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Final Report on 
The Investigation for Alternate Methods 

for the Syn hesis of 3-Quinuclidinol 
and Other Azabicyclic Alcohols 

I. Introduction 

3-Quinuclidinol (III) was first prepared by Sternbach and 

Kaiser(l) using the scheme shown below. This procedure involves a 

l. K1 toluene 
JI , }~ Pt02 QJOH 2. Hydrolysis ~ 

and heat lv H2, Pr ssure 
N N 
I 

CH2co2c2H
5 

I II Ill 

Dieckmann condensation of I to give 3-quinuclidinone (II). Experimen­

tally this is a very difficult reaction to run and under the best 

conditions the yield of II obtained is low. 

The following report comprises the research accomplished in an 

investigat ion to develop new methods, excluding the Dieckmann method, 

for the synthesis of 3-quinuclidinol. 

II. Research Accomplishments 

A. Attempted Preparation of 3-Quinuclidinol via 4-Bromoacetyl-

piperidin Hydrobromide (VIII) 

The a-bromoketone (VIII) was regarded as a potential key 

intermediate in one of the possible routes leading to the preparation 

of 3-quinuclidinol. It was prepared in good yi ld by the following 

reactions. 
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Tr,!atment of iE,onipecotic acid (IV) with carbobenzyloxy chloride 

gave l-carbobenzyloxypiperidine-4-carboxylic acid (V) as an oil in 

90 .5% yield. The infrared spectrum showed bands at 3500-2500 (bonded 

------ - -- - -
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-1 acid -OH) and 1700-1685 cm. (acid and carbamate carbonyl). The crude 

l-carbobenzyloxy-4-piperidinecarboxylic acid was used without further 

purification to prepare the acid chloride VI in 95% yield, which was 

also an oil. The infrared spectrum contained bands at 1795 (acid 
-1 chloride carbonyl), and 1695 cm. (carbamate carbonyl). The oil was 

characterized as its anilide, obtained in 73% yield, m.p. 141.5-142.5°. 

The infrared spectrum showed bands at 3285 (N-H), 1695 (carbamate 
-1 carbonyl) and 1655 and 1530 cm. (amide I and amide II bands). Treat-

ment of VI with excess diazomethane gave the diazoketone (VII) as an 

+ -oil in 97.61. yield. The infrared spectrum showed bands at 2112 (-N=N ), 

-1 1640 (ketone carbonyl adjacent to a diazo group) and 1695 cm. (car-

bamate carbonyl). Dissolving VII in an excess of acetic acid saturated 

with hydrogen bromide effected both conversion of the •diazoketo group 

to the bromoacetyl group and decarbobenzyloxylation of the N-carbobenzyloxy 

group to give VIII in 64% yield, m.p. 153-155°. The infrared spectrum 
-1 showed a band at 1728 cm. (carbonyl of a bromoacetyl group). The n.m . r. 

(nuclear magnetic resonance) spectrum showed two complex multiplets at 

1.6-2.3 ()(CH2- , 4.3) and 2.8-3.8 (:CHz::::.N/ and >Ht 4.9 ~ ~ CH
2

- / -cH
2 tt) 

0 

" and a s inglet at 4.385 (-CCH2Br, 1.7 H). 

However, various attempts, listed below, to convert the bromoketone 

~III) to 3-quinuclidinone (II) a precursor of 3-quinuclidinol (III) were 

unsuccessful. 
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1. Sodium hydroxide in water. 
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* 
II 

2. Amberlite IRA-45 basic ion exchange retin in methanol. 

3. Tri-isopropar.olamine in water or chloroform. 

4. Potassium tert-butoxide in tert-butyl alcohol. 

S. Silver oxide in methanol. 

6. Woelm basic alumina in methanol. 

7. Sodium acetate in ethanol. 

The details of each of the above reactions are given in the Experimental 

section. 

In addition to the above reaction, which yielded no isolatable 

pure product, it was found that treatment of VIII with pyridine caused 

external displacement of the bromine to giv~ the pyridinium salt (X), 

m.p. 240-242° in 93 7o yield. Te infrared spectrum showed bands at 1732 

(ketone djacent to a -CH2~o group), and 1640 and 1494 cm.-l 

(pyridine ring stretching modes). Th n.m.r. spectrum showed two very 

complex multiplets 

and 0 ) " CHC-, 5 H , a 

~ (

CH2'-. + 
, 4.2 and 2.8-3.8 ~ 

-CH 2 

multiplet centered at 8.14 (~-pyridine protons, 1.9 H), 

and a multiplet centered at 8.655 (a- and ~-pyridine protons, 3 H). 
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The protons due to the methylene group between the keto and 1-pyridyl 
group must either be masked by the HOO peak at 4.535 or be acidic 

enough to exchange with the deuterium oxide. Treatment of VIII with 

silver acetate gave mostly an arorphous solid similar to the product 

i solated when VIII was treated with aqueous base, however, a 9.6% yield 
of the a-acetoxyketone XI was isolated, m.p. 137.5-139.8°. The infra­
red spectrum showed bands at 2800-2500 (peak typical of an amine hydro-

-1 bromide), 1730 (ester carbonyl), 1712 (ketone carbonyl), and 1250 cm. 
(C-0). Whe VIII was warmed in acetic acid for seven days a 32% yield 
of the rearranged product, 4-acetyl-4-bromopiperidine hydrobromide (XII), 
m. p. 154-155°, was obtained. The infrared pectrum showed bands at 

0 
-1 " 1702 (ketone carbonyl), and 1360 cm. (CH3-c-). Since the carbonyl 

group is not shifted to higher frequency by the a-bromosubstituent, the 
C-Br and C=O bands must not be co-planar. Results similar to the above 
ha been observed in steroids. <2) A c20 carbonyl group has its fre-

-1 quency increased by 20 cm. by a bromine substitution at c21 , but the 
frequency remains unchanged when the bromine is substituted at c17a. 

(
CH2, / Th n.m.r. spectrum showed a multiplet centered at 2.4 C , 

o -ca2/' ~ 
II 3.6 H), a singlet at 2.65 (CH3c-, 3.3 H) and a multiplet centered at 

3 .455 N"/, 4 H . When VIII was refluxed in acetic acid the re-CCH2"-. + 1 
-CH/' 

2 

arranged product XII that presumably formed first was dehydrohalogenated 
to give XIII, m.p. 160-163°. 

1698 (conjugated ketone C=0), 

The infrared spectrum showed absorption at 
0 -1 II 1618 (C=C) and 1360 cm. (CH3c-) . Treat-

ment of VII with dimethylsulfide yielded 4-dimethylsulfoniumacetyl-
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piperidine bromide hydrobromide (XIV) in 59.5% yield. The infrared 

spectrum showed absorption at 2900-2400 (typical amine hydrobromide 
-1 salt absorption) and 1710 cm. (ketone C•0). The n.m.r. spectrum 

showed a complex multiplet at 1.6-2.4 £ , a complex multiplet 
/ /CH2-) 
✓-,CH -

2 

( . 0) -c 2 + II 
at 2.8-3.8 '°'N( and -CH , and 

-CH / 
a sharp singlet appearing at 

2 

The protons due to the methylene group between the 

0 0 
II 

II + 
C-CH2S(CH3)2 Br 

> 

>~ Br 
H H 

XIV 

carbonyl and the sulfur must either be masked by the HOO peak at 

4.536 or be acidic enough to exchange with the deuterium oxide. 

An attempt to prepare 3-quinuclidinone from X by treatment with 

dilute sodium hydroxide solution gave only a black gum. No pure 

product could be isolated from the gum. Treatment of XIV wi t h dilute 

sodium hydroxide solution gave a solid which decomposed gradually at 

room temperature to a dark mass. A small amount of a white solid (XV) 

was isol ted from the mass by sublimation, m.p. 131-135°. The infrared 
-1 spectrum showed a carbonyl peak at 1708 cm .. There was not enough of 

this solid to obtain an analysis. It was not investigated further. 

Several attempts were made to form 3-quinuclidinol directly by the 
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NaOH > White solid 

/~ Br xv 
H H 

action of sodium borohydride on 4-bromoacetyl piperidine hydrobromide 
(VIII). The reaction was carried out using a mixture of 3:2, methanol : 
dioxane as solvent. In all cases an approximately ten fold excess of 

x➔ 

sodium bor ohydride was used. When the reaction was run at a concentra-
-2 tion of 2 .6 X 10 molar in bromoketone, thin layer chromatography (TLC) 

(2 :2:1, but nol:water :acetic acid) indicated 3 products were formed in 
approximate ly equal amounts. One of these had an Rf value identical to 
that of auth ntic 3-quinuclidinol. However, no 3-quinuclidinol could be 
isolated upon work-up by various procedures. Whe the concentration of 

-3 bromoketone was r educed to about l X 10 molar, TLC indicated that four 
product s were formed . Only a very small amount of material with an Rf 
similar. t o 3-quinuclidinol was observed. Similar results were obtain~4 
when the reduction was carried out in water. 

The r es istance of 4-bromoacetylpiperidine hydrobromide to undergo 
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cyclization to 3-quinuclidi none is quite interesting since Perrine(J) 

found that l-benzyl-4-bromoacetyl-4-phenylpiperidine (XVI) cyclizes 

readily to give l-benzyl-4-phenylquinuclidinone bromide (XVII) in high 

yield. 

0 

> 

XVI XVII 

These results can be explained in the following way. In order for 

VIII or XVI to cyclize, the 4-bromoacetyl group and the pair of elec-

trons on nitrogen would have to occupy axial positions (see figure XVIIIb). 

0 
II 

R 

-R 

XVIIla 

0 
II 

C-CH -Br 2 
~ - .... .. ' R • ·N-R 

XVIIlb 

Attainment of this r eactive conformation is facilitated in the case of 

ketone XVI since the phenyl group in the ·form XVIIIb (R • c
6H

5) would 

then be equatorial. 
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In order to check this explanation experimentally, 4-bromoacetyl-

4-phenylpiperidine hydrobromide (XXII) was prepared by the scheme shown 

below. 4-Phenyl-4-acetylpiperidine hydrochloride (XXI) was prepared by 

amorphous 
solid 

l. 

2. 

XXII 

0 

xx 

0 
C H II 

XXI 

CH
3 

the procedure reported by Perrine. (3) Perrine reported that bromination 

of XXI gave only recovered starting material. However, we found that 

treatment of XXI with bromine i n acetic acid gave a 91% yield of XXII, 
m.p. 202-206°. -1 The infrared spectrum showed absorption at 1726 cm. 

(carbonyl of bromoacetyl group). The n.m.r. spectrum showed a multiplet 

(

-CH / ) at 2.40-2 .78 2'c,, 4.0 H , a multiplet at 3.23-3.58 
-CH / 

2 0 
~ II 4.0 )' a singlet at 4.29 (-CCH 2Br, 1.7 H) and a singlet at 7.SSo (aro-
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matic protons, 5 .2 H) . Tre tment of the 4-brornoacf?tyl-4-phenylpip ridin 

hydrobromide with aqueous sodium hydroxide did not, however, give 4-phenyl-

3-quinuclidinone (XXIII). An amorphous solid wa obtained. The infrared 

spectrum was quite different from that of an authentic sample of 4-phenyl-

3-quinuclidinone XXIII prepared by the debenzylation of l-benzyl-4-phenyl-

3-quinuclidinone followed by neutralization. 

1. 

