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6-Methoxybenzo[b]quinuclidines, their  3-oxo derivat ives,  and a number  of d ias te reomer ic  
3 -mono-  and 3,3-disubstituted derivat ives were synthesized.  The facile t ransformat ion  
of 3-hydroxy-3-(p-tolyl)-6-methoxybenzo[b]quinucl idine to 3-(p-tolyl)-6-methoxyquinoline 
was observed.  

We have previously accomplished the synthesis  of and established the configuration of some benzo- 
[b]quinuclidine derivat ives [2, 3]. In the present  paper  we present  data on the synthesis  of unknown 6- 
methoxybenzo[b]quinuctidines and on the es tabl ishment  of the s t ructure  of these compounds. 

The star t ing mater ia l  for  the production of 6-methoxybenzo[b]quinuclidine (IV) was ethyl 1,2,3,4- 
tetrahydroquininate (I). Es te r  I was alkylated with ethyl bromoaceta te .  In t ramolecular  cycl izat ion of the 
resul t ing 1-e thoxycarbonylmethyl -4-e thoxycarbonyl -6-metboxy- l ,2 ,3 ,4- te t rahydroquinol ine  (II) under the 
conditions descr ibed in [2] gave 3-oxo-methoxybenzo[b]quinuclidine (HI). Reduction of III by the Wol f f -  
Kishner method gave 6-methoxybenzo[b]quinuclidine (IV). This compound, in contras t  to the crystal l ine 
unsubstituted benzo[b]quinuclidine [6], is a highly mobile liquid. The high pK a values of both compounds 
(7.1 and 6.94) constitute evidence for the low inductive effect of the 6-methoxy group on the capacity for  
protonation of the cyclic ni trogen atom. 
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The signals of the protons of the quinuclidine ring in the PMR spec t rum of IV pract ical ly  coincide 
with the signals of these protons in the unsubstituted benzo[b]quinuclidine [7]. The spec t rum of IV is cha r -  
acter ized by multiplets at 1.2-2 ppm (fl protons) and 2.45-'3.30 ppm (a and 7 protons).  The signals of the 
protons of the benzene ring are found at weak field: 6.78 (HA), 6.75 (Hc) , 7.08 (HD); JAC ~-2.5 Hz, JCD ~ 
8 Hz. The singlet at 3.81 ppm is affiliated with the OCH 3 group. 
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IV R=H; V R=OH; VI R=OCOCHz;VII Rr=NOH; VIII R=NH+; IX R=CI; X R=CN; 
XI R=COOC2Hs; XII R=p-CH3CcH,. 

*See [1] for communicat ion IH. 
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Considerably g rea te r  s tereospecif ic i ty  than in the reduction under s imi la r  conditions of 3-oxobenzo- 
[b]quinuclidine is observed in the reduction of ketone III both catalyt ical ly and by complex metal hydrides.  
Thus the hydrogenation of III in the presence  of platinum leads exclusively to syn-3 -hydroxy-6 -methoxy-  
benzo[b]quinuclidine (Vs),* while reduction with complex metal  hydrides gives a mixture of d ias te reomer ic  
alcohols Vs and Va containing 10-15% of the anti i somer .  At the same time, the amount of an t i -3-hydroxy-  
benzo[b]quinuclidine obtained f rom the 3-oxo derivative under s imi la r  conditions is 30-35% [2, 7]. The con- 
siderably more  expressed  s tereospecif ic i ty  of the reduction of III can apparently be explained by the addi- 
tional orienting effect of the methoxy group due to the formation of a complex between the unshared pair  
of e lectrons of the 6 substituent and the catalyst  or  the metal hydrides.  

