-12.12-di-[3-0.2.4-triazolyl)J-6.11-di­

( 2.drobenzo(blquinolizinium chloride (Formula I: 

~::r 
~~ Rl=R2=R3=R4=R7=H; R5=R6= H ; X-=Cl-), as a solid. 

k_ample 160 

(a) To a solution of 1 g (3.9 mmol) of l,l-di(2-chloropyridin-

3-yl)methanol in 25 ml of acetone at-300C was added Cr03 
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.-:(1.17 g, 0.011 mol) in portions, and the mixture was stirred at room 

.~ felllperature for 2 h. To the above mixture was added 25 ml of __ 

fjsopropanol and saturated sodium bicarbonate solution (100 ml) and 

/die mixture was stirred, filtered through CELITE®, and washed 

·~{with 200 ml of chloroform. The combined filtrate was washed with 

T brine, the. organic layer was dried and concentrated in vacuo to 

?'afford 0.81 g (81%) of 1.1-di<2-chloropyridin-3-yl)ketone. 

~;- (b) To 20 ml of methanol was added in portions 0.22 g 

:"1 (9.5 mmol) of sodium and the mixture was stirred under nitrogen 

\ for 0.5 h. l,l-di-{2-chloro)pyridin-3-yl]ketone (0.8 g, 3.16 mmol) 

:\ in 20 ml of methanol was added to the above mixture, and the 

;.· reaction mixture was refluxed under nitrogen for 12 h. The 

/·mixture was quenched with 2N HCl (1 ml), concentrated in vacuo. 

\ and the residue was dissolved in 100 ml of ethyl acetate. The 

·: organic layer was washed with water and brine, dried over sodium 

·~: sulfate, and concentrated in vacuo. The residue was purified by 

\ chromatography on silica (ethyl acetate/hexane, 1:1) to afford 

i 0.38 g (49.3%) of 1.1-diC2-methoxypvridin-3-vl)ketone . 

:, (c) To a suspension of 0.26 g (2.34 mmol) of potassium 

. t-butoxide in 20 ml of THF at ooc was added methyltriphenyl­

phosphonium bromide (0.86 g; 2.34 mmol) and the mixture was 

stirred at room temperature for 1 h. To the above mixture was 

added l,l-di(2-methoxypyridin-3-yl)ketone (0.38 g, 1.55 mmol) in 

10 ml of THF and the mixture was stirred for 1 h at room 

temperature under nitrogen. The above mixture was quenched with 

saturated ammonium chloride solution, diluted with ether, filtered, 

the aqueous layer was extracted with ether, and the combined 

organic layer was filtered. The above filtrate was concentrated 

in vacuo, and the residue was chromatographed on silica (hexane/­

ethyl acetate, 2:1) to afford 0.38 g of 1. l-diC2-methoxypyridin-

~ oc~ 
hDethylene (Formula ill: R3:R4=H; R5:R6= l..';P-- ). 
(d) A mixture of 0.39 g (1.42 mmol)) of 4a-azoniaanthracene 

perchlorate and 0.38 g (1.55 mmol) of l,l-di(2-methoxypyridin-
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:..,..yl)ethylene in 25 ml of nitromethane was allowed to reflux under 
~.Uuogen for 120 h. The mixture was cooled, and concentrated 
. : JD.. vacuo. The residue was dissolved in 100 ml of boiling methanol/­
;~~acetonitrile (5:1) containing active charcoal, filtered, and the filtrate 
··,;·'was concentrated in vacuo. The residue was triturated in water, 

trutered and the solid residue washed with water and ether, and dried 
::_.to afford 0.13 g (17.5%) of 6. 11-ethano-12.12-di-(2-methoxy-

,j_ -~din-3-yl}-6, 11-dihydrobenzo[b] quinolizinium perchlorate 

j: (Formula I: R l=R2=R 3=R4=R 7 _H; R5=R 6= t:9COCHo 
:! X·::CI04-). 

·'.z: example 161 
;.{ (a) To a suspension of NaH (0.072 g, 3 mmol) in 20 ml of D~ 
;~;:' cooled to ooe under argon was added l,l-cli-(pyrazol-4-yl)ketone 
·{ (0.23 g, 1.4 m.mol) with stirring. p-Methoxybenzyl chloride 
/ (0.24 g, 1.5 mmol) was added to the mixture at ooc with stirring 

-._. and the resulting mixture was stirred at room temperature. The 
; · reaction mixture was quenched with saturated ammonium chloride 
: solution and the mixture was extracted with ethyl acetate (50 ml). 

:. The organic layer was washed with water (3x50ml) and brine 
;. (50 ml), dried and concentrated in vacuo to afford 0.4 g of 
i 1. 1-dif( 1-p-methoxybenzvl)pvrazol-4-yllketone . 
. : (b) To a solution of potassium t-butoxide (0.18 g, 1.5 mmol) in 
·:' 25 ml of THF at OOC was added methyltriphenylphosphonium 

bromide (0.38 g; 1.5 mmol) under nitrogen and the mixture was 
,, Stirred at room temperature. To the above mixture was added a 

solution of l,l-cli[(l-p-methoxybenzyl)pyrazol-4-yl]ketone (0.4 g, 
LO mol) in S ml of THF and the mixture was stirred at room 
temperature under nitrogen. The above mixture was quenched with 
saturated ammonium chloride solution, filtered through CELITE®, 
and the filtrate was concentrated in vacuo. The residue was 
extracted with ethyl acetate (3x20 ml), the organic layer was washed 
With brine and dried over sodium sulfate. The organic solution was 
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~· concentrated in vacuo and the residue was purified by flash 

: cbrOIIlatography (ethyl acetate/hexane) to afford 0.16 g of 

~· .1.J-dHCl-p-methoxvbenzvl)pyrazol-4-yll-ethylene 

l:;N 
/ {Foitllula ill: R3=R4=H; R5:R6= CHrPh-4-0CHs ). 

(c) A reaction mixture containing 4a-azoniaanthracene per­

chlorate (0.16 g; 0.4 mmol) and l,l-di[(l-p-methoxybenzyl)­

pyrazol-4-yl]-ethylene (0.11 g; 0.4 mmol) in 10 ml of acetonitrile 

was refluxed for 6.5 h under nitrogen. The reaction mixture was 

... concentrated in vacuo, the residue was purified by flash 

\ chromatography on silica ( 10% methanol in methylene chloride) to 

f afford 0.25 g of 6.11-ethano-12.12-di[Cl-p-methoxybenzyD-

·-:.- pyrazol-4-yll-6.11-dihydrobenzofblquinolizinium perchlorate 

l:;N 
(Formula I: Rl:R2=R3:R4=R7=H; R5:R6= CHrPh-+OCH, ; 

~:; X·=CI04·), as a solid. 
.~· 

'_ (d) A solution of 250 mg of 6,11-ethano-12,12-di[(l-p-methoxy-

:' benzyl)pyrazol-4-yl]-6,11-dihydrobenzo[b ]quinolizinium per-

\ chlorate in 10 ml of trifluoroacetic acid was refluxed under 

~:.' nitrogen for 8 h. The mixture was concentrated in vacuo, the 

~, residue partitioned in 25 ml of water and 20 ml of ethyl acetate. 

1: The aqueous layer was concentrated in vacuo and the residue was 

-f: treated with 1 g of sodium perchlorate in 10 ml of water. The 

( solution was concentrated (to 4 ml) and the resulting solid product 

·.- was filtered to afford 25 mg of 6.11-ethano-12.12-di(pyrazol-4-yl)J­

; ll 1-dihydrobenzofblquinoliziniurn perchlorate 

() 
(FonnulaRl=R2=R3=R4=R7=H; R5=R6= H ; x-::e104-), 

as a solid, m.p. 160-1700C. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 
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Example 162 -(a) To a mixture of 3-bromofuran (10 g, 0.068 mol) and 

propargyl alcohol (4.3 ml, 0.074 mol) in 200 ml of TEA was added 

under argon, Cul (0.26 g, 1.4 mmol) and [(C6H5)3PJ2PdCl2 

(1.05 g, 1.4 mmol) and the mixture was stirred at OOC for 2 hours 

and at room temperature for 72 hours. The reaction mixture was 

cooled, decanted, and the solid was washed with TEA. The 

combined TEA solution was concentrated in vacuo and the residue 

was distilled (Kugelrohr distillation) to afford 1.48 g (17 .8 % ) of 

3-(3-furyD-2-propynyl alcohol. 

(b A mixture of 3-(3-furyl)-2-propynyl alcohol (1.45 g, 

0.0118 mol), DMAP (1 mg), TEA (2.46 ml, 0.017 mol), and acetic 

anhydride (1.6 ml, 0.017 mol) in 25 ml of methylene chloride was 

stirred for 1 hour and the mixture was poured into cold 1 N HCl 

solution. The mixture was extracted with ether (3x50 ml), the 

organic layer was dried over sodium sulfate and concentrated 

'·' in vacuo. The residue was purified by silica column 

chromatography (hexane/ether, 2:1) to afford 1.44 g (57.5%) of 

3-{3-acetyloxy-1-propynyllfuran as a clear oil. 

(c) To a mixture of 3-(3-acetyloxy-1-propynyl)furan (1.44 g, 

8. 7 mmol), 3-bromofuran (2.55 g, 0.017 mol), and Pd(P(C6H5)3)4 

(1.0 g, 0.8 mmol) in THF was added added zinc chloride (0.5M in 

THF, 34 ml, 0.017 mol) and the mixture was stirred at room 

temperature for 4 hours. The reaction mixture was concentrated 

in vacuo and the residue was purified by silica column 

chromatography (methylene chloride/hexane, 2:1) to afford 1.25 g 

(85%) of U.1-di{3-furyl)J-1.2-propadiene (Formula ill: R3 and R4 

together form ::CH2; R5-R6=3-furanyl) as a pale yellow oil. 

( d) A reaction mixture containing 4a-azoniaanthracene 

hexafluorophosphate (1.48 g; 4.8 mmol) and l,l-di(3-furyl)­

l,2-propadicnc (0.25 g; 7.2 mmol) in 50 ml of nitromethane was 

refluxed for 4 h under nitrogen. The reaction mixture was 

concentrated in vacuo, the residue was triturated in ether, and the 

brown residue was filtered. The solid was dissolved in ethyl acetate, 

filtered, and concentrated in vacuo. The resulting residue was 
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·: diSsolved in isopropanol, cooled, filtered, and the solid was dried to 

... afford 0.386 g (16.7%) of 6.11-ethano-12.12-di(3-fw:yl)-

, u-methylcne-6. 11-dihydrobcnzo(b]quinolizinium hexa-

.. f}Yorophosphate (Formula I: Rl:R2=R7-H; R3 and R4 together 

·-'form ::CH2; R5=R6=3-furanyl; X·=PF6·), as a solid. 

~ ~ample 163 
To a solution of 1.0 g (2.2 mmol) of 6,ll-ethano-12.12-di 

••· (3-furyl)-10-hydroxy-6,11-dihydrobenzo[b]quinolizinium per-

- chlorate in 20 ml of pyridine was added 1,8-diazabicyclo[S.4.0] 

:. undec-7-ene (0.37 g, 2.4 mmol) under nitrogen. To the above 

· mixture was added stearic acid chloride (1.3 g, 4.4 mmol) and the 

.- mixture was stirred at room temperature overnight The reaction 

__ mixture was concentrated in vacuo and the residue was purified by 

_: silica gel column chromatography (ethyl acetate, 20% methanol in 

· ethyl acetate). The above product was dissolved in 20% methylene 

•. chloride in methanol and passed through AMBERLITE® A-27 

- column to afford 0.193 g of 6, 11-ethano-12.12-di(3-furyl}-

. .:' 1O-stearvloxy-6.11-dihydrobcnzo[b]quinolizinium chloride 

:;~' (Formula I: Rl=R2=R3:R4=H; R5:R6=3-furyl; 

:~· :: R7=10-0C(O)(CH2)7 CH=CH(CH2)7CH3) as a solid, 

'~; : m.p. 95-lOOoC. 
·--~~ . 

:;t '-· Example 164 
-. --~;'. (a) To a solution of t-BuLi (216 ml, 1.7M, 0.367 mol) in 11 THF 

at -780C was added dropwise 1-bromo-2,4,6-trimethylbenzene 

(35.6 g, 0.178 mol) over a period of 45 minutes. The mixture was 

Stirred at -780C for 1 hour, 3-methoxypyridine (15 g, 0.138 mol) 

·, was added and then the mixture was stirred at -230C for 3 hours . 
. ·;." 

The above reaction mixture was cooled to -78oC and 13 g (0.2 mol) 

of D:MF in 25 ml of THF was added and the mixture was stirred for 

1 hour. The reaction mixture was quenched with 250 ml of brine, 

i the mixture was stirred overnight, and diluted with 11 ether. The 

aqueoous layer was extracted with ethyl acetate (11), the combined 
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; organic layer was dried over potassium carbonate, and concentrated 

';.,;in-vacuo to afford 7.5 g of 3-methoxvpyridvl-2-carboxaldehyde. 

:: (b) To a solution of 4.96 g (0.0265 mol) of 2-bromobenzyl 

} alcohol in 200 ml of ether cooled to -20oC was added in portions 

:;: 22.3 ml (55 mmol) of 2.5 M n-butyllithium in hexane and the 

: resulting mixture was stirred at room temperature for 2 hours. The 

;: reaction mixture was cooled to ooc, 3.08 g (26.5 mmol) of 

~- TMEDA was added. The above reaction mixture was cooled to 

;-_ .3ooC, and 4 g (0.029 mol) of 3-methoxypyridine-2-carboxaldehyde 

'· in 30 ml of THF was added, and the resulting reaction mixture was 

:- allowed to warm to ooc an4 quenched with 10 ml of water. The 

~ resulting diol was filtered, and filtrate was extracted with ethyl 

::· acetate, dried over sodium sulfate, and the solvent was removed 

::.~ in vacuo. The combined residue was triturated in ether/ethyl acetate 

_:. (9:1) and hexane to afford 4 g (64.5%) of 2-fl-hydroxx-

:: (2'-hvdroxymethyl)benzyll-3-methoxypyridine 

3: (Formula X: Rl=3-0CH3; R~H; R7=H). 

} (c) A mixture of 4 g (16 mmol) of 2-[1-hydroxy-(2'-hydroxy-

:~- methyl)benzyl]-3-methoxypyridine and 75 ml of POCl3 was heated 

{ at 1osoc with stirring for 1 h. The mixture was cooled, 

-i;- concentrated in vacuo, and the residue was dissolved in 50 ml of 

~··water and 100 ml of 30% sodium perchlorate solution. The · 

--~ resulting mixture was filtered, the solid was washed with water, 

~[ ethyl acetate, and hexane, and dried to afford 3.5 g (70.7%) of 

f 1-methoxybenzofblquinolizinium perchlorate 

< (Formula II: Rl=l-OCH3; R2=R7=H; X·=CI04-). 

(d) A reaction mixture containing 1-methoxybenzo[b]­

quinolizinium perchlorate (1.5 g; 4.85 mmol) and l,l-di(3-furyl)-

~- ethylene (1 g) in 75 ml of nitromethane was allowed to reflux under 

. nitrogen with stirring for 3 hour. The reaction mixture was 

·- concentrated in vacuo and the residue was crystallized from 

methylene chloride/ethyl acetate/methanol (7:2:1) and charcoal. The 

. Solid product was triturated in water and dried to afford 2 g 

~ (86.9%) of 6. l l-ethano-12. 12-diC3-furvD-1-methoxy-6. 11-dihydro-
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';:-ofblguinolizinium perchlorate (Formula I: Rl=l-OCH3; 

:. &2=:R3=R4=R7=H; R5=R6=3-furyl; X·=CIQ4·) as a.solid. 

/ (e) 6,l l-Ethano-12,12-di(3-furyl)-l-methoxy-6,l l-dihydro­

'.' benzo-[b]quinolizinium perchlorate (2 g) was converted to the 

·- corresponding chloride salt by passing the above salt through 

} ooWEX® lx20-200-CI- after placing the salt in acetonitrile. The 

,;, chloride residue obtained was dried in vacuo to afford 0.92 g 

~.: (53.4%) of 6.11-ethano-12.12-diC3-fwyl)-1-methoxy-6.l 1-di-

.{- h.,vdrobenzofblguinolizinium chloride (Formula I: Rl=l-OCH3; 

' R2=R3=R4=R7=H; R5:R6=3-furyl; X-=Cl-) as a solid. 

~xample 165 
To a solution of 1.0 g (2.2 mmol) of 6,ll-ethano-12,12-di 

(3-furyl)-1O-hydroxy-6,11-dihydrobenzo[b ]quinolizinium per­

chlorate in 20 ml of pyridine was added DBU (0.37 g, 2.4 mmol) 

under nitrogen, and to the above mixture was added octanoic acid 

chloride (0. 71 g) and the mixture was stirred at room temperature 

overnight. The reaction mixture was concentrated in vacuo and the 

residue was triturated with ether, the resulting solid was purified by 

silica gel column chromatography (10% methanol/ethyl acetate, 

20% methanol in ethyl acetate). The above product was dissolved in 

acetonitrile and passed through DQWEX® lx20-200-CI- column to 

afford 0.44 g of 6.11-ethano-12.12-diC3-fuzyl)-10-octanoyloxy-

6.11-dihydrobenzo(blquinolizinium chloride 

(Formula I: Rl:R2=R3=R4.....H; R5=R6=3-furyl; 

R7=lO-OC(O)C7H15; X·=CI·) as a solid, m.p. 80-900C. 

Example 166 

A mixture of 0.5 g (1.1 mmol) of 6,ll-cthano-12,12-di 

(3-furyl)-10-hydroxy-6,11-dihydrobenzo[b]quinolizinium per­

chlorate and CS2C03 (0.39 g, 1.22 mmol) in 20 ml of acetonitrile 

was stirred at room temperature for 10 minutes, and to the above 

mixure was added ethyl succinoyl chloride (0.27 g, 1.6 mmol) and 

the mixture was stirred at room temperature. The reaction mixture 

was concentrated in vacuo, the residue was dissolved in acetonitrile, 
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~ filter~ and the filtrate was concentrated in vacuo. The above 

: product was dissolved in acetonitrile and passed through DOWEX® 

.' 1:<20-200-CI- column to afford 0.14 g of 6.11-ethano-12.12-di 

;· Q.-turvn-10-(3-ethoxycarbonyllpropionyioxy-6. 11-dihydrobenzo­

·: fQ]guinolizinium chloride (Formula I: Rl:R2=R3=R4...H; 

R5=R6=3-furyl; R7=10-0C(O)(CH2)2C02Et; X·=Cl·) as a solid, 

01.p. 120-124oC. 

Example 167 
(a) A mixture of ethyl maleic acid (50 g, 0.31 mol) and thionyl 

chloride (50 ml) was heated at lQOOC for 3 hours and the excess 

thionyl chloride was removed in vacuo. The residue was distilled to 

afford 45 g (79.4%) of ethyl maleic chloride as an oil, 

b.p. 710C/10mm. . 
(b) To a solution of 0.57 g (1.25 mmol) of 6,ll-ethano-12,12-di­

(3-furyl)-10-hydroxy-6,ll-dihydrobenzo[b]quinolizinium 
perchlorate in 25 ml of acetonitrile was added CS2C03 (0.45 g, 

1.38 mmol) and the solution was stirred at room temperature for 

10 minutes. To the above mixurc was added ethyl maleic chloride 

(0.3 g, 1.38 mmol) and the mixture was stirred at room temperature 

for 20 hours. The reaction mixture was filtered and concentrated in 
vacuo, the residue was triturated in water, and filtered. 'The above 

product was washed with ether and dried to afford 0.4 g of 

6, 11-ethano-12.12-di(3-fm:yl)-10-(ethoxycarbonylethenylcarbonyl­

oxy)-6. 11-dihydrobenzo[b] quinolizinium perchlorate 

(Formula I: Rl:R2=R3=R4=H; R5=R6=3-furyl; 
R7=IO-OC(O)CH=CH C02Et; X-= Cl04-) as a solid. 

