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The structures of a number of previously reported tetrahydropyridines were revised. These were established to
be 1-acetyl-2-alkylthio-3-hydroxy-4-alkylidene-1,2,3,4-tetrahydropyridines and 1-acetyl-2,6-bis(alkylthio)-3-hy-
droxy-1,2,3,6-tetrahydropyridines and their corresponding acetoxy derivatives. The change from the published
structures involved reversal of the sulfide and oxy functions at C-2 and C-3 in these tetrahydropyridines.

The reaction of pyridine 1-oxides with mercaptans in
acetic anhydride afforded a variety of tetrahydropyridyl
sulfide esters.>-5 Two of the most frequently isolated series
of tetrahydropyridines were represented by structures 1
and 2.5

New evidence reported in this paper reverses the substit-
uents at C-2 and C-3 in both series and these compounds
will then be referred to as shown in 3 and 5, respectively. .
Structures based on 3 are discussed first, because their pro-
ton magnetic resonance (*H NMR) spectra are considera-
bly less complicated than those of 5. ‘

The reaction of 4-picoline 1-oxide with tert-butyl mer-
captan® or 1-adamantanethiol (1-AdmSH) in acetic anhy-
dride containing triethylamine provided 3a [previously for-
mulated as 1° (R = t-C4Hg; R” = R” = H)] and 3b, respec-
tively. Mild alkaline hydrolysis of these esters produced 3¢
and 3d. An analysis of the 'H NMR spectra of these four
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3a, R =t-C,H,; R"=COCH,
b, R =1-Adm; R’ = COCH,
¢, R=t-CH; R'=H
d,R=1-Adm; R"=H

compounds revealed remarkable similarities. The assign-
ment of chemical shifts for the four ring protons utilized
data reported previously.> With the assumption that the
signal furthest downfield in 3 was due to H-6 and with the
aid of a series of decoupling experiments, the chemical
shifts of the ring protons were established. Since H-3 was
the proton which experienced an upfield shift of about 1
ppm when the esters were converted to the alcohols
(-CHOAc — —-CHOH), the oxygenated functions in 3 must_
be attached to C-3. Attempts to obtain 'H NMR spectra of
the alcohols, 3¢ and 3d, which would show Ju.30n, proved
unsuccessful.?® Chemical transformations supported the

structure of 3. Hydrolysis with excess sodium hydroxide
converted 3a or 3¢ to a mixture of 4-methyl-3-pyridinol
and 2-tert-butylthio-4-picoline. Although these data sup-
port the structure of 3, there remains the question of why
3a pyrolyzed to provide 3-tert-butylthio-4-picoline.>72 The
mass spectra of the esters or alcohols, 3, were consistent
with their structure. The molecular ion lost the thiyl radi-
cal, RS., followed by losses of ketene, and HO- to produce
the molecular ion of 4-picoline, m/e 93.

The reaction of a number of pyridine N-oxides with tert-
butyl mercaptan in acetic anhydride without triethylamine
produced a series of tetrahydropyridines®4 whose structure
is represented by 5. Mild alkaline hydrolysis of these esters
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furnished the corresponding alcohols which were also easily
reacetylated to the starting esters. The chemical shift of
the ring protons of 5a-c¢ were between 6.6 and 5.8 ppm
while in the 'H NMR spectra of the alcohols one of the ring
proton signals moved upfield to ~4.5 ppm. This spectral
behavior resembled that observed in series 3.

However, since the 'TH NMR spectra of 5 showed rotam-
ers A and B (due to the NCOCHj group), analyses of these
spectra was unduly complicated.* By means of an analysis
of the 2,6-ds analog of 5d, and a series of decoupling experi-
ments on 5d and 5f, it was established that the signal in the
4.5-ppm region arose from H-3. Again, no coupling between
H-3 and the OH proton could be observed. In addition,
chemical evidence was obtained which supports 5. Pro-
longed hydrolysis under alkaline conditions converted 5d
and 5f to their respective 2-alkylthiopyridines in good
yields. ™ _