2. NaOH 

XVII XXIII 

We also prepared 4-brorno-4-bromoacetylpiperidine hydrobromide XXIV 

by bromonation of either 4-bromoacetylpiperidine hydrobromide (VIII) or 

4-bromo-4-acetylpiperidine hydrobromide (XII). The infrared spectrum of 

0 

" 0 0 

" 

Br2 
HOAc } 

HBr 

Vl I XXIV XII 

-1 XXIV showed absorption at 1726 cm. (ketone C=O of a bromoacetyl group). 
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The n.m.r. spectrum showed a multiplet at 2.22-2.59 
·CH + y 2 N.,....., 4 . lH, 
-CH/ '-

2 

(

-CH2, / 
a multiplet at 3.28-3.62 / c , , 

-CH 0 2 
II 

(C-CH
2
Br, 1. 9 H). 

4.1 a) and a singlet at 4.716 

I 

Treatment of XXIV with aqueous sodium hydroxide gave a polymeric 

material, m.p. >300°, similar to the one obtained when VIII was treated 

with aqueous sodium hydroxide. 

The failure of XX.II or XX.IV as well as VIII to undergo a ring closure 

(compared with Perrine's case) may be due to excessive reactivity of 

thesP. bromoketones or to the lack of a 1-benzyl substituent for axial 

s abilization of the nitrogen electron pair. In order to check this 

latter Lxplanation we needed to prepare l-benzyl-4-bromoacetyl iperidine 

hydrobromide (XXX) and subject it to the cyclization conditions. How-

ever, an effort to prepare XXX using the scheme shown below was unsuccessful. 

0 0 0 
II II II COOH C-OCH 

3 C-OH 

CH
3

0H 
base ) l . NaOH~ > HCl c6H5cH2Cl 2 . HCl 

N 
~'---.+ Cl N 

H H H CH2c6H5 
XXV XXVI 

0 0 0 II II II 

( HBr 

'• N + -
. .,..... "---. Br / N~ Cl -
H CH2c6tt

5 CH2c6H
5 H CH2c6H5 

XXX XX.IX XXVIII 
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The methyl ester (XXVI) prepared by standard procedures was hydro­

lyzed to the acid XXVII, m.p. 168-170°. The infrared spectrum showed 

absorption at 3700-3200 (carboxylic acid -OH), 3080 and 3045 (aromatic 
-1 C-H) and lll7 cm. (amino acid carbonyl). The n.m.r. spectrum showed 

a complex multiplet at 1.68-3.32 (all the ring protons, 8.9 H), a 

singlet at 3.87 (Ar-cH2-N , 2.1 H), a singlet at 7.35 (aromatic protons, 
0 
II 

5.1 H), and a singlet at 10.65 (-C-OH, 0.94 H). Treatment of the acid 

with thionyl chloride gave a crude acid chloride. The infrared spectrum 
0 

•l II showed strong absorption at 1785 cm. (-C-Cl . Addition of the acid 

chloride to an ethereal solution of diazomethane gave a crude diazo­
+ ketone. The infrared spectrum showed absorption at 2100 (-?EN) and 

-1 1700 and 1640 cm. (C•O). However, treatment of this diazoketone with 

hydrogen bromide in acetic acid did not give (XXX). A solid that 

analyzed for a higher bromine and lesser carbon content was obtained. 

B. Attempted Preparation of 3-Quinuclidin~l via 4-Pyridylethylene 

Oxide 

4-Pyridylethylene oxide (XX.XI) was prepared by allowing 

pyridine-4-carboxaldehyde OOCXII)to react with dimethylsulfonium methy­

l e(4) or with dimethylsulfoxonium methylide. (5) 

0 
+ -(CH

3)3S I + C"3SCHiNa+ > (CH3)2S•CH2 

CHO 
0 ~

o, 
-C112 

" CH3ScH3 -:9' + ( CH
3 ) 2 S

2 CH2 ) + (CH
3 )2S 

~ N N 
XXXII XX.XI 
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0 
II 

0 

+ NaH 

/ O CHO 
CH-CH2 0 

~ -ro ti 

CH3SCH3 + (CH3 )2S ~ 
> 

~ N 
CH2 

~N 

XXXII XXXI 

It was impossible to purify the crude product by vacuum distilla· 
tion or preparative gas chromatography, therefore, the 4-pyridylethylene 
oxide was isolated and purified as its picrate, (XXXIII) m.p. 139-141 °. 
The infrared spectrum shows a band at 875 cm."1(> 

0
/~) The n.m.r. 

spectrum shows four quartets at 2.77 (a, 1.0 H), 3.12 (b, 1.0 H), and 
3 .87f,, (c, 0. 99 H) assigned as shown in XXXIII. The free 4-pyridyl-

XXXIII 

ethylene oxide was prepared by treating the picrate with aqueous sodium 
bicarbonate solution. The 4-pyridylethylene oxide decomposes slowly at 
room temperature and even decomposes at -10° to some extent. The infra­
red spectrum showed no C•O or S•O bonds and showe absorption at 1155, 

------ - --- ----
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1275 and 825 -1 cm. The n.m.r. spectrum showed four 

quartets at 2.77 (a, 1.0 H), 3.20 (b, 1.0 H), and 3.855 (c, 1.0 H) 

assigned as shown below. 

Attempts to prepare 4-pyridylethylene oxide by allowing 4-vinyl­

pyridine to react with m-chloroperbenzoic acid yielded only 4-vinyl­

pyridine N-oxide (XXXIV), isolateu as its picrate. The n.m.r. spectrum 

+ ) 

~ 
N + 
I 

o-

XXXIV 

showed a doublet at 5.41, J = 10.5 cps (a, 1.0 H), a doublet at 5.89, ac 
Jbc • 17.5 (b, 1.0 H), and a quartet at 6.705 , Jcb • 17.5 cps and Jca = 
10.5 cps (c, 1.0 H) assigned as shown. 
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When pyridine-4-carboxaldehyde was treated with diazomethane, the 
major product isolated was 4-acetylpyridine (XX.XV). Our initial plan 

0 

" CHO CCH3 

CJ + CH2N
2 ) ;) I I 

N N 

xx.xv 

was reductive cyclization of 4- pyridylethylene oxide (XXXI) to 3-quinucli­
dinol, however, r eduction of XXXI in ethanol using platinum oxide catalyst 
gave only 4-ethanolpyridine (XX.XVI). G. N. Walker(6) reported that 

) 

XXXI XX.XVI 

support d palladium could often be employed more successfully than platinum 
oxid , in ronveni nt low pressure hydrogenation of the acetate alts of 
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many pyridine compounds to the orresponding piperidines. However, 

reduction of 4-pyridylethylene oxide with 10% palladium-charcoal in 

glacial acetic acid gave a mixture of 4-ethanolpyridine and 4-ethyl­

pyri ine (XXXVII). 

/0'-... 
CH--CH2 CH2CH20H CH2CH3 

1<1/4 
H2, Pd-C 

+ 
CH3COOH 

) 

~ ~ N N 

XXXVI XXXVII 

C. Attempted Preparation of 3-Quinuclidinol via Pyridine-4-Carbox-

aldehyde Cyanohydrin 

In this proposed synthesis of 3-quinuclidinol (III) we 

had hoped to prepare pyridine-4-carboxaldehyde cyanohydrin (XXXVIII) 

and reductively cyclize it to 3-quinuclidinol as shown below. However, 

OH 

' CHCN 

(H] 
) 61" N 

XXXVIII III 

various attempts to prepare pyridine-4-carboxaldehyde cyanohydrin were 

unsuccessful. Mathes and W. Sauermilch( 7) reported that they prepared 

XX.XVIII by treating pyridine-4-carboxaldehyde with dry hydrogen cyanide. 
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An attempt to repeat this work by Dr. Arron and Dr. Miller at : Edgewood 

Arsenal was unsuccessful. They obtained the condensation product XL, a 

product which Mathes and Sauermilch obtained when they treated pyridine-

4-carboxaldehyde with aqueous potassium cyanide. 

CHO 

+ HCN 

XL 

In our efforts to repare XXXVIII, we attempted an exchange reac­

tion between acetone cyanohydrin and pyridine-4-carboxaldehyde. When 

equal molar amounts of these reactants were heated to 75°, under 

nitrogen, a mixture o XL and isonicotinic acid was obtained. The con­

densation product XL was identical to an authe1 tic sample of XL prepared 

CHO 

+ 75° -----.) XL + 
N2 

by the method of Mathes and Sauermilch. (7) Acetylation of XL gave the 

acetate XLI. The use of triethyl amine or potassium carbonate as 

0 

XLI 
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catalyst gave es sentially the same results. When 4-pyr idylhydroxy­

methanesulfonic acid (XLII) prepared by the method of Rubtsov, Nikitskayo 

and Yanina, (S) was treated with potassium cyanide an almost quanti-

tative yield of XL was obtained. 

~N + 

H 

XLII 

+ 2KCN 

XL 

Since we were unable to prepare the cyanohydrin (XXXVIII), we 

turned our attention to the preparation of pyridine-4-carboxaldehyde 

cyanohydrin N-oxide which was reported by Mathes and Sauermilch. (9) 

Using the procedure reported by these authors shown below we obtained 

CHO 

Zn 
) 

HOAc 

XLIII XLIV 

l Pb (OAc) 4 

CHO 

< HCN 

~ 
N N + 
I 

0- o-
XLVI XLV 
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the desired pyridin -4-carboxaldehyde cyanohydrin N-oxideQCLVI)as a 
white powder, m.p. 118° (dee . ). The infrared spectrum showed no 

aldehyde absorption peaks . Reduction of XLVI in acetic acid using 10% 
palladium on carbon cata lyst using the co ndition report ed by G. N. 
Walker(6) gave an oil. A TLC indicated that none of the desired 

3-quinuclidinol was fo rmed . The oil wa s converted to the hydrochloride 
(XLVII). 

OH /N 
'CH 

N+ 
I 

0-

1. Pd-C, H2 
2. HCl 

) HCl-salt 

XLVII 

D. Attempted Preparation of 3-Quinuclidinol via 1-Benzylpiperidine-
4 -Carboxaldehyde 

In our proposal P-63-1 we proposed to prepare 3-quinucli­
dinol from l-benzylpiperidine-4 -carboxaldehyde (XLVIII) as shown below. 

CHO 
/0-........_ 

CH CH2 

) ) GJH I 

~ 
N 

CH2 6HS CH2C6HS 

// 
CH2c6H5 

XLVlII XLIX L 

H 
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We dii not have time to complete this phase of our investigation. There­

fore, this section of the report will deal mostly wi t h our attempts to 

prepare XLVIII. 

We had hoped to pr pare XLVIII from l-benzyl-4-piperidone tIII) 
prepared by the method of Grob and Brennusin, (lO) by treatment with the 

Wittig reagent (LI), followed by acid hydrolysis of the enol ether iII), in 

0 CH0CH3 

+ (C6H5)3P.CH0CH3 
) 

N ~ N 

CH2c6H5 CH2C6H5 

LIII LI LII 

one run a 30% yield of crude LII was obtained, b.p. 85-100° at 0.05 mm., 

N~5 
• 1.5465. The infrared spectrum showed absorption at 3035 (aromatic 

C-H) and 1690 cm.-l (C=C-0R). Subsequent attempts to repeat this 

reaction resulted in recovery of the starting ketone. 