In contras t  to the reduction of IH, the s tereospecif ic i ty  of the cyanohydrin synthesis and the Grignard 
react ion pract ical ly  coincides with what is observed for 3-oxobenzo[b]quinuclidine [1, 3]. A mixture of 
d ias te reomer ic  3-hydroxy-3-cyano-6-methoxybenzo[b]quinucl idines  (Xs and Xa) in a rat io of ~ 3 : 2  is ob- 
tained in the react ion of the hydrochloride of ketone III with potass ium cyanide (the react ion of ketone III 
with acetone cyanohydrin did not occur,  apparently because of the low solubility of III in water).  Both a 
s ter ic  factor  -- nucleophilic attack of the CN group f rom the least  shielded side of the molecule - and a 
thermodynamic factor  - p r e d o m i n a n c e  in the equilibrium react ion of the cyanohydrin synthesis of the iso-  
mer  with a lower free energy - favor the predominant formation of the syn i somer  in this case .  

Dias tereomer ic  3-hydroxy-3-ethoxycarbonyl-6-methoxybenzo[b]quinucl idines (XIs and XIa) were ob- 
tained in the alcoholysis of a mixture of Xs and Xa. Crystal l izat ion of this mixture gave the individual syn-  
hydroxy e s t e r  (XIs) and a mixture of i somers  enriched in XIa (75%). 

As in the case of 3-oxobenzo[b]quinuclidine, the highest s tereospecif ic i ty  occurs  in the react ion of 
III with p-tolyl l i thium [1], and only ant i -3-hydroxy-3-(p-tolyl)-6-methoxybenzo[b]quinucl idine (XIIa) is 
formed.  Such high s tereospecif ic i ty  in this case is probably associated with the format ion of an unstable 
d o n o r - a e e e p t o r  complex of RLi with the methoxyphenyl port ion of the III molecule, which hinders approach 
of the reagent to the react ion center  f rom the phenyl ring side, as a consequence of which RLi interacts  
with the carbonyl group on the bridge f ragment  side of the molecule; this leads to anti i somer  XIIa. Two 
singlets at 1.90 and 2.17 ppm are observed in the PMR spec t rum of a mixture of VIs and Via in the region 
of the signals of the protons of the acetyl groups.  In conformity with the previously obtained data on the 
s t e reoehemis t ry  of benzo[b]quinuclidine derivatives [1, 7], the singlet at s t ronger  field pertains to the iso-  
me r  with a syn orientation of the substituent. Consequently, individual i somer  VI, which has the signal of 
an OCOCH 3 group at 1.90 ppm, is the syn i somer  of VI, and alcohol V, f rom which VIs is obtained, also has 
the syn configuration. The mixture  of VIS and Via that was r iches t  in the anti i somer  contained 35% Vis 
and 65% Via. 

Two singlets at 3.68 and 3.70 ppm with an intensity ratio of 3 : 2 are observed in the PMR spectrum 
of a mixture of cyanohydrins Xs and Xa. Alcoholysis of a mixture of Xs and Xa gave diastereomeric 
hydroxy esters XIs and Xla, the PlV[R spectrum of which is characterized by two singlets of the protons 
of the OCH 3 group at 3.77 and 3.78 ppm and two sets of signals of an ethyl group: triplets at 0.97 and 1.35 
ppm, and quartets at 3.96 and 4.32 ppm. On the basis of a comparison of the intensities of the signals of 
the ethyl group at weak (anti orientation) and strong (syn orientation) fields [7], it was concluded that XIs : 
XIa ~ 45 : 55. The chemical shifts of the protons of the ethyl group of COOC2H 5 in the spectrum of the in- 
dividual i somer  attested to its syn configuration. 

Only two singlets,  which belong to the OCH~ group (3.85 ppm) and the methyl par t  of the tolyl group 
(2.40 ppm), are observed in the PMR spect rum of XII. Consequently, the spec t rum of XII corresponds  to 
one i somer .  The spect ra  of the protons of the quinuclidine rings in XII and in the previously studied 3- 
hydroxy-3-(p-tolyl)benzo[b]quinuclidine, for  which anti orientation of the tolyl substituent was proved [1], 
pract ical ly  coincide. The configuration of XII therefore  corresponds  to anti orientation of the tolyl group 
relative to the benzene ring. 