The carbon-13 magnetic resonance (33C NMR) spectra
were in accord with structure 5. Signals due to the various
carbons were recorded with the anticipated shifts®a-f and
those pertinent to the structure proof are discussed only. A
full discussion of the 13C NMR spectra of 5a and 5d is pre-
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Chart 1
Carbon-13 Shifts [Parts per Million from Si(CHj)4] of the Two Rotamers of 5a and 5d
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sented. From the 'H NMR spectra, it was determined that
rotamer A predominated in CDCl;. Thus, it was possible to
gort the duplicate set of 13C resonances to those belonging
to A and B of 5a and 5d, respectively (Chart I). Chemical
shift assignments for the sp® ring carbons, C-2 and C-8, was
in terms of the anisotropic effect of the amide C==0 in ro-
tamer A or B and these are the signals between 51 and 61
ppm. Thus, the signals around 69 ppm arose from the car-
binol carbon at C-3 in 5a and 5d. The alkene carbon assign-
ments were based on the “B effect” reported for alcohols
and their corresponding esters.8¢-f Briefly, this refers to the
relative shifts of the 3C 8 to the carbinol carbon (which is
considered as the « carbon). In system 5, C-2 and C-4 are
“B” carbons, C-5, a “y” carbon. Thus, in converting the al-
cohol, 5d, to the corresponding acetate, 5a, the “8” carbons
exhibited upfield shifts and the ‘“y” carbons a downfield
shift. All other signals in these systems were remarkably
constant and are assigned in Chart L.

It was found that? the use of tert-butyl mercaptan in this
deoxidative substitution reaction of pyridine l-oxide in
acetic anhydride produced almost exclusively 5a. If trieth-
ylamine was added to such a reaction mixture, 6a was iso-
lated as the predominant tetrahydropyridine.® However, a
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b, R=+CH,; R"=R"=H

¢, R=n-CH; R"=R” = COCH,

d,R = n-C;H,;; R"= H; R” = COCH,

e, R =1-Adm; R’ = R”=COCH,

f, R=1-Adm; R’ = H; R” =COCH,

g, R=1-Adm; R"=R"=H
study using two other mercaptans showed that the nature
of the tetrahydropyridines could vary. When n-butyl mer-
captan or l-adamantanethiol were used in this reaction
with pyridine 1-oxide and the temperature of the reaction
kept below 80°, products in the 5 series were isolated al-
most exclusively. However, when the temperature was per-
mitted to rise initially to 110°, these reactions yielded pre-
dominantly 6. The products 6¢ had been isolated previous-
ly when n-butyl mercaptan and triethylamine had been
employed.? The tetrahydropyridine 6e had been reported
when 1-adamantanethiol had been utilized, with or without
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triethylamine.!® In conclusion, it was found that tetrahy-
dropyridines, 5, were the major products when the temper-
ature was controlled and not permitted to rise initially
above 80°.

Experimental Section

Apparati and starting materials used here were described pre-
viously.> The generous gifts of pyridine and picoline N-oxides
from Reilly Tar and Chemical Co. and n- and tert-butyl mercap-
tans from Phillips Petroleum and the Pennsalt Chemical Co. are
gratefully acknowledged. Extreme caution had to be taken in han-
dling tert-butyl mercaptan since its odor warns of gas leaks.

“1-Adamaritanethiol. Considerable difficulty was experienced in
recrystallizing and drying this waxy solid. The following modifica-
tion of the published method® provided good yields of pure start-
ing material.

A suspension of S-(1-adamantyl)isothiuronium bromide (110 g,
0.36 mol) was stirred for 18 hr at 25° with 5% sodium hydroxide
(700 ml) and the mixture then acidified (pH 2) with concentrated
hydrochloric acid. The white solid was extracted with benzene (3 X
200 ml) and dried (K2CO3), and the benzene removed in vacuo to
yield pure thiol (61.5 g, quantitative).

Thin Layer Chromatography. The R; values were determined
on Eastman Chromagram 13181 silica gel sheets with a fluorescent
indicator (no. 6060) using the following solvent systems (designat-
ed by letters): petroleum éther—ether, 7:3 (A); ether (B).