(c) 6,ll-Ethano-12.12-di(3-furyl)-10-(ethoxycarbonylethenyl-

carbonyloxy)-6, 11-dihydrobenzo[b ]quinolizinium perchlorate 

(0.4 g) was converted to the corresponding chloride by passing the 

salt through DQWEX® lx2-200-CI-(water/acetonitrile, 7.3) to 

afford 0.14 g (40%) of 6.11-ethano-12.12-diC3-fm:yll­
l9-<0CCO)CH=CHCOz.Et)-6. 11-dihydrobenzofblquinolizinium 

~rchlorate (Formula I: Rl:R2=R3=R4=H; R5=R6=3-fu.ryl; 
R 7 =0C(O)CH=CHC02Et; X·=Cl·), as a solid. 
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~ample 168 
(a) A mixture of 1-methoxybenzo[b]quinolizinium perchlorate 

(1.4 g; 6.1 mmol) in 30 ml of 48% HBr was heated at lOOoC for 

16 hour. The reaction mixture was poured into 100 ml of water 

and 50 ml of sodium perchlorate was added with stirring. The 

resulting solid was filtered and dried to afford 1.6 g (88.8%) of 

t-hydroxybenzo[b]quinolizinium perchlorate (Formula Il: 
R)=l-OH; R2=R3=H; X·=CI04-) as a solid. 

(b) A reaction mixture containing 1-hydroxybenzo[b]­

quinolizinium perchlorate ( 1.5 g; 5.07 mmol) and l,l-di(3-furyl)­

ethylene (1.5 g, 9.3 mol) in 50 ml of acetonitrile was allowed to 

reflux under nitrogen with stirring for 10 hour. ·The reaction 

mixture was concentrated in vacuo, the residue was dissolved in 

methanol, and filtered. The filtrate was concentrated in vacuo and 

the residue was crystallized from ether/methylene chloride (100 ml, 

2: 1 ). The solid product was filtered and dried to afford 1. 7 g 

(73.9%) of 6.11-ethano-12.12-diC3-furyl)-1-hydroxy-6.11-di­

hvdrobenzofb]guinolizinium perchlorate (Formula I: Rl=l-OH; 

R2=R3:R4=R7=H; R5:R6=3-furyl; X-=CI04-) as a solid. 

(c) 6,11-Ethano-12,12-di(3-furyl)-1-hydroxy-6,l l-clihydro-

benzo-[b]quinolizinium perchlorate (1.2 g, 2.6 mmol) was converted 

to the corresponding chloride salt by passing the above salt through 

DOWEX® lx2-200-CI- after placing the salt in acetonitrile. The 

chloride residue was dried in vacuo to afford 0.82 g (75.9%) of 

6, 1l-ethano-12.12-diC3-furyl}-1-hydroxy-6. 11-dihydrobenzo[bl­

guinolizinium chloride (Formula I: Rl=l-OH; R2=R3:R4=R7=H; 

R5=R6=3-furyl; x-=Cl-) as a solid. 

Example 169 

A mixture of 0.5 g (1.1 mmol) of 6,ll-ethano-12,12-di 

(3-furyl)-1O-hydroxy-6,11-dihydrobenzo[b ]quinolizinium per­

chlorate and CS2C03 (0.39 g, 1.2 mmol) in 20 ml of acetonitrile 

was stirred at room temperature for 10 minutes, and to the above 

mixture was added acetyl chloride (0.13 g, 1.6 mmol) and the 

mixture was stirred at room temperature overnight. The reaction 
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ntlXture was concentrated in vacuo. the residue was dissolved in 

acetonitrile, filtered, and the filtrate was concentrated in vacuo. 

The above product was dissolved in acetonitrile and passed through 

OOWEX® lx.2-200-Cl- column to afford 0.27 g of 6. l 1-ethano-

12. 12-di(3-fwyll-1O-acetyloxy-6.11-dihydrobenzo-Cblguinolizinium 

~hloride (Formula I: Rl:R2:R3:R4=H; R5:R6=3-furyl; 

R7::0C(O)CH3; X-=CI·) as a solid, m.p. 75-82oC. 

Example 170 
A mixture of 0.4 g (1 mmol) of 6,11-ethano-12,12-di 

(3-furyl)-1-hydroxy-6, 11-dihydrobenzo[b ]quinolizinium perchlorate 

and Cs2C03 (0.31 g, 1 mmol) in 20 ml of acetonitrile was stirred at 

room temperature for 5 minutes. To the above mixure was added 

acetyl chloride (0.1 g) and the mixture was stirred at room 

temperature. The reaction mixture was concentrated in vacuo, the 

residue was triturated in ether, and the solid was filtered. The 

above product was dissolved in acetonitrile and passed through 

DOWEX® lx.2-200-Cl- column to afford 0.14 g of 6.11-ethano-

12. 12-diC3-furyl}-1-acetyloxv-6. 11-dihvdrobenzo-[b]guinolizinium 

chloride (Formula I: Rl:R2:R3:R4=H; R5:R6=3-furyl; 

R7=0C(O)CH3; X·=CI·) as a solid, m.p. 128-1320C. 

Example 171 
(a) A solution of KCN (3g, 0.046 mol) in a minimum of water 

was added to a solution ofbenzo[b]quinolizinium bromide (10 g; 

0.0385 mol) in 200 ml water. The resulting solid was extracted 

with an equal volume of methylene chloride. The above organic 

layer was heated and a solution of bromine (6.4 g) in methylene 

chloride was added. The resulting yellow solid was isolated, 

dissolved in ethanol/water, and the resulting solution was treated 

with sodium perchlorate solution. The perchlorate salt was filtered 

and recrystallized from ethanol to afford 2 g of 6-cyanobenzo[b]­

guinolizinium perchlorate (Formula II: Rl=R7=H; R2=CN; 

X·=CI04·) as a solid. 
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(b) A reaction mixture containing 6-cyanobenzo[b]quinolizinium 

perchlorate (1.45 g; 7.07 mmol) and l,l-cli(3-furyl)ethylene (3 g) in 

20 ml of acetonitrile and 40 ml of ethanol was heated to reflux 

under nitrogen while stirring overnight. The reaction mixture was 

concentrated in vacuo, the residue was dissolved in methylene 

chloride and purified by silica gel column chromatography (70% 

ethyl acetate/30% (55/20(25 pyridine/acetic acid water)). 

Evaporation gave a brown oil which crystallized from methanol and 

was converted to the corresponding chloride salt by passing the 

compound through DQWEX® lx2-200-CI- ion-exchange resin . 

The chloride residue was dried in vacuo and recrystalii red from 

2-propanol to afford 0.377-g (13.1 %) of 6.l 1-ethano-12.12-di 

(3-fwyll-6-cyano-6.11-dihydro benzo [bJquinolizinium chloride 

(Formula I: Rl:R3:R4=R7=H; R2=cN; R5=R6=3-furyl; X-=Cl-) 

as a solid, m.p. 1680C softens. 

Example 172 
To a solution of 0.45 g (1 mmol) of 6,ll-ethano-12,12-di 

(3-furyl)-1O-hydroxy-6,11-dihydrobenzo[b ]quinolizinium per­

chlorate in 10 ml of DJ\.iF was added CS2C03 (0.65 g, 2 mmol) 

under nitrogen and the mixture was stirred at room temperature for 

10 minutes. To the above mixture was added octyl bromide (0.4 g) 

and the mixture was stirred at room temperature overnight. The 

reaction mixture was concentrated in vacuo, the residue was 

25 disssolved in acetonitrile and filtered. The filtrate was concentrated 

in vacuo, the resulting solid was dissolved in 50 ml of methanol/­

water/acetonitrile (1:1:1) and treated with sodium perchlorate (8 g). 

The mixture was concentrated in vacuo. the solid was washed with 

hexane and ether, and crystallized from acetonitrile/methanol/ether 

30 to afford 0.36 g (63.2 %) of 6.11-ethano-12.12-di(3-furyl)-

1O-octyloxy-6.11-dihydrobenzo[bJquinolizinium perchlorate 

(Formula I: Rl=R2=R3=R4=H; R5=R6=3-furyl; R7=0(CH2)7CH3; 

X-=Cl04-) as a solid, m.p. 143-145oC. 
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·;: ~ample 173 
·:: (a) To a cooled {-78oC) solution of 1-(p-methoxyphenyl)methyl­

·~- Unidazole (9.4 g, 0.05 mol) in 200 ml of ethermIF (1:1) was 

added in portions, 22 ml (0.055 mol) of n-butyllithium (2.5 M) over 

a 1 hour period, and the mixture was stirred at -7goc for 1.5 h. To 

the above mixture was added at -780C N-methyl-N-methoxy­

urethane (3.325 g, 0.025 mol), the mixture was stirred for 1 h at 

-78oC, and then was allowed to warm to -1ooc. The mixture was 

quenched with saturated ammonium chloride solution and stirred 

overnight The organic layer was dried over sodium sulfate, 

concentrated in vacuo, and the residue was purified by HPLC to 

afford 10.3 g of 1.1-dHl-(p-methoxyphenyl)methylimidazol-

2-yIJketone. 

(b) To a solution of potassium t-butoxide (3.56 g, 0.032 mol) in 

15 ml of THF cooled at OoC was added methyltriphenyl­

phosphonium bromide (1.143 g; 0.03 mol) and the resulting mixture 

was allowed to warm to room temperature with stirring for 1 hour. 

To the above mixture was added l,l-di[l-(p-methoxyphenyl)­

methylimidazol-2-yl]ketone (8.5 g, 21 mmol) in 30 ml of THF, 

followed by stirring for 2 hours at room temperature. The above 

mixture was quenched with saturated ammonium chloride solution, 

stirred, and filtered through a pad of SUPERCEL®. The filtrate 

was concentrated in vacuo and the residue was purified by 

chromatography on silica (ethyl acetate, ethyl acetate/ether/­

methanol) to afford 3 g (35%) of 1.1-difl-(p-methoxyphenyD­

methylimidazol-2-ylllethylene 

,A) 
I 

(Formula m: R3:R4=H; R5:R6= CHzPtM-OCH, ). 

( c) A reaction mixture containing benzo[b ]quinolizinium 

hexafluorophosphate (1.53 g; S mmol) and l,l-di[l-(p-methoxy­

phenyl)methylimidazol-2-yl)]ethylene (3 g; 7.5 mmol) in 25 ml of 

acetonitrile was refluxed for 54 h under argon. The reaction 

solvent was replaced with nitromethane and the mixture was 

refluxed for 4 days. The mixture was concentrated in vacuo, the 
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;' residue was purified by silica gel column chromatography 

:·, cinethylene chloride/methanol, 20:1) to afford 2.1 g (59%) of 

_' ~ 1-ethano-12. 12-di rt-(p-methoxypheny~)methylimidazol-2-yll­

,: ~ 1-dihydrobenzo[b]guinolizinium hexafluorophosphate 

(Formula I: Rl:R2=R3=R4=R7=H; R5=R6= 

x·=Pf6·). 

~? 
I 
CH~Hs. 

(d) A solution of 2.1 g (3 mmol) of 6,ll-ethano-12,12-di 

[1-(p-methoxyphenyl)methylimidazol-2-yl]-6,11-dihydro­

benzo[b]quinolizinium hexafluorophosphate in 15 ml of 

trifluoroacetic acid was refluxed under nitrogen for 24 h. The 

mixture was concentrated in vacuo. the residue was dissolved in 

methanol/water and filtered, and the filtrate was concentrated 

in vacuo to afford 2 g of 6.11-ethano-12. 12-di-Cimidazol-2-yl)-

6. 11-dihydrobenzo[blguinolizinium trifluoroacetate (Formula I: 

~? 
Rl=R2=R3=R4=R7=H; R5=R6= H ; x-=OC(O)CF3), as a solid. 

(e) 6,l l-Ethano-12,12-di-(imidazol-2-yl)-6,l l-dihydrobenzo-

[b]quinolinium trifluoroacetate (2 g) in acetonitrile/water (1:1) was 

converted to the corresponding chloride by passing the salt through 

DOWEX® lx2-200-Cl·(water/acetonitrile, 7:3) to afford 0.9 g of 

6.11-ethano-12. 12-diCimidazol-2-yl)-6. 11-dihydrobenzorbl­

quinolizinium chloride (Formula I: Rl-R2=R3-R4....R7=H; 

~? 
R5=R6= H ; x-=Cl-), as a solid. 

Example 174 

A mixture of 0.5 g (2.9 mmol) of 6,ll-ethano-12,12-di 

(3-fury 1)-1O-hydroxy-6,11-dihydrobenzo[b ]quinolizinium per­

chlorate and CS2C03 (1.04 g, 3.2 mmol) in 20 ml of acetonitrile 

was stirred at room temperature for 10 minutes. To the above 

mixure was added trimethylacetyl chloride (0.52 g, 4.4 mmol) and 

the mixture was stirred at room temperature. The reaction mixture 
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i 

';: was concentrated in vacuo, the residue was triturated in ether and 

~ water respectively, and filtered. The above product was dissolved 

~- in acetonitrile and passed through DOWEX® lx2-200-CI- column 

· to afford 0.27 g of 6.11-ethano-12.12-diC3-fw:yl)-10-trimethyl­

~etvloxy-6. 11-dihydrobenzo[b]quinolizinium chloride 

(Formula I: Rl:R2=R3:R4=H; R5:R6=3-furyl; 

R7=0C(O)C(CH3)3; X-=CI·) as a solid, m.p. 128-131oC. 

g_xample 175 

(a) A reaction mixture containing 10-hydroxybenzo[b]­

quinolizinium perchlorate (1.42 g; S mmol) and 1,1-di 

[3-(2-p-methoxybenzyl)pyrazolyl-3-yl]ethylene (2.6 g; 6.5 mmol) in 

50 ml of nitromethane was refluxed for 16 h under nitrogen. The 

reaction mixture was concentrated in vacuo, the residue was 

triturated in ether and filtered, and the solid was purified by silica 

gel column chromatography (methylene chloride/ether 9: 1) to 

afford 3.4 g of 6.11-ethano-12.12-di[3-(2-p-methoxybenzyll­

pyrazolyl-3-yll-6. 11-dihydrobenzo[blguinolinium perchlorate 

0 
I 

(Formula I: Rl:R2=R3:R4=H; R5=R~ CHzPM-OCH,; R7=10-0H; 

X·=CI04-), as a solid. 

(b) A solution of 3.4 g (4.9 mmol) of 6,ll-ethano-12,12-di 

[3-(2-p-methoxybenzyl)pyrazolyl-3-yl]-6, 11-dihydrobenzo[b ]­

quinolizinium perchlorate in 50 ml of trifluoroacetic acid was 

refluxed under nitrogen for 24 h. The mixture was concentrated 

in vacuo. the residue triturated in methanol-water (1:1), and 

filtered. The filtrate was concentrated in vacuo and the solid 

product was converted to the corresponding chloride by passing the 

salt through DOWEX® lx2-200-Cl-(water/acetonitrile, 1:1)) to 

afford 2.8 g of a crude product The crude product was purified by 

repeating the above process of tri.fluoroacetic acid treatment 

followed by ion exchange chromatography to afford 2.0 g of 
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~1 l-ethano-12.12-di-CID1J1Zolyl-3-yll-6. l l-clihydrobenzofbl­

gymolizinium chloride (Formula I: Rl=R2=R3=R4=H; 

0 
R5=R6= H ; R7=10-0H; x-=CI-) as a solid, m.p. 308-3100C. 

~ample 176 
(a) A reaction mixture of 3.02 g (20 mmol) of 2-(1,3-dioxolan-

2-yl)pyridine and 4.58 g (20 mmol) of methyl a-bromophenyl­

acetate was stirred at room temperatuare for 4 days. The mixture 

was triturated in ether/ethyl acetate and filtered to afford 5.7 g of 

.l.:[!cx-phenyllmethoxycarbonylrnethyll-2-< 1.3-dioxolan-2-yl)­

pyridiniumium bromide, 
(Formula VI: R l=H; R2=C02CH3; R 7 =H; z-=Br). 

(b) A mixture of l-[(a-phenyl)methoxycarbonylmethyl]-

2-(1,3-dioxalan-2-yl)pyridiniumium bromide (5.6 g, 14.74 mmol) 

and 60 g of PPA was heated at 1200C under nitrogen for 8 hours. 

The excess PP A was decomposed by the addition of ice, the reaction 

mixture was stirred and filtered through a SUPERCEL ® pad, and 

to the filtrate was added sodium perchlorate solution. The resulting 

solid was filtered, washed with water, and dried to afford 3 g (68%) 

of 6-methoxycarbonylbenzofblguinolizinium perchlorate 

(Formula II: Rl=R7=H; R2=c02CH3; X-=CI04-) as a solid. 

(c) A reaction mixture containing 6-methoxycarbonyl­

benzo[b]quinolinizium perchlorate (2.8 g; 8.3 mmol) and 1,1-di 

(3-furyl)ethylenc (1.73 g) in 75 ml of acetonitrile was allowed to 

reflux under argon with stirring for 24 hours. The reaction 

mixture was concentrated in vacuo, the residue was recrystallized 

from acetone/methylene chloride to afford 2.5 g of 6.11-ethano-

12.12-di(3-furyll-6-methoxycarbonyl-6.11-dihydrobenzofb l­

Quinolizinium perchlorate (Formula I: Rl-R3=R4=R7=H; 

R2=C02CH3; R5:R6=3-furyl; x-=CI04-) as a solid. 

(d) 6,l l-Ethano-12,12-di(3-furyl)-6-methoxycarbonyl-6,l l-di­

hydrobenzo[b]quinolizinium perchlorate (1.21 g, 2.8 mmol) was 

converted to the corresponding chloride salt by passing the above 
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salt through OOWEX® lx2-200-Cl- after placing the salt in 

acetonitrile. The product was recrystallized from methylene 

chloride/acetone to afford 0.55 g (13.1 %) of 6.11-ethano-12.12-di­

!3-furyll-6-methoxycarbonyl-6.l l-dihydrobenzofblguinolizinium 

,hloride (Formula I: Rl=R3-R4=R7=H; R2=c02CH3; 

R5=R6=3-furyl; X-=Cl-) as a solid, m.p. 210-2120C. 

Example 177 
A mixture of 6, l 1-ethano-12, 12-di(m-methoxyphenyl)-

: 10 6, 11-dihydrobenzo[b ]quinolizinium perchlorate (3.5 g) in 50 ml of 

48% HBr/acetic acid (1:1) was refluxed overnight. The reaction 

mixture was concentrated in vacuo. the residue was triturated with 

100 ml of water and filtered. The solid residue was dissolved in 

methanol and treated with 0.9 g of sodium perchlorate in 100 ml of 

_· 15 water. The organic solvent was removed in vacuo and the solid 

product was filtered and dried to afford 2.7 g (88%) of 

. ~o 

6. 11-ethano-12.12-di(m-hyciroxyphenyll-6.11-dihydrobenzo[bl­

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

R5=R6=3-hydroxyphenyl; X-=CI04-) as a solid, m.p. 150-1600C . 

Example 178 

(a) To a suspension of NaH (0.98 g, 0.039 mol) in THF was 

added ethanol (1.8 g, 0.039 mol) followed by 1,1-dimethylsuccinic 

anhydride (5 g, 0.037 mol), and the mixture was stirred at room 

~5 temperature for 2 hour and then poured into 1 N HCl solution. The 

mixture was extracted with ethyl acetate, the organic layer was 

dried and concentrated in vacuo. The residue was crystallized from 

hexane to afford 1.8 g of 3-ethoxycarbonyl-3.3-dimethylpropionic 

acid as a solid. 

lo (b) A mixture of 3-ethoxycarbonyl-3,3-dimethylpropionic acid 

( 1 g) and 3 ml of thionyl chloride was stirred at room temperature 

for 20 hours. The excess thionyl chloride was removed in vacuo to 

afford 1.1 g of 3-ethoxycarbonvl-3.3-dimethylpropionyl chloride. 

(c) To a solution of 1.3 g (2.8 mmol) of 6,ll-ethano-12,12-di 
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(3-fury 1)-1O-hydroxy-6,11-dihydrobenzo[b ]quinolizinium per­

chlorate in 50 ml of acetonitrile was added CS2C03_(1.86 g, 

5.7 mmol) and the reaction mixture was stirred for 10 minutes. To 

the above mixture was added 1.1 g (5.7 mmol) of 3-ethoxycarbonyl-

5 3,3-dimethylpropionyl chloride in 3 ml of methylene chloride and 

the mixture was stirred at room temperature under nitrogen for 

20 hours. The reaction mixture was filtered and the filtrate was 

concentrated in vacuo. The residue was crystallized from methylene 

chloride/ethyl acete/methanol (7:2:1) and purified by triturating in 

10 ethyl acetate to afford 0.85 g (50%) of 6.11-ethano-12.12-di 

(3-furyl)-1O-(QC(Q)C(CH1}2CHzC02Et)-6.11-dihydrobenzo[b-

]guinolizinium perchlorate (Formula I: Rl:R2=R3:R4=H; 

R5=R6=3-furyl; R7=10-0C(O)C(CH3)2CH2C02Et; X-=ClQ4-). 