In addition to the compounds described above, we also synthesized other 3-substituted 6-methoxy- 
benzo[b]quinuclidines: 3-amino-6-methoxybenzo[b]quinuclidine (VIIIs) - b y  reduction of the oxime of 3- 
oxo-6-methoxybenzo[b]quinuclidine (VII) - and 3-chloro-6-methoxybenzo[b]quinuclidine (IX) - by reaction 
of Vs with thionyl chloride.  It was observed that the chlorine atom in IX is distinguished by its highly 
inert  charac te r .  It cannot be completely replaced by an ethoxy group even on heating to 150 ~ with a strong 

* The let ter  s (or a) after  the compound number indicates syn (or anti) orientation of substituent R relative 
to the benzene ring of benzo[b]quinuclidine. 
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nucleophitic agent such as sodium ethoxide, whereas  it is known that the chlorine atom in 3-chloroquinu- 
clidine is distinguished by its high lability: this compound readily forms a polyquaternary salt  even at room 
te rape ra ture .  

As in the case of other 3-aryl-3-hydroxybenzo[b]quinucl idines [1], XIIa readily undergoes a romat iza -  
tion on heating with acetic anhydride: the dehydration of XIIa is accompanied by ejection of the ethylene 
bridge f rom the quinuclidine portion of the molecule to give 3-(p-tolyl)-6-methoxyquinoline (XIII). 

The s t ructure  of XIII was confirmed by the PMR spectrum, which contains signals of only the aromat ic  
protons and the methyl groups of the substituents at 8.87 (2-H), 7 .95 (4-H), 6.90 (5-H), 3.84 (OCH3), 7.22 
(7-H), 7.90 (8-H), 7.17 and 7.46 (C6H4) , and 2.40 ppm (p-CH3); J24 ~2.4, J57 ~ 2.8, J78 ~ 8.8 Hz. The low chem-  
ical shifts and s p i n - s p i n c o u p l i n g  constants for the protons in XIII, the previously studiedquinoline der iva-  
tives [1], and unsubstituted quinoline [8] conf i rm structure  XIII. 

E X P E R I M E N T A L  

The PMR spect ra  were obtained with a JNM-4H-100 spec t romete r  with an operating frequency of 100 
MHz. The solvents were CDC13 (IV, XI, and XII), CC14 (XIII), CD3OD(VI-HCI), and CsDsN (X). Te t ramethyl -  
silane was used as the internal standard.  

Ethyl 1,2,3,4-Tetrahydroquininate (I). A. A 9.1-g (45 mmole) sample of quininlc acid [4] was added 
to a solution of 1.77 g (45 mmole) of sodium hydroxide in 100 ml of water,  and the result ing sodium salt 
was hydrogenated [4] in the presence  of 5 g of Raney nickel at 60 ~ and an initial hydrogen p ressu re  of 100 
atm. After the calculated amount of hydrogen had been absorbed, the catalyst  was removed by filtration, 
andthe react ion mixture  was acidified with HC1 (with respect  to Congo red). The mixture  was then evaporated, 
and the residue was dried and es ter i f ied  by heating with 75 ml of ethanol and 12 ml of concentrated H2SO 4. 
The alcohol was removed by vacuum distillation, and the residue was cooled, treated with sodium carbonate,  
and extracted with benzene to give 8.2 g (78%) of a product with bp 162-163 ~ (0.8 ram). Found: C 66.4; H 
7.5; N 6.1%. C;3H17NO 3. Calculated: C 66.4; H 7.3; N 6.0~0. 

B. A 30-g (113 mmole) sample of ethyl 2-chloroquininate [4, 5] and 10 g of Raney n lekelwereadded 
to a solution of 9.07 g (226 mmole) of sodium hydroxide in 200 ml of water,  af ter  which the mixture was 
hydrogenated at 40 ~ and an initial hydrogen p res su re  of 70 aim. Workup as described in part  A gave 22 g 
(83%) of e s t e r  I. 