A. Reaction of 1-Adamantanethiol with Pyridine 1-Oxide.
Previous experiments!® described the isolation of 6e and 6f, irre-
spective of whether or not triethylamine was included in the reac-
tion mixture. It is now reported that with or without triethyl-
amine, that besides 6e and 6f, the tetrahydropyridines, 5¢ and 5f,
were also isolated. Reexamination of the reaction conditions re-
vealed that the relative proportion of members of the series 5 and
6 depended on the temperatures employed for the reaction. The
present work describes the isolation of a number of tetrahydropyr-
idinols. These arose from the hydrolysis of the corresponding ace-
tates during slow chromatographic separations on alumina. The
initial crude reaction mixtures contained no tetrahydropyridinols
(TLC). The proportion of aleohols to acetates very much depended
upon column contact time. Although one of the possible hydroxy
acetates, 6f, was isolated previously from a similar reaction,!® the
corresponding diol (6g), whose independent synthesis is described
below, was never isolated from a column, even after a prolonged
contact time (4 days).

1-Adamantanethiol (18.0 g, 0.1 mol) was added to a solution of
distilled pyridine 1-oxide (9.5 g, 0.1 mol) in acetic anhydride (180
ml). The solution was immediately placed in a water bath at 759,
whereupon the temperature rose to 85° for 5 min and then fell to
75°. After an additional 3 hr at 75°, solvents were removed at 20
Torr (water bath 75°). The residue was cooled and stirred at 25°
for 1 hr with 100 ml of 50% aqueous potassium carbonate solution
to remove acidic by-products and the water-soluble pyridine N-
oxide. The organic layer was extracted with benzene and dried
(K2CO3) and the solvent was removed (20 Torr). The oil (25 g) was
dissolved in benzene and chromatographed on alumina (Alcoa
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F-20, 400 g). The first benzene fractions contained 2- and 3-pyridyl
1-adamanty! sulfides, 1-adamantanethiol, and its acetate.' These
were not examined further. The later benzene fractions, after
evaporation and addition of petroleum ether, yielded pure 5¢ (3.0
g): TLC (A) Ry 0.21; mp 196-198°; 'H NMR (C5DsN) for rotamer
A of 5¢, § 6.73 (H-2), 5.57 (H-3), ~6.06 (H-4), 6.30 (H-5), 5.57
(H-8) (J23 = 2.0, J2‘4 = 1.0, J3,4 = 6.0, J4,5 = 10.0, J4,e = 2.0, J5,s =
3.5 Hz); for rotamer B of 5¢ § 5.61 (H-2), 5.45 (H-3), ~6.16 (H-4),
6.25 (H-5), 6.42 (H-6) (J2,3 = 2.0, J34 = 1.0, J34 = 6.0, J45 = 10.0,
Jue = 2.0, J56 = 3.5 Hz); mass spectrum (70 eV) m/e (rel intensi-
ty) 515 (1), 348 (9), 288 (9), 246 (10), 245 (7), 180 (0.5), 168 (2), 135
(100), 93 (186), 79 (28); it is not surprising that the m/e 135 ion (1-
Adm?) is the hase peak in this adamantane derivative.!’ Again,
the (M — SR) ion is visible and the loss of acetic acid (348 — 288)
is accompanied by a large metastable ion (m*, 238.3). Another
prominent m* was observed for the subsequent loss of ketene (288
— 246; m* 210.1). Anal. Caled for C2eH41NOsS.: C, 67.55; H; 8.01;
N, 2.72. Found: C, 67.54; H, 7.99; N, 2.89.

Further elution of this column with chloroform (2 1) provided a
residue which was stirred with petroleum ether to separate 5f (0.60
g): TLC (B), Ry 0.36; mp 200-201°; 'H NMR (C;D;sN) for rotamer
A of 5f, § 6.62 (H-2), 4.69 (H-3), 6.29 (H-4), 6.17 (H-5), 5.64 (H-6)
(J2,3 = 1.5, J2,4 =10, J3,4 =52, Jd45 = 10.0, J4J3 = 1.0, J5y6 =925
Hz); rotamer B of 5f 6 5.54 (H-2), 4.568 (H-3), 6.13 (H-4), 6.11 (H-
5), 6.38 (H-G) (J2,3 = 1.5, J2’4 = 0.5, J3,4 = 3.0, J4,5 = 10.0, J4,6 =
2.0, J56 = 2.5 Hz); mass spectrum (70 eV) m/e (rel intensity) 473
(2), 306 (22, M — 1-AdmS), 283 (3, M — 1-AdmS ~ H:0), 264 (5),
230 (3), 168 (1), 154 (2), 138 (32, M — 1-AdmS —~ 1-AdmSH)}), 136
(10), 135 (100), 96 (32), 93 (22), 80 (18), 79 (25). Anal. Caled for
Co7H3sNOsS,: C, 68.47; H, 8.30; N, 2.96. Found: C, 68.63; H, 8.19;
N, 2.91.