(d) The above 6,l l-ethano-12,12-di(3-furyl)-

15 lO-(OC(O)C(CH3)2CH2C02Et)-6,l l-dihydrobenzo[b]quinolizinium 

perchlorate (0.8 g) was converted to the corresponding chloride salt 

by dissolving in acetonitrile and passing through DOWEX® 

lx2-200-CI· column to afford 0.57 g of 6. 11-ethano-12.12-di 

C3-furyD-10-{0C{0)C(CH3_}2CH2C02Et)-6.ll-dihvdrobenzo[bl-

~O quinolizinium chloride (Formula I: Rl=R2=R3:R4=H; 

R5=R 6=3-furyl; R 7 =1 O-OC(O)C(CH3)2CH2C02Et; X-=CI-). 

Example 179 

(a) A reaction mixture containing 10-methoxybenzo[b]-

. 25 quinolizinium perchlorate (0.774 g; 2.5 mmol) and 1,1-di 

[3-(l-p-methoxybenzyl)pyrazolyl-3-yl]ethylene (1.2 g; 3 mmol) in 

25 ml of nitromethane was refluxed for 14 h under nitrogen. The 

reaction mixture was concentrated in vacuo. the residue was 

triturated in ether, and the solid product was recrystallized from 

lo ether/methanol/methylene chloride to afford 1.7 g (95%) of 

6, l 1-ethano-12. 12-di[( 1-p-methoxybenzvl)pyrazolyl-3-yll-

1O-methoxy-6.11-dihydrobenzo(bJquinoliziniurn perchlorate 

0 
I 

(Formula I: Rl:R2=R3=R4=H; R5:R6= CHzPM-OCHs ; 
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::tt7::=10-0CH3; X·=Cl04·), as a solid. 

, (b) A mixture of 1.65 g (2.32 mmol) of 6,ll-ethano-12,12-di 

:: [(1-p-xnethoxybenzyl)pyrazolyl-3-yl-l O-~ethoxy-6, 11-dihydro-

:'· benzo[b] quinolizinium perchlorate in 20 ml of trifluoroacetic acid 

~, was refluxed with stirring under argon for 48 h. The mixture was 

:·concentrated in vacuo, the residue dissolved in methanol/water · 

: (50%), filtered, and the filtrate was concentrated. The residual 

~perchlorate salt was converted to the corresponding chloride salt by 

· dissolving in acetonitrile and passing through DQWEX® lx2-200-

Cl" column and crystallized from isopropanol/water to afford 0.8 g 

· •. (85%) of 6.11-ethano-12.12-diCpvrazolyl-3-yll-10-methoxy-6.l l-di­

bYdrobenzo[bJquinolizinium chloride 

d 
' (Formula I: Rl:R2=R3-R4=H; R5:R6= H ; R2=lO-OCH3; 

X·=Cl·), as a solid. 

Example 180 
(a) A mixture of 1-isoquinolinecarboxylic acid (25 g.0.14 mol), 

25 g of AMBERLYST®-15 (H+), and 300 ml of methanol was 

refluxed for 3 days. The reaction mixture was cooled, filtered, and 

the filtrate was concentrated in vacuo to afford 13.6 g (50%) of 

1-isoquinolinecarboxylic acid methvl ester. 

(b) 1-Isoquinolinecarboxaldehyde (7.3 g, 64 %) was prepared 

from 1-isoquinolinecarboxylic acid methyl ester (13.6 g, 0.073 mol) 

and 1 M LAH (36.6 ml in THF) in 300 ml of dry TIIF 

(J. Org. Chem., vol 28, p 1898, 1963) to afford 7.3 g (64%) of 

1-isoquinolinecarboxaldehyde. 

(c) A mixture of 1-isoquinolinecarboxaldehyde (7.2 g, 46 mmol), 

5.7 g (92 mmol) of ethylene glycol, 200 ml of toluene and 2.3 g 

,
r (12 .mmdol) ~thf p-t0oluene5s~koruT·c acid undfler argonfi in

6
ah3 neck-~ask 

eqwppe WI a can- tar rap was re uxed or separanng 

:he water. The mixture was cooled to room temperature, and 

··,··'~' ;>oured into an ice-cold 10% sodium carbonate solution. The 

1 aqueous layer was extracted with ether, the combined organic layer 

l 
I 
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was washed with brine, dried over sodium sulfate, and concentrated 

in vacuo to afford 9.3 g of 1-(1.3-dioxolan-2-yl)isoguinoline. 

{ci) A reaction mixture of 9.5 g (46 mmol) of 1-(1,3-dioxolan-

2-yl)isoquinoline and 7.91 g (46 mmol) of benzyl bromide was 

stirred for 72 hours. The mixture was cooled to room temperature, 

ttiturated with ethyl acetate, filtered, and the solid was washed with 

ether and dried to afford 15.2 g (88%) of 1-(1.3-dioxolan-2-yl)-

2-benzylisoquinolium bromide (Formula VI: R 1 is a benzene ring 

fused at the 3,4-positions; R2=R7=H; Z-=Br). 

(e) A mixture of 1-(1,3-dioxolan-2-yl)-2-benzylisoquinolium 

bromide (15.1 g, 21 mmol) and 200 ml of 48% HBr was refluxed 

with stirring for 24 hours. The mixture was cooled to room 

temperature, concentrated in vacuo, and the resulting brown residue 

was redissolved in water. The aqueous solution was filtered and the 

the filtrate was treated with KPF6 solution. The precipitated 

product was filtered, washed with water, dried in vacuo. and 

recrystallized from acetone to afford 6.9 g (45%) of dibenzo[a.gl­

guinolizinium hexafluorophosphate (Formula Il: R l=a benzene ring 

fused to the 1,2-position; R3:R7=H; X-=PF6-). 

(f) A reaction mixture containing dibenzo[a,g]quinolizinium 

hexafluorophosphate (2.5 g; 6.6 mmol) and l,l-di(3-furyl)ethylene 

(1.28 g; 8 mmol) in 70 ml of acetonitrile was allowed to reflux 

under argon with stirring for 24 h. The reaction mixture was 

;'< concentrated in vacuo, the residue was recrystallized from 

methylene chloride/ether to afford 3.3 g of 14.14-di(3-furyl}-

8. 13-ethano-8.13-dihydrodibenzo[a,glguinolizinium hexafluoro­

phosphate (Formula I: Rl=a benzene ring fused at the 1,2-position; 

R2=R3:R4=R7=H; R5:R6=3-furyl; X-=PF6-). 

(g) 14,14-Di(3-furyl)-8,13-ethano-8,13-dihydrodibenzo[a,g]-

quinolizinium hexafluorophosphate (3.2 g, 6.34 mmol) in 

acetonitrile was converted to the corresponding chloride by passing 

the salt through DQWEX® lx2-200-Cl-(water/acetonitrile, 7:3) to 

afford 2.4 g (94%) of 14.14-di(3-furyl)-8.13-ethano-8.13-dihydro­

.Qibenzo[a.glguinolizinium chloride (Formula I: Rl=a benzene ring 

fused at the 1,2-position; R2=R3=R4=R7=H; R5:R6=3-furyl; 
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x·=Cl·) as a solid, m.p. 235-2370C. 

~ample 181 
(a) To a solution of l,l-di(3-furyl)ketone (36.7 g, 0.226 mol) in 

400 ml of THF at OoC was added ethylmagnesium bromide (3 M in 

ether, 98.1 ml, 0.294 mol) and the resulting mixture was allowed to 

warm to room temperature in 30 minutes. The mixture was cooled 

:;- to ooc, quenched with 300 ml of ammonium chloride solution, and 
, 

.:.· 
the resulting mixture was extracted with ethyl acetate (3x250ml) . 

-'i The organic layer was dried over sodium sulfate and concentrated 

:; in vacuo to afford 43 g of 1.l-di(3-furyl)propanol as an oil. 

·- (b) A mixture of l,l-di(3-furyl)propanol {43 g) and 1 g of 
.. : 

, p-toluenesulfonic acid in 300 ml of toluene was allowed to react at 

-" room temperature and the resulting mixture was concentrated 

,~; in vacuo. The residual red oil was purified by silica gel column 

! chromatography (methylene chloride) and kugelrohr distillation 

' (50-8o·c at 0.25 mmHg) to afford 4 g of l.l-diC3-fur,yll-1-propene 

(Formula ill: R3=CH3; R4=H; R5=R6=3-furyl) as an oil, 

:~ b.p. 50-8QOC {0.25 mm). 

(c) & (d) A reaction mixture containing benzo[b]quinolizinium 

__ hexafluorophosphate (5.8 g; 19.1 mmol) and l,l-di(3-furyl)-

1-propene (4 g; 22.9 mmol) in 300 ml of nitromethane was refluxed 

for 12 h under nitrogen. The reaction mixture was decanted, the 

liquid was concentrated in vacuo, the residue was triturated in ether 

(200 ml), and filtered. The solid product was purified by silica gel 

chromatography (1:1 ethylacetate/PAW) and preparative HPLC 

(C-18, Waters 4000, 55% :MEOH, 45% H20 lOmM KPF6) to 

afford two isomers: 

Isomer 1; 6.11-ethano-12.12-diC3-furyD-13-methyl-6.11-dihydro­

benzolblquinolizinium hexafluorophosphate (Example 181(c) 

Formula I: Rl:R2=R4=R7=H; R3=CH3; R5=R6=3-furyl; 

X·=PF6·); 42 mg. 

Isomer 2; 6.1l-ethano-12.12-diC3-furyl)- l 3-methyl-6. 11-dihydro­

benzolblsuinolizinium hexafluorophosphate (Example 181 ( d) 

.. Formula I: Rl:R2=R3=R7=H; R4=cH3; R5=R6=3-furyl; 
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ethylene (1 g, 6.1 mmol) in 50 ml of acetonitrile was refluxed under 

_ nitrogen for 10 hours. The reaction mixture was concentrated 

. in vacuo and the residue was crystallized from methanol/isopropanol -(3:1) to afford 0.75 g of 6.l 1-ethano-12.12-diC3-furvl)-10-chloro-

roethyl-6. 11-dihydrobenzo[blguinolizinium perchlorate 

Cformula I: Rl=R2=R3=R4=H; R5=R6=3-furyl; R7=10-CH2CI; 

X·=CI04-) as a solid. 

t (e) To a solution of 6,l l-ethano-12,12-cli(3-furyl)-10-chloro-
.~ 

·.-~. methyl-6,11-dihydrobenzo[b]quinolizinium perchlorate (0.5 g) in 

S. 65 ml of acetone was added Na! (0.3 g, 2 equiv), and the mixture 

was heated at 5Q-600C for 5 hours. The mixture was filtered and .. ;~ 
~-. . 

J the filtrate was concentrated in vacuo to afford 0.8 g of the iodide. 
J~? 
\ To a solution of the iodide in 150 ml of acetone/water (1:1) was 

:'::~ added 0.5 g of sodium carbonate and the mixture was refluxed 

·-~i\I under nitrogen for 16 hours. The solvent was removed in vacuo 

::~ and the residue was treated with a 10% sodium perchlorate solution. 

The resulting solids were collected by filtration and crystallized 

from acetonitrile to afford 0.18 g of 6.11-ethano-12.12-di(3-fuzyl)­

l O-hydroxvmethyl-6. 11-dihydrobenzo[blquinolizinium perchlorate 

(Formula I: R l:R2=R3=R4=H; R5=R 6=3-furyl; R 7 =CH20H; 

_}.- X-=Cl04-) as a solid, m.p. 224-2260C. 
·:· 

;:;-
-. 
. ,_ Example 183 

A (a) A mixture of 9 g (35 mmol) of 1-(2-pyridyl)-l-[(2-hydroxy-

.. methyl)-5,6-methylenedioxyphenyl]methanol and 30 ml of POCl3 

:-;; was refluxed with stirring for 6 hours, the mixture was cooled to 
j .. 

room temperature, and poured into ice/water. The mixture was 

-~ treated with KPF6 solution, the resulting solid was filtered, and 
-' 
-!' washed with water, and dried to afford 6.3 g of 9.10-methylene-

\ s!.ioxybenzo[bJguinoliziniwn hexafluorophosphate 

~ (Formula II: Rl=R2=H; R7=9,10-0CH20-; X-=PF6·). 

(b) A reaction mixture containing 9,10-methylenedioxy­

benzo[b ]quinolizinium hexafluorophosphate ( 1.85 g; S mmol) and 

l,l-di(3-furyl)ethylene (1 g, 6.25 mmol) in 25 ml of acetonitrile 
·:~· 

_:·. was allowed to reflux under nitrogen with stirring for 18 hours. 
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'fhe reaction mixture was concentrated in vacuo and the residue was 

purified by silica gel column chromatography (methylene chloride/­

IJlethanol, 9:1) to afford 1.5 g (56%) of 6.11-ethano-12. 12-di 

Q-furyD-9. 1O-methylenedioxy-6.11-dihycfrobenzo [bJquinolizinium 

hexafluorophosphate (Formula I: Rl=R2=R3=R4=H; 

R5=R6=3-furyl; R7=9,lO-OCH20-; X-=PF6-) as a solid. 

(c) 6, 11-Ethano-12,12-di(3-furyl)-9,10-methylenedioxy-

6,l l-dihydrobenzo[b]quinolizinium hexafluorophosphate (1.5 g) was 

converted to the corresponding chloride salt by passing the above 

salt through DOWEX® lx2-200-Cl- after placing the salt in 
acetonitrile. The chloride residue obtained was recrystallized from 

water and dried in vacuo to afford 1.0 g (47%) of 6.11-ethano-

12.12-di(3-furvl)-9.10 methylenedioxy-6.11-dihydrobenzofbl­

quinoliziniurn chloride (Formula I: Rl:R2=R3=R4=H; 

R5:R6=3-furyl; R7=9,10-0CH20-; x--PF6-) as a solid, 

:~ m.p. 198-20QOC. 

;~ 

:.=. 
Example 184 

-:; (a) To a cooled (-780C) solution of 1-(p-toluenesulfonyl)-

~:r pyrazole (18.2 g, 0.082 mol) in 400 ml of THF was added at -7goc 

._. in portions 53.1 ml (0.0903 mol) of t-butyllithium (2.5M) and the 

'< mixture was stirred at -780C for 10 minutes. To the above mixture i was added at-78oC 3-(N-methyl-N-methoxycarbamoyl)furan (14 g, 

·,~ ~::::~! :~~ ~x=mw:,:=::r ~:~:~=~then 
poured into 1 N HCI solution, extracted with ethyl acetate 

(3x150ml), the organic layer was dried over sodium sulfate, 

I 
concentrated in vacuo, and the residue was purified by silica gel 

._:_:_:_~ col~thchrofimlatograd phdyth(ethfiiler:hexane, 2:1). The rdes~due was taken 
, up me er, tere an e trate was concentrate m vacuo to 

l afford 6.9 g of 1-{3-furyll-1-Cl-(p-toluenesulfonyl)pyrazol-5-yll­

l ketone. 

(b) To a solution of methyltriphenylphosphonium bromide 

(7.71 g; 21.5 mmol) in 100 ml of ether cooled to -3QOC was added 

n-BuLi (8.6 ml, 2.5 M hexane, 21.5 mmol). The resulting mixture 
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was allowed to warm to room temperature with stirring for 1 hour. 

To the above mixture was added 1-(3-fw:yl)-l-[1-(p-toluene­
sulfonyl)pyrazol-5-yl]ketone (6.5 g, 20 mmol) in 25 ml of THF, 
then the mixture was refluxed for 1 hour. The above mixture was 
cooled, filtered, and the filtrate was concentrated in vacuo. The 
residue was purified by chromatography on silica (hexane/­
methylene chloride, 1:1) to afford 3.51 g of 1-(3-fur:yl)-
1-11-Cp-toluenesulfonyl)pvrazol-5-vllethylene (Formula ill: 

R 
R3=R4=H; R5=3-furyl; R6= SOzP~) as a yellow oil. 

f" o ( c) & ( d) A reaction mixture containing benzo[b ]quinolizinium 
~ bromide (2.3 g; 8.86 mmol) and 1-(3-furyl)-l-[1-(p-toluene­

sulfonyl)pyrazol-5-yl]ethylene (3.2 g; 10.19 mmol) in 75 ml of 
nitromethane was refluxed for 2 h under nitrogen. The reaction 
mixture was concentrated in vacuo, the residue was triturated with 

·f 5 ether and filtered to yield a tan solid. The solid was purified by 
silica gel column chromatography (10% methanol in methylene · .... 

chloride) to afford: 
Isomer 1 6.11-ethano-12-(3-furyl)-12-[l-(p-toluenesulfonyl)­

pyrazol-5-yll-6.l l-dihydrobenzo[bJguinolizinium bromide (138 mg; 
Example 184(c) Formula I: Rl=R2=R3:R4=R7=H; 

~N 
I 

R5= SOzPM-CHs ; R6=3-furyl; X-=Br-). m.p. 158-1630C. 

Isomer 2 6.11-ethano-12-(3-furyl)-12-[l-(p-toluenesulf onyl)­
pyrazol-5-yll-6.l l-dihydrobenzo [b]quinolizinium bromide (104 mg; 

l Formula I: Rl=R2=R3=R4=R7-H; R5=3-furyl; R6= (i~ ; 
X-=Br). m.p. 205-211oc. 

Example 185 
(a) To a solution of 6,ll-ethano-12-(3-furyl)-12-[1-(p-toluene-
sulfonyl)pyrazol-5-yl]-6, 11-dihydrobenzo[b ]quinolizinium bromide 
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(2.03 g, 35 mmol; Example 184(c)) in 20 ml of ethanol was added. 

NaOMe (0.094 g, 3.5 mmol) and the mixture was stirred for 

4 hours. The mixture was concentrated in vacuo, and the residue 

was purified by silica gel chromatography (10% methanol in 

5 methylene chloride). The product (bromide) was treated with a 

sodium perchlorate solution, filtered and the solid was recrystallized 

from isopropanol to afford 1.44 g of 6. 11-ethano-12-(3-fuzyll-

12-(5-pyrazolyll-6. 11-dihydrobenzo[blquinolizinium perchlorate 

(Formula I: Rl:R2:R3:R4=R7=H; R5=5-pyrazolyl; R6=3-furyl; 

i~ o X·=ClQ4-), m.p. 122-1300C. 

(b) To a solution of 6,ll-ethano-12-(3-fwyl)-12-[l-(p-toluene­

sulfonyl)pyrazol-5-yl]-6,ll-dihydrobenzo[b]quinolizinium bromide 

(0.6 g, 10 mmol; Example 184(d)) in 25 ml of ethanol was added 

NaOMe (0.094 g, 3.5 mmol) and the mixture was stirred for 

4 hours. The mixture was concentrated in vacuo. the residue was 

dissolved in 5 ml of methanol and 20 ml of water and was treated 

with a sodium perchlorate solution, and filtered. The solid product 

was recrystallized from isopropanol and methylene chloride to 

afford 98.3 mg of 6.11-ethano-12-(3-furyl)-12-(5-pyrazolyl]-

6. 11-dihydrobenzo[b]quinolizini um perchlorate 

(Formula I: Rl:R2:R3=R4:R7=H; R5=3-furyl; R6=pyrazolyl; 

X·=Cl04·), m.p. 1420C. 

Example 186 

(a) To a solution of 3-amino-4-methylbenzoic acid methyl ester 

(25 g, 0.15 mol) in 11 acetic acid cooled to OoC was added a 

solution of NaN02 (12.5 g, 0.182 mol) in 50 ml of water and the 

mixture was warmed to room temperature with stirring over 

4 hours. The solution was concentrated in vacuo. the residue was 

triturated with water, the solid was filtered and washed with water 

and hexane to afford 19 g (71.6%) of methyl indazole-

6-carboxylate. 

(b) To a solution of methyl indazole-6-carboxylate (19 g, 

0.107 mol) in 100 ml of DMF was added NaH (3.3 g, 0.135 mol) 

and the mixture was stirred at room temperature for 1 hour. To the 
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above mixture cooled to OOC was added trimethylsilylethoxymethyl 

chloride (22.4 g, 0.135 mol), and the mixture was stirred at room 

temperature for 3 hours. The mixture was poured into 300 ml of 

water, and the resulting mixture was extracted with ether. The 

organic layer was washed with water and brine, dried, and 

concentrated in vacuo to afford 3.7 g (52.5%) of methyl 1-(tri­

methylsilylethoxymethyl)indazole-6-carboxylate. 