1 -Ethoxycarbonylmethyl -4-e thoxycarbonyl -6-methoxy- l ,2 ,3 ,4- te t rahydroquinol ine  (II). A mixture 
of 60 g (255 mmole) of e s t e r  I, 42.6 g (255 mmole) of ethyl bromoacetate ,  27 g (255 mmole) of sodium c a r -  
bonate, and 240 ml of anhydrous ethanol was refluxed for 5 h with vigorous s t i r r ing.  The alcohol was then 
removed by vacuum distillation, and the residue was dissolved in 100 ml of water  and extracted with e ther  
to give 76.3 g (93.5%) of a product with bp 183-185 ~ (3 mm). Found: C 63.7; H 7.3; N 4.3~c. C17H23NO 5. 
Calculated: C 63.5; H 7.2; N 4.3~ 

3-Oxo-6-methoxybenzo[b]quinuelidine (III). A solution of 53.2 g (165 mmole) of d ies te r  II in 120 ml 
of toluene was added with s t i r r ing  to a refluxing solution of potassium ethoxide, obtained f rom 15.9 g (408 
rag-atom) of po tass ium and 23.5 ml (408 mmole) of anhydrous ethanol in 240 ml of toluene, af ter  which the 
mixture was refluxed for  another 6 h. It was then cooled to 50-60 ~ and treated with 180 ml of concentrated 
HCI. The acid solution was separated,  and the toluene layer  was extracted twice with 180-ml port ions of 
hydrochloric  acid. The combined acid solutions were refluxed for 6 h and evaporated.  The residue was 
cooled and treated with 50% KOH, after  which it was extracted with benzene. The benzene was removed, 
and the residue was vacuum-sublimed at 125-130 ~ (3 ram) to give 25 g (74.4%) of a product with mp 82-84 ~ 
(from hexane). Found: C 71.1; H 6.5; N 7.170. C12Ht3NO 2. Calculated: C 70.9; H 6.4; N 6.97o. The hydro-  
chloride had mp 210-211 ~ (dec.). Found: C1 14.7; N 6.0~. C12H~3NO 2"HC1. Calculated: CI 14.8; N 5.8~. 

Reduction of 3-Oxo-6-methoxybenzo[b]quinuclidine (III). A. A mixture of 4.88 g (24 mmole) of ke-  
tone III and 0.3 g of Platinum oxide in 100 ml of ethanol was shaken in a s t r eam of hydrogen. The necessa ry  
amount of hydrogen was absorbed in 2 h. The mixture was then heated to the boiling point, and the platinum 
was removed by filtration. The fil trate was cooled, and the result ing c rys ta l s  were removed by fi l tration 
and washed with ethanol to give 3 g of Vs. Evaporat ion of the alcohol solution gave another 1.2 g of Vs to 
give an overall  yield of 4.2 g (86~) of a product  with mp 187-189% Found: C 70.2; H 7.3; N 6.7~. C~2H15NO 2. 
Calculated: C 70.2; H 7.4; N 6.870. The hydrochloride had mp 213-215 ~ Found: C1 14.4; N5.8%. C]2H15NO 2" 
HC1. Calculated: C1 14.7; N 5.8%. 
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B. A solution of 3 g (14.8 mmole) of HI in 30 ml of e ther  was added to a suspension of 1 g (26mmole) 
of lithium aluminum hydride in 50 ml of ether,  and the mixture was refluxed for  3 h. It was then cooled 
and t reated with 2 ml of water.  The aqueous mixture was extracted with e ther  and chloroform.  The chloro-  
form solution yielded 2 g (66T0) of Vs, while the e ther  solution yielded 0.6 g of a mixture of Vs and Va. Re :  
crys ta l l iza t ion of 0.6 g of the mixture f rom acetone gave 0.3 g of a mixture of i somers  enriched in the syn 
form.  The acetone solution gave 0.25 g of a mixture containing 35~ Vs and 65% Va with mp 138-140 ~ 
Found: C 70.4; H 7.4; N 7.0%. C12H15NO 2. Calculated: C 70.2; H 7.4; N 6.8~. 