The petroleum ether filtrates from 5f were evaporated to yield
3-(1-adamantanethio)pyridine (0.61 g), after recrystallization from
petroleum ether, TLC (A), Ry 0.44, mp 90.5-91.5° (lit.’* mp 87-
90°). Subsequent chloroform eluates (1 1) and methanol eluates
(0.5 1) from this original column gave, after crystallization from
acetone, pure 6£10 (0.5 g), TLC (B), Ry 0.49, mp 191-192° (1it.* mp
194-195°).

In order to recover more of compounds of series 5, the mother li-
quors of some of the original benzene fractions (those containing
5¢) were rechromatographed on alumina (800 g). Elution with pe-
troleum ether-benzene (1:1, 6 1) provided first 2-(1-adaman-
tanethio)pyridine (7.4 g), TLC (A), Ry 0.73, mp 82° (1it.1® mp 82°).
Final elution with methanol (0.5 1) yvielded, after crystallization
from acetone, pure 5f (0.80 g).

Based on pyridine 1-oxide, the yield of 5¢ was 5.7%, 5f was 3.0%,
and 6f was 1.4%.

B. Reaction of Pyridine 1-Oxide with n-Butyl Mercaptan.
The original experiment was conducted in boiling acetic anhydride
and no attempt was made to isolate tetrahydropyridines.’> The
success of the present experiment depended on moderating the
temperature of the reaction, since it was discovered that these par-
ticular tetrahydropyridines were more prone to thermal decompo-
sition than either the tert-butyl or the 1-adamantyl analogs. Fur-
thermore, chromatographic separations of the more polar fractions
became essential since a large portion of the acetoxy derivatives
were hydrolyzed on the alumina to the corresponding polar
tetrahydropyridinols.

The thiol (33 ml, 0.33 mol) was added to a stirred solution of dis-
tilled pyridine 1-oxide (9.5 g, 0.1 mol) in acetic anhydride (100 ml)
at 25°, The temperature rose spontaneously to 80° (5 min) and
when the temperature commenced to drop (15 min) the mixture
was heated on a steam bath for an additional 1 hr. The mixture
was concentrated in vacuo (20 Torr) at a temperature below 75°,
then distilled at 0.01 Torr (oil bath <60°) to remove pyridyl sul-
fides and acetates.!2 These distillates were not examined further.
Higher oil bath temperatures were avoided to prevent potential
pyrolyses of the desired tetrahydropyridines. The residue (25 g)
was dissolved in petroleum ether, filtered to remove precipitates,
and placed on a column of alumina (Alcoa F-20, 450 g), prepared in
petroleum ether. Petroleum ether and benzene eluted primarily 2-
and 3-pyridyl sulfides.!? The first chloroform fraction (1 1) pro-
duced 2.2 g of oil which consisted of a mixture of 5b (major) [TLC
(A), Ry 0.41] with some 5e [TLC (B), Ry 0.53] with minor quantities
of 6¢5 {TLC (A), Ry 0.29] and the unreported hydroxy acetate, 6d.
This compound was isolated pure from the chloroform fractions of
a previously ‘described experiment:® TLC (B), Ry 0.59; mp 108-
109°; 'H NMR (C5;D4N) & 6.42 (H-2), 4.82 (H-3), 5.50 (H-4), 5.40
(H-5), 7.06 (H-6), 7.82 (OH) (Jo3 = 2.5, Jos=1.2,Je6~1,J34=
14, J35 = 1.8, Jy5 = 4.6, Jug = 1.2, J55 = 8.2, Jaon = 4.6 Hz);
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mass spectrum (70 eV) m/e (rel intensity) 287 (6, M*), 96 (100).
Anal. Caled for C13HNO,S: C, 54.35; H, 7.37; N, 4.88. Found: C,
54.38; H, 7.44; N, 4.97. Attempts to separate 6d by crystallization
provided impure fractions and this mixture was not rechromato-
graphed further.