(c) To a mixture of LAH (5.73 g, 0.15 mol) in 200 ml of ether 

was added a solution of methyl 1-(trimethylsilylethoxymethyl)­

indazole-6-carboxylate in 200 ml of ether over a 30 minutes period 

and the mixture was stirred for 1 hour. The resulting mixture was 

quenched with water(6 ml), 1 N NaOH (15 ml) and water (6 ml), 

''.? diluted with ethyl acetate with stirring and filtered. The filtrate was 
._;~-

(1 concentrated in vacuo, and the residue was crystallized from 

·;;q hexane/ethyl acetate (2:1) to afford 18.1 g (87%) of 1-(trimethyl­

silvlethoxymethyl)indazolyl-6-methanol. 

·=··· 

(d) A mixture of 1-(trimethylsilylethoxymethyl)indazolyl-

6-methanol (18.1 g, 65 mmol) in 400 ml of 50% aqueous acetic acid 

and n-bromosuccinimide (NBS) (12.6 g, 71 mmol) was stirred at 

room temperature for 20 minutes. The resulting solid was filtered, 

'.\f washed with water and hexane, and dried to afford 16.8 g (72.1 % ) 
-~-~1.. 

-.j\ of 1-(trimethylsilylethoxymethyD-5-bromoindazol-yl-6-methanol. 

;'.: (e) A mixture of 1-(trimethylsilylethoxymethyl)-5-bromoindazol-

:~\1 yl-6-methanol (16.8 g, 47 mmol), triphenylphosphine (15 g, 

:1- 56 mmol), and carbon tetrabromide (18.6 g, 56 mmol) in 500 ml of 

-~ methylene chloride was stirred under nitrogen overnight The 

\ mixture was concentrated in vacuo and the solid was crystallized 
·~'.i 

t from hexane/ethyl acetate 9:1) to afford 5.1 g (25.8%) of 1-(tri-
··-· 

/~ methylsilylethoxymethyl}-5-bromo-6-bromomethylindazole. 

;[~ (f) A mixture of 1-(trimethylsilylethoxymethyl)-5-bromo-
- -

·-~ 6-bromomethylindazole (5.1 g, 12 mmol) and 

·:~.i 

l-[2-(1,3-dioxolanyl)]pyridine (1.9 g, 12.7 mmol) was stirred at 

room temperature under nitrogen for 48 hours. The mixture was 

triturated with ether and decanted. The residue was dissolved in 

warm water, filtered, and the filtrate was treated with a KPF6 
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(1.5 g) solution with stirring. The solid product was filtered and 
dried to afford 5.8 g (75.3%) of l-fl-(trimethylsilylethoxvmethyl)-
2.:bromo lindazol-6-ylmethyl-2-{l .3-dioxolanyl}pyridinium hexa­
fluorophosphate. 
(g) To a mixture of polyphosphoric acid (125 ml) and methane­
sulfonic acid (25 ml) at 1oooc was added 5.8 g (9.1 mmol) of 

·:::i: • 1-[1-(trimethylsilylethoxymethyl)-5-bromo ]indazol-6-yl-methyl­
·.t 
}: 2-(1,3-dioxolanyl)pyridinium hexafluorophosphate and the mixture 

.· 'f· 

'
1 was allowed to react at 1 OOoC for 5 hours. The mixture was cooled ·:·~~ 

,,-:, to room temperature, diluted with 125 ml of warm water and 
."t; 

<~ 800 ml of methanol, and the resulting mixture was treated with a 
~-~ 30% KPF6 solution. The solid was filtered, dissolved in 500 ml of 
O:J 
.-,; acetonitrile and filtered. The filtrate was concentrated in vacuo, the . ~.:-~ 

:.:1 residue was filtered and washed with ether to afford 2.3 g (57%) of 
.... l 

:,:;:;5 7-bromo-9. 10-pvrazolobenzo[blquinolizinium hexafluorophosphate 
:,.j 

A (c, 
)'i ~ J°'o 
j N-N ii (Formula II: Rl=R2=H; R7=7-Br, H ; x-=PF6·). 
j (h) A reaction mixture containing 7-bromo-9,10-pyrazolo-
·1 benzo[b]quinolizinium hexafluorophosphate (2.5 g; 5.2 mmol) and 
·:·~ 
-4 l,1-di(3-furyl)ethylene (1.26 g; 7.8 mmol) in 75 ml of acetonitrile 
/~ was allowed to reflux under nitrogen with stirring for 8 h. The 
. ·~-:* 
>l reaction mixture was concentrated in vacuo. the residue was 
\~ crystallized from methanol to afford 2.3 g (73.4%) of 12.12-di 
·:t C3-fui:yl)-7-bromo-6.11-ethano-6. 11-dihydro-9.10-pyrazolo-
.:~· 

1 benzofblquinolizinium hexafluorophosphate (Formula I: 
·' -; c, ., ( rto 

;;~~ Rl=R2=R3=R4=H; R5=R6=3-furyl; R7=7-Br; N-~ ; X-=PF6·). 
:I (i) To a solution of 12,12-di(3-furyl)-7-bromo-6,l 1-ethano-. 
' 6,l l-dihydro-9,10-pyrazolobenzo[b]quinolizinium hexafluoro-
1 

i phosphate (2.2 g, 3.6 mmol) in methanol/acetonitrile (150 ml, 5:1) 
; was added 1gof5% Pd/CaC03 and the mixture was hydrogenated 

. ·~ at 50 psi for 3 hours. The mixture was filtered, the filtrate was 
1 

concentrated, and the residue was purified by column 
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i·t\~f/ 
)~f;:-;-

:~ ·chromatography (methylene chloride/ethyl acetate/methanol, 7:2:1). 

'fhe above solid was recrystallized from isopropanol/ethyl 

:1 acetate/methanol (1:4:1) to afford 1.2 g (62.8%) of 12. 12-di 

:~ !J:furvl)-6. 11-ethano-6. 11-dihydro-9. 1 O-mazolobenzo[bl-
.·:::~J::;,_;.:: 

} gymolizinium hexafluorophosphate (Formula I: Rl-R2=R3:R4=H; 
c, 

( tlO 
.,. N--N 

-~ R5:R6=3-furyl; R7= H ; C-=PF6-) . 

. ·~ U) 12, 12-Di(3-furyl)-6, 11-ethano-6, 11-dihydro-9, 10-pyrazolo-

;j benzo[b]quinolizinium hexafluorophosphate (1.2 g, 2.3 mmol) in 
) 

l acetonitrile/water (1:1) was converted to the corresponding chloride 
' :J by passing the salt through DOWEX® lx2-200-CI-(water/-

'[ acetonitrile, 7.3) to afford 0.61 g (64.2%) of 12.12-diC3-fuiyl)­

:! 6.1l-ethano-6.11-dihydro-9.10-pyrazolobenzo[bJquinolizinium 

".:j chloride (Formula I: Rl=R2=R3=R4=H; R5:R6=3-furyl; 
~ c. 

! ( t10 
.j 7 N--N 
.1 R = H ; x- = CI-), as a solid. 

. ' i .1 Example 187 
"-) 
1 (a) To a solution of 3-hydroxy-4-chlorotoluene (25 g, 0.175 mol) 

:j in 400 ml of acetone was added 30.11 g (0.22 mol) of milled 

I potassium carbonate and 31.22 g (0.22 mol) of methyl iodide, and 

·~ the mixture was refluxed with stirring for 16 hours. The mixture 

! was cooled, filtered, and the filtrate was concentrated in vacuo. The 

residue was dissolved in ether, washed with water, and the organic 

layer was dried over sodium sulfate and concentrated in vacuo to 
1 afford 25.6 g of 3-metlioxy-4-chlorotoluene as a solid. 

·~ (b A mixture of 3-methoxy-4-chlorotoluene (25 .5 g, 0.163 mol) 
j 
1 and KMn04 (62 g, 0.392 mol) in 1.2 1 water was refluxed with 

' 
3tirring for 16 hours. The mixture was filtered, the filtrate was 

r.eutralized with cone. HCI solution (to pH=2), and the resulting 

,.i solid was filtered, washed with water, and dried to afford 

'i 3-methoxy-4-chlorobenzoic acid (17.5 g,58%). 
f 
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(c) To 30.6 ml of BH3.THF was added a solution of 3-methoxy-

4-chlorobenzoic acid (35 g, 0.187 mol) in 450 ml of THF, and the 

mixture was refluxed with stirring under argon for 3 hours. The 

'~i mixture was quenched with THF/water (1:1, 300 ml}, concentrated 

'.~ in vacuo, and the residue was partitioned between methylene 
}' 

.1 chloride/water. The organic layer was dried over sodium sulfate 

~ and concentrated in vacuo to afford 29.4 g (90%) of 3-methoxy-

4-chloropheny1metbanol. 
'.~: 

(d) To a solution of 29 g (0.168 mol) of 3-methoxy-4-chloro-

phenylmethanol in 600 ml of ether cooled to -20oC was added 

dropwise 142 ml (0.353 mol) of 2.5 M n-butyllithium in hexane and 

the resulting mixture was stirred at room temperature for 2 hours. 

The reaction mixture was cooled to ooc, 19.52 g (0.168 mol) of 

n..IBDA was added. The above reaction mixture was cooled to 

.3ooc, 26.96 g (0.252 mol) of pyridine-2-carboxaldehyde in 30 ml 

of THF was added, and the resulting reaction mixture was allowed 

to warm to ooc and quenched with 10 ml of water. The resulting 

diol was filtered, and filtrate was extracted with ethyl acetate, dried 

over sodium sulfate, and the solvent was removed in vacuo. The 

combined residue was triturated with ether to afford 35.3 g (75%) 

· of 2-[l-hydroxy-(2'-hydroxymethyl-5-chloro-6-methoxy)benzyll­

pyridine (Formula X: Rl=R2=H; R7=5-Cl, 6-0CH3). 

(e) A mixture of 35 g (0.125 mol) of 2-[1-hydroxy-(2'-hydroxy-

methyl-5-chloro-6-methoxy)benzyl]pyridine and 150 ml of POCl3 

~~: was refluxed with stirring for 2 h. The mixture was cooled, poured 

J into ice, filtered, and the filtrate was treated with sodium per-
; 

·• ... 
·r-
·' 

chlorate solution. The resulting mixture was filtered, the solid was 

washed with water, dried and recrystal1iz.ed from acetonitrile to 

afford 35.1 g (81 %) of 9-chloro-10-methoxybenzofblguinolizinium 

12erchlorate (Formula II: Rl-R2=H; R7=9-Cl, lO-OCH3; X-=CI04-) 

as a solid, m.p. 234-2370C. 

(f) A reaction mixture containing 9-chloro-10-methoxy-. 
? benzo[b]quinolizinium perchlorate ( 2 g; 5.81 mmol) and 1,1-di 

(3-furyl)ethylene (1.11 g, 7 mmol) in 50 ml of acetonitrile was 

allowed to reflux under nitrogen with stirring for 6 hours. The 
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reaction mixture was concentrated in vacuo and the residue was 
crystallized from methylene chloride/ethyl acetate/methanol (7:2: 1). 
The solid product was purified by silica gel chromatography (9: 1 
methylene chloride/methanol) to afford 3.1 g of 6. 11-ethano-
l 2.12-di(3-fw:yl)-9-chloro-10-methoxy-6. l l-dihvdrobenzo [bJ­
guinolizinium perchlorate (Formula I: Rl=R2=R3:R4=H; 
R5:R6=3-furyl; R7=9-Cl, lO-OCH3; X-=CIQ4-)) as a solid. 

(g) 6,ll-Ethano-12,12-di(3-furyl)-9-chloro-10-methoxy-
6,ll-dihydrobenzo[b]quinolizinium perchlorate (3 g, S.95 mmol) 
was converted to the corresponding chloride salt by passing the 
above salt through DOWEX® lx20-200-CI- after placing the salt in 
acetonitrile. The chloride residue obtained was dried in vacuo and 
recrystallized from methylene chloride/ether to afford 1.83 g (71 %) 
of 6. 1l-ethano-12.12-diC3-fuzyD-9-chloro-1O-methoxy-6.11-di-

\tS hydrobenzo[blquinolizinium chloride 
:.f (Formula I: Rl:R2=R3:R4=H; R5=R6=3-furyl; 
·.~ R7·9-Cl; lO-OCH3; X·::Cl·) as a solid. 
;j 

Example 188 
~\.· (a) A reaction mixture containing 9-chloro-10-methoxybenzo[b]­
~· quinolizinium perchlorate ( S g; 14.83 mmol) and 48% HBr (50 ml) 

was refluxed with stirring for 18 hours. The mixture was 
·1 concentrated in vacuo, the residue was redissolved in water, filtered, 
J and the filtrate was treated with a sodium perchlorate solution with 
'f stirring for 40 minutes. The solid was filtered and ~ecrystallized 
:1 from acetone/ether (1:1) to afford 3.8 g (79%) of 9-chloro­

·.:l: 10-hydroxybenzofblquinolizinium perchlorate (Formula II: 
j Rl=R2=H; R7=9-Cl; 10-0H; X-=CI04-), m.p. 203-20SOC. 
j (b) A reaction mixture containing 9-chloro-10-hydroxybenzo[b]­

.~~~ quinolizinium perchlorate ( 3.3 g; 10 mmol) and l,l-di(3-furyl)-
' i ethylene (1.76 g, 11mmol)in50 ml of acetonitrile was allowed to 
! 
1 reflux under nitrogen with stirring for 6 hours. The reaction 
j mixture was concentrated in vacuo and the residue was crystallized 

-~1•
1 from methylene chloride/ethyl acetate/methanol (7:2:1). The solid 

product was purified by silica gel chromatography (9: 1 methylene 
: 
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chloride/methanol) to afford 3.3 g of 6.11-ethano-12.12-diC3-furyl)-

2-chloro-1O-hydroxy-6.11-dihydrobenzo[blquinolizinium pea:: 
chlorate (Formula I: Rl=R2-R3:R4=H; R5:R6=3-furyl; 

R7=9-Cl; 10-0H; x-=CI04-) as a solid. 

( c) 6,l l-Ethano-12,12-di(3-furyl)-9-chloro-10-hydroxy-6,l l-di-

hydrobenzo[b ]quinolizinium perchlorate (3.1 g) was converted to 

the corresponding chloride salt by passing the above salt through 

DOWEX® lx20-200-CI- after placing the salt in acetonitrile. The 

chloride residue obtained was dried in vacuo and recrystaJJired 

from acetonitrile to afford 1.0 g (71%) of 6.11-ethano-12.12-di 

(3-furyD-9-chloro-1O-hydroxy-6.11-dihydrobenzo[b]guinolizinium 

chloride (Formula I: Rl:R2:R3:R4=H; R5=R6=3-furyl; R7=9-CI; 

10-0H; X-=CI-) as a solid, m.p. 256-2580C. 

Example 189 
(a) A reaction mixture containing 8-chlorobenzo[b]-

quinolizinium bromide (0.5 g; 1.7 mmol) and 1,1-di[(l-p-methoxy­

benzyl)pyrazol-5-yl]ethylene (0.748 g; 1.87 mmol) in 10 ml of 

nitromethane was refluxed for 2 h under nitrogen. The reaction 

mixture was concentrated in vacuo, the residue was purified by flash 

chromatography on silica (10% methanol in methylene chloride) 

and treated with 10 ml of saturated sodium perchlorate solution. 

The resulting solid was recrystallized from isopropanol to afford 

0.68 g (56.6%) of 6.11-ethano-12.12-di[(l-p-methoxybenzyl)­

pvrazol-5-yll-9-chloro-6. 11-dihydrobenzo[b lguinolizinium 

/::N 
I 

perchlorate (Formula I: Rl=R2=R3=R4=H; R5=R~ CH2Pl'H-OC~ • 

R7=9-Cl; X·=CI04-), as a solid. 

(b) A solution of 680 mg (0.95 mmol) of 6,ll-ethano-12,12-di­

[(1-p-methoxybenzyl)pyrazol-5-yl]-9-chloro-6,ll-dihydrobenzo­

[b ]quinolizinium perchlorate in 10 ml of tri.fluoroacetic acid was 

refluxed under nitrogen for 12 h. The mixture was concentrated 

in vacuo, the residue was dissolved in 50% methanol in water, and 

filtered. The aqueous layer was concentrated in vacuo to remove 
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methanol and the residue was treated with saturated sodium 
perchlorate in water. The resulting solid product was _filtered and 
triturated in isopropanol/methylene chloride to afford 305 mg 
(67.7%) of 6.11-ethano-12.12-di-(pyrazol-5-ylll-9-chloro-

'1 §, 11-dihydrobenzoO:ilquinolizinium perchlorate 
-~:: 

,~ -0 
.-~ N""" 

;: (Formula I: Rl=R2=R3=R4=H; R5=R~ H ; R7=9-Cl; 
.. X·=CIQ4·), as a solid. 
1 

·-~ Example 190 
} (a) A reaction mixture containing 9-hydroxybenzo 

--~ -~ [b]quinolizinium perchlorate (2.4 g; 8.2 mmol) and 1,1-di-;! 
:f [3-(1-triisopropylsilyl)pyrrolyl]ethylene (5 g; 10.6 mmol) in 100 ml 
:1 of acetonitrile was refluxed overnight under nitrogen. The reaction 
·j mixture was filtered, the filtrate was concentrated in vacuo, and the 
:1 

_:-~ residue was triturated with ether to afford 2.3 g (36%) of '~ 
-:;{ 6.11-ethano-12.12-di[3-Cl-triisopropylsilvl)pyrrolyll-10-hyclroxy-
.1 6.11-dihydrobenzofblquinolizinium perchlorate 

l 0 d 
--t 
;] 
~= 

-1 (Formula I: Rl=R2=R3=R4=H; R5=R6= ~(iPrn; R7=10-0H; 
J X·=CIQ4-), as a yellow solid. A 
;;} (b) To a solution of 2.2 g (2.9 mmol) of 6,ll-ethano-12,12-di 
'.j [3-(1-triisopropylsilyl)pyrrolyl]-10-hydroxy-6,11-dihydrobenzo[b]­
-~ quinolizinium perchlorate in 50 ml of methylene chloride was added 
_.'j tetrabutylammonium fluoride (2.9 ml, 2.7 mmol, 1.0 M) and the 

= :1 mixture was stirred at room temperature under nitrogen overnight 
:_;_} The solid precipitate was converted to the corresponding chloride 
.~1 salt by passing the above salt through DQWEX® lx2-200-CI· after 
.-1 placing the salt in methanol. The chloride residue obtained was ., 1 
l dried in vacuo and the solid was washed with methylene chloride, 
·1 :4 and dried to afford 0.39 g of 6.11-ethano-12.12-diC3-pyrrolyl)-

::;i l O-hydroxy-6. 11-dihydrobenzofblquinolizinium chloride 
:j (Formula I: Rl=R2=R3=R4=H; R5=R6=3-pyrrolyl; R7=10-0H; 

·1 

i 
l 
l 
I 
! 
i 
·l 

.~ 
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x-=Cl·), as a solid, m.p. 190-1950C. 

Example 191 . 
(a) 3-Isoquinolinecarboxaldehyde (7 g, 84 %) was prepared by 
reduction of 3-isoquinolinecarboxylic acid methyl ester (10 g, 
52 mmol) with 1 M LAH (27 ml in THF,27 mmol) in 300 ml of dry 
THF at -780C for 30 minutes. The mixture was quenched with 7 ml 
of acetic acid, concentrated in vacuo, and the residue was purified 
by silica gel column chromatography (hexane/ethyl acetate, 2:1) to 
afford 7 g (84%) of 3-isoquinolinecarboxaldehyde. 
(b) A mixture of 3-isoquinolinecarboxaldehyde (7 g, 44.5 mmol), 
5.5 g (88 .mmol) of ethylene glycol, 400 ml of toluene and 1.1 g 
( 4.4 mmol) of p-toluenesulfonic acid was refluxed for 16 h while 
separating the water formed. The mixture was cooled to room 
temperature and washed with sodium bicarbonate solution, water, 
and brine. The organic layer was dried over sodium sulfate, and 
concentrated in vacuo to afford 8 g (89.9%) of 3-(1.3-dioxolan-
2-yl)isoquinoline (Formula XII: R2=R7=H). 
(c) A reaction mixture of 8 g (39.7 mmol) of 3-(1,3-dioxolan-
2-yl)isoquinoline and 8 g (86.4 mm.cl) of chloroacetone in acetone 
was stirred at room temperature for 20 hours. To the mixture was 
added 5 g of KBr and the resulting mixture was stirred. The 
resulting mixture was filtered, the residual solid was stirred in 
350 ml of acetonitrile and filtered. The above filtrate was 
concentrated in vacuo, and the residue was triturated in ethyl acetate 
to afford 8.6 g (64.7%) of 3-Cl.3-dioxolan-2-yl}-2-(2-oxopropyD­
isoquinolium bromide (Formula XIV: R2=R7=H; Z'--Br). 
(d) A mixture of 3-(l,3-dioxolan-2-yl)-2-(2-oxopropyl)iso­
quinolium bromide (8.6 g, 25.5 mmol) and 75 ml of 48% HBr was 
refluxed with stirring for 3 hours. The mixture was cooled to room 
temperature, diluted with water and filtered. The residue was 
dissolved in hot water and treated with 100 ml of 25 % sodium 
perchlorate solution. The precipitated product was filtered, washed 
with hexane, ether, and ethyl acetate and dried in vacuo to afford 
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6.4 g (85.3%) of 3-hydroxvbenzo[b]quinolizinium perchlorate 

(Formula II: R1=3-0H; R2=R7=H; X·::Cl04-). 