C. A 6-g (158 mmole) sample of sodium borohydride was added in the course of 2 h to a solution of 
6.1 g (30 mmole) of III in 70 ml of methanol, af ter  which the mixture was refluxed for  5 h and thenevapo-  
rated. The residue was t reated with 25% K2CO 3 and extracted with e ther  and chloroform.  The overa l ly ie ld  
of alcohols Vs and Va was 5.2 g (86.5%). Treatment  of this mixture by the method d e s c r i b e d i n p a r t B g a v e  
1.2 g of a mixture containing 65% Va and 3.2 g of Vs. 

6-Methoxybenzo[b]quinuclidine (IV). A mixture of 3.04 g (15 mmole) of III, 6 ml of hydrazine hydrate, 
6 g of potassium hydroxide, and 30 ml of anhydrous glycerol  was heated at 165-170 ~ for 7 h. The products 
were removed by s team distillation as the bath temperature  was raised f rom 170 to 265 ~ . The distillate 
was extracted with ether to give 0.8 g (28.6%) of a l ight-yellow mobile liquid with a sharp amine odor and 
bp 98-100 ~ (0.7 mm). Found: N 7,4%. C12H15NO. Calculated: N 7.4%. The picrate  had mp 193-195 ~ Found: 
C 51.4; H 4.2; N 13.6~0. C12H~hNO" C6H3N807. Calculated: C 51.7; H 4.3; N 13.4%. 

syn-3-Acetoxy-6-methoxybenzo[b]quinuclidine (VIs). A mixture of 2.05 g (10 mmole) of Vs and 10 
ml of acetic anhydride was heated at 100 ~ for 4 h, af ter  which the solution was vacuum-evaporated,  and the 
residue was t reated with potassium carbonate and extracted with ether  to give 2.35 g (96~0) of a product 
with bp 142-144 ~ (0.6 ram). Found: C 68.3; H7.0% . C14H17NO 3. Calculated: C 68.0; H 6.9~0. The hydro-  
chloride had mp245-246  ~ Found: C1 12.4; N5.1%. C14H17NO3"HC1. Calculated: C1 12.5; N5.0~o. 

3-Oxo-6-methoxybenzo[b]quinuclidine Oxime (VII). A mixture of 5 g (245 mmole) of III, 1.7 g (245 
mmole) of hydroxylamine hydrochloride,  and 100 ml of ethanol was refluxed for 14 h, af ter  which the p re -  
cipitate was removed by fi l trat ion and washed with ethanol to give 5.8 g (92~0) of the hydrochloride of VII 
with mp 201-202 ~ Found: C 56.8; H 5.7; C1 14.0; N 11.0%. C12HlaN202- HCI. Calculated: C 56.5; H 5.9; 
C1 13.9; N 11.0%. 

3-Amino-6-methoxybenzo[b]quinuclidine (VIII). A solution of 10 g (40 mmole) of the hydrochloride 
of VII in 300 ml of methanol was reduced in the presence of 0.3 g of platinum oxide. After the calculated 
amount of hydrogen had been absorbed, the catalyst  was removed by filtration, the solution was acidified 
with Hc i  (with respec t  to Congo red), and vacuum-evaporated.  The residue was t r i tu ra ted  with acetone to give 
8.1 g (74.2%) of the dihydrochloride of VIII with mp 184-186 ~ (dec., f rom ethanol). Found: C 51.8; H 6.5; 
C1 25.0; N 10.1%. C12HI~N20" 2HCI. Calculated: C 52.0; H 6.5; Cl 25.6; N 10.1%. 