Additional chloroform fractions (8.5 1.) provided 3.6 g which
consisted primarily of 5 which contained a trace (TLC) of the hy-
droxy acetate, 6d. Additional quantities of pure 5e (4.1 g) were ob-
tained from chloroform-methanol eluates (95:5, 4 1.).

An analytical sample was recrystallized from ether at —78°, mp
50-52°, The 'H NMR spectrum was unduly complicated because
of rotamers. The pattern between & 6.20 and 5.10 (CDCls) for four
of the five ring protons was identical with that for 5f in CDCl; and
that for H-3 of A and B was at § 4.25 and the OH proton § 4.45 (ex-
changeable with D20); mass spectrum (70 eV) m/e (rel intensity)
318 (2), 317 (10, M*), 228 (79, M — C4H,S), 210 (6), 186 (63), 138
(71, M - C4HgS — C,HoSH), 113 (11), 96 (100, M — C,HeS —
C;HoSH — CHy=C==0), 80 (58). Anal. Caled for C;5Hz7/NOsSs: C,
56.77; H, 8.57; N, 4.41, Found: C, 56.62; H, 8.69; N, 4.38.

The total yield of crude 5b was estimated to be 6.2% and that of
5e was 24%, based on pyridine 1-oxide.

C. Reaction of 4-Picoline 1-Oxide with 1-Adamantanethiol
in the Presence of Triethylamine. 1-Adamantanethiol (61.5 g,
0.35 mol) was added to a solution of 4-picoline 1-oxide (33.2 g, 0.35
mol) and triethylamine (84 ml, 0.60 mol) in acetic anhydride (400
ml). The reaction was worked up as in procedure A and the residue
(114 g) chromatographed over 2 kg of F-20 alumina. The first ben-
zene fractions contained 1-adamantanethiol and its acetate and
were not examined further. Further benzene fractions (4 1.). yield-
ed, after crystallization with petroleum ether, pure 3b (2.5 g): TLC
(A), Ry 0.36; mp 126-128°; 'H NMR (CDCl3) § 6.00 (H-2), 5.40
(H-3), 5.60 (H-5), 6.50 (H-6), 5.22 (H-7, 7) (J23 = 2.9, Jo6 ~ 1.0,
Ja5 = 1.5, J55 = 8.0, J57 = J57 ~ 1.0 Hz); mass spectrum (70 eV)
m/e (rel intensity) 361 (3), 302 (4), 301 (<1), 260 (6), 194 (57), 152
(100), 135 (33), 110 (80), 93 (32), 79 (13). Anal. Calecd for
Ca0H27NO3S: C, 66.46; H, 7.53; N, 3.88. Found: C, 66.61; H, 7.66; N,
3.71.

The last benzene fractions (8 1.) gave 3-(1-adamantanethio)-4-
picoline (2.0 g), purified by vacuum sublimation (0.01 Torr, 50°):
TLC (A), Ry 0.37; mp 70-72°; *H NMR (CDCly) 4 8.70 (H-2), 8.45
(H-6), 7.23 (H-5), 2.50 (CHa), 2.30-1.50 (Adm-H) (Js5¢ = 5.0 Hz);
mags spectrum (70 eV) m/e (rel intensity) 259 (20), 135 (100), 107
(13), 93 (12), 79 (32). Anal. Caled for C1sH21NS: C, 74.10; H, 8.16;
N, 5.40. Found: C, 73.93; H, 8.27; N, 5.25.