(e) A reaction mixture containing 3-hydroxybenzo[b]­

quinolizinium perchlorate (1 g; 3.4 mmol) and 1,l-di(3-furyl)­

ethylene (1 g; 6.2 mmol) in 50 ml of acetonitrile was allowed to 

reflux under nitrogen with stirring for 16 h. The reaction mixture 

was concentrated in vacuo, the residue was triturated in 50 ml of 

methylene chloride/ether (1:2) and filtered. The solid was 

retriturated in ethyl acetate, filtered, the resulting solid was washed 

,~ with ether to afford 1.35 g (87%) of 12.12-diC3-fwyl)-3-hydroxy­

,!. 6. 11-ethano-6. 11-dihydrobenzo[bJquinolizinium perchlorate 

;;} (Formula I: R1=3-0H; R2=R3=R4=R7=H; R5:R6=3-furyl; 

--1 X-= Cl04-) . 
. :~ 
-~f (f) 12,12-Di(3-furyl)-3-hydroxy-6,11-ethano-6,11-dihydro-

·;!~ benzo[b]quinolizinium perchlorate (1.35 g, 2.9 mmol) in acetonitrile 

.--,j~ was converted to the corresponding chloride by passing the salt 

through DOWEX® lx2-200-Cl-(water/acetonitrile, 7 .3). The salt 

was filtered, washed with cold water, and dried to afford 0.27 g 

·~j (23.7%) of 12.12-diC3-furyll-3-hvdroxy-6.11-ethano-6.1 l-di-

,,~ hydrobenzo[b]quinolizinium chloride (Formula I: R1=3-0H; 

!i R2=R3:R4=R7=H; R5=R6=3-furyl; X·=Cl-) as a solid. 
.l 
l 
; 

-~ 

J 
·:~ 

:~ 

I 
,l ., 

.\ 
1 
! 
I 

f 

Example 192 

(a) A mixture of 75.0g furyl-3-carboxylic acid (0.669 mol), 

53.8 ml thionyl chloride (0.737 mol), and 325 ml toluene was 

heated to reflux while stirring overnight. Then the volume of the 

mixture was reduced by distilling 150 ml. The mixture was cooled 

and 500 ml methylene chloride, 71.9 g (0.737 mol) of N,0-di­

methylhydroxylamine hydrochloride and 0.15 g of 4-dimethyl­

aminopyridine was added. The mixture was cooled to o·c and 

120 ml of pyidine was added dropwise. The mixture was allowed to 

warm to room temperature and stirred overnight The solids that 

formed were filtered, rinsed with 600 ml methylene chloride, then 

discarded. The filtrate was extracted twice with 600 ml portions of 
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2N HCl then twice with 600 ml water. The methylene chloride 

layer was dried over magnesium sulfate, filtered and concentrated 

in vacuo. The resulting dark oil was distilled through a 15 cm glass 
Vigreaux column, bp 115-125·c at 0.4 mm Hg. Upon cooling the 
distillate crystallized, affording 68.5 g (66%) of 3-CN-methyl 
N-methoxycarbarnoyl) furan as a white solid, mp 39-42.C. 

(b) A solution of n-BuLi in hexane (155 ml, 2.5 M, 0.39 moles) 
and ether (908.5 ml) was cooled to -780C under nitrogen. 
3-bromofuran (57.3 g, 0.39 mol) in ether (113.6 ml) was added 
dropwise while maintaining the temperature of the mixture below 
-700C. The mixture was stirred at -780C for 1 hour then 56.6 g 
(0.365 mol) of 3-(N-methyl-N-methoxycarbamoyl)furan in 167 ml 
of ether was added dropwise over a period of 20 minutes. The 
mixture was stirred overnight and allowed to warm to room t temperature. The mixture was quenched with 440 ml of water, and 

j filtered. The filtrate was extracted with methylene chloride. The 
j organic layer was concentrated in vacuo, the residue was 
~ crystallized from t-butylmethyl ether (175 ml) and washed with 
-~ 
~ hexane to afford 41.85 g (65.3%) of 1.1-di(3-furyl)ketone as an off-

_\-0 white colored solid. 

~ (c) To a solution of l,l-di(3-furyl)ketone (41.85 g) in 440 ml of 
f THF cooled to OOC under nitrogen with stirring was added dropwise 
l 129.4 ml (0.38 mol) of 3M methylmagnesium bromide in ether at 
J below 1 OOC. The mixture was allowed to warm to room 
1.5 
! 
i 
l 
:= 

temperature, and stirred for 4 hours. The above mixture was 
cooled to ooc, quenched with a saturated ammonium chloride 
solution and stirred for 30 minutes. The aqueous layer was 
extracted with THF (440 ml), the combined organic layer was dried 

1 over magnesium sulfate, and concentrated in vacuo (to 440 ml). 
f The above layer was treated with 0.25 g of p-toluenesulfonic acid 

and heated to reflux for 2 hours. The solution was washed with a 
saturated sodium bicarbonate solution, dried over magnesium sulfate 
and distilled (15cm Vigreux column bp 6o·c at 0.2 mm Hg) to 
afford 34.35gof1.l-diC3-furyl)ethylene (Formula ill: R3:R4=H; 
R5=R6=3-furyl) as a clear oil. 
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(d) To a solution of 2,6-dibromoypyridine (53.9 g, 0.2275 mol) 

in THF (144 ml)/ether (288 ml)Jhexane (144 ml) at -780C was 

added dropwise n-BuLi (100 ml, 2.5 M, 0.25 mol) in hexane. The 

mixture was stirred for 10 minutes, and then DlvIF (36.5 g, 0.5 mol) 

was added. The reaction mixture was allowed to warm to -SOOC, 
· "'' quenched with 270 ml of methanol, and then ethyl acetate (1 1) and 

60 ml of water were added at room temperature with stirring. The 

:~ layers were separated and the organic layer was extracted with 

:1 2x60 ml of water. The organic layer was washed with brine, dried 
i~ i'i over magnesium sulfate, concentrated in vacuo, and the residue was 

..... 

·'i purified by silica gel chromatography (10% ether in hexane) to 

1 afford 6-bromo-2-pyridvlcarboxaldehyde (Formula IX: R1=6-Br) 
i ., as an oil. 
·'.' , 
j (e) To a solution of 28.4 g (0.152 mol) of 2-bromobenzyl alcohol 

-~~ arid 22.9 ml (0.152 mol) of TMEDA in 550 ml ether cooled to 

~l -30oC was added dropwise 133.6 ml (0.152 mol) of 2.5M n-butyl 
' l lithium in hexanes. Stirred for 30 minutes at .3o·c, then at room 
) 

temperature for 1 hour. The reaction mixture was cooled to -2QOC 

1 
and 25. 7 g (0.138 mol) of 6-bromopyridine-2-carboxaldehyde in 

:') 550 ml of ether was added. The reaction mixture was stirred for 
l 

1 hour. The solution was allowed to warm to room temperature 

while stirring overnight. The mixture was quenched with 200 ml 

saturated ammonium chloride solution, and 600 ml of ethyl acetate 

; and 200 ml of methylene chloride were added. The layers were 

'"! seperated and the aqueous layer was extracted with 200 ml ethyl 

! 

acetate. The combined organic layers were dried over magnesium 

sulfate, filtered and evaporated in vacuo. The residue was purified 

by chromatography on silica-gel with ethyl acetate-hexane 

~gradient) affording 12.76 g of 2-fl-hydroxy-(2'-hydroxymethyll­

benzyll-6-bromopyridine 
(Formula X: R1=6-Br; R2=R7=H) as a solid, m.p. 123-125oC. 

(f) A mixture of 12.75 g (0.0434 mol) of 2-[1-hydroxy­
(2'-hydroxymethyl)benzyl]-6-bromopyridine and 75 ml of POCI3 

was heated at 11ooc while stirring for 4 h. The mixture was 

I .;ooled, concentrated in vacuo, and the residue was dissolved in 
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water. A solution of excess sodium perchlorate was added and the 
precipitate filtered. The solid was washed with water, and was 
purified by silica gel chromatography (9/1 methylene chloride/­
methanol) to afford 1.7 g of 4-chlorobenzo[blquinolizinium 
perchlorate (Formula Il: R1=4-Cl; R2=R7=H; CIQ4-). 
(g) A reaction mixture containing 4-chlorobenzo[b]­
quinolizinium perchlorate (1.13 g; 3.6 mmol) and l,l-di(3-furyl)-
ethylene (0. 757 g, 4. 73 mmol) in 50 ml of nitromethane was heated 
to reflux under nitrogen while stirring for 3 hours. The reaction 

,~ mixture was concentrated in vacuo and the residue was purified by l chromatography on silica gel (2/8 2-propanol-methylene chloride) 
1 to afford 1.36 g (83.4%) of 6.11-ethano-12.12-diC3-fwyl)-4-chloro­
j 6.11-dihydrobenzo[blquinolizinium perchlorate (Formula I: 
l R1=4-Cl; R2=R3=R4=R7=H; R5:R6=3-furyl; X-=CI04-) as a solid. 
l 
:ls 
:l 
·' .1 

Example 193 
j A reaction mixture containing 9-hydroxybenzo[b]-
1 
j quinolizinium perchlorate ( 1.4 g; 4.8 mmol) and l,l-di(3-furyl)-
! ethylene (1 g, 6.2 mmol) in 25 ml of acetonitrile was allowed to 
I 

:o reflux under argon with stirring for 3 hour. The reaction mixture -J 

J was concentrated in vacuo, the residue was triturated in methanol/-
1 water (2:1), and concentrated in vacuo. The residual salt was 
-~ 

' converted to the corresponding chloride by passing the salt through 
· DOWEX® lx2-200-CI-(water/acetonitrile, 7.3). The salt was 
·

1

s filtered, washed with cold water, and dried to afford 0.31 g (15%) 
of 12.12-diC3-furyl)-9-hydroxy-6.11-ethano-6.11-dihydrobenzo[bJ­
guinolizinium chloride (Formula I: Rl=R2=R3=R4=H; 
R5=R6=3-furyl; R7=9-0H; X-=CI-) as a solid, m.p. 263-2650C . 

. ··~ Example 194 

(a) Bromoacetyl bromide (20 g, 99.l mmol) was added to a 
solution of 1-octanol (12.9 g, 99.1 mmol) and 10 ml of pyridine in 
100 ml of methylene chloride at ooc. After 10 minutes, the 

'· mixture was quenched with 100 ml of ice/water, and the aqueous 
i layer was extracted with methylene chloride, and the combined 
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organic layer was washed with 1 N HCI (3xl OOml) and brine. The 
organic laye:r. was dried over magnesium sulfate, concentrated 
in vacuo. and the product was distilled llll:der high vacuum to afford 
6 g of 1-octyl bromoacetate as an oil, b.p. 93oc . 
(b) To a mixture of lithium diisopropylamide (prepared from 
4.8 g, (47.8 mmol) of cliisopropylamine and 19.1 ml, (2.5 M, 
47.8 mmol) of n-BuLi) in 50 ml of THF was added isobutyric acid 
(2.2 ml, 23.9 mmol) at ooc and the mixture was allowed to warm to 
45oC with stirring. To the mixture cooled to -78oC, was added 
4.3 g (23.9 mmol) of HMP A followed by a solution of 1-octyl 
bromoacetate (6 g, 23.9 mmol) in 50 ml of THF under argon at 

.. j. -780C. The mixture was quenched with 1 N HCI, warmed to room 
j temperature, and extracted with ether (3xSOml). The organic layer 
-~ 

:I was dried over magnesium sulfate, concentrated in vacuo, and 

::z' purified by flash chromatography (10% methanol/ethyl acetate) to 
jj afford 0.8 g of 3-{1-octyloxycarbonyll-2.2-dimethylbutyric acid. 
i 

{ (c) 3-(l-Octyloxycarbonyl)-2,2-dimethylbutyric acid (0.4 g) was 
; treated with thionyl chloride (20 ml) and the excess thionyl chloride 
l was removed in vacuo to afford 0.33 g of 3-Cl-octyloxycarbonyll­

.':~ 2.2-dimethylbutyric acid chloride. 
l (d) To a solution of 0.36 g (0.8 mmol) of 6,ll-ethano-12,12-di­

(3-furyl)-1O-hydroxy-6,11-clihydrobenzo[b ]quinolizinium per­
chlorate in 20 ml of acetonitrile was added CS2C03 (0.27 g, 

0.8 mmol) and the reaction mixture was stirred for 10 minutes. To 
:~ the above mixture was added 0.33 g (1.2 mmol) of 3-(l-octyloxy­

carbonyl)-2,2-dimethylbutyric acid chloride in methylene chloride 
and the mixture was stirred at room temperature under nitrogen. 
The reaction mixture was filtered and the filtrate was concentrated 
in vacuo. The residue was purified by flash chromatography (10% 

';l methanol/methylene chloride) and the resulting salt was converted to 
the corresponding chloride by passing the salt through OOWEX® 
lx2-200-CI-(water/acetonitrile, 7/3). The salt was filtered, washed 
with cold water, and dried to afford 0.26 g (51 %) of 12.12-di 
C3-furvD-1O-COCCO)CCCH3)2,CH2CC0)00ctvll-6.11-ethano-

6. 11-dihydrobenzo[b lquinolinizium chloride 
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(Formula I: Rl:R2=R3:R4=H; R5=R6=3-furyl; 
R 7 =1 O-OC(O)C(CH3)2CH2C(O)OOctyl; x-=CI·) as a solid, 

m.p. 60-6SOC • 

Example 195 
(a) A reaction mixture containing 9-hydroxybenzo[b]­
quinolizinium perchlorate (1 g; 3.4 mmol) and l,1-cli[(l-p-methoxy-
benzyl)pyrazol-3-yl]ethylene (2 g; 5.1 mmol) in 75 ml of aceto­
nitrile/ethanol (8:1) was refluxed for 16 h under nitrogen. The 
reaction mixture was filtered, the filtrate was concentrated in vacuo. 
the residue was triturated in methanol to afford 0.75 g (32.5%) of 

.f .·~ 6.11-ethano-12.12-cli[(l-p-methoxybenzyl)pyrazol-3-yll-
I 9-hydroxy-6.11-dihydrobenzorblquinolizinium perchlorate 

,1 0 i 
·'i N'N 
i I 
i (Formula I: Rl:R2=R3=R4=H; R5=R6= cH2Ph-+OCHa; R7=9-0H; 
·:s X-=Cl04-), as a solid. 
; 

j (b) A solution of 750 mg (1.1 mmol) of 6,ll-ethano-12,12-cli 
~ [(1-p-methoxybenzyl)pyrazol-3-yl]-9-hydroxy-6,11-dihydrobenzo-
1 [b ]quinolizinium perchlorate in 60 ml of trifluoroacetic acid was 
i i refluxed under nitrogen for 24 h. The mixture was concentrated 
.o in vacuo. the residue dissolved in SO ml of methanol and the solvent 
I 

was removed in vacuo. The resulting residue was triturated in 
methanol/water (300 ml, 1:1), the aqueous layer was filtered, and 
the filtrate was concentrated in vacuo to afford 500 mg of 
6.11-ethano-12.12-di-(pyrazol-3-yD-9-hydroxy-6.11-dihydrobenzo-

5 [blquinolizinium perchlorate (Formula I: Rl R2=R3=R4,,,H; 

o-
R5:R6= H ; R7=9-0H; x-=CI04-), as a solid. 

(c) 6,ll-Ethano-12,12-di-(pyrazol-3-yl)]-9-hydroxy-6,11-di-
hydrobenzo[b]quinolizinium perchlorate (0.5 g, 1.1 mmol) was 
converted to the corresponding chloride by passing the salt through 
DOWEX® lx2-200-CI-(water/acetonitrile, 7/3). The salt was 
dissolved in 50 ml of boiling methanol/water, filtered and the 
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filtrate was concentrated in vacuo to afford 0.15 g (34.8%) of 

12.12-di(pyrazol-3-yl}-9-hydroxy-6.11-ethano-6.11-dihydro­

benzo(b]quinolizinium chloride (Formula I; Rl=R2=R3=R4=H; 

o-
R5:R6= H ; R7=9-0H; x-=CI·) as a solid. 

Example 196 

(a) A mixture of 3.9 g (26 mmol) of 2-{1,3-dioxolan-2-yl)-

pyridine and 5g (26 mmol) of 4-fluorobenzyl bromide was stirred 

:_1 at room temperature overnight and the resulting mixture was 

Jo triturated in ether. The white solid was filtered and washed with 
~ 

ether to afford 8.1 g (91 %) of 2-Cl.3-dioxolan-2-yll-1-(p-fluoro-

benzyl)pyridinium bromide (Formula VI: Rl:R2=H; R7=4-F; 

Z·=Br-). 
J (b) A mixture of 8.1 g (24 mmol)- of 2-(1,3-dioxolan-2-yl)­

:{s 1-(p-fluorobenzyl)pyridinium bromide in 100 ml of 48% HBr 

J solution was refluxed for 18 hours. The mixture was heated 

I in vacuo to remove HBr solution. The dry residue was dissolved in 

water, treated with an excess sodium perchlorate solution. The solid 

J was filtered, washed with water, and dried in vacuo to afford 3 g 

-~ (41 %) of 9-fluorobenzorblguinolizinium perchlorate 

i (Formula II: Rl=R2=H; R7=9-F; X·=Cl04·). 

(c) A reaction mixture containing 9-fluorobenzo[b]quinolizinium 

perchlorate (0.6 g; 2 mmol) and l,l-di(3-furyl)ethylene (0.32 g, 

6.2 mmol) in 20 ml of acetonitrile was allowed to reflux under 

·s argon with stirring for 3 hour. The reaction mixture was 

concentrated in vacuo. the residue was triturated in ether, 

redissolved in acetonitrile, treated with activated charcoal and 

filtered. The filtrate was concentrated in vacuo and the residue was 

crystallized from methanol to afford 0.67 g of 12.12-diC3-fuzyll-

o 9-fluoro-6. 11-ethano-6.11-dihydrobenzorblquinolizinium 

perchlorate (Formula I: Rl:R2=R3=R4=H; R5=R6=3-furyl; 

R 7 =9-F; X-=Cl04-) as a solid, m.p. 256-2580C. 
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Example 197 
(a) To a mixture of DABCO™ (5.72 g, 51mmol)in200 ml of 

ether at-200C was added dropwise 2.5 M n-BuLi (51 mmol) and 

the mixture was stirred at -2QOC for 1 hour. The above mixture 

. 5 was cooled to -780C, a solution of 3-fluoropyridine (5 g, 51 mmol) 

in ether (25 ml) was added at -780C, and the mixture was stirred at 

-600C for 1 hour. The above reaction mixture was cooled to 

-78oC, DMF (4.2 g, 56 mmol) was added and the mixture was . 

stirred at this temperature for 2 hours. The reaction mixture was · 

o allowed to warm to -1ooc, quenched with 50 ml of water and 

saturated ammonium chloride solution. The aqueous layer was 

extracted with ethyl acetate (3x100ml) and the combined organic 

layer was dried over magnesium sulfate, concentrated in vacuo, and 

the residue was purified by silica gel chromatography (1:1 ether/-

.5 hexane) to afford 1.5 g (23.5%) 3-fluoro-2-pyridvlcarboxaldehyde 

(Formula IX: R1=3-F). 