3-Chloro-6-methoxybenzo[b]quinuclidine (IX). A mixture of 3 g (14.6 mmole) of Vs and 30 ml of 
thionyl chloride was refluxed for  25 h, after which the solution was vacuum-evaporated,  and the residue was 
dissolved in water .  The aqueous solution was made alkaline with potassium carbonate and extracted with 
benzene to give 2.27 g (70%) of a product with bp 125-127 ~ (0.6 ram). Found: C 64.6; H 6.4; CI 15.4; N6.3%. 
C12HIaC1NO. Calculated: C 64.3; H 6.3; C1 15.8; N 6.3%. 

3-Hydroxy-3-cyano-6-methoxybenzo[b]quinucl idines (Xs and Xa). A solution of 1.4 g (21.5 mmole) of 
potassium cyanide in 5 ml of water was added dropwise to a cooled (0 ~ solution of 4.4 g (18.3 mmole) of the 
hydrochloride of III in 30 ml of water,  a f t e r  which the mixture was s t i r red  and cooled for 4 h. The pre-  
cipitate was removed by fi l tration and washed with water  to give 4.2 g (quantitative yield) of a product with 
mp 145-147 ~ (from ethyl acetate).  Found: C 67.8; H 5.8; N 12.4%. C13H14N202. Calculated: C 67.8; H 6.1; 
N 12.1%. 

3-Hydroxy-3-ethoxycarbonyl~6-methoxybenzo[b]quinuclidines (XIs and XIa). Dry hydrogen chloride 

was passed for 5 h into a stirred refluxing solution of 3.9 g (17 mmole) of a mixture of Xs and Xa in 60 ml 
of ethanol. The alcohol was then removed by vacuum distillation, and the residue was dissolved in water. 
The aqueous solution was made alkaline with potassium carbonate and extracted with chloroform. The chlo- 

roform solution was dried with magnesium sulfate, the chloroform was removed by distillation, and the 

residue was dissolved in I0 ml of ether. The ether solution was cooled at +4 ~ for 20 h to precipitate 2.8 g 
(59.5~) of a mixture of XIs and XIa, which was recrystallized from acetone to give 0.7 g of XIs with mp 

142-144 ~ Found: C 65.2; H 6.8; N 4.7%. CI~HIgNO 4. Calculated: C 65.0; H 6.9; N 5.0%. 
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The acetone mother  liquor yielded 1.55 g of a mixture of XIs and XIa containing 70~c of the anti iso-  
mer  of XIa. 

3-Hydroxy-3-(p-tolyl)-6-methoxybenzo[b]quinucl idine (XII). A solution of 5 g (24.3 mmole) of III in 
120 m1 of e ther  was added at 2-5 ~ to a solution of p-tolyll i thium [from 6.3 g (35.8 mmole) of p-bromotoluene 
and 0.52 g (73.5 rag-atom) of lithium] in 80 ml of ether .  The mixture was refluxed for 6 h, after  which it 
was cooled and t reated with 30 ml of water .  The precipitate was removed by fil tration and washed with 
water  to give 3.7 g (5I%) of a product with mp 191-192 ~ (from ethanol). Found: C 77.3; H 7.2; H 4.8~. 
C19H21NO 2. Calculated: C 77.3; H 7.2; N 4.7%. 

Reaction of 3-Hydroxy-3-(p-tolyl)-6-methoxybenzo[b]quinucl idine (XII) with Acetic Anhydride. A mix-  
ture of 1 g (3.4 mmole) of XII and 10 ml of acetic anhydride was refluxed for 7 h, af ter  which the solution 
was vacuum-evaporated,  and the residue was recrys ta l l ized  f rom acetone to give 0.5 g (60~) of 3-(p-tolyl)-  
6-methoxyquinoline (XIII) with mp 97-99 ~ Found: C 82.3; H 6.2; N 5.7~. C17H15NO. Calculated: C 81.9; 
H 6.1; N 5.6%. 
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