The residues from the chloroform eluates (20 l.) were triturated
with petroleum ether and gave 3d (4.0 g) which was recrystallized
from ether (charcoal): TLC (B), Ry 0.44; mp 191-192°; 'H NMR
(CDCly) 6 6.00 (H-2), 4.40 (H-3), 5.65 (H-5), 6.50 (H-6), 5.22 (H-7,
7'), 3.40 (OH) (J2,3 = 2.9, J2,6 ~ 1.0, J3‘5 = 1.5, J5,5 = 8.0, J5,7 =
J57 = 1.0 Hz); mass spectrum (70 eV) m/e (rel intensity) 319 (22),
302 (25), 260 (), 152 (100), 135 (34), 110 (75), 93 (40), 82 (55).
Anal. Caled for C1sHosNQsS: C, 67.69; H, 7.89; N, 4.39. Found: C,
67.50; H, 8.02; N, 4.27.

The petroleum ether soluble portion of the residue from the last

_benzene fractions was rechromatographed over 400 g of F-20 alu-

mina. Petroleum ether-benzene (1:1, 3.5 1.) gave pure 2-(1-ada-.
mantanethio)-4-picoline (8.3 g): TLC (A), R 0.21; mp 72-73°% 'H
NMR (CDCly) 6 8.35 (H-8), 7.20 (H-3), 6.90 (H-5), 2.25 (CH3},
2.30-1.60 (Adm-H) (J5 ¢ = 5.0 Hz); mass spectrum (70 eV) m/e (rel
intensity) 259 (44), 258 (60), 226 (21), 135 (100), 126 (16), 125 (19),
107 (16), 93 (26), 92 (18), 91 (18), 79 (43). Anal. Caled for
C16H21NS: C, 74.10; H, 8.16; N, 5.40. Found: C, 74.12; H, 8.22; N,
5.17. :

The residues from the methanol fraction were recrystallized
from petroleum ether to produce more 3d (1.4 g), mp 189-190°.
The yield of 3b was 2.5 g (2.0%) and the total yield of 3d was 5.4 g
(4.8%), based on 4-picoline 1-oxide.

D. Hydrolysis of Acetates. The ester 5¢ (0.30 g, 5.8 X 1074
mol) was dissolved in warm methanol (50 ml), the solution cooled
to 25°, and methanolic sodium hydroxide (0.75 ml, 0.012 g NaOH)
added. The solution was concentrated to 20 m! at 25° (20 Torr)
and poured onto 50 g of cracked ice. The precipitate was filtered
and washed with water.to give 5f (250 mg, 93%), mp 198-200°,
identical with the specimen described in procedure A.

A similar hydrolysis of 5a (1.2 g) gave 5d (1.01 g, 95%): mp 117
119°; 'H NMR (C5DsN) for rotamer A of 5d & 6.54 (H-2), 4.61 (H-
3), 6.20 (H-4), 6.20 (H-5), 5.56 (H-8) (Jg3 = 2.0, J34 = 3.5 Hz), for
rotamer B of 5d § 5.46 (H-2), 4.56 (H-3), 6.08 (H-4), 6.08 (H-5),
6.36 (H-6); mass spectrum (70 eV) m/e (rel intensity) 317 (5), 260
(2), 228 (44), 210 (1), 186 (11), 172 (10), 138 (47), 130 (23}, 113 (11),
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112 (9), 96 (100), 80 (33). The major fragments from the molecular
ion were successive losses of C4HoS, C,HoSH, and ketene. Anal.
Caled for CisHa7NO9Sa: N, 4.41. Found: N, 4.39.

When the crude reaction mixture from a reaction of pyridine 1-
oxide (9.5 g, 0.10 mol), tert-butyl mercaptan, and acetic anhy-
dride? (after removal of solvents at 20 Torr) was worked up as de-
scribed under procedure A, it yielded 5a as expected.? However,
chromatography (contact time 4 days) over 450 g of F-20 alumina
yielded only 5d (2.2 g, 6.9% based on pyridine 1-oxide), mp 117-
119°, as a result of complete hydrolysis of the ester on the column.