(b) To a solution of 2 g (10.6 mmol) of 2-bromobenzyl alcohol 

and TMEDA (1.24 g, 10.6 mmol) in ether(lOO ml) cooled to -300C 

was added in portions 9 ml (22 mmol) of 2.5 M n-butyllithium in 

hexane with stirring for 30 minutes and the resulting mixture was 

stirred at room temperature for 1 hour. The reaction mixture was 

1 cooled to -2ooc, 1.3 g (10.4 mmol) of 3-fluoro-2-pyridyl-

111. carboxaldehyde in 50 ml of ether with stirring for 1 hour. The 

resulting reaction mixture was allowed to warm to room 

S temperature and stirred overnight and quenched with water. The 
i 

j resulting diol was filtered, and filtrate was extracted with ethyl 

1 acetate, the organic layer was washed with brine, dried over 

J magnesium sulfate, and the solvent was removed in vacuo. The 
I 

J,., combin)ed r~,::dude0w5as purifif 
2
· edrl hbydsilica (g

2
e'lhchrdromatogrthaphy) (ethyI

1 
v acetate to "uor . g o - - y roxy- - y oxyme yl benzyl -

l 3-fluorororrldine {Formula X: Rl=3-F; R2=R7-H) as a solid. 
l 
: (c) A mixture of 0.5 g (2.1 mmol) of 2-[1-hydroxy-(2'-hydroxy-

I 

's 

methyl)benzyl]-3-fluoropyridine and 25 ml of POCI3 was heated at 

11 ooc with stirring for 1 h. The mixture was cooled, poured into 

ice/water with stirring, and sodium perchlorate ( 10 g) solution was 
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added. The resulting mixture was filtered, the solid was washed 

with watei:. and ether to afford 0.4 g (64%) of 1-fluorobenzo[bl­

quinolizinium perchlorate (Formula II: Rl=l-F; R2=R7=H; 

x-::e104-). 

(d) A reaction mixture containing 1-fluorobenzo[b]quinolizinium 

perchlorate (0.35 g; 1.2 mmol) and l,l-di(3-furyl)ethylene (0.32 g, 

2 mmol) in 25 ml of acetonitrile was allowed to reflux under 

nitrogen with stirring for 18 hours. The reaction mixture was 

concentrated in vacuo and the residue was triturated in methanol, 

filtered, and washed with ethyl acetate and ether to afford 0.4 g 

(72. 7%) of 6. l 1-ethano-12. 12-diC3-furyll-1-fluoro-6. 11-dihydro­

benzo[blquinolizinium perchlorate (Formula I: Rl=l-F; 

R2=R3:R4=R7=H; R5:R6=3-furyl; X-=Cl04-) as a solid, 

m.p. 213-2140C. 

Example 198 

(a) A reaction mixture containing 9-fluorobenzo[b]quinolizinium 

perchlorate (0.69 g; 2 mmol) and l,l-di[(l-p-methoxybenzyl)­

pyrazol-3-yl]ethylene (0.8 g; 2 mmol) in 25 ml of acetonitrile was 

refluxed for 2 h under nitrogen. The reaction mixture was filtered, 

the filtrate was concentrated in vacuo, and the residue was triturated 

in methanol. The solid product was purified by silica gel coluinn 

chromatography (methylene chloride/methanol, 9: 1) to afford 

0.92 g (32.5%) of 6.11-ethano-12.12-difCl-p-methoxybenzyD­

pyrazol-3-vlJ-9-fluoro-6. 11-dihydrobenzo[blquinolizinium 

rj 
I 

perchlorate (Formula I: Rl=R2=R3=R4=H; R5:R6= CHzPM-OCHi ; 

R7=9-F; X-=Cl04-}, as a solid. 

(b) A solution of 900 mg (1.3 mmol) of 6,ll-ethano-12,12-di 

[(1-p-methoxybenzyl)pyrazol-3-yl]-9-fluoro-6,11-dihydrobenzo[b] 

quinolizinium perchlorate in 25 ml of trifluoroacetic acid was 

refluxed under nitrogen for 24 h. The mixture was concentrated 

in vacuo and the residue dissolved in methanol/water. The aqueous 

layer was filtered, the filtrate was concentrated in vacuo. and the 
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product was converted to the corresponding chloride by passing the 
salt through DQWEX® lx2-200-CI-(water/acetonittile, 7/3). The 
salt was recrystallized from acetonittile to afford 250 mg of 
6. l 1-ethano-12. 12-di-Cpyrazol-3-ylll-9-fluoro-6. 11-dihydrobenzo­

•- 5 [blguinolizinium chloride (Formula I: Rl=R~R3=R4.....H; 

o-
R5:R6= M ; R2=9-F; x-::e1·) as a soli~ mp. >3000C(d). 

Example 199 
(a) & (b) A reaction mixture containing 10-hydroxybenzo[b]­

'JO quinolizinium perchlorate (2.54 g; 8.6 mmol) and 1-(3-furyl)-
! 1-(1-(p-toluenesulfonyl)pyrazol-5-yl]ethylene (3 g; 9.5 mmol) in 
f 100 ml of nitromethane was refluxed for 3 h under nitrogen. The 
j reaction mixture was concentrated in vacuo, and the solid was 
l purified by silica gel column chromatography ( 40% paw in ethyl 
·15 acetate) and crystallization of each isomer from isopropanol to 
! afford: 

Isomer 1: 6. l l-ethano-12-C3-fuzyl)-12-fl-(p-toluenesulfonyll-
pyrazol-5-yll-1O-hydroxy-6.11-dihydrobenzofblquinolizinium 
perchlorate (1.2 g; Example 199(a); Formula I: Rl R2=R3 R4=H; 

;::N 
I 

~ RS= 802~ ; R6=3-furyl; R7=10-0H; X·=CIQ4-), 
m.p.154-158oC. 
Isomer 2: 6. 11-ethano-12-(3-fuzyl}-12-fl-(p-toluenesulfonyll­
pyrazol-5-yll-1O-hydroxy-6.11-dihydrobenzofblquinolizinium 
perchlorate (1.4 g; Example 199(b); Formula I: Rl=R2=R3=R4.....H; 

5 R5=3-furyl; R6= 
m.p. 230-2620C. 

;::N 
I 
so p~.u- 7 2 ,_____..~ ; R =lO-OH; X-=CIQ4-), ! 

i 
I 
I 
I 
I 
I 

I 
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Example 200 
To a solution of 700 mg (1.1 mmol) of 6,ll-ethano-

12-(3-furyl)-12-[1-(p-toluenesulfonyl)pyrazol-5-yl]-1 O-hydroxy-
6, l l-dihydrobenzo[b] quinolizinium perchlorate (Example 199(a)) 

~ 5 in 50 ml of methanol was added 1.5 ml (1.5 mmol) of 1 M t-BuOK 
in THF and the mixture was stirred for 3 hours. The mixture was 
filter~ the filtrate was concentrated in vacuo. and the residue was 
converted to the corresponding chloride by passing the salt through 
DOWEX® lx2-200-Cl-(water/acetonitrile, 7 /3). The salt was 

.~ o crystallized from methanol to afford 390 mg of 6.11-ethano-
12-(3-furyll-12-(pyrazol-5-yll-1O-hydroxy-6.11-dihydro­
benzo[blquinolizinium chloride (Formula I: Rl-R2=R3-R4...H; 
R5=5-pyrazolyl; R6=3-furyl; R7=10-0H; X-=Cl·) as a solid, 
m.p. 142-1480C. 

Example 201 
(a) and (b) To a solution of 300 ml of nitric acid/sulfuric acid (1:1) 
cooled to -lOoC was added benzo[b]quinolizinium bromide (15 g; 

l 57 mmol) over a 10 minute period, and then the mixture was stirred 
-.JO for 25 minutes and poured into ice. The mixture was filtered and 
i the filtrate was treated with 200 ml of 35% sodium perchlorate 
j solution. The product was filtered and dried to afford a mixture of 
< 
i 10-nitrobenzo[blquinolizinium perchlorate (Ex.201b) and 7-nitro-
·i benzo[blquinolizinium perchlorate (Ex 201a) 
!5 (c) and (d) A reaction mixture containing a mixture (1 g, 

3.08 mm.cl) of 10-nitrobenzo[b]quinolizinium perchlorate (Ex.201b) 
and 7-nitrobenzo[b]quinolizinium perchlorate (Ex 201a) and 1,1-di­
(3-furyl)ethylene (0.5 g, 3.09 mmol) in 20 ml of acetonitrile was 
allowed to reflux under argon with stirring for 2 hours. The 

IO reaction mixture was concentrated in vacuo and the residue was 
triturated in ether to yield 1.43 g of a solid mixture. The solid 
mixture was chromatographically separated using C-18 Waters 
Delta pack (55 ml/min; inj vol=0.5 ml, det; 270nm, mobile 
phase=60% 0.01 M sodium perchlorate in water and 40% methanol) 

5 to afford: 
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Isomer A: 6. 1l-ethano-12.12-diC3-furyll-7-nitro-6.1 l-dihvdro­

benzo[blquinolizinium perchlorate (53 mg; Example 201(c), 
Formula I: Rl=R2=R3:R4=H; R5=R6=3-furyl; R7=7-N02; 

X-=CI04-) as a solid, m.p. 2600C. 

Isomer B: 6. 1l-ethano-12.12-diC3-furyll-1 O-nitro-6.11-dihydro­

benzo[blquinolizinium perchlorate (116 mg; Example 20l(d), 
Formula I: Rl=R2:R3=R4=H; R5-R6=3-furyl; R7=10-N02; 

X-=Cl04·) as a solid, m.p. 2osoc. 

'O Example 202 
j 
! It is contemplated that treatment of 6,ll-ethano-12,12-di 
l 

(3-furanyl)-1-hydroxy-6, 11-dihydrobenzo[b ]quinolizinium chloride 

of Example 168( c) with an excess of 
CIC(O)(CH2)7CH=CH(CH2)7CH3 in the presence of pyridine and 

·,5 1,8-diazabicyclic [5.4.0] undec-7ene (DBU) will afford 6.11-ethano-
1 12.12-diC3-furanyD-1-[0CCO)CCH2l7CH=CHCCH2)1CH3.J-6.ll-di-
i 
i hydrobenzo[bl quinolizinium chloride 
' (Formula I: Rl=l-[OC(O)(CH2)7CH=CH(CH2)7CH3]; 

R2 .... R3=R4=R7=H; R5=R6=3-furanyl, X·=CI-) . 
..:0 
' ! Example 203 

It is contemplated that treatment of 6,ll-ethano-12,12-di 

(3-furanyl)-1-hydroxy-6,11-dihydrobenzo[b ]quinolizinium chloride 
of Example 168(c) with an excess of ClC(O)CH=CHC02CH2CH3 in 

5 acetoninile in the presence of cesium carbonate will afford 

0 

6. 1l-ethano-12.12-diC3-furanyl)-l-[0CCO)CH=CHC02CH2CHJ.1: 

6.11-dihydrobenzo[b]quinolizinium chloride 
(Formula I: Rl=l-[OC(O)CH=CHC02CH2CH3]; R2=R3-R~R.7=H; 
R5=R 6=3-furanyl; X-=Cl-). 

Example 204 
It is contemplated that treatment of 6, 1l-ethano-12,12-di 

(3-furanyl)-3-hydroxy-6, 11-dihydrobenzo[b ]quinolizinium chloride 

of Example 191(f) with an excess of octylbromide in dimethyl-

5 formamide in the presence of cesuim carbonate will afford 
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6. 1l-ethano-12.12-di(3-furanyll-3-n-octyloxy-6. 11-dihydro­
benzo(b]quinolizinium chloride (Fo~ula I: R 1:3-0(CH2)7CH3; 
R2:R3=R4=R 7 =H; R5=R 6=3-furanyl; X·=CI·). 

· 5 Example 205 
It is contemplated that treatment of 6,ll-ethano-12,12-di 

(3-furanyl)-3-hydroxy-6, 11-dihydrobenzo[b ]quinolizinium chloride 
of Example 191(f) with an excess of . 
CIC(O)C(CH3)2CH2C(O)O(CH2)7CH3 of example 194(c) in 

. o acetonitrile in the presence of cesium carbonate will afford 
1 
1 6. 1l-ethano-12.12-diC3-furanyl)-

3-[QC(Q)C(CHJ}2CH2C(Q)Q(CH2)2CHJ]-6. 11-dihydrobenzolb]-
quinolizinium chloride 
(Formula I: R 1=3-[0C(O)C(CH3)2CH2C(O)O(CH2)7CH3]; 

15 R2=R3=R4=R7=H; R5=R6=3-furanyl; X-=CI·). 

Example 206 
(a) Following a procedure similar to that described in 
Example l 64(b) but substituting 3-nitropyricline-2-carboxaldehyde 

!O for 3-methoxypyricline-2-carboxyaldehyde it is contemplated that 
there can be prepared 2-[l-hydroxy-(2'-hydroxymethyl)benzyll-
3-nitropyridine (Formula X: R 1=3-N02; R2=R 7 =H). 
(b) Following a procedure similar to that described in 
Example 164(c) but substituting 2-(1-hydroxy-(2'-hydroxymethyl)-

!5 benzyl]-3-nitropyridine for 2-[l-hydroxy-(2'-hydroxymethyl)­
benzyl]-3-methoxypyridine it is contemplated that there can be 
prepared 1-nitrobenzofblquinolizinium perchlorate 
(Formula II: Rl=l-N02; R2=R7=H; X·=CI04·). 
(c) Following a procedure similar to that described in 

!O Example 164(d) but substituting 1-nitrobenzo[b]quinolizinium 
perchlorate for 1-methoxybenzo[b]quinolizinium perchlorate, it is 
contemplated that there can be prepared 6. l 1-ethano-12. 12-di 
(3-furanyl)-1-nitro-6. 11-dihydrobenzofblquinolizinium perchlorate. 
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(d) It is contemplated that treatment of 6,ll-ethano-12,12-di 
(3-furanyl)-l-nitro-6,11-dihydrobenzo[b]quinolizinium perchlorate 
with stannous chloride and aqueous hydrochloric acid, followed by 
treatment of the 1-amino derivative thus formed with methane 

.. 5 sulfonyl chloride will afford 6. l 1-ethano-12. 12-diC3-furanyD-
1-methylsulfonylamino-6. 11-dihydrobenzofb]guinolizinium 

. perchlorate (Formula I: Rl=l-NHS02CH3; R2=R3=R4=R7=H; 
R5=R 6=3-furanyl; X-=CI04-). 

1
10 Example 207 

It is contemplated that treatment of 6,ll-ethano-12,12-di 
(3-furanyl)-1O-nitro-6,11-dihydrobenzo[b ]quinolizinium perchlorate 
with stannous chloride and aqueous hydrochloric acid, followed by 

15 treatment of the resulting 10-amino derivative with methanesulfonyl 
chloride will afford 6.11-ethano-12. 12-di(3-furanyl)-10-methyl­
su1fonylamino-6.l l-dihydrobenzo[blquinolizinium perchlorate 
(Formula I: Rl=R2:R3:R4=H; R5:R6=3-furanyl; 
R7=lO-NHS02CH3; X-=CI04-). 

!O 

i 

I • I ; 
! . 

I: 
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BIOLOGICAL TEST RESULTS 

Representative examples of the compounds of the invention have been found to possess valuable pharmacological properties. In particular, they have been foWid to bind to the PCP receptor and are thus non-competitive blockers (antagonists) of the effects which excitatory amino acids, such as glutamate, have upon the NMDA receptor. The compounds of the invention are thus useful in the treatment or prevention of neurodegenerativc disorders such as Huntington's disease, Alzheimer's disease, amyotrophic lateral sclerosis, Down's Syndrome, senile dementia, glutaric acidaemia type I, multiinfarct dementia, Parkinson's disease, viral encephalopathies (which include, but are not limited thereto, dementia associated with lilV infections) and neuronal damage associated with uncontrolled seizures, as well as in the treatment or prevention of neurotoxic injuries associated with ischemic, hypoxic or hypoglycemic conditions. Representative examples of such ischemic, hypoxic, or hypoglycemic conditions include strokes or cerebrovascular accidents, carbon monoxide poisoning, hyperinsulinemia, cardiac arrest, drownings, suffocation, spinal or head trauma, coronary artery bypass graft, neonatal anoxic trauma, and perinatal asphyxia. 
The compounds of the invention are particularly t1Seful in the treatment or prevention of neurotoxic injuries associated with ischemic, hypoxic or hypoglycemic 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 demonstrated by conventional in vitro and in vivo biological test procedures such as the following: 

f3HJTCP Radioreceptor Assay 
[3H]TCP binding to PCP recognition sites was performed as described by Vignon et al. Brain Research 1983. 280, 194-197. Male Sprague-Dawley rats were sacrificed by decapitation, and whole 
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brains were homogenized in 10 volumes (wt/vol) of cold Tris-HCI 
buffer (50 mM, pH 7. 7) using a Brinkmann Polytron (setting 6, 
30 sec). The homogenate was centrifuged at 40,000xgfor10 min at 
4 ·c. The supernatant was decanted, and the homogenization and 
centrifugation steps were repeated twice as described above. 
Following this, the pellet was resuspended in Tris-HCI (5 mM, 
pH 7. 7) at a tissue concentration of 0.5 - 0. 75 g/ml, and one ml 
aliquots were frozen at -1o·c until use. The 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-HCI buffer at a tissue concentration 
of 1 mg/mL, and stored on ice until use. Each assay tube contained 
100 µI of [3H]TCP at a final concentration of approximately 1 nM, 
100 µI of various concentrations of the compounds of interest, 
500 µI of the tissue suspension and 300 µl of buffer to a final assay 
volume of 1 ml and a final protein concentration of 0.5 mg/tube. 
Non-specific binding was defmed by addition of a fmal 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 over Whatman GF/B glass fiber filters that had been 
presoaked in a solution of 0.5% polyethylenimine for at least 1 hr 
prior to use. Filters were washed with three 4 ml volumes of cold 
Tris buffer. Following addition of scintillation cocktail, the amount 
of bound radioactivity was determined by liquid scintillation 
spectrometry using a Beckman LS 5000TA liquid scintillation 
counter with an efficiency for tritium of approximately 55%. 
Inhibition constants (Ki values) were calculated using the 
EBDA/LIGAND program (McPherson, J. Pharmacol. Meth. 1985, 
14, 213-228), purchased from Elsevier/Biosoft, Inc. Results are 
reported as the Ki values (in nM) which are expressed as the mean of 
at least two separate determinations; or as a percent (%) inhibition of 
binding at 10 µM. 
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Antagonism of NMDA-induced Neurotoxicity in Cultured Neuronl .. __ . -:,j~ff\X: 
Preparation of cultured cortical neurons ~ '"'<~--·-~",..:.--·~': ·· 

Pregnan~ Swiss-Webster mice were obtained from 
Taconic Farms (Germanto~ New York) and sacrificed 16 days post 

5 conception. Fetuses were removed and placed in a sterile dish 
containing Hank's balanced salt solution (HBSS), pH 7.4. Brain 
cortices were dissected, meninges were removed, the tissue was 
minced and placed into a solution of HBSS containing 0.25% (w/v) 
trypsin at 37•c for 15 minutes. Tissue was then triturated with a 

:10 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-glutamine, 21 mM d-glucose, 2.2 g/l sodium 
bicarbonate, 1000 U/ml penicillin, and 1,000 µg/ml streptomycin. 
Cells were plated onto Falcon primaria 96 well plates at a final 

15 density of 50,000 cells/well and incubated at 37•c in the presence of 
5% (v/v) carbon dioxide. After 5 days, plating media was replaced 
with maintenance media containing minimal essential media (Gibco 
330-1430), pH 7.4, supplemented with 10% horse serum, 10% 
1-glutamine, 21 mM d-glucose, 2.2 g/l sodium bicarbonate, 

20 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 above lacking the cytosine arabinoside. 
Experiments were conducted on day 13. 
N europrotection Assessment 

25 Day 13 cultured cortical neurons were washed twice with 
minimal essential media, pH 7.4 and then exposed for 30 minutes to 
500 µM N-methyl-D-aspartic acid (NMDA) with or without varying 
concentrations of test agents. Dizocilpine (MK-801) at a final 
concentration of 10 µM MK-801 was routinely included as a positive 

30 control. MK-801 and test agents were prepared in minimal essential 
media supplemented with 21 mM d-glucose and 2.2 g/I sodium 
bicarbonate (MEM). After 30 minutes, media was replaced with 
:MEM alone. Exposure of neurons to test agents was limited to the 
Nl\1DA treatment period. Twenty-four hours after removal of 

as Nl\1DA, an aliquot of media from each well was removed for 
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assessment of cell injury by determining lactate dehydrogenase 
(LDH) activity by the method of Wroblewski and LaDue Proc. Soc. 
Exp. Biol. Med.~' 90, 210-213. The results are expressed as an ICso (in nM) value (concentration causing SO% inhibition) for the 
antagonism of NMD -induced neurotoxicity. 