LiAlH4 
,, 

CH3c
6H4so2cl 

) ') ~ pyridine I 

~ N N N ~ N + Tos-
CH2C6H5 CH2c6H5 CH2c

6H
5 CH2c6H5 

XXV [ LIV LV LVI 

In a separat attempt to prepare XLVIII the methyl ester XXVI was 
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reduced with lithium aluminum hydride to give an 84% yield of l-benzyl-
4-hydroxymethylpiperidine (LIV). The infrared spectrum showed a strong 

-1 -OH peak at 3625 cm. and showed no ester peaks. We had hoped to 

convert LIV to the tosylate LV which could be oxidized to the desired 
aldehyde XLVIII by treatment of LV with dimethylsulfoxide according to 
the method of Kornblum. (ll) However, treatment of the alcohol LIV with 

p-toluenesulfonyl chloride in pyridine gave a 56.4% yield of the cyclized 
product LVI, m.p. 170-171.5° . The infrared spectrum showed absorption 

-1 -at 1210 cm. (S03) . The n .m.r. spectrum showed a multiplet at 1.26-

(

-CH2,+ / 
at 2 .31 /N'- and CH3Ar, 

-CH2 

1.1 H) a multiplet at 3.0-4 . 0 

2.43 with a sharp singlet pertruding 

7 .4 H), a multiplet at 2.69 (H-C~ ,, 

with a sharp singlet pertruding bridgehead 
(

-CH2 , / 
at 3 .45 /c, and 

-CH2 
methylene, 6.1 ~' 

7.0-7.95 (aromatic 

a singlet at 4.81 (ArCH2 , 1.9 H), and a multiplet at 

protons, 8.6 H). 

A crude sample of l-benzyl-piperidine-4-c rboxaldehyde was prepared 
by the scheme shown below. 

COOR 
0 /N 

II J C-N 

~ 
1. NaOH ) 
2. HCl 

XXVI XXVII CHO 
LVIII 
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The methyl ester XXVI was hydrolyzed to l-benzylpiperidine-4-carboxylic 
acid XXVII which was converted to the imidazolium compound (LVIII). Re­
duction of LVIII with lithium aluminum hydride gave a crude sample of 

the aldehyde XLVIII as an oil. Preparative gas chromatography gave a 

liquid that showed only one peak on VPC. The infrared spectrum showed 
-1 absorption at 2665 and 2810 (aldehyde C-H) and 1718 cm. (aldehyde C=0). 

III . Experimental 

The melting points were obtained on a Kofler hot-stage and are 
corrected. The boiling points are uncorrected. The infrared spectra 

were obtained using a Perkin-Elmer Model 221 spectrophotometer. The 

n .m.r. spectra were obtained using a Varian A-60 spectrometer with 

samples dissolved in either deuteriochloroform or pyridine (internal 

standard tetramethylsilane) or deuterium oxide [internal standard 3-

(trimethylsilyl)-1-propanesulfonic acid sodium salt]. Thin layer chro­
matograms were obtained using Silica Gel Gas adsorbant. The gas 

chromatograms were obtained using a F & M Mod 1 300 gas chromatograph. 

Preparation of 1-Carbobenzyloxypiperidine-4-carboxylic Acid (V).-­
A solution of 12.9 g. (0.1 mole) of isonipecotic acid in 25 ml. of 

4N sodium hydroxide (0.1 mole) was cooled in an ice bath and a total 
of 30 ml . of 4N sodium hydroxide (0.12 mole) and 18.7 g. (0.11 mole) of 
carbob nzyloxy chloride added alternatively thereto in 6 equal portions . 
Af t er stirring for 30 minutes following the last addition, the r eaction 
mixture was extracted with ether. The dqueous fraction was slowly acidi­
fied to congo red end point with 6N hydrochloric acid. An oil separated 
that was extracted with ethyl acetate. The extracts were dried and the 
solu ion concentrated under vacuum. After drying under vacuum overnight, 
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1-carbobenzyloxypiperidine-4-carboxylic acid was 

-1 3500-2500 (bonded acid -OH), and 1700-1685 cm. 

(acid and carbamate carbonyl). The oil was used without further 

purification for the preparation of the acid chloride (VI). 

Preparation of 1-Carbobenzyloxypiperidine-4-carboxylic Acid 

Chloride rf]). --To a solution of crude 1-carbobenzyloxypiperidine-4-

carboxylic acid 23.8 g. (0.0908 moles) from the previous experiment in 

500 ml. of benzene (dried by azeotropic distillation) was added 35.70 g. 

(0.3 moles) of freshly distilled thionyl chloride and the solution was 

refluxed for 2 1/2 hrs. with the system protected from atmospheric 

moisture by a Drierite drying tube. The solvent and excess thionyl 

chloride were removed under reduced pressure (system protected from 

atmospheric moisture). The resulting oil was redissolved in dry benzene 

and concentrated to dryness under vacuum twice. The oil was dried under 

vacuum over sodium hydroxide pellets overnight to give 24.3 g. (95%) of 

CH Cl l-carbobenzyloxypiperidine-4-carboxylic acid chloride (VI), v 2 2 1795 max 
-1 (acid c1loride carbonyl), and 1695 cm. (carbamate carbonyl). The oil 

was us d forte preparation of 1-carbobenzylox· •4-diozoacetylpiperidine 

( I) without further purit. ation. The oil was characterized as its 

anilide (IX). Treatment of a portion of the oil with excess aniline in 

benz ne af forded a 73% yield of the anilide (IX), m.p. 141.5-142.8°. Ar 

analyti 1 ample, prepared by recrystallization from methanol and water, 
had m.p . 

1655 and 

142-143.2 ° vCH2Cl2 3285 (N-H) 1695 (carbamate carbonyl), and ' max 
1530 cm.-l (amide I and amide II bands). 

Anal . Calcd. fo r c20tt22 N2o3 : C, 70.98; H, 6.56; N, 8.28. Found: 

71.38 ~ H 6.42· N, 8 .47. 
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Preparation of l-Carbobenzyloxy-4-diazoacetylpiperidine (VII) .- -

To an ice cooled, well stirred ethereal solution (500 ml.) of diazo­

methane [0.3-0.4 moles · prepared f rom 41.2 g. (0.4 moles) of N-nitro­

somethylurea] was added dropwise 24.3 g. (0.086 moles) of crude l­

carbobenzyloxypiperidine-4-carboxylic acid chloride in 200 ml. of 

ether. After complete addition the reaction mixture was stirred for 

an additional 20 minutes. Thi was concent ated to a small volume 

(SO ml.) under vacuum and redissolved in ether and concentrated again. 

This w s rep ated until all the diazomethane was remo ed. After drying 

undet vacuum overnight 24.2 g. (97.6%) of l-carbobenzyloxy-4-diazo­
acetylpiperidine was obtained as a yellow oil, vCH2Cl2 2112 (- + N-), max 

-1 1640 (k tone carbonyl adjacent to a diazo group), and 1695 cm. (car-

bamate carbonyl). The crude oil was used for the preparation of 

4-bromoacetylpiperidine hydrobromide (VIII) without further purification. 

Preparation of 4-Bromoacetylpiperidine Hydr bromide (VIII).--To a 
solution of 24.2 g. (0.0842 moles) of l-carbobenzyloxy-4-diazoacetyl­

piperidine (VII) in 50 ml. of acetic acid (distilled from potassium 

p rmanganate) cooled to 20° was added 99.7 ml. (27.9 g.; 0.345 moles) 

of saturated sol tion of dry hydrogen bromide in acetic acid. The 

rea tion flask was protected from atmospheric moisture by a Drierite 

drying tub . The hydrogen bromide addition effected the evolution of 

nitrog n nd carbon dioxide gase . The orange colored reaction mixture 

was stirred for an additional 30 min. at 20°, 500 ml. of dry ~ther was 
add d dropwise t o the w 11 stirred reaction mixture to precipitate the 
4-bromoace ylpip ridine hydrobromide (VIII) as n orange c0lored solid. 

Aft r drying 22.6 g . (93.5%) of solid was ob ained. The solid was dis-
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solved in methanol; treated with charcoal, and precipitated by the 
addition of ether to give 15.2 g. (64 7o ) of the bromoketone (VIII), m.p. 
153-155°. The analytical sample was prepared by recrystallization from 
methanol and ether, m.p. 153-155°, VKBr 

max 
-1 1728 cm. (carbonyl of a bromo-

acetyl group). The n.m.r. spectrum (D20) showed two complex multiplets 

I CH -
at 1.6-2.3 C , ~ 

/ 2 

'cH - (
-CH2 + / ~ 4.3H /l and2.8-3.8 , N and ,.,, CHC-, 
-CH ✓ 2 2 

0 
II 4. 9 H • and a singlet at 4 .385 (-CCH2Br, 1. 7 H). 

I 
Anal. Calcd. for c7tt13 NOBr2: C, 29.29; H, 4.56; N, 4.88; Br, 

55.69. Found: C, 29.46; H, 4.72; N, 4.87; Br, 55.46. 

Treatment of VIII with Aqueous Sodium Hydroxide.--A 1.148 g. (0.004 
mole) sample of VIII in 25 m. of water and 0.008 moles of sodium hydroxide 
in 25 ml. of water were added from s,eparate funnels dropwise and simul­
taneously to 250 hll. of water. The solution was concentrated by freeze 
drying to give a yellow oil. Extraction of the oil with isopropyl 
alcohol followed by con entration under vacuum gave 0.774 g. of a yellow 
oil. Sodium bromide 0.575 g. (70%) remained in the flask from the extrac-
ion . A TLC (m hanol) and a gas chromatogram (XE-60) of the oil compared 

to th TLC and GLC of an authentic sample of 3-quinuclidinone indicated 
that none of th d ired product was present. The infrared spectrum of 
th -1 -1 oi l show d bands at 1720 cm. (ketone carbonyl) and 1630 cm. 0 

II 

(-C-N ' ) , All at empts to ob ain a crystalline produ t from the oil failed. 
Essentially the same r sults were obtained when a dilute solution of the 
'bromoketone was added to a dilute solution containing two equivalents of 
sodium hydroxide. An infrared spectrum of the oil obtained was essentially 
identic l to th infrared spectrum above. Treatment of the oil with 



I 
I 
r 

-27-

methylene chlorid gave a solid, m.p. softens at 120-130° but did not 

melt when heated to 300°. It gradually decomposed on heating. 

When VIII was treated with one equivalent of sodium hydroxide in 

water none of the desired 3-quinuclidinone hydrobromide could be 

detected. 

Treatment of the Bromoketone Hydrobromide (VIII) with Amberlite 

IR-45 . --A 1 . 15 g. (0 . 004 mole) sample of VIII in 100 ml. of ethanol was 

allowed to stir for 5 hrs. with 5 g. of amberlite IR··45. The ion-exchange 

~as separated by filtration and the filtrate concentrated in vacuo. The 

residue was dissolved in 3N hydrochloric acid and then concentrated under 

vacuum. Treatment of the residue with isopropyl alcohol gave a brown 

solid. The solid was completely insoluble in ethane . The infrared 
-1 spectrum showed a C•O peak at 1720 cm .. An infrared spectrum of an 

authentic sample of 3-quinuclidinone hydrochloride showed a C•O peak at 
-1 1745 cm .. Attempts to purify this solid were unsuccessful. 

Treatment of the Bromoketone Hydrobromide(VIIpwith Tri-isopropanol-

amine.--A 1. 15 g. (0.004 mole) sample of VIII in 25 ml. of water an 

7.31 ml. (0.008 mole) of 1.095 N tri-isopropanolamin in 25 ml. of water 

were added f rom s parate funnels dropwise and simultaneously to 250 ml. 

of water . The Leaction mixture was allowed to stir an additional 30 min. 

af t er the addition was complete. Concentration by freeze-drying gave an 

oil. Extraction of this oil with boiling Pet. ether or ethyl ether 

afforded non of t he des ired 3-quinuclidinone . A GLC (XE-60) of the oil 

compared t o h GLC of an authentic sample of 3-quinuclidlnone indicated 

that no 3-quinuc lidinon was present in the oil . 

Essentia l ly the same r esult s were obtained when a solution of VIII 
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was added to a dilute so lution of 2 equivalents tri-isopropanolamine in 

water. 

Treatment of the Bromoketone Hydrobromide (VIII) with Tri-isopro-

panolamine in Chloroform.--A 0.003 mole sample of VIII was placed in the 

thimbl e of a soxhlet setup. A chloroform solution containing 0.006 moles 

of tri-isopropanolamine was refluxed through the soxhlet for 2 days. 

However, the bromoketone hydrobr omide VIII was so insoluble in hot 

chloroform that n ne of it was extracted. 

Treatment of the Bromoketone Hydrobromide (VIII) with Potassium 

_llit-Butoxide in tert-Butyl Alcohol.--To a solution-suspension of 0.572 g. 

(0.002 mole ) of the bromoketone hydrobromide VIII ii. tert-butyl alcohol 

was added 0.004 mole of potassium tert-butoxide. After stirring overnight 

the tert-butyl alcohol was concentrated by freeze drying. The remaining 

residue was extract~d ith ethanol. Concentration of the extract yielded 

0.1415 g. of an oil. The in f rared spectrum showed a C•O peak at 1710 
-1 cm .. An infrared spectrum of 3-quinuclidinone showed a C•O peak at 

-1 1710 cm. , however, the fingerprint region was quite different from the 

fingerprint regi on of the oil. 

Treatment of the Bromoketone Hydrobromide (VIII) with Silver Oxide.--

A 1.148 g. (0.004 mole) sample of VIII in 15 ml. of methanol was allowed 

t o stir with 0.02 moles of freshly prepared s ilver oxide for 1 1/2 hrs. 

The silver oxide was separat d by fi ltration. Concentration of the 

filtra ea fo rded 0.579 g. of an oi l. A TLC (CH30H) and a VPC (XE-60) 

of thi oil compar d o th TLC and GLC of an authentic sample ind icated 

that on of th d sir d 3 -quinuclidinone was present. 

Hydrobromide (VIII) with Alumina.--A 

1.48 . (0.004 mol) mpl o VIII i n 25 ml. of methanol was allowed 
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to stir with 10 g. of Woelm basic alumina for 5 hrs. The alumina was 

separated by filtration. Concentrati n of the filtrate gave a quanti­

tative recovery of VIII. 

Treatment of the Bromoketone Hydrobromide (VIII) wit Sodium 

Acetate.--A 0.83 g. (0.003 mole) sample of VIII was dissolved in 25 ml. 

of ethanol and treated with 0.246 g. (0.003 mole) of sodium acetate. 

The solid that separated was filtered and dried. An infrared spectrum 
-1 showed a C=0 peak at 1720 cm .. An infrared spectrum of an authentic 

-1 sam le of 3-quinuclidinone hydrochloride showed a C=0 peak at 1745 cm. 

The solid was dissolved in as small amount of water as possible, and made 

basic with potassium hydroxide. However, no free base could be extracted 

with ether. 

Treatment of the Bromoketone Hydrobromide (VIII) with Pyridine.--

The bromoketone hydrobromide (VIII) (0.8316 g., 0.003 moles) was sus­

pended in pyridine and allowed to stir at room temperature overnight. 

Filtration afforded a 92.8% yield of X, m.p. 234-236° (dee.). The 

analytical sample was prepared by recrystallization from methanol and 
KBr ether, m.p. 240-242° (dee . ), v 3490 and 3445 (not assign d), 1732 max 

+n -1 (ketone C=0 adjacent to a -CH2-N\_/ group), 1640 and 1494 cm. 

(pyridine ring stretching modes). Th n.m.r. spectrum (D
2
0) showed a 

6 /CH2-very complex multiplet at 1.6-2.4 ;c, , 
CH2-

.21 and 2.8-3.8 

, a multiplet centered at 8.14 (~-pyridine 

protons 1.9 H) and a multiplet centered at 8.65 (a- and 6-pyridine 
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protons, 3 H). The protons due to the methylene group betwee the keto 

and 1-pyridyl group must be masked by the HOO peak at 4.53 or be acidic 

enough to exchange with the deuterium oxide. 

Anal. Calcd. for c12H18 Br2N20: C, 39.36; H, 4.95; N, 7.65; Br, 

43.37. Found: C, 39.27; H, 5. 22; N, 7.37; Br, 43.22. 

Treatment of the Bromoketone Hydrobromide (VIII) with Silver 

Ace tate.--To a solution of 1.148 g. (0.004 mole) of the bromoketone 

hydrobromide (VIII) in methanol was added 0.668 g. (0.004 mole) of 

silver acetate. Aft r two hours the silver bromide was separated by 

filtration. Concentration of the filtrate afforded 1.15 g. of a brown 

solid, m.p. 295-310°. Recrystallization from methanol and ether afforded 
0.44 g. of solid, rn.p. decomposed over a wide range finally turning com­
pletely black at 310°. An infrared spectrum showed absorption at 1722 

-1 1 cm. (C•O) with a shoulder at 1745 cm.- . Attempts to purify the 

soiid were unsuccessful. Addition of more ether to the filtrate afforded 
0.102 g. (9.6%) of XI, m.p. 136.5-139°. The analytical sample was pre­
pared by recrystallization from methanol and ether, m.p. 137.5-139.8°, 
vKBr 2800-2500 {bonds typical of an amine hydrobromide), 1730 (ester max 

-1 carbonyl), 1712 (ketone carbonyl), and 1250 cm. (C-0). 

Anal. Calcd. for c
9

tt16 No
3Br: C, 40.61; H, 6.06; N, 5.26; Br, 30.03. 

Found : C, 40.82; H, 6.02; N, 5.28; Br, 29.76. 

When this reaction was repeated in the absence of light only a trace 

of XI was obtained. The remainder of the product appeared to be poly­

meric. T eatment of VIII wi th two equivalents of silver acetate gave an 
oil, the infrar d spec trum of which was quite different from the spectrum 
oi an authentic sample of 3-quinuclidinone. 
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Treatment of the Bromoketone Hydrobromide (VIII) with Warm Acetic 

Acid.--The bromoketone hydrobromide VIII was dissolved in acetic acid, 

he · ~ed to 85° and allowed to remain at this temperature for seven days. 

The progres of the r eaction was fol lowed by the shift of a carbony l 

peak at 1724 cm: 1 in the s tarting bromoketone to 1702 cm: 1 in the 

product. The reaction mixture was concentrated to dryness by freez e­

drying . Recrys tallization r om ethanol and ether afforded a 32.2% yield 

of 4-acetyl-4-bromopiperidine hydrobromide (XII), m.p. 145-146.5°. The 

analytical sample, r ec rys talliz d fr om ethanol and ether had m.p. 154-

155°, vKBr 
max 

0 
-1 " 1702 (ketone C=O) and 1360 cm. (CH

3C-). 

showed a multiplet centered at 2 .4 C /, 
(

-CH~ 

-CH/ '-
2 

0 

The n.m.r. spectrum 

3.6 ~• a singlet 

" at 2.65 (CH
3
c-, 3.3 H) and a multiplet centered 

4 0· (

-CH~+ 
at 3 .455 /N / , 

-CH 
2 

Anal. Calcd. for c
7tt13 Br2NO; C, 29.29; H, 4.56. Found: C, 2 9. 28; 

H, 4 .62 . 

reatment of the Bromoketone Hydrobromide (VIII) with Re luxing 

Acetic Acid.--Th bromoketone hydrobromide (VIII) (0 .574 g., 0.002 moles) 

was refluxed in acetic ac id for 20 hrs. Considerable decomposition 

occurred. The acetic acid was concentrated by freeze-drying. The residue 

was dissolved in ethanol, treated with Norite and filtered. The addition 

of eth r to th filtrate gave 0.059 g. (14.3%) of XIII. The a alytical 

sample was prepared by recrystallization from ethanol and ether, m.p. 

160-163°. 
0 

1698 (conjugated C=O), 1618 (C=C) and 1360 cm: 1 
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Anal. Calcd. for c7H12BrNO: C, 40.79; H, 5.87; N, 6.80; Br, 38.78. 
Found: C, 40.17; H, 6.65; N, 6.57; Br, 38.38. 

?reparation of 4-Dimethylsulfoniumacetylpiperidine Bromide Hydro­

bromide (XIV).--The bromoketone hydrobromide (VIII) (5.74 g., 0 . 02 

moles ) was suspended in 25 ml. of dimethylsulfide and allowed to stir 

overnight. The ~xcess ~imethylsulfide was allowed to evaporate under a 

stream of nitro Crystallization of the remaining residue gave 4.11 
g . (59 . 5% ) of 4-dimethylsulfoniumacetylpiperidene bromide hydrobromide 

(XIV), m.p. 149-153°. The analytical sample prepared by further recrys­
tallization from methanol had, m.p. 151-154° vKBr 2900-2400 (bands ' max 
typical of amine hydrobromide salt) and 1710 cm.- 1 (ket ne carbonyl). 

The n.m.r. spectrum (D20) showed a complex ~ CH2J multiplet at 1. 6-2 .4 C / 
CH2 

a complex multiplet at 
(

CH -2 • / 2.8-3.8 /N 
-CH 2 

0) " and -CHC- and a sharp singlet 

at 3.0 (CH
3
-s-). The peak due to the methylene protons between the 

ketone and sulfur must be masked by the HOO peak or be acidic enough to 
exchange with ~he deuterium oxide. 

Anal. Calcd. for c9H19N0SBr2: C, 30.94; H, 5.50; N, 4.01; S, 9.19; 
Br, 45.79. Found: C, 31.21; H, 5.49; N, 4.14; S, 9.02; Br, 46.04. 

Treatment of X with Aqueous Sodium Hydroxide.--To a 3.35 g. (0.0089 
mole) ample of X in 400 ml. of water was added dropwise 0.712 g. (0.178 
mole) of sodium hydroxide in 200 ml. of water. The solution was concen­
trated by freeze-drying to give an oily solid. Extraction with isopropyl 
alcohol followed by concentration gave 2.09 g. of a black solid that could 
not be crystallized. The TLC and infrared spectrum of this material indi­
cated that no 3-quinuclidinone was present. 

------- -- -
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Treatment of XIV with Aqueous Sodium Hydroxide.-- 1.397 g. (0.004 

mole) sample of XIV in 25 ml. of water and 0.008 moles of sodium 

hydroxide in 25 ml. of water wer added from separate funnels dropwise 

and simultaneously to 250 ml. of water. The reaction mixture was con­

centrated by freeze-drying to give an oil that gradually decomposed to 

a dark mass. A small amount of solid was sublimed from he mass, m.p. 

131-135°. There was not a sufficient amount of this solid to obtain an 

elemental analysis. 

Treatment of the Bromoketone Hydrobromide (VIII) with Sodium Boro­

-3 hydride in a Methanol Dioxane Mixture.--A 1.51 g. (5.25 x 10 mole) 

sample of 4-bromoacetyl piperidine hydrobromide (VIII) was dissolved in 

200 ml. of a 2 :3 mixture of methanol and dioxane and the solution cooled 

in an ice bath. -2 Sodium borohydride (3.0 g., 8.0 x 10 mole) was then 

added to the cooled solution. The reaction was allowed to proceed for 

1.5 hrs. at ice bath temperature and was acidified with acetic acid. 

The solvent was removed, and the resulting solid was washed with methylene 

chloride. Removal of the solvent gave 1.2 g. of a gum which showed several 

spots by TLC. This gum was dissolved in 15 ml. of water. Approximately 

5 g. of potassium hydroxide and 2 g. of potassium carbonate were added 

to this aqueous solution. The solution was extracted with several por­

tions of hot benzene. Concentration of the extracts gave an oil which 

showed 3 spots on TLC (2 :2:1, butanol:water:acetic acid) one of which had 

an Rf value identical to that of 3-quinuclidinol. Attempts to isolate 

3-quinuclidinol by formation of its picrate were unsuccessful. 

The r action was also performed at lower concentration (1 x 10-3 

molar) and at ambient temperature. Another variant in the work-up proce­

dure was after the reaction was completed the solvent was removed without 
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acidification. The resulting powder was then placed in a soxhlet and 
extracted with benzene. However in none of the experimental procedures 
described above wa s any 3-quinuclidinol isolated . 

Treatment of VIII with Sodium Borohydride in Water.--To a cold 
so lution of lg. of sodium borohydride in 3 ml. of lN sodium hydroxide 
was added 1.148 g . (0.004 mole) of VIII in 2 ml. of water. The reaction 
mixture was allow d to warm to r oom temperature and remain for 6 hrs. 
The mixture was ma de s trong ly basic by th e additio of sodium hydroxide 
p llets and then extracted with benzene. Concentration of the benzene 

tract after drying, afforded 0.466 g . of an oil. An infrared spectrum 
showed no carbonyl absorption. The spectrum was quite different from a 
spectrum of an authentic sample of 3-quinuclidinol. 

4-Acetyl-l-benzyl-4 -phenylpiperidine Hydrochloride Hydrate (XX).-­
Using the method of Perrine, (3

) a 15.67 g. (0.05 mole) sample of l-benzyl-
4-cyano-4-phenylpiperidine hydrochloride was converted to the base in 
benzene solution (100 ml.) by the addition of 100 ml . of lN sodium hydroxide 
and st irring rapidly for twenty to thirty minutes. The benzene layer was 
washed with water and dried by azeotropic distillation. The dried benzene 
so lution was added dropwis e (nitrogen atmosphere) to 60 ml. (2.2 g ams, 
0 . 1 mole) of a 5.21% solution of methyl lithium in ether with stirring. 
The mixture was allowed to stand 2 days and decomposed with ice. The 
imine precipitated upon the addition of 6N hydrochloric acid to the orangic 
layer and was separated by fi ltration. The crude imine hydrochloride was 
hydrolyzed by re fluxing with lN hydrochloric acid to which enough ethanol 
had b n added to faci litate solution for 4 hrs. and left at room tempera­
ture overnight . Upon coo ling the solution in an ice bath, 11.15 g., 64%, 
of 4 -a etyl-l-benzyl-4-phenylpiperidine hydrochloride hydrate w s obtained, 

------ - --- ---
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m.p. 230-240°. Reported()) m.p. 251-252°. vKBr 1712 (ketone C•O), max 
. 1 1603 and 1501 (ar.omatic), and 701 cm. (aromatic sub1titution peak1). 

4-Acetyl-4-phenylpiperidine Hydrochloride (XXI}.--Using the method 

of Perrine()) a solution of 4.01 g. (0.011 mole) of 4-acetyl-l-beniyl-

4-phenylpiperidine hydrochloride hydrate in 40 ml. of methanol and 9 ml. of 

water containing 1 ml. of 2.SN hydrochloric acid and 2 g. of 101. palladium­

carbon catalyst was hydrogenated in the Parr hydrogenator until hydrogen 

ceased to be taken up. The catalyst was separated by filtration. Con• 

centration of the filtrate afforded 2.05 g. (77.87.) of 4-acetyl-4-phenyl­

piperidine hydrochloride, m.p. 238-241°. Reported()) m.p. 245°, vKBr 
max 

-1 1712 cm. (ketone C•O). 'ftle n.m.r. spectrum (D20) showed a singlet at 

1 
2 CH~+/ 

111ltiplet at 3.27-3.60 /N,, 3.8 H , and a singlet at 7.21~ (aro-
CH2 

matic protons, 5.0 H). 

4-Bromoacetyl-4-phenylpiperidine Hydrobromide XXII.--To a 1olution 

of 2.25 g. (0.0094 mole) of 4-acetyl-4-phenylpiperidine hydrochloride in 30 

ml. of acetic acid was added 0.55 ml. of bromine. The mixture was stirred 

overnight at room temperature. The resultant yellow 1olution was filter~d. 

More product was obtained by the addition of ether to the filtrate, total 

yield 3.12 g. (91.37.), m.p. 201-207°. The analytical ,ample prepared by recry-

lCBr -1 stallization from absolute ethanol had m.p. 202-206°. v 1725 cm. (ketone max 
carbonyl of a bromoacetyl group). The n.m.r. 1pectrum (D20) showed a multiplet 

at 2.40-2.78 , a multiplet at 3.23-3.58 
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(

-cH1 +,,,,. v / N; , 4 . 0 H , a sing let at 
-CH 2 

0 
II 

4.29 (-C-CH2Br, 1.7 H) and a singlet at 

7.555 (aromatic pr tons, 5 .2 H). 

Anal. Calcd. for c13H17 NOBr2: C, 43.00; H, 4 .72; N, 3.86. Found: 
C, 42 .70; H, 4 .69; N, 3.94 . 

Attempted Preparation c f 4-Phenyl-3-quinuclidinone (XXIII) from 
4-Bromoacetyl-4-phenylguinuclidine Hydrobromide (XXII).--4-Bromoacetyl-
4-phenyl piperidine hydr obr omide (2.02 g., 0.0056 mole) was dissolved in 
30 ml . of hot water. This so lution was subjected to sudden cooling and 
80 ml . of ether added. To this vigorously stirred, cooled solution, 25 
ml. of 1 N sodium hydroxide was added. The organic layer was separated, 
dried and concentrated to give an amorphous solid. The infrared spectrum 
showed absorption at 1720 (C=O) and was quite different from the spectrum 
of an authentic sample of 4-phenyl-3-quinuclidinon~ prepared by reduc­
tive debenzylation of (XVII). See the following experiments. 

l-Benzyl-4-bromoacetyl-4-phenylpiperidine Hydrobromide (XVI}.--To 
a so lution of 4.0 g . (0.0115 mole) of 4-acetyl-l-benzyl-4-phenylpiperidine 
hydrochloride hydrate in 30 ml. of acetic acid was added 0.63 ml. of 
bromine. Af t er standing at r oom temperature fo ~ 3 days, the mixture was 
filtered. Ether was added to the filtrate to give more product, 3.39 g. 
(6 5 .1%) total, m.p. 190-203 °. 

(ketone carbonyl), and 750 and 

Reported()) m.p. 200°. vKBr 1730 cm.-l ma.x 
-1 700 cm. (aromatic substitution peaks). 

l-Benzyl-4-phenyl-3-guinuclidinone Bromide (XVII}.--Using the pro­
cedure r eported by Perring,()) l-benzyl-4-bromoacetyl-4-phenylpiperidine 
hydrobr omide (3.47 g ., 0.0077 mole) was dissolved in 250 ml. of hot 
wat er. The solution was subjected to sudden cooling and 100 ml. of ether 
added. To this solution was added 25 ml. of 1 N odium hydroxide. The 
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solution was filtered tor move impurities and the ether layer was 

separated dried and concentrated to give an oily solid. Acetone (SO 

ml.) was added to the mixture and left overnight. Filtration gave 

2.0 g. (70.7%) of l-benzyl-4-ph nyl-3-quinuclidinone bromide, m.p. 
(3) KBr 265-272°. Reported m.p. 290-295°. v 1755 (ketone CaO adjacent max 

± -1 to -N), 1502 (aromatic stretching modes) and 702 cm. (aromatic substi­,-

tution peaks). 

Preparation of 4-Phenyl-3-quinuclidinone (XXIII) from l-Benzyl-4-

phenyl-3-quinuclidinone Bromide (XVII). A solution of 1.54 g. (0.0055 

mole) of l-benzyl-4-phenyl-3-quinuclidinone bromide in 35 ml. of methanol 

and 25 ml. of water containing 0.50 g. of 10% palladium-carbon catalyst 

was hydrogenated in a Parr hydrogenator until hydrogen ceased to be taken 

up. The catalyst was separated by filtration. Concentration of the 

filtrate afforded 1.05 g. (90.8%) of crude 4-phenyl-3-quinuclidinone 

hydrobromide, m.p. 276-279°. Reported()) 285-287°. vKBr 2900-2400 max 
(typi -al amin~ hydrobromide absorption), and 1755 (ketone CaO). Treat-

ment of the hydrobromide with dilute sodium hydroxide gave the free base, 

4-phenyl-3-quinuclidinone, m.p. 149-153°. Reported()) m.p. 157-158°. 

The infrared spectrum showed absorption at 3025, 3065, 3085 ( romatic 

-1 C-H) 2970-2860 (a number of C-H peaks), 1735 cm. (C=O) 1605, 1510 

-1 (aromatic stretching modes), and 770 and 700 cm. (aromatic substitution 

peaks). 

Preparation of 4-Bromo-4-bromoacetylpiperidine Hydrobromide(XXIV2 

from VIII.--To a solution of 4.305 g. (0.015 mole) of VIII in 150 ml. 

of acetic acid was added 2.397 g. (0.015 mole) of bromine. The solution 

was allowed t n stir overnight. Concentration of the solution by freeze­

drying afforded an oily solid. Crystallization from methanol gave 2.8 g. 
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(51%) of XXIV, m.p. 151-153°. The analytical sample was prepared by 
recrystallization fr om methanol, m.p. 156-158°. vKhr 1726 cm.-l 

max 
(C=O). The n.m.r. spectrum (D20) showed a multiplet at 2.22-2.59 

4.1 Y• a multiplet at 

0 

" singlet at 4.715 (-CCH
2Br, 1.9 H). 

Anal. Calcd. for c
7H12 NOBr3 : C, 22.97; H, 3.31; N, 3.83; Br, 

65 .52. Found: C, 23.12; H, 3.37; N, 3.98; Br, 65 .37. 

Preparation of 4-Bromo-4-bromoacetylpiperidine Hydrobromide (XXIV) 
from XII.--To a solution of 0.574 g. (0.002 mole) of XII in 25 ml. of 
acetic acid saturated with dry hydrogen bromide was added 0.3197 g. 

(0.002 mole) of bromine in 3.2 ml. of acetic acid. The bromine wa 
taken up irmnediately. The excess hydrogen bromide was expelled by passing 
nitrogen through the solution. The solution was concentrated by freeze­
drying to give an orange solid. Recrystallization from methanol gave 
0.3077 g . (42%) of 4-bromo-4-bromoacetylpiperidine hydrobrom de, m.p. 
153-153. 5°. A mixture of this compound and XXIV obtained from the 
previous experiment melted at 153-155 .5°. The infrared spectrum of the 
two compounds were identical. 

Treatment of 4-Bromo-4-bromoacetyl-piperidine Hydrobromide with 
Aqueous Sodium Hydroxide.--To a solution of 2.26 g. (0.0062 mole) of 
4-bromo-4-bromoacetylpiperidine hydrobromide in 200 ml. of water was added 
12.4 m . (0.0124 mole) of 1 N sodium hydroxide in 100 ml. of water. After 
the addition,the reaction mixture was concentrated by freeze-drying to 
give a solid. Extraction of this solid with isopropanol gave 0.955 g. 
of a polymeric solid m.p. >300° that gives a positive silver nitrate 
test for bromide. The infrared spectrum was very difuse showing no sharp 
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peaks. There was l. 7 g. of sodium bromide left from the isopropanol 

extraction. 

Preparation of Piperidine-4-carboxylic Acid Methyl Ester Hydro-

chloride (XXV).--A stream of dry hydrogen chloride gas was passed through 

a suspension of 10 g. of piperidine-4-carboxylic acid in methanol at 

r oom temperature until a ll the solid dissolved. The solution was cooled 

in an ice bath and treatment continued until the solution was saturated. 

After standing 4 hrs. at r oom temperature, volatiles were removed under 

r duced pres sure and the remaining solid was washed with ether and dried 

under vacuum over sodium hydroxide pellets. A 92.6% yield of XXV was 

obtained, m.p. 157-160°C. The analytical sample was prepared by recrys-

tallization from methanol and ether, m.p. 161-164°. 

(ester C=O). 

vKBr 17 3 0 cm . - l 
max 

Anal. Calcd. for c
7
H14No2cl: C, 46.80; H, 7.85. Found: C, 46.49; 

H, 7.87. 

Preparation of the Meth)l Ester of 1-Benzylpiperidine-lrcarboxylic 

Ac i d (XXVI).--To a sample of methyl isonipecotate hydrochloride (42.1 g., 

0 . 234 mo le) suspended in 300 ml. of methylene chloride was added 29.62 g. 

(0.234 mole) of benzyl chloride . To this mixture was added dropwis 

109.21 g. (0.468 mole) of tri-isopropanolamine in 250 ml. of methylene 

chloride. The mixture was allowed to stir at room temperature overnight. 

The solution was concentrated, taken up in ether and washed with water. 

Concentration of the dried ether layer gave 48 g. of a liquid. Distil­

lation under r uced pressure gave 28.6 g. (52%) of he methyl ester of 

l-benzylpiperidine-4-carboxylic acid, b.p. 115° at 0.3 mm. 1.5049. 

V
KBr -1 1735 cm. (C=O). max The crude liquid was used to prepare 1-benzyl-

piperidine-4-carboxyl i c acid. 
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Preparation of 1-Benzylpip r i dine-4-carboxylic Acid (XXVII).--To a 

solution of 28.5 g. (0.122 mol e) of the methyl ester of l-benzylrlpe ridine-

4-carboxylic acid i n a mixture of 360 ml. of dioxane (distilled f rom 

sodium) and 150 ml. of wat er wa s add ed 122 ml. of 1 N sodium hydroxide . 

The mixture was st i rr d fo r 20 hr s . then 122 m1 . . of 1 N hydrochl or ic 

a id wa s added. Th e solu t i on was concentrated by f reeze-drying t o give 

a wh ite so lid wh ich wa s extracted wi th hot isopropanol. Th isopropanol 

extracts w r e concentrat ed to a small volume and cooled to give 19.2 g . 

(72%) of l-benzylpiper idine- 4- ca rboxyl ic acid, m.p. 168-170°. The 

analy t i cal sample was prepared by recrystallizat ion from the same solvent, 

m.p. 169-170.5°, vKBr 3700-3200 (carboxylic acid OH), 3080 and 3045 max 
-1 (aromatic C-H), and 1617 cm. (amino acid carbonyl). The n. m. r. 

spectrum showed a complex multiplet at 1.68-3.32 (all the ring protons, 

8.9 H), a singlet at 3.87 (ArCH2N , 2.1 H), a singlet at 7. 35 (aromatic 0 
" protons, 5 H) and a singlet at 10.65 (-C-OH, 0.94 H). 

Anal. Cal ~d. for c
13H17No2: C, 71.20; H, 7.88; N, 6.39. Found: 

C 70 . 76; H, 7.83; N, 6.30. 

The hydrochloride of th is acid was prepared by bubbling dry hydrogen 

chlorid e gas into a benzene E.\uspension of XXVII. This hydrochl oride was 

too hydroscopic t o ob tain a good m.p. or analysis. 

Attempted Preparat ion of 1-Benzyl-4-bromoacetylpiperidine Hydro-

bromi de (XXX).--1-Benzyl pipe ridine-4- arboxylic acid hydrochloride (3 . 687 

g. 0.014 mol e) was di ssolv din 20 ml. of thionyl chloride and refluxed 

for 2 hrs. Concentration under vacuum gave an oil. The infrared spectrwn 0 
-1 " showed a strong peak at 1790 cm. (-C-Cl). This oil was dissolved in 

100 ml. of methylene chlor i de and added to a solution of 0.128 mole of 

diazom thane i n ethe r. Concentration of the reaction mixture gave an 
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+ oily solid. The infrared spectrum showed absorption at 2100 (- N), 
-1 1700 and 1640 cm. (C=O). This oil was dissolved in acetic acid 

saturated with hydrogen bromide. The excess hydrogen bromide was 

expelled by passing nitrogen through the solution. Concentration of 

the solution by freeze-drying gave an oil. Crystallization from 

methanol and ether gave 0.180 g. of a white solid, m.p. 163-165.5°. 

The analytica l sample was prepared by recrystallization from the same 
KBr -1 so lvent, m.p. 164-166. 5°, v 1735 cm. (C=O). max 

Anal. Calcd. for r.
14

H
19

N0
2Br: C, 44.58; H, 5 .08; N, 3.71; Br, 

42.38. Found : C, 36.84; H, 4.05; N, 3.41; Br, 51.43. 

Preparation of Trimethylsulfonium Iodide.--The trimethylsulfonium 
, (12) iodide was prepared by the method of Emelesa and Heal. To 24 g. 

(0.386 mole) of dimethylsulfide was added 56 g. (0.394 mole) of methyl 

iodide and the resulting solution was allowed to stir overnight. The 

solid mass obtained was recrystallized from absolute ethanol to give 

57.9 g. (72%) of trimethylsulfonium iodide as white needles. 

Preparation of 4-Pyridylethylene Oxide Picrate (XX.XIII) Using 

Dimethylsulfonium Methylide.--Into a 2 1., 3-n eked flask fitted with a 

mechanical stirrer, drying tube, and nitrogen inlet tube was placed 

6.00 g. (0.2 5 mole) of 50% sodium hydride in mineral oil. The mineral 

oil was separated from the sodium hydride by washing with ether. To the 

sodium hydride was added 175 ml. of distilled dimethylsulfoxide and the 

stirred mixture wa heated under nitrogen at 60° until hydrogen ceased 

to be evolved. The so lution was diluted with 17 5 ml. of freshly dis­

tilled tetrahydrofur n and cooled in an ice-salt bath. To this cold 

solution was added r apidly a solution of 51 g. (0.25 mole) of trimethyl­

sulfonium iodide in 200 ml. of dimethylsulfoxide. As soon as the tri-
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methylsul fo nium i o ide was added, 21.4 g. (0.20 mole) of distilled pyridine-
4-carboxaldehyde in 50 ml. of tetrahydrofuran was added rapidly. The 
reaction mixture was le f t at ice-bath temperature for 5 minutes, allowed 
t o warm t o room temperature , diluted with 800 ml. of water and extracted 
with ether. The e t her extract s were dried over anhydrous sodium sulfate 
and t en a satur t ed so lu t i on of picric acid in ether was added unti l no 
further prec ipita t ion occurr ed. The solid was filtered and dried to give 
16. 2 g . (23 .1%) of er s tals , m.p. 130-135°. The analytical sample was pre-
pared by r ecrys t allizat i on fr om methanol, m.p. 139-141° vKBr ' max 875 -1 cm. 

(:cvc0. The n.m.r. spectrum (pyridine) showed a quartet at 2.776 

(;c--c' cis to pyridine r i ng, 1.0 H\, a quartet at 3.125 ( } _ _ <H \(1 \/ 11 ) \~\0/ 

trans to pyridine ring , 1.0 0 and a quartet at 3.876 ()vc/, 
0.99 V· 

Anal. Calcd. for c13H10N4o
8 : C, 44.57; H, 2.87; N, 16.00. Found: 

C, 44 .69; H, 2 .94 ; N, 15 .96. 

In a separate run the ether extracts were concentrated to give 
14.8 g . of a liquid that contained 4-pyridylethylene oxide and dimethyl 
sul foxide as its ma jor components. Attempts to purify this liquid by 
vacuum dis tillation or preparative gas chromatograph were unsuccessful. 

Preparation of Trimethylsulfoxonium Iodide.--Trimethylsulfoxonium 
iodide was prepared according t o the method of Kuhn and Trischmann.(l)) 
A solution of 32 g . (0. 41 mole ) of dimethylsulfoxide and 60 ml. of 
methyl iodide were allowed to reflux for 3 days. The solid that had 
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separated was filtered, washed with chloroform and recrystallized from 

water to giv 26 g. of trimethylsulfoxonium iodide, m.p. 210-211°, 

reported(l3) m.p. 200°. The filtrate was refluxed for 3 additional 

days, whereupon 12.9 g. more of product was obtained, m.p. 210°. 

Preparation of Trimethylsulfoxonium Chloride.--Trimethylsulfoxonium 

chloride was prepared according to the method of Kuhn and Trischmann. (l3) 

To a suspension-solution of 15.4 g . (0.07 mole) of trimethylsulfoxonium 

iodide in 250 ml. of water was added 15.05 g. (0.105 mole) of freshly 

prepared silver chloride and the mixture was stirred overnight. The 

s lver iodide was separated by filtration and washed well with water. 

The filtrate was concentrated by freeze-drying. Recrystallization of 

the solid obtained from methanol and benzene gave 8.4 g. (93.4%) of tri­

methylsulfoxonium chloride, m.p. 230-234° with sublimation. 

Preparation of 4-Pyridylethylene Oxide Picrate (XXXIII) Using 

Dimethylsulfoxonium Hethylide.--Sodium hydride (2.65 g. of a 50% sus-

pension in mineral oil,0.055 mole) was placed in a 250 ml. 3-necked 

flask equipped with a mechanical stirrer, condenser fitted with a drying 

tube, and nitrogen inlet tube. Tetrahydrofuran (10 ml.) was added and 

the sodium hydride settled to the bottom. The tetrahydrofuran with the 

mineral dissolved was separated from the sodium hydride with an eye 

dropper. Tetrahydrofuran (SO ml.) and trimethylsulfoxonium chloride 

7.07 g. (0.055 mole) were added and the mixture was refluxed for 4 1/2 

hrs. At this time the reaction mixture had turned from grey to white. 

To the cooled mixture was added 5.35 g. (0.05 mole) of pyridine-4-

carb xaldehyde in 20 ml. of tetrahydrofuran. After the addition, the 

reaction was left at room temperature for one hour and at 40-50° for 

one hour. The sodium chloride was separated by filtration. The filtrate 
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was diluted with ether and a saturated solution of picric acid in ether 
was added until no further precipitation occurred. The crude solid 
obtained was recrystallized from methanol to give 1.51 g. (8.6%) of 
4-pyridylethylene oxide picrate, m.p. 134-137°. The infrared spectrum 
of the product was identical to the infrared spectrum of 4-pyridyl­
ethylene oxide picrate obt ined by treating pyridine-4-carboxaldehyde 
with dimethyl sulfonium methylide. 

In a separate experiment, conducted on a .OS mole scale, pyridine-
4-carboxaldehyde was treated with dimethylsulfoxonium methylide in 
dimethyl sul foxide. Dis tillation of the crude product gave 3 . 14 g. of a 
liquid that was mostly a mixture of dimethylsulfoxide and pyridine-4-
carboxaldehyde. However, attempts to purify this liquid by preparative 
gas chr matography resulted in decomposition. 

eneration of 4-Pyridylethylene Oxide (XXXI) from its Picrate.--A 
7.00 g. (0.02 mole) sample of 4-pyridylethylene oxide picrate was sus­
pended in SO ml. of saturated sodium bicarbonate solution and 300 ml. of 
water was added to dissolve the sodium picrate. The aqueous solution 
was extracted S times with 75 ml. portions of ether. Concentration of 
the dried extracts afforded 2.09 g. of liquid. This liquid was extracted 
with ether leaving a dark oil. The ether extracts were concentrated to 
give 1.63 g . (76.2%) of a light yellow liquid. A VPC (DEGS) showed only 
one peak. An infrared spectrum (CS2) showed absorption at 3075, 3055 

(pyridine C-H), and 1275, 1155 and 822 cm. -l 0Aii~. The n.m.r. 

spectrum (CDC13) showed a quartet at 2.77~C'u/< cis to pyridine 

ring, 1.0 0• a quartet at 3.20(?:'u/C~ trans to pyridine ring, 
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1.0 ~• a quartet at 3 .85 ()c-- c/ , 1.0 ~. a quartet at 7 .O 

PY "-o/' / 

(~-pyridine protons, 2.3 H) and 8.65 (a-pyridine protons, 2.3 H). 

Treatment of 4-Vinylpyridine with m-Chloroperbenzoic Acid.--To a 

cold solution of 1.06 g. (0.02 mole) of 4-vinylpyridine in chloroform 

was added 4.16 g. (0.04 mole) of 82.6% m-chloroperbenzoic acid. The 

mixture was allowed to warm to room temperature after the addition. 

The reaction was fol l owed by titrating the iodine liberated on treating 

a small aliquot with sodium iodide with standard sodium thiosulfate 

solution. After 4 days all of the m-chloroperbenzoic acid had reacted. 

The m-chlorobenzoic acid that had precipitated during the reaction was 

separated by filtration. The filtrate was washed with a saturated sodium 

bicarbonate solution until the wash water was basic to litmus paper. The 

chloroform solution was dried over sodium sulfate and then treated with 

an ethereal solution of picric acid. The solid obtained was recrystal­

lizec from methanol to give 73.5% of 4-vinylpyridine N-oxide picrate 

(XXXIV), m.p. 158-162°. The analytical sample was prepared by recrystal­

lization f·com methanol, m.p. 161-161.5°, v~: 1215 (~-0-). The n.m.r. 

spectrum (pyridine) showed a doublet at 5.41, J • 10.5 c.p.s. (a, 1.0 H), 
ac 

a doublet at 5.89, Jab• 17.5 c.p.s. (b, 1.0 H), and a quartet at 6.705 , 

J b • 17.5 c.p.s. and J • 10.5 c.p.s. (c, 1.0 H) assigned as shown below. 
c ca 

-? 

~) 
N + , picrate 
0-

----------------
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Anal. Calcd. for c13 tt10N40i C, 44.57; H, 2.87; N, 16.00. Found: 
C, 44.56; H, 2.91; N, 16.11. 

Treatment of pyridine-4-Carboxaldehyde with Oiazomethane.--To a 
cold, stirred solution of 1.07 g. (0.01 mole) of pyridine-4-carboxalde­
hyde in 15 ml. of ether was added a solution of diazomethane prepared 
from 0.02 mole of N-nitrosomethylurea. After 5 days the solution was 
concentrated to afford 1.36 g . of a yellow liquid. A VPC (OEGS) showed 
that all but a very small amount of the pyridine- -carboxaldehyde had 
reacted . In addition, the VPC showed one major peak and 3 smaller peaks. 
The major component was separated from the mixture by preparative gas 
chromatography. A 0.21 g. fraction was collected that showed only one 
peak on a VPC chromatogram (OF.GS), equal in retention time to an authentic 
sample of 4-acetylpyridine (XXXV). The infrared spectrum was identical 
to the infrared spectrum of authentic 4-acetylpyridine. Treatment of the 
li uid with an ethereal solution of picric acid yielded 4-acetylpyridine 
picrate, m.p. 128-130°. Reported(l4) m.p. 129.5-130°. 

Reduction of 4-Pyridylethylene Oxide Using Platinum Oxide Catalyst 
in Ethanol.--4-Pyridylethylene oxide (1.21 g ., 0.01 mole) in 80 ml. of 
ethanol containing 0.50 g . of platinum oxide was reduced at 2-3 atm. until 
hydrogen ceased to be taken up. Concentration of filtered solution gave 
1.15 g. (93. 5% ) of 4-ethanolpyridine XX.XVI. A VPC (OF.GS) showed only one peak 
equal in retention time to an authentic sample of 4 -ethanolpyridine. The 
infrared spectrum was identical to the infrared spectrum of an authentic 
sample of 4-ethanolpyridin . Conversion to the picrate gave 2.44 g. 
(69.5%) of picrate, m.p. 125-130°. Recrystallization from ethanol gave 
crystals, m.p. 128-131°. Reported(l5) m.p. 134-135°. A mixture of this 
compound with an authentic sample of 4-ethanolpyridine, m. p. 128-131 ° was 
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not depressed. 

Reduction of 4-Pyridylethylene Oxide using 10% Palladium on Charcoal 

as Catalyst in Acetic Acid.--4-Pyridylethylene oxide (1.21 g., 0.01 mole) 

in 100 ml. of acetic acid containing 0.500 g. of 10% palladium-charcoal 

was reduced at 2-3 atm. until hydrogen ceased to be taken up. The 

catalyst was separated by filtration and 2.6 g. of picric acid was added 

to the filtrate. Concentration of the filtrate by freeze-drying gave 

3.9 g. of a yellow solid. Recrystallization from ethanol gave 2.8 g. of 

crystals, m.p. 125-136°. A 1.5 g. sample of the picrate was added to 

10 ml. of a saturated sodium bicarbonate solution and enough water was 

added to dissolve the sodium picrate. The solution was extracted with 

ether four times. The extracts were dried over anhydrous potassium 

carbonate. Concentration gave 0.163 g. of 4-ethylpyridine. A VPC (DEGS) 

showed only one major peak identical in retention time to an authentic 

sample of 4-ethylpyridine (XXXVII). The infrared spectrum was identical 

to the infrared spectrum of 4-ethylpyridi 1 . Treatment with picric acid 

in ether gave 0.33 g. of 4-ethylpyridine picrate. Recrystallization from 
(16) methanol gave crystals, m.p. 155-160°. Reported 169-170°. The infra-

red spectrum of this picrate was identical to the infrared spectrum of 

an authentic sample of 4-ethylpyridine picrate. 

The aqueous solution above was extracted with methylene chloride. 

Concentration of the dried extracts gave 0.155 g. of 4-ethanolpyridine. 

The VPC (OF.GS) retention time and infrared spectrum were identical to 

the of an authentic sample. Treatment with picric acid in ether gave 

0.298 g. of 4-ethanolpyridine picrate, m.p. 127-133°. Reported(l5) m.p. 

134-135°. The infrared spectrum was identical to an authentic sample of 

4-ethanolpyridine picrate. 
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Treatment of Pyridine-4-carboxaldehyde with Acetone Cyanohydrin.--

A solution of 10.7 g. (0.l mole) of freshly distilled pyridine-4-carbox­
aldehyde and 10.2 g. (0.12 mole) of acetone cyanohydrin was heated to 

75° while N
2 was passed through the solution. When the solution reached 

75° the contents of the flask solidified. Heating was continued for 

15 min. and the reaction mixture was then allowed to cool. The solid 

was washed with warm e ther and with hot ethyl acetate. After drying, 

5 .64 g . of solid was obtained. An infrared spectrum indicated that the 
solid was a mixture of XL and isonicotinic acid. The solid was washed 

in turn with 1 N sodium hydroxide and water, then dried to give 2.7 g. 

(21.6%) of XL. An infrared spectrum of this solid was identical to the 
spectrum of an authentic sample of XL prepared by the method of Mathes 
and Sauermilch. (l) Acetylation of this compound yielded XLI, m.p. 156-
159°. Reported(]) m.p. 163°. Concentration of the above ether gave 

5.4 g. of recovered acetone cyanohydrin. Concentration of the ethyl 

acetate gave an oil that could not be crystallized. 

In a separate run conducted in the same manner, an 18% yield of 

isonicotinic acid was obtained by recrystallizing the crude reaction 

mixture from methanol. 

The use of tri.ethylamine or potassium carbonate as catalyst gave 
similar results. 

Treatment of Pyridine-4-carboxaldehyde Hydrochloride with Acetone­
Cyanohydrin.--When a mixture of 4.26 g. (0.07 mole) of pyridine-4-

carboxaldehyde hydrochloride and 8 ml. of acetonecyanohydrin were allowed 
to stir together for 24 hrs., a quantitative recovery of the hydro­

chloride was obtained. 
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Preparation of 4-Pyridylhydroxymethanesulfonic Acid (XLII).--To a 

solution of 0.1 mole of crude pyridine-4-carboxaldehyde in toluene was 

added ' 0 ml. of saturated sodium meta-bisulfite solution. A solid formed 

in the aqueous layer. 

canted from the solid. 

The mixture was cooled to 0° and the liquid de­

The solid was washed from the flask with ethanol 

and washed with ether. crystallization from water afforded 9.77 g. 

(51.5%) of white crystals, m.p. 202-203° with sublimation. Reported(l7) 
KBr m.p. 218° with sublimation, v 3700-2500, (OH, NH, CH) 1640, 1612 max 

(pyridine) and 1030, 1260 (so;). 

Treatment of 4-Pyridylhydroxymethanesulfonic Acid with Two Equiva­

lents of Potassium Cyanide.--A mixture of 0.945 g. (0.005 mole) of XLII 

and 0.650 g. (0.01 mole) of potassium cyanide in 40 ml. of water were 

allowed to react overnight. Filtration of the solid that had precipitated 

afforded 0.75 g. (90%) of XL, m.p. 146-152°. Reported( 7) m.p. 144 146°. 

The infrared spectrum was identical to the infrared spectrum of an 

authentic sample of XL. 

Preparation of 112-Bis-(4-pyridyl)-1 12-ethanediol Trihydrate (XLill).-­

Using the procedure reported by Mathes and Sauermilch, (9) a mixture of 

25 g. of pyridine-4-carboxaldehyde, 100 ml. of water and 12 g. of zinc 

dust were stirred together at 70-80° for two d ys. The zinc dust was 

separated by filtration. Aft~r cooling , 6.11 g. of d,1-1,2-bis-(4-

pyridyl)-l,2-ethanediol trihydrate was obtained, m.p. 173-178°. Reported( 9) 

m.p. 178°. The zinc dust was washed with the filtrate. After cooling 

an additional 3.19 g. of product was obtained, m.p. 174-178°. Total yield 

was 9.3 g. (33.9%). No attempt was made to isolate the meso-l,2-bis(4-

pyridyl)-l,2-ethanedi ol trihydrate (XLIII). 
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Preparation of d,l-l,2-Bis-(4-pyridyl)-1,2-ethanediol bis N-Oxide 
Monohydrate (XLIV).--Using the proced re of Mathes and Sauermilch!9) to 
a solution of 3.38 g. (0.0124 mole) of d,l-1,2-bis(4-pyridyl)-1,2-

ethandiol trihydrate in 16.S ml. of acetic acid wa added 3.8 g. of 
30% hydrogen peroxide. The solution was stirred at 45 + 5° for three 
days. The solution was concentrated under vacuum leaving a white solid 
which was washed with hot acetonitrile. After drying 3.0 g. (91%) of 
d,1-1,2-bis-4-(pyridyl)-l,2-ethandiol bis-N-oxide monohydrate was ob­
tained m.p. 193-198°, reported( 9) m.p. 200°. In other runs the yield 
,•aried from 50-98%. 