Hydrolysis of 5a-2,6-d2* (0.18 g) was carried out by refluxing
with potassium bicarbonate (0.028 g) in methanol (5.0 ml) for 3 hr.
Removal of the solvent (20 Torr) and crystallization of the residue
with petroleum ether gave 5d-2,6-ds (0.062 g, 39%): TLC (B), Ry
0.31; mp 117-118°; 1H NMR (C5D;N) for rotamer A of 5d-2,6-d», 6
4.64 (H-3), 6.20 (H-4), 6.20 (H-5); rotamer B of 5d-2,6-dq, 4 4.56
(H-3), 6.08 (H-4), 6.08 (H-5); mass spectrum (70 eV) m/e (rel in-
tensity) 320 (1), 319 (6), 318 (1), 262 (8), 230 (51), 212 (3), 188 (21),
174 (11), 140 (52), 132 (30), 131 (12), 115 (10), 114 (10), 113 (8), 98
(100), 97 (16), 82 (33).

Hydrolysis of 3a (1.70 g) gave 3¢ (after extraction with chloro-
form, 1.35 g, 93%): mp 137-138°; 'H NMR (CsD;N) § 5.88 (H-2),
4.32 (H-3), 5.59 (H-5), 6.51 (H-6), 5.13, 5.17 (H-7, 7", 3.40 (OH)
(J2,3 = 3.0, Jag = 1.5, J3,5 = 1.5, Js,s = 8.0, Js57 = J5y7' ~1.0 Hz);
mass spectrum (70 eV) m/e (rel intensity) 242 (6), 241 (30), 224
(9), 182 (4), 152 (100), 110 (90), 109 (15), 93 (21), 92 (15), 82 (70),
80 (27). Anal. Caled for C19H19NOsS: N, 5.80. Found: 5.77.

A similar hydrolysis of 3b (0.36 g) gave 3d (0.32 g, 100%), mp
188-189°, identical with the sample in procedure C.

Hydrolysis of bisacetate 6e (0.80 g) with KHCOj3 (0.24 g) in re-
fluxing methanol gave diol 6g (0.55 g, 86%): mp 164-165°; TLC
(B), R 0.25; 'H NMR (CDCly) 6 5.95 (H-2), 4.36 (H-3), 3.90 (H-4),
5.35 (H-5), 6.70 (H-G), ~3.30 (OH) (J2,3 ~ 1.0, J3,5 = 1.8, J4’5 = 4.5,
Js6 = 8.0 Hz); mass spectrum (70 eV) m/e (rel intensity) 323 (5),
156 (6), 138 (41), 135 (43), 114 (9), 96 (39), 79 (25), 78 (100). Anal.
Caled for C17H2sNO3S: N, 4.33. Found: N, 4.11.

Diol 6g was similarly obtained by the hydrolysis of the hydroxy
acetate 6f.10 ;

Hydrolysis of bisacetate 6a (2.0 g, 6.1 X 10~2 mol) with KHCO3
(0.61 g) in refluxing methanol gave diol 6b (1.3 g, 86%): TLC (B),

Ry 0.23; mp 109-110°; 'H NMR (CDCl) § 5.90 (H-2), 4.36 (H-3),

3.90 (H-4), 5.35 (H-5), 6.70 (H-8), ~3.30 (OH) (Jo3 = 1.5, J35 =
1.8, J45 = 4., J5 6 = 8.0 Hz); mass spectrum (70 eV) m/e (rel inten-
sity) 245 (10), 156 (14), 138 (45), 114 (24), 96 (100), 86 (8), 84 (7),
80 (3). Anal. Calced for C;;H;gNOsS: N, 5.71. Found: N, 5.58.

E. Acetylation of Alcohols. Alcohol 5f (2.0 g, 4.2 X 10~3 mol)
was dissolved in pyridine (10 ml) and acetic anhydride (10 ml)
added. After 18 hr at 25°, the mixture was diluted with water (100
ml) and the solid filtered and washed with water to give 5¢ (2.1 g,
96%), mp 201-202°.

Alcohol 5e (1.0 g, 3.2 X 1073 mol) was similarly acetylated. From
the ether extract was obtained 5b (1.1 g, 100%), pure by TLC and
IH NMR. Attempts to distil the oil (0.01 Torr, 50°) resulted in
partial decomposition and codistillation of 3-n-butylthiopyridine.?
Crystallization from ether (—78°) gave a white solid: mp ~—20°;
TLC (A), Ry 0.41; the 'H NMR (CDCl3) spectrum for the four ring
protons is identical with that of 5a in CDCl3 absorbing