Table 3 summariz.es the results obtained from the testing of representative compounds of the invention in the [3H]TCP radio­
receptor assay as well as in the antagonism of NMDA-induced 
neurotoxicity in cultured neurons . 

Example 
Number 

l(f) 
2(a) 
2(b) 
3(d) 
4(e) 
S(c) 
S(d) 
6(c) 
6(d) 
7(b) 
7(c) 
8(c) 
9(b) 

TABLE3 

[3H]TCP 
Kt(nM) or Percent 
inhibition 
@lOµM 

7.58 
123 
262 
14.1 

5868 
13.3 

22 
1.19 
1.2 

1.38 
1.1 

117 
S.9 

Antagonism of 
NMDA-induced 
neurotoxicity 
(ICsoinnM) 

244 
7.6 

., 
I 

I: ., 
.j 
:1. 

i. 
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TABLE 3 (continuc<:f) 

f3HJTCP Antagonism of 
~(nM) or Percent NMDA-induced Example inhibition neurotoxicity Number @lOµM (ICsoinnM) lO(c) 1100 lO(c-g) 4447 lO(c-k) 696 ll(d) 26 ll(f) 73 2550 ll(g) 18 2005 12{b) 253 13(a) 19 13(b) 45 14(c) 4.9 15(c) 1.4 17{b) 8.18 197 18 19.5 19(b) 6.8 102 20(h) 1.15 21 13.0 22(b) 9.07 23(c) 22% 24{b) 8.39 25(c) 39.3 26 32.7 27(e) 10.4 28(c) 

11.7 29(c) 31% 30(c) 22% 3l(c) 2207 32(f) 
468 33(c) 1144 

. ! 
34{b) 

21.9 

I ;; 
35(c) 41.0 36{c) 185 

i I 37(e) 36.7 
/ 

j 
38(c) 16.6 39(c) 

1.79 45.4 40{b) 
1.66 20 42(e) 

2267 43(b) 
45% 

r 
44(b) 

28122 45(e) 
491 46(c) 
31% 47(d) 

2.11 40 48(b) 
2.08 23 

Tli1Em1;;1mHJ;r 
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I' TABLE 3 continued ! 

[3H)TCP 

=~'''''' Ki(nM) or Percent Example inhibition DeUIQfl >If :::."-d Number @10µ.M &!~~.;r. 
49(e} 54% -----SO(b} 1.24 .. 1 

~ l Sl(c) 22.3 
52(f) 1.82 f~ 1 
53(g) 93 ~ 
S4(e) S2 .. ,. 
55{b) 104 ,.,, 
56 56 ., 

57(d) 1.9 -r 

58(c) 32% ~ 
59(c) 3908 "'1,V~ 
60(e) 345 .,. 
6l(c) 17 

,,. 
62(c) 120 .... 
63(c) 64% 

..,.. 

63(d) 10 • 
64(£) 13 ~-.4 i 65(c) 2.8 ~ " l 66(g) 6 
67(e) 80 
67(g) 1481 
68(c) 1.5 

I. 
69(c) 0.9 
70(£) 3832 

I 7l{f) 3.1 
lll(a) 6.07 1_' 
lll(b) 37.8 • \ t .,.. ~ 

~ : 158(£) 632 i \ 159(h) 31% ~~ l 
160(d) 453 

,/ 
'·t ~~-- ~-16l(d) 3676 

.. 
;~~i 162(d) 2.31 • 

163 7.54 H '.'. 't . ,, 
164(e) 18.9 ; ~ ·~ 165 31.3 i! ' ~·i 
166 61.l :j : ,>. . ·' 

167(c) 7.68 '. f 
168(c) 306 
169 3.58 

ti ~ 170 232 i: ;;, 17l{b) 10.2 - .i t> 
~.r,: p .\~:i 172 3377 :1 jP 173(e) 1670 f : .• :. 

il . I I -
i, ' : 
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Example 
Number 

174 
175(b) 
176(d) 
177 
178(d) 
179(b) 
180(g) 
18l(c) 
18l(d) 
182(e) 
183(c) 
184{c) 
184(d) 
185(a) 
185(b) 
186(g) 
187(g) 
188(c) 
189(b) 
190(b) 
19l(f) 
192(g) 
193 
194(d) 
195(c) 
196(c) 
197(d) 
198(b) 
199(a) 
200 
20l(c) 
20l(d) 

-204-

TABLE 3 (continued) 

[3H]TCP 
~(nM) or Percent 
inhibition 
@lOµM 

23.7 
. 119 

39.4 
13.8 

1430 
259 

19.9 
6.36 
6.15 
159 

2.72 
12914 

53% 
4.55 
6.29 
122 

63.7 
23.6 
22.5 
10.7 

1530 
633 

2.13 
71.3 
12.6 
4.11 
13.8 
11.7 

27% 
11.5 
3433 
49.2 

Antagonism of 
NMDA-induced 
neurotoxicity 
(ICsoinnM) 

11.4 
55 

. -
32.6 
53 

11.8 

30.8 
80 

5 Middle Cerebral ArteO' Occlusion CMCAQ) Model with RCJ)erfusion A 3-vessel rat ischemia model similar to those that have been extensively described in the literature (e.g. Stroke 17, 738-743 (1986), Stroke 20, 513-518 (1989)) was utilized. Under isoflurane anesthesia the right middle cerebral artery (via an approach through 1 o the temporalis muscle) and both common carotid arteries were 
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reversibly occluded for varying durations between 60 minutes and 
120 minutes. Both male Long Evans hooded rats and male Sprague­
Dawley rats weighing between 300 and 420 g were used. The 
animals' temperature was maintained throughout the study with heat 
lamps. A femoral vein and the ipsilateral femoral artery were 
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 µl per 
minute. After rcinitiation of blood flow the animals were allowed to 
regain consciousness. Six hours post-initiation of ischemia the 
animals were sacrificed and the extent of neuronal damage was 
quantified with TIC staining. The results are expressed as a percent 
inhibition (± SEM) of infarct and penumbra region. 

TABLE 4 summarizes the results obtained from the 
15 testing of representative compounds of the invention in the MCAO 

model. 

20 

Example 
Number 

39(c) 

40(b) 

68(c) 

TABLE4 

Dose 
(mg Test Compound/ 
kg/min) 

0.03 
0.1 

0.01 
0.03 
0.1 

0.1 

% Inhibition 
(+/-SEM) 

20 +/- 7 
34+/-6 
1+/-31 

49 +/-25 
47 +/- 18 

34 +/-14 

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 

25 phannaceutically acceptable salts together with one or more 
physiologically acceptable carriers, adjuvants, diluents or vehicles, 
for oral administration in solid or liquid form, parenteral 

. ' 
1 
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administration, topical administration or aerosol inhalation 
administration, and the like. 

Solid compositions for oral administration include 
compressed tablets, pills, powders and granules. In such solid 

5 compositions, the active compound is admixed with at least one inert 
diluent such as starch, calCium carbonate, sucrose or lactose. These 
compositions may also contain additional substances other than inert 
diluents, e.g., lubricating agents, such as magnesium stearate, talc and 
the like. 

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

15 suspending agents, and sweetening, flavoring, perfuming and 
preserving agents. According to the invention, the compounds for 
oral administration also include capsules of absorbable material, such 
as gelatin, containing said active component with or without the 
addition of diluents or excipients. 

20 Preparations according to the invention for parenteral 
administration include sterile aqueous, aqueous-organic, and organic 
solutions, suspensions and emulsions. Examples of organic solvents 
or suspending media are propylene glycol, polyethylene glycol, 
vegetable oils such as olive oil and injectable organic esters such as 

25 ethyl oleate. These compositions can also contain adjuvants such as 
stabilizing, preserving, wetting, emulsifying and dispersing agents. 

Preparations according to the invention for topical 
administration or aerosol inhalation administration include dissolving 
or suspending a compound of the invention in a pharmaceutically 

30 acceptable vehicle such as water, aqueous alcohol, glycol, oil solution 
or oil-water emulsion, and the like. 

If desired, the compounds of the invention can further be 
incorporated into slow release or targeted delivery systems such as 
polymer matrices, liposomes, and microspheres. 
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The percentage of active component in such 
compositions may be varied so that a suitable dosage is 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 physical 
condition of the patient, the potency of the active component and the 
patient's response thereto. An effective dosage amount of the active 
component can thus 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: 

R' 

(X") 

t)R' 
5 wherein: 

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, halogen, hydroxy, OC(O) alkyl-CH=CH-alkyl, OC(O) alkyl, 
1 o OC(O)-lower-alkenyl-C(O)Oalkyl, alkoxy, OC(O)alkylC(O)Oalkyl, hydroxymethyl, nitro, amino and lower-alkylsulfonylamino or R 1 is a fused benzene ring; 

R2 is hydrogen, lower-alkyl, cyano or lower-alkoxycarbonyl; R3 and R4 are independently hydrogen, or lower-alkyl; or 15 R3 and R4 together form a cycloalkyl ring, or a lower-alkylidene group; 
R5 and R6 are independently phenyl (or phenyl substituted by lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower­alkoxyphenyl-lower-alkyl-N (lower-alkylsulfony 1), hydroxy, or 20 polychlorolower-alkyl), a 5- or 6-membered monocyclic or 9- or 10-membered bicyclic aromatic heterocyclic ring system or a 5- or 6-membered monocyclic nonaromatic heterocyclic ring system (or said 5- or 6- membered monocyclic or 9- or IO-membered bicyclic aromatic heterocycli~ ring system or said 5- or 6- membered 25 monocyclic nonaromatic heterocyclic ring system substituted on any available carbon atom thereof by hydroxy, lower-alkyl, oxo, nitre, halogen, or lower-alkoxy; or on any available nitrogen atom thereof by lower-alkyl, phenyl-lower-alkyl (or said phenyl lower-alkyl group substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 30 halogen), trilower-alkylsilyl, lower-alkylphenylsulfonyl, or trilower-
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alkylsilyl-lower-alkoxy-lower-alkyl), Iower-alkoxy, or lower-alkynyl; or R5 and R6 together form a fluorene ring; 
or R3 and R5, and/or R4 and R6 taken together with the carbon atoms to which they are attached form a bi"cyclic ring system of 5 Formula A: 

A 
wherein 

A is phenyl, or a 5- or 6-membered monocyclic aromatic 1 o heterocyclic ring system and n is an integer from one to three (or said A ring substituted on any available carbon atom thereof by lower­alkoxy or lower-alkyl); 
R 7 is hydrogen, or from one to four, the same or different, substituents in any of the 7-, 8-,9-, or 10- positions selected from the 15 group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, hydroxy, lower-alkoxy, methylenedioxy, polyfluoro-lower-alkyl, OCO(CH2)mC(O)Oalkyl, OC(O)alkyl, C(O)Oalkyl, COi-, carboxy, sulfa, SQ3-, P03H, P03-, cyano, polychloro-lower-alkyl, OC(O)alkyl-CH=CH-alkyl, OC(O)-lower-alkenyl-C(O)Oalkyl, 20 alkoxy, OC(O)alkylC(O)Oalkyl, halomethyl, hydroxymethyl, amino and lower-alkylsulfonylamino wherein m is an integer from one to four and/or R 7 is a fused pyrazole ring; x- is an anion; and p is zero when R 7 is a negatively charged radical and p is one when R 7 is other than a negatively charged 25 radical; 

or a pharmaceutically acceptable acid-addition salt of basic members thereof; or a solvate thereof; or a stereoisomer thereof; with the fallowing provisos 
a) at least one of R5 and R6 when taken individually must be a 30 substituted or unsubstituted phenyl group, or a substituted or unsubstituted 5- or 6-membered monocyclic or 9- or 10-membered bicyclic aromatic heterocyclic ring system or a substituted or 

I . . I 
; ! 
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unsubstituted 5- or 6-membered nonaromatic heterocyclic ring 
system; 
b) when R3 and R5 or R4 and R6 together form a bicyclic ring 

11111111111111 1111111111111111 * C L M S * 

". 5 
l 

system of formula A wherein A is phenyl and n is 1; R 1,R 2 ,R4 and 
R6 or Rl,R2,R3 and R5, respectively are hydrogen and x- is BF..1.-, 

10 

R 7 is other than hydrogen or 9-methyl; 
c) when Rl,R2,R3 and R4 are hydrogen; R5 and R6 are phenyl. and x- is CI04- or Br-; R7 is other than hydrogen, 
d) when Rl,R2,R3 and R4 are hydrogen; one of R5 or R6 is phenyl, 
and one of R 5 or R 6 is methoxy; and x- is BF 4-, R 7 is other than 
hydrogen or 9-methyl; and 
e) when Rl,R2,R3 and R4 are hydrogen; R5 is 4-morpholinyl and 
R6 is phenyl or R5 is phenyl and R6 is 4-morpholinyl; and x- is CI04-, Br or BF4-, R 7 is other than hydrogen, 9-methyl, or 

15 7,10-dimethyl. 
2. A compound according to claim 1 wherein: 

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; 

20 R2 is hydrogen, or lower-alkyl; 
R3 and R4 are independently hydrogen, or lower-alkyl; or 
R3 and R4 together fonn a cycloalkyl ring, or a lower 

alkylidene group; 
RS and R6 are independently phenyl (or phenyl substituted by 

25 lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower­
alkoxyphenyl-lower-alkyl-N(lower-alkylsulfonyl), hydroxy, or 
polychlorolower-alkyl), a. 5- or 6-membered monocyclic or 
9- or 10-membered bicyclic aromatic heterocyclic ring system or a 
5- or 6-membered monocyclic nonaromatic heterocyclic ring system 

30 (or said 5- or 6- membered monocyclic or 9- or IO-membered 
bicyclic aromatic heterocyclic ring system or said 5- or 6- membered 
monocyclic nonaromatic heterocyclic ring system substituted on any 
available carbon atom thereof by lower-alkyl, oxo, nitro, halogen, or 
lower-alkoxy; or on any available nitrogen atom thereof by lower-

35 alkyl, phenyl-lower-alkyl (or said phenyl lower-alkyl group 
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substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 
halogen), trilower-alkylsilyl, or trilower-alkylsilyl-lower-alkoxy­
lower-alkyl), lower-alkoxy, or lower-alkynyl; or R5 and R6 together 
form a fluorene ring; 

5 or R3 and R5, and/or R4 and R6 taken together with the carbon 
atoms to which they are attached f onn a bicyclic ring system of 
Formula A: 

A 
10 wherein 

A is phenyl, or a 5- or 6-membered monocyclic aromatic 
heterocyclic ring system and n is an integer from one to three (or said 
A ring substituted on any available carbon atom thereof by lower­
alkoxy, or lower-alkyl); 

15 R 7 is hydrogen, or from one to four, the same or different, 
substi.tuents in any of the 1-, 8-,9-, or 10- positions selected from the 
group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, 
hydroxy, lower-alkoxy, methylenedioxy, polyfluorolower-alkyl, 
OCO(CH2)mC(O)Oalkyl, OC(O)alk.yl, C(O)Oalk.yl, C02-, carboxy, 

20 sulfo, SQ3-, P03H, P03-, cyano, and polychlorolower-alkyl, wherein· 
m is an integer from one to four; 

x- is an anion; and p is zero when R 7 is a negatively charged 
radical and pis one when R7 is other than a negatively charged 
radical; 

25 or a pharmaceutically acceptable acid-addition salt of basic members 
thereof; or a solvate thereof; or a stereoisomer thereof; with the 
fallowing provisos 
a) at least one of R5 and R6 when taken individually must be a 
substituted or unsubstituted phenyl group, or a substituted or 

30 unsubstituted 5- or 6-membered monocvclic or 9- or IO-membered ,, 
bicyclic aromatic heterocyclic ring system or a substituted or 
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unsubstituted 5- or 6-membered nonaromatic heterocyclic ring 
system; 
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b) when R3 and R5 or R4 and R6 together form a bicyclic ring 
system of formula A wherein A is phenyl and n is 1; R 1,R 2 ,R 4 and 
R6 or Rl,R2,R3 and R5, respectively are hydrogen and x- is BF4-, 
R 7 is other than hydrogen or 9-methyl; 
c) when Rl,R2,R3 and R4 are hydrogen; R5 and R6 are phenyl, and x- is ClQ4- or Br-; R7 is other than hydrogen, 
d) when Rl,R2,R3 and R4 are hydrogen; one of R5 or R6 is phenyl, 
and one of R5 or R6 is methoxy; and x- is BF4-, R7 is other than 
hydrogen or 9-methyl; and 
e) when RI,R2,R3 and R4 are hydrogen; R5 is 4-morpholinyl and 
R6 is phenyl or R5 is phenyl and R6 is 4-morpholinyl; and 
x- is Cl04-, Br or BF4-, R7 is other than hydrogen, 9-methyl, or 
7,10-dimethyl. 
3. A compound according to claim 2 wherein R5 and R6 are 
independently phenyl (or phenyl substituted by lower-alkoxy, 
halogen, lower-alkyl, polyfluorolower-alkyl, lower-alkoxyphenyl­
lower-alkyl-N(lower-alkylsulfonyl), hydroxy, or polychlorolower­
alkyl), a 5- or 6-membered monocyclic or 9- or IO-membered 
bicyclic aromatic heterocyclic ring system (or said 5- or 6-membered 
monocyclic or 9- or 10-membered bicyclic aromatic heterocyclic ring 
system substituted on any available carbon atom thereof by lower­
alkyl, oxo, or lower-alkoxy; or on any available nitrogen atom thereof 
by lower-alkyl, phenyl-lower-alkyl (or said phenyl-lower-alkyl group 
substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 
halogen), trilower-alkylsilyl, or trilower-alk.ylsilyl-lower-alkoxy­
lower-alkyl), lower-alkoxy, or lower-alkynyl; or R5 and R6 together 
form a fluorene ring; and R 7 is hydrogen, or from one to four, the 
same or different, substituents in any of the 7-, 8-, 9- or IO- positions 
selected from the group consisting of lower-alkyl, lower-alkanoyloxy, 
halogen, nitro, hydroxy, lower-alkoxy, methylenedioxy, poly­
fluorolower-alkyl, SQ3-, and polychlorolower-alkyl. 
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·. 4. A compound according to claim 3 wherein R5 and R6 are 
independently phenyl (or phenyl substituted by lower-alkoxy, 
halogen, lower-alkyl, polyfluorolower-alkyl, or lower-alk.oxyphenyl-

~f lower-alkyl-N(lower-alkylsulfonyl)-), a 5- or 6-membered 
5 monocyclic or 9-membered bicyclic aromatic heterocyclic ring 

system (or said 5- or 6-membered monocyclic or 9-membered 
bicyclic aromatic heterocyclic ring system substituted on any 
available carbon atom thereof by lower-alkyl, oxo, or lower-alkoxy; 
or on any available nitrogen atom thereof by lower-alkoxyphenyl-

10 lower-alkyl, trilower-alkylsi1yl, or trilower-alkylsilyl-lower-alkoxy­
lower-alkyl), lower-alkoxy, or lower-alkynyl; or R5 and R6 together 
form a fluorene ring; and wherein A is phenyl, or a 5-membered 
monocyclic aromatic heterocyclic ring system and n is an integer 
from one to two (or said A ring substituted on any available carbon 

15 atom thereof by lower-alkoxy, or lower-alkyl). 
5. A compound according to claim 4 wherein R 1 is hydrogen, or 

one lower-alkyl substituentin any of the 1-,2-,3- or4-positions; and 
R 7 is hydrogen, or from one to two, the same or different, 
substituents in any of the 7-, 8-,9-, or 1 o- positions selected from the 

20 group consisting of halogen, hydroxy, lower-alkoxy S03- and 
polyfluorolower-alkyl. 
6. A compound according to claim 5 wherein R 5 and R 6 are 

independently phenyl (or phenyl substituted by Iower-al.koxy, 
halogen, lower-alkyl, trifluoromethyl, or lower-alkoxyphenyl-lower-

25 alkyl-N(lower-alkylsulfonyl)), a 5:. or 6-membered monocyclic or 
9-membered bicyclic aromatic heterocyclic ring system selected from 
the group consisting of furanyl, benzofuranyl, pyridinyl, thienyl, 
oxazolyl, thiazolyl, pyrazolyl, triazolyl and pyrrolyl (or said 
5- or 6- membered monocyclic or 9-membered bicyclic aromatic 

30 heterocyclic ring system substituted on any available carbon atom 
thereof by lower-alkyl, oxo or lower-alkoxy; or any available 
nitrogen atom thereof by lower-alkoxyphenyl-lower-alkyl, trilower­
alkylsilyl, or trilower-alkylsilyl-lower-alkoxy-lower-alkyl), lower­
alkoxy, or lower-alkynyl; or R5 and R6 together form a fluorene ring; 

35 and 

I 
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A is phenyl, or a 5- membered monocyclic aromatic 

heterocyclic ring system selected from the group consisting of 

furanyl, isoxazolyl and thienyl (or said A ring substituted on any 

available carbon atom thereof by lower-alkoxy, or lower-alkyl). 

5 7. A compound according to claim 6 wherein R5 and R6 are 

independently phenyl (or phenyl substituted by methoxy, bromine, 

chlorine, fluorine, methyl, trifluoromethyl, or 

CH30-Ph-CH2-N(S02CH3)-), a 5- or 6-membered monocyclic or 

9-membered bicyclic aromatic heterocyclic ring system selected 

1 O from the group consisting of 2-furanyl, 3-furanyl, 2-benzofuranyl, 

2-,3- and 4-pyridinyl, 2-thienyl, 3-thienyl, 4-oxazolyl, 2-thiazolyl, 

5-thiazolyl, 5-pyrazolyl, 5-(1,2,3-triazolyl) and 3-pyrrolyl (or said 

5- or 6- membered monocyclic or 9-membered bicyclic aromatic 

heterocyclic ring system substituted on any available carbon atom 

15 thereof by methyl, oxo, or methoxy; or any available nitrogen atom 

thereof by methoxyphenylmethyl, triisopropylsilyl, or 

(CH3)3Si(CH2)20CH2), ethoxy or ethynyl; or R5 and R6 together 

form a fluorene ring; and A is phenyl, or a 5-membered monocyclic 

aromatic heterocyclic ring system selected from the group consisting 

20 of [2',3'] furanyl, [4',5'] isoxazolyl and [2',3'] thienyl (or said A ring 

substituted on any available carbon atom thereof by methoxy, or 

methyl). 

8. A compound according to claim 7 wherein R 1 is hydrogen or 

1-lower-alkyl; and R7 is hydrogen, or from one to two, the same or 

25 different, substituents in any of the 1-, s-, 9-, or 10- positions 

selected from the group consisting of bromine, fluorine, hydroxy, 

methoxy, isopropoxy, S03- and trifluoromethyl. 

9. A compound according to claim 8 wherein Rl is hydrogen or 

1-methyl; and R2 is hydrogen, methyl or butyl; and R3 and R4 are 

30 independently hydrogen, or methyl; or R3 and R4 together form a 

cyclopropyl ring, or a methylidene group. 
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10. A compound according to claim 9 selected from the group 

consisting of: 
6, 1l-ethano-12,12-diphenyl-6,11-dihydrobenzo[b ]­

quinolizinium x-; 
6,11-ethano-6-methyl-12, 12-diphenyl-6, 11-dihydrobenzo[b]­

quinolizinium x-; 
6, l 1-ethano-12, 12-di(3-furanyl)-6, 11-dihydrobenzo[b ]­

quinolizinium x-; 
(-)-6,11-ethano-12,12-di(3-furanyl)-6,11-dihydrobenzo[b ]-

10 quinolizinium x-; 
6, 11-ethano-6-methyl-12, 12-di(2-thienyl)-6, 11-dihydro­

benzo[b ]quinolizinium x-; 
6,11-ethano-12, 12-di(2-thienyl)-6,l 1-dihydrobenzo[b ]­

quinolizinium x-; 
15 6, 11-ethano-6-methyl-12, 12-di(3-furanyl)-6, 11-dihydro-

benzo [b ]quinolizinium x-; 
6, l 1-ethano-12, 12-di(3-thienyl)-6, 11-dihydrobenzo[b ]­

quinolizinium x-; and 

6, 11-ethano-12,12-di(2-furanyl)-6, 11-dihydrobenzo[b ]-

20 quinolizinium x-. 
11. A compound according to claim 10 selected from the group 

consisting of: 

6, l 1-ethano-12, 12-diphenyl-6, 11-dihydrobenzo [b ]­

quinolizinium chloride; 

25 6,11-ethano-6-methyl-12,12-diphenyl-6,11-dihydrobenzo[b]-

quinolizinium chloride; 

6,11-ethano-12, 12-di(3-furanyl)-6,l 1-dihydrobenzo[b ]­

quinolizinium chloride; 

(-)-6,11-ethano-12, 12-di(3-furanyl)-6, 11-dihydrobenzo[b ]-

30 quinolizinium chloride; 

6,11-ethano-6-methyl-12, 12-di(2-thienyl)-6,1 l-dihydro­

benzo [b ]quinolizinium chloride; 

6, 11-ethano-12,12-di(2-thienyl)-6,1 l-dihydrobenzo[b ]­

quinolizinium chloride; 
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6, 11-ethano-6-methyl-12, l 2-di(3-furanyl)-6, 11-dihydro­

b.enzo[b ]quinolizinium chloride; 

6,11-ethano-12,12-di(3-thienyl)-6,11-dihydrobenzo[b]­

quinolizinium chloride; and 

5 6,l 1-ethano-12,12-di(2-furanyl)-6, 11-dihydrobenzo[b]-

quinolizinium chloride. 

12. (-)-6,l l-ethano-12,12-di(3-furanyl)-6,11-dihydrobenzo[b]­

quinolizinium chloride according to claim 11. 

13. A compound according to claim 9 selected from the group 

1 O consisting of: 

6, 11-ethano-12,12-di(3-furanyl)-10-hydroxy-6,1 l-dihydro­

benzo[b] quinolizinium chloride; 

6, 1l-ethano-12,12-di(3-pyrrolyl)-6,11-dihydrobenzo[b ]­

quinolizinium chloride; 

15 6, l 1-ethano-12,12-di-(3-furanyl)-9-hydroxy-6, 11-dihydro-

benzo[b] quinolizinium chloride; and 

6, l 1-ethano-12, 12-di(3-furanyl)-9-fluoro-6, 11-dihydro­

benzo [b ]quinolizinium perchlorate. 

14. A compound according to claim 2 wherein RS and R 6 are 

20 independently phenyl substituted by hydroxy or a 5- or 6-membered 

monocyclic aromatic heterocyclic ring system selected from the 

group consisting of pyrazolyl, triazolyl, pyridinyl, furanyl, imidazolyl 

and pyrrolyl (or said 5- or 6-membered monocyclic aromatic 

heterocyclic ring system substituted on any available carbon atom 

25 thereof by lower-alkoxy; or any available nitrogen atom thereof by 

lower-alkyl, lower-alkoxyphenyllower-alkyl, or trilower-alkylsilyl); 

Rl is hydrogen or one lower-alkoxy or halogen substituent in any of 

the 1-, 2-, 3- or 4-positions; and R7 is hydrogen, or from one to two, 

the same or different, substituents in any of the 

30 7-, 8-, 9-, or 10- positions selected from the group consisting of 

OC(O)alkyl, OCO(CH2)mC(O)Oalkyl, hydroxy, lower-alkoxy, 

methylenedioxy, halogen and nitro. 

i 
-: 



-2:7-
11111111111111 11111 1111111 1111 

* C L M S * 

15. A compound according to claim 14 wherein RS and R6 are 
independently phenyl substituted by hydroxy or a 5- or 6- membered 
monocyclic aromatic heterocyclic ring system selected from the 
group consisting 3-, 4- and 5-pyrazolyl, 5-(1,2,4-triazolyl), 

5 3-pyridinyl, 3-furanyl, 2-imidazolyl and 3-pyrrolyl (or said 
5- or 6-membered monocyclic aromatic heterocyclic ring system 
substituted on any available carbon atoms thereof by methoxy, or on 
any available nitrogen atom thereof by methyl, methoxyphenyl­
methyl, or triisopropylsilyl); Rl is hydrogen, I-halogen, or 1-lower-

1 0 alkoxy; and R 7 is hydrogen, or from one to two, the same or 
different, substitutents in any of the 7-, 8-, 9- or 10- positions selected 
from the group consisting of OC(O)(CH2)6CH3, 
OCO(CH2)2C(O)OCH2CH3, OC(O)CH3, OC(O)t-Bu, hydroxy, 
methoxy, methylened.ioxy, chloro, fluoro and nitro. 

15 16. A compound according to claim 15 wherein Rl is hydrogen, 
1-fluoro, or 1-methoxy; R2 is hydrogen, or methyl; and R3 and R4 
are independently hydrogen or methyl; or R3 and R4 together form a 
methylidene group. 
17. 6, 1l-Ethano-12,12-d.i(3-pyrazolyl)-9-hydroxy-6,1 l-dihydro-

20 benzo[b] quinoliziniuim chloride according to claim 16. 
18. A compound according to claim 1 wherein R 1 is 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 
hydroxy, OC(O)alkyl-CH=CH-alkyl, OC(O) alkyl, 

25 OC(O)-lower-alkenyl~C(O)Oalkyl, alkoxy, OC(O)alkylC(O)Oalkyl, 
hydroxymethyl, nitro, amino and lower-alkylsulfonylamino; or 
R 1 is a fused benzene ring. 
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19. A compound according to claim 18 wherein: 

Rl is one substituent in any of the 1-, 2-, 3-, or 4- positions 

selected from the group consisting of hydroxy, and OC(O)alkyl; or 

R 1 is a fused benzene ring; 

5 R2, R3, R4 and R7 are hydrogen; and 

R5 and R6 are independently a 5- or 6- membered monocyclic 

aromatic heterocyclic ring system selected from the group consisting 

of furanyl, pyridinyl, thienyl, oxazolyl, thiazolyl, pyrazolyl, triazolyl, 

pyrrolyl and imidazolyl. 

1 O 20. A compound according to claim 19 wherein Rl is 1-hydroxy, 

l-OC(O)CH3 or a fused benzene ring; and R5 and R6 are furanyl. 

21. A compound according to claim 1 wherein R2 is cyano or 

lower-alkoxycarbony 1. 

22. A compound according to claim 21 wherein Rl, R3, R4 and 

15 R 7 are hydrogen; and R5 and R 6 are independently selected from the 

group consisting of furanyl, pyridinyl, thienyl, oxazolyl, thiazolyl, 

pyrazolyl, triazolyl, pyrrolyl and imidazolyl. 

23. A compound according to claim 22 wherein R5 and R6 are 

furanyl. 

20 24. A compound according to claim 1 wherein R 7 is from one to 

four, the same or different, substituents in any of the 

7-, 8-, 9- or 10- positions selected from the group consisting of 

OC(O) alkyl-CH=CH-alkyl, OC(O)-lower-alkenyl-C(O)Oalkyl, 

alkoxy, OC(O)alkylC(O)Oalkyl, halomethyl, hydroxymethyl, amino 

25 and lower-alkylsulfonylamino and/or R7 is a fused pyrazole ring. 

25. A compound according to claim 24 wherein Rl, R2, R3 and 

R4 are hydrogen; and R5 and R6 are independently a 

5- or 6- membered monocyclic aromatic heterocyclic ring system 

selected from the group consisting of furanyl, pyridinyl, thienyl, 

30 oxazolyl, thiazolyl, pyrazolyl, triazolyl, pyrrolyl and imidazolyl. 
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26. A compound according to claim 25 wherein R 5 and R 6 are 

furanyl and R 7 is one substituent selected from the group consisting 

of OC(O)(CH2)7HC=CH-(CH2)7CH3, 

OC(O)-CH=CH-C(O)OCH2CH3, O(CH2).7CH3, 

5 OC(O)C(CH3)2CH2C(O)OCH2CH3, chloromethyl, hydroxymethyl, 

and OC(O)C(CH3)2CH2C(O)O(CH2)7CH3; and/or R 7 is a fused 

pyrazole ring. 

10 

27. A pharmaceutical composition which comprises a compound 

of Formula I' 
R' 

wherein: 
R 1 is hydrogen, or from one to four, the same or different, 

substituents in any of the 1-,2-,3- or4-positions selected from the 

group consisting of lower-alkoxy, lower-alkyl, halogen, hydroxy, 

15 OC(O) alkyl-CH=CH-alkyl, OC(O) alkyl, 

OC(O)-lower-alkenyl-C(O)Oalkyl, alkoxy, OC(O)alkylC(O)Oalkyl, 

hydroxymethyl, nitre, amino and lower-alkylsulfonylamino or 

R 1 is a fused benzene ring; 

R2 is hydrogen, lower-alkyl, cyano or lower-alkoxycarbonyl; 

20 R3 and R4 are independently hydrogen, or lower-alkyl; or 

R3 and R4 together form a cycloalkyl ring, or a lower-alkylidene 

group; 
. R5 and R6 are independently phenyl (or phenyl substituted by 

lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower-

25 alkoxyphenyl-lower-alkyl-N(lower-alkylsulfonyl), hydroxy, or 

polychlorolower-alkyl), a 5- or 6-membered monocyclic or 

9- or 10-membered bicyclic aromatic heterocyclic ring system or a 

5- or 6-membered monocyclic nonaromatic heterocyclic ring system 

(or said 5- or 6- membered monocyclic or 9- or 10-membered 

30 bicyclic aromatic heterocyclic ring system or said 5- or 6- membered 
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monocyclic nonaromatic heterocyclic ring system substituted on any 

available carbon atom thereof by hydroxy, lower-alkyl, oxo, nitro, 

halogen, or lower-alkoxy; or on any available nitrogen atom thereof 

by lower-alkyl, phenyl-lower-alkyl (or said phenyl-lower-alkyl group 

5 substituted on the phenyl group by lower-alkoxy, lower-alkyl, or 

halogen), trilower-alkysilyl, lower-alkylphenylsulfonyl, or trilower­

alkylsilyl-lower-alkoxy-lower-alkyl), lower-alkoxy, or lower-alkynyl; 

or R5 and R 6 together form a fluorene ring; 

or R3 and R5, and/or R4 and R6 taken together with the 

1 O carbon atoms to which they are attached form a bicyclic ring system 

of Formula A: 

A 

wherein 

15 A is phenyl, or a 5- or 6-membered monocyclic aromatic 

heterocyclic ring system and n is an integer from one to three (or said 

A ring substituted on any available carbon atom thereof by lower­

alkoxy, or lower-alkyl); 

R 7 is hydrogen, or from one to four, the same or different, 

20 substituents in any of the 7-, s-, 9-, or 10- positions selected from the . 

group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitro, 

hydroxy, lower-alkoxy, methylenedioxy, polyfluorolower-alkyl, 

OCO(CH2)mC(O)Oalkyl, OC(O)alkyl, C(O)Oalkyl, COi-, carboxy, 

sulfa, S03-, P03H, P03-, cyano, polychlorolower-alkyl, 

25 OC(O)alkyl-CH=CH-alkyl, OC(O)-lower-alkenyl-C(O)Oalkyl, 

alkoxy, OC(O)alkylC(O)Oalkyl, halomethyl, hydroxymethyl, amino 

and lower-alkylsulfonylamino; wherein m is a integer from one to 

four; and/or R7 is a fused pyrazole ring; 

x- is an anion; and pis zero when R 7 is a negatively charged 

30 radical and pis one when R 7 is other than a negatively charged 

radical; 
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or a pharmaceutically acceptable acid-addition salt of basic members 
thereof; or a solvate thereof; or a stereoisomer thereof; together with 
a pharmaceutically acceptable carrier, adjuvant, diluent or vehicle, 
with the proviso that at least one of R5 and R6 when taken 

s individually must be a substituted or unsubstituted phenyl group, or a 
substituted or unsubstituted 5- or 6-membered monocyclic or 9- or 
IO-membered bicyclic aromatic heterocyclic ring system or a 
substituted or unsubstituted 5- or 6-membcred monocyclic 
nonaromatic heterocyclic ring system. 

1 o 28. A pharmaceutical composition according to claim 27 wherein: 
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 lower-alkyl; 
15 R3 and R4 are independently hydrogen, or lower-alkyl; or 

R3 and R4 together form a cycloalkyl ring, or a lower 
alkylidene group; 

R5 and R 6 are independently phenyl (or phenyl substituted by 
lower-alkoxy, halogen, lower-alkyl, polyfluorolower-alkyl, lower-

20 alkoxyphenyl-lower-alkyl-N(lower-alkylsulfonyl), hydroxy, or 
polychlorolower-alkyl), a 5- or 6-membered monocyclic or 
9- or 10-membered bi cyclic aromatic heterocyclic ring system or a 
5- or 6-membered monocyclic nonaromatic heterocyclic ring system 
(or said 5- or 6- membered monocyclic or 9- or IO-membered 

25 bicyclic aromatic heterocyclic ring system or said 5- or 6-. membered 
monocyclic nonaromatic heterocyclic ring system substituted on any 
available carbon atom thereof by lower-alkyl, OXo, nitro, halogen, or 
lower-alkoxy; or on any available nitrogen atom thereof by Iower­
alkyl, phenyl-lower-alkyl (or said phenyl lower-alkyl group 

30 substituted on the phenyl group by Iower-alkoxy, Iower-alkyl, or 
halogen), trilower-alkylsilyl, or trilower-alkylsilyl-lower-alkoxy­
lower-alkyl), lower-alkoxy, or Iower-alkyny~ or R5 and R6 together 
form a fluorene ring; 
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or R3 and R5, and/or R4 and R6 taken together with the carbon 

atoms to which they are attached form a bicyclic ring system of 

Formula A: 

5 A 

wherein 
A is phenyl, or a 5- or 6-membered monocyclic aromatic 

heterocyclic ring system an4 n is an integer from one to three <.or said 

A ring substituted on any available carbon atom thereof by lower-

1 O alkoxy, or lower-alkyl); 

R 7 is hydrogen, or from one to four, the same or different, 

substituents in any of the 7-, s-,9-, or io- positions selected from the 

group consisting of lower-alkyl, lower-alkanoyloxy, halogen, nitre, 

hydroxy, lower-alk:oxy, methylenedioxy, polyfluorolower-alkyl, 

15 OCO(CH2)mC(O)Oalk.')'l, OC(O)alkyl, C(O)Oalkyl, C02-, carboxy, 

sulfo, S03-, P03H, PQ3-, cyano, and polychlorolower-alkyl, wherein 

m is an integer from one to four; 

x- is an anion; and pis zero when R 7 is a negatively charged 

radical and p is one when R 7 is other than a negatively charged 

20 radical; 

or a pharmaceutically acceptable acid-addition salt of basic members 

thereof; or a solvate thereof; or a stereoisomer thereof; together with 

a pharmaceutically acceptable carrier, adjuvant, diluent or vehicle, 

with the proviso that at least one of R5 and R 6 when taken 

25 individually must be a substituted or unsubstituted phenyl group, or a 

substituted or unsubstituted 5- or 6-membered monocyclic or 

9- or I 0-membered bicyclic aromatic heterocyclic ring system or a 

substituted or unsubstituted 5- or 6-membered monocyclic 

nonaromatic heterocyclic ring system. 

30 29. A pharmaceutical composition comprising a compound 

according to any one of claims 3 to 26 together with a 

pharmaceutically acceptable carrier, adjuvant, diluent or vehicle. 
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30, The use of a compound of Formula I' as defined in 

claim 27 for the preparation of a medicament for the treatment or 

prevention of neurodegenerative disorders or neurotoxic injuries in a 

patient in need of such treatment 

5 31.. The use of a compound of Formula r as defined in 

claim 28 for the preparation of a medicament for the treatment or 

prevention of neurodegenerative disorders or neurotoxic injuries in !l 

patient in need of such treatment 

32. The use of a compound of Formula r as defined in claim 29 

1 O for the preparation of a medicament for the treatment or prevention of 

neurodegenerative disorders or neurotoxic injuries in a patient in need 

of such treatment. 

33. The use according to any one of claims 30 to 32 wherein said 

neurotoxic injuries are associated with ischemic, hypoxic, or 

15 hypoglycemic conditions. 

34. The use according to claim 33 wherein said ischemic, hypoxic, 

or hypoglycemic conditions are associated with stroke. 

I 