Preparation of Pyridine-4-carboxaldehyde ·N-Oxide (XLV).--Using the 
procedure of Mathes and Sauermilch, (9) a suspension of 11.8 g. of lead 
tetraacetate and S.91 g. (0.022 mole) of d,1-1,2-bis-4-(pyridyl)-l,2-
ethanediol bis N-oxide monohydrate in SO ml. of chloroform was stirred 
for 60 min. Sodium carbonate was added until the solution was weakly 
basic. The mixture was filtered and the residue washed with chloroform. 
Concentration of the solution gave a solid which on recrystallization 
from benzene gave 2.27 g . (84%) of 4-pyridine-carboxaldehyde N-oxide, 
m.p. 148-152°. Reported(4) m.p. 152°. 

Preparation of Pyridine-4-carb xaldehyde N-Oxide Cyanohydrin (XLVI).--
Dry hydrogen cyanide gas was passed into a flask cooled in an ice bath 
and protected from moisture containing 2.27 g. (0.0184 mole) of pyridine-
4-carboxaldehyde N-oxide. The ice bath was removed and the excess 
hydrogen cyanide was allow d to evaporate, to give 2.69 g. (97.6%) of 
pyridine-4-carboxaldehyde N-oxide cyanohydrin, m.p. 118° (Dec.). The 
infrared spectrum showed no aldehyde absorption peaks. 
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Reduction of Pyridine-4-carboxaldehyd N-Oxide Cyanohydrin (XLVI).-­

Pyridine-4-carboxaldehyde N-oxide cyanohydrin (2.49 g., 0.0166 mole) in 

100 ml. of acetic acid (distilled from potassium permanganate) con­

taining 1.2 g. of 10% palladium on carbon catalyst was hydrogenated in 

a Parr hydrogenator at 2-3 atms. The temperature was gradually increased 

during the reducti~n to 73° and held until hydrogen ceased to be taken up. 

The reduction mixture was allowed to cool to room temperature and the 

catalyst was separated by filtration. Concentration of the filtrate by 

freeze-drying gave an oil. A TLC (butanol-water-acetic acid, 2-2-1) 

in icated that no 3-quinuclidinol was pre ent. 1he oil was dissolved in 

an ethanolic hydrogen chloride solution. Concentration gave 3.0 g . of 

an amine hydrochloride. The infrared spectrum of this hydrochloride was 

quite ifferent from the spectrum of an authentic sample of 3-quinuclidinol 

hydrochloride. Attempts to crystallized the oil were unsuccessful. 

Preparation of Di-({3-carbethoxyethyl)-benzylamine.--Using the method 
of C. A. Grob and P. Brenneisin,(lO) 200 . (2 mole) of ethyl acrylate 

in 250 ml. of absolute alcohol was added to 107 g. (1 mole) of benzyl 

amine in 200 ml. of absolute alcohol . Immediately after the addition a 

vapor phase chromatogram (5 % carbowax 20 M) indicated that all of the 

benzyl amine had reacted. Two new peaks were present in addition to the 

alcohol peak. The area under the first peak due to mono-addition product 

(C
6H

5cH2NHcH2cH2co2Et) was eleven times larger than the area under the 

slower moving peak due t o the desired product. After standing 18 days 

at room temperature the ar a under the second peak was 10 times as large 

as that under the first peak. Work-up ufforde<l 333 g. (108%) of crude 

product. An IR showed no N-H absorption but showed a s trong C=O peak at 
-1 1730 cm .. Since this compound was characterized by Grob, it was used 
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in crude form in the following experiment. 

Preparation of l-Benzyl-4-piperidone.--Di-(~-carbethoxyethyl)-
benzyl amine (0.867 mole) was converted to l-benzyl-4-piperidone by 
the procedure reported by C. A. Grob and P. Brenneisin(lO) using a 

slight excess of sodium hydride in refluxing benzene to effect ring 

closure followed by treatment with dilute hydrochloric acid and heat 

to give hydrolysis and decarboxylation. Distillation of the crude 

product under reduced pressure afforded 132.3 g. of l-benzyl-4-piperidone, 
b.p. 105-10 ° at .05-.1 mm. Hg., N~5 1.5369. An infrared spectrum showed 

-1 a strong C•O peak at 1712 cm .. 

Preparation of Triphenylmethoxymethylphosphonium Chloride.--The 
phosphonium chloride was prepared by the method of U. Scnollkopf. (l8) 

A mixture of 0.167 mole of triphenylphosphine, 85 ml. of benzene and 
0.169 mole of methyl chloromethyl ether was heated at 40-60° for 72 hrs. 
A thin layer chromatogram (cyclohexane) showed that unreacted triphenyl­
phosphine was present and a VPC (51. carbowax 20 M) showed that unreacted 
methyl chloromethyl ether was also present. After 95 hrs. total reaction 
time only a faint spot was observable for triphenylphosphine on TLC. 
Filtration, washing with ether and recrystallization from a chloroform 
and ethyl acetate mixture afforded 49.7 g., 86.li. yield, m.p. 190-192.5°. 
Reported, <2) m.p. 201-202°. The n.m.r. spectrum (CDC13) showed a siiglet 
at 3.67 (CH3o-, 3.0 H), a doublet at 5.82 (P-CH2-o, 2.0 H), and a multiplet 
at 7.765 (aromatic protons, 15 H). 

Preparation of the Enol Ether (L I ).--Triphenylmethoxymethylphos-
phonium chloride (13.7 g., 0.04 mole) was suspended in 140 ml. of ether 
(distill d from lithium aluminum hydride). The system was protected from 
atmospheric moisture by a calcium chloride drying tube. An ethereal solu-
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tion of phenyl lithium (20.75 ml. of 1.93 N, 0.04 mole) was added drop­

wise to th~ stirred suspension under nitrogen. At first the mixture 

turned yellow, but on sl ' ght warming the mixture turned dark red. To 

the cooled reaction mixture was added 3.79 g. (0.02 mole) of l-benzyl-

4-piperidone in 40 ml. of ether and the mixture was refluxed for 4 hrs. 

Acetone (2.4 g., 0.04 mole+ 4%) was added to the reaction mixture to 

destroy the excess Wittig reagents. After heating for 1/2 hr. the 

mixture was allowed to cool and filtered. Concentration of the filtrate 

afforded a dark oil. Distillation under reduced pressure through a 4'' 

vigreaux column gave 1.32 g., 30.6% of LII, b.p. 85-100°. 25 N0 • 1.5 65, 
KBr -1 v 3035 (aromatic C-H) and 1690 cm. (C•C-OR). max 

Several attempts to repeat this reaction were unsuccessful. 

Preparation of l-Benzyl-4-hydroxymethylpiperidine (LIVl.--A 9.9 g. 

(0.0423 mole) sample of the undist:illed methyl ester of l-benzylpiperidine-

4-carboxylic acid in 100 ml. of ether was added to a suspension-solution 

of 1.605 g. (0.0423 mole) of lithium aluminum hydride in 50 ml. of dry 

ether. After the addition the reaction mixture was refluxed for 1 1/4 hrs. 

The mixture was allowed to cool, the excess lithium alurain~m hydride was 

decomposed by the addition of water and then 200 ml. of a 20% potassium 

sodium tartrate solution was added. The ether layer was separated and 

the aqueous layer extracted with three 50 ml. portions of ether. The 

ether layer and washings were combined and dried over anhydrous sodium 

sulfate. Concentration of the ~ther gave 7.3 g. (84%) of crude l-benzyl-

4-hydroxymethylpiperidine (LIV) as an oil. The infrared spectrum showed 
-1 a strong -OH peak at 3625 cm. 

This oil was us d to prepa e LVI without further purification. 

Treatment of 1-B nzyl-4-hydroxymethylpiperidin with p-Toluene-
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sulfonyl Chloride in Pyridine.--To a ice-cooled solution of 1 g. (0.0048 

mole) of l-benzyl-4-hydroxymethylpiperidine in 10 ml. of pyridine was 

added 1.83 g. (0.0096 mole) of p-toluenesulfonyl chloride portionwise. 

Upon the first addition the solution turns yellow. As more p-toluene­

sulfonyl chloride was added the solution turned orange and finally red. 

After 3 1/2 hrs. the reaction mixture was diluted with 75 ml. of chloro­

form. Then 10 ml. of a saturated solution of sodium bicarbonate was 

added. Solid sodium bicarbonate was added until bubbles ceased to be 

evolved. The chloroform layer was washed with water, dried over sodium 

sulfate and concentrated under vacuum to give a rust colored solid. 

Recrystallization from acetone gave 0.972 g. (56.4%) of LVI, m.p. 170-

171.5°. The analytical sample prepared by further recrystallization 

from acetone had m.p. 170.5-172°. vKBr 1200 (S0
3
-) 780 cm.-l (aromatic max 

substitution peak). The n.m.r. spectrum showed a multiplet at 1.26-2.43 

with a sharp sing let pertruding at 2 .31 c -CH2'- : / and CH
3 

-Ar, 7 .4 ~, 
-CH/ ' 2 

a multiplet at 2.69 ~ -c~, 1.1 u), a multiplet at 3.0-4.0 with a sharp 

(
-CH / ~ E',inglet pertruding at 3 .45 ~ C". and bridgehead methylene, 6 .1 H , 
-CH2 

a singlet at 4 .81 (ArCH2-, 1.9 H) and a multiplet at 7.0-7.95 (aromatic 

protons, 8.6 H). 

Preparation of l-Benzylpiperidine-4-carboxaldehyde (XLVIII).--A 

0.01 mole sam>le of l-benzylpiper idine-4 -carboxylic acid and N,N1-

carbonyldiimidazole in 50 ml. of tetrahydrofuran (distilled from lithium 

aluminum hydride) was re f luxed for 1 1/2 hrs. The solution was concen­

trated to 2/3 its original volume and transferred to a 3-necked flask. 



-55-

To this solution, cooled to -20° was added dropwise under nitrogen, 90 

ml. of 0.055 molar lithium aluminum hydride in eth~r. After 1/2 hr., 

4 ml. of water was added and the solution allowed to warm to room 

temperature. The reaction mixture was diluted with 200 ml. of 20% 

sodium potassium tartrate solution and extracted with ether. After 

drying over sodium sulfate the ether extracts were concentrated to 

afford 1.4 g. of an oil. An infrared spectrum showed absorption at 

2765 and 2815 (aldehyde C-H) and 1725 cm.-l (aldehyde C=0). Attempts 

to crystallize the oil were unsuccessful. By subjecting the oil to 

preparative gas chromatography, a 0.45 g. sample of the aldehyde was 

obtained that showed only one peak on a VPC (SE-30) chromatogram. An 

infrared spectrum showed peaks at 2765 and 2810 (aldehyde C-H) and 1718 
-1 cm. (C=0). 
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