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This note describes the preparation of 3-mercaptoquinuclidine (I) ,  which was required 
in connection with another problem. The  usual methods ( I )  for the synthesis of thiols 
involving the reaction of a halide with a sulfur-containing con~pound, e.g. potassium 
thiolacetate, sodium hydrosulfide, or thiourea, failed in the present case, since 3-chloro- 
quinuclidine was quite inert towards nucleophilic substitution by these reagents under a 
variety of conditions. Inspection of a model of 3-chloroquinuclidine indicated that 
attainment of the transition state in a SN2 reaction is sterically improbable (similar to 
the situation in bicyclo[2.2.2]octane colnpounds (2)). The failure of reactions under 
conditions which would be expected to promote a SNl  reaction can be attributed to the 
rigid structure of the quinuclidine n~olecule, which prevents the iiltern~ediate carbonium 
ion that would be formed from becoming planar. 

I-Ience a route to I not involving displace~nent of a substituent in the 3-position of the 
quinuclidine ring ~ v a s  required, and the inethod used (3) for the preparation of 1-methyl- 
4-lnercaptopiperidine seenled inost promising. 

I t  \\;as shown by Lyle et al. (4) that,  when 1-methyl-4-piperidone was dissolved in 
dilute hydrochloric acid and the solution evaporated to dryness, the salt crystallized 
with 1 nlolecule of water. The infrared spectrum of the hydrate proved that the structure 

l I ~ ~ ~ i ~ d  as D.C.B.R.L. Report No. 455A 
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is as sho\vn in 11. Sinlilar behavior was observed with 1-inethyl-3-piperidone. The for- 
mation of the gem-diol (11) led Barrera and Lyle (3) to believe that hydrogen sulfide 
might add similarly to the carbonyl group of 1-methyl-4-piperidone to give a gem-dithiol, 
~vhich could be reduced to the thiol; this was shown to be the case. However, it has been 
stated inore recently by Lyle et al. (5 )  that a similar route to 1-methyl-3-mercapto- 
piperidine was unsuccessful. 

3-Quinuclidinone was not available to us and its preparation from the available 
3-quinuclidinol \vas investigated. Although chromic acid is the preferred reagent for the 
oxidation of secondary alcohols to ketones, the method proved impracticable in this case, 
primarily because of difficulties in separating the product from inorganic material; the 
oxidation mas achieved finally with potassium permanganate in acetone solution. I t  was 
found that 3-quinuclidinone did not form a stable hydrate under the same conditions 
that the piperidones did; the salt showed no hydroxyl band in the infrared but did 
sho~v a strong carbonyl band a t  1 748 cnl-I. However, hydrogen sulfide did react with 
3-quinuclidinone in isopropanol solution to give 3,3-dimercaptoquinuclidine (111). Clearly, 
the success or failure of a ltetone to form a stable dithiol does not depend upon whether 
or not the ltetone forms a stable hydrate by addition of water to the carbonyl group. 
Other examples of this are available; acetone, 3-pentanone, and cyclohexanone, for 
instance, form stable dithiols (6) but their hydrates are not isolable. 

The reaction of hydrogen sulfide with 3-quinuclidinone in isopropanol solution was 
inuch slower than that with 1-methyl-4-piperidone, and it mas necessary to increase the 
reaction time from about 6 h to 40 h to obtain a similar yield (65%) of product. The 
reaction was not accelerated by variations in solvent or temperature. The dithiol, a white 
solid which separated froin solution as the reaction proceeded, had an onion-like odor 
(6), liberated hydrogen sulfide in \\rater, and with alcoholic lead acetate solution gave a 
yello~v color which darkened rapidly (6). I t  was not a hydrate (infrared), as  was the case 
with 1-methyl-4,4-dimercaptopiperidine, and could not be recrystallized; however, the 
presence of two sulfhydryl groups was shown by reaction with acetic anhydride to give 
a diacetate (IV) (characterized as the picrate), and the two groups were shown to be 
on the sanle carbon atom (6) by reaction with 2,4-dinitrophenylhydrazine in hydrochloric 
acid to give 3-quinuclidinone 2,4-dinitrophenylhydrazone hydrochloride (identical (infra- 
red) with an authentic sample prepared from 3-quinuclidinone). The free bases of 
these two derivatives were also identical. 

Reduction of 3,3-dimercaptoquinuclidine with sodium borohydride in isopropanol 
solution, as in the preparation of 1-methyl-4-mercaptopiperidine froin 1-methyl-4,4- 
dinlercaptopiperidine (3), gave no identifiable product but, with a modified ~vorlt-up, 
3-mercaptoquinuclidine was obtained in about 50% yield. A by-product of the reaction 
was probably the corresponding disulfide (but see ref. 7) formed by the oxidation of the 
thiol in the alkaline medium, although the reaction had been worlted up under nitrogen 
as far as possible. 

EXPERIMENTAL 
3-Qzrinnclidinone 

Acetone (250 ml) containing finely ground potassium permanganate (110 g) was heated under reflux 
beneath a thimble containing 3-quinuclidinol (25.4 g). The  extraction was co~nplete in ca. 30 min and the  
mixture was heated under reflux for a further 2 h. The solid was separated (Celite) and the acetone removed 
iz vacuo, leaving a white crystalline solid (10-13 g ;  40-52%), m.p. 145-147.5' (sealed tube) (lit. 14'i-148" (8)). 

The 2,4-dinitrophenylhydrame hydrochloride, prepared in 95% ethanol containing concentrated 
hydrochloric acid, was cr) stallized several times from aqueous ethanol and was obtained as   fellow needles, 
lll.p. >250°, but a satisfactory elemeiltal analysis wax not obtained. The hydrochloride was dissolved in 
hot water and the solution made alkaline with sodium carbonate. The  copious precipitate was filtered off, 
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dried, and crystallized several times from ethanol to  give 3-quinuclidinone 2,4-dinitrophenylhydrazone as  
orange needles, m.p. 244245". 

Anal. Calcd. for C13H15N504: C, 51.14; H ,  4.95; N, 22.94. Found: C, 51.36; H,  5.04; N, 23.13. 

3,s-Dimercaptoquinuclidine 
3-Quinuclidinone (36 g) in dry  isopropanol (85 ml) was stirred, and hydrogen sulfide was bubbled into 

the solution for 20 h. The solid was filtered off and dried (23 g), and the filtrate was treated with hydrogen 
sulfide for a further 20 h to yield an additional 9.3 g (647, total) of white solid, m.p. 04-99" decomp., after 
reddening from 60" (sealed tube). 

3,s-Di~izercaptoq~iinziclidine Diacetate 
A solution of the foregoing dithiol (3.5 g) in pyridine (20 ml) containing acetic anhydride (4 ml) was 

left a t  room temperature for 6 days and then concentrated to yield a deep red, viscous liquid. This was 
dissolved in ether (150 ml) and passed twice (air pressure) through a column (4.5 X 1.2 cm) of activated 
charcoal. Removal of the ether left a pale yellow liquid which soon began to  darken. The picrate, after 
several crystallizations from ethanol, was obtained a s  yellow plates, m.p. 145146". 

Anal. Calcd. for C17H20N40DS?: C, 41.80; H ,  4.13; N, 11.47; S, 13.13; 11701. wt. 488.5. Found: C, 41.76; 
H, 4.25; N, 11.38; S, 13.29; mol. wt. (ultraviolet) 497. 

3-Quinz~clidinone 2,4-Dinitroplzenyllzydrazone froiiz 3,s-Dinzercaptoquinziclidine 
3,3-Dimercaptoquinuclidine (1.3 g) and 2,4-dinitrophenylhydraziile (1.48 g) in 95Yo ethanol (100 ml) 

containing concentrated hydrochloric acid (10 ml) were heated under reflux for 5 h and then left overnight. 
The  yellow crystalline solid was separated, dried (2.28 g ;  89y0), and after several crystallizations from 
aqueous ethanol was obtained as yellow needles, m.p. >250°. As was the case with the hydrochloride pre- 
pared from 3-quinuclidinone, a satisfactory elemental analysis was not obtained. The free base, prepared 
from the hydrochloride as  described above, was crystallized several times from ethanol and obtained as  
orange rods, m.p. and mixed 1n.p. with above sample 244-245". 

Anal. Calcd. for C13H15N504: C, 51.14; H ,  4.95; N, 22.94. Found: C, 51.29; H, 5.14; N, 22.44. 

3-ilIercaptoqziinziclidine 
(a) 3,3-Diinercaptoquinuclidine (30 g) was added in portions to a stirred suspension of sodium borohydride 

(10 g) in isopropanol (200 ml). When the addition was complete the te~nperature was raised to  65' and 
maintained there for 2.5 h. The mixture was cooled, diluted with water (100 ml), acidified with concentrated 
hydrochloric acid (40 ml), and then talcen to dryness, the resulting white solid being finally dried over 
calcium chloride i?z  eacuo to constant weight (56 g). A portion of this solid was stirred a t  rooin temperature 
with absolute ethanol and filtered, and the ethanol removed, leaving a white solid which was then similarly 
treated with dry chloroform. The  resulting white solid was crystallized 3 times fro111 ethanol, giving white 
prisms of 3-mercaptoquinuclidine hydrochloride, m.p. 242-244.5" (sealed tube, heated from lSOo), 97% 
thiol by iodine titration. 

~ n a i .  Calcd. for C7H14CINS: C, 46.79; I-I, 7.85; N, 7.80; CI, 19.73; S, 17.84. Found: C, 46.80; H ,  7.63; 
N, 7.70: CI, 19.78: S ,  17.87. 

 h he iest'of the'o;iginal solid (40 g) in water (100 ml) was stirred under nitrogen, made allcaline with 
sodium carbonate, and extracted with chloroform (7 X 50 ml). The combined extracts were dried (MgSOd), 
the chloroforin removed, and the residue distilled to give 3-mercaptoquinuclidii~e (7.1 g, 40% based on 
40 gof solid used), b.p. 97-98" a t  8 mm, 96% thiol by iodine titration, equiv. wt. 150 (calcd. 143). The picrate 
was crystallized from ethanol a s  yellow needles, m.p. 171-174". 

Anal. Calcd. for C13H16Nd07S: C, 41.93; H, 4.33; N, 15.05. Found: C, 41.80; H ,  4.60; N, 15.05. 
(b) 3,3-Diinercaptoquinuclidine (GOg) was reduced with sodium borohydride (20g) in isopropanol 

(350 ml) as  described above. After 2 h a t  70' the isopropanol was removed, the partially solid residue dis- 
solved in water (200 ml), and the cooled solution acidified with concentrated hydrochloric acid. The  solution, 
under nitrogen, was then adjusted to  pH 8.5-9 with sodium carbonate, more water (200 ml) was added to  
dissolve the solid that  was present, and the solution was extracted with chloroform (6 X 100 ml). The  
conlbined extracts were dried (MgSO,), the chloroform removed, and the residue distilled to give 3-mer- 
captoquinuclidine (22.9 g, 47y0), b.p. 97-98" a t  8 mm, 98% thiol by iodine titration. The product eventually 
solidified, m.p. 48-50", thiol titration unchanged. 

Anal. Calcd. for C7H13NS: C, 58.72; H,  9.15; N, 9.78; S ,  22.35. Found: C, 58.60; H ,  9.25; N, 9.74; S, 
22.26; equiv. wt. 146. 
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ON T H E  FORMATION O F  A PYRAZOLINE FROM ACETONE TOLUENESULFONYL 
HYDRAZONE1 

When the tosylhydrazone of acetone, m.p. 13G0, was heated to 160°, a vigorous reaction 
occurred. Chloroforin extraction of the reaction product and crystallization gave, in 
about 10% yield, a crystalline, colorless compound, m.p. 162-163'. Analysis indicated 
that the elemental conlposition was C ~ ~ H I ~ N ~ O ~ S .  The infrared spectrum showed absorp- 
tion a t  1 G50 cnl-I (C=N), 1 605 cm-I (aromatic), and 1 170 cin-I (9-tol~enesulfon~l 
group). The nuclear nlagnetic resonance spectrum2 showed an A2B2 quartet centered a t  
7.73 p.p.m., and singlets a t  2.63 (2H), 2.42 (3H), 1.95 (31-I), and 1.45 (GH) p.p.m. The 
only structure con~patible with these data is represented by 11. 

The same compound nras also obtained by heating the 9-toluenesulfonyl hydrazone 
of acetone, mesityl oxide, or ethyl acetoacetate in glacial acetic acid containing hydro- 
chloric acid for 3-4 h a t  90-100'. 

A pyrazoline is known to be formed when the hydrazone of inesityl oxide is refluxed in 
acetic acid (1). 

The reaction is not general. The 9-toluenesulfonyl hydrazones of cyclopentanone, 
acetophenone, and acetaldehyde did not undergo the reaction. In the case of cyclohexa- 
none, some pyrazoline mas formed, but the yield was very low and the product that was 
obtained was impure. 

EXPERIMENTAL 

I-p-Tolue~zes~ilfonyl-S,5,5-tri1~zetlzyl-2-pyrazolize (11) 
(a )  Frovz Thernzal Decog~rposition of Acetone Toluenesz~lfonyl Hydrazone 
Acetone toluenesulfonyl hydrazone (1 g) was heated to 150-160°, a t  which temperature it decomposed 

spontaneously to a brownish sirup. After cooling, the mixture was extracted with ether and dioxane to  

' T h i s  work was supported by Bristol Laboratories, Syracuse, New York. 
2 T l ~  spectra were taken in dez~terochlorofonn, with tetralnethylsilane = 0 p.p.nr. 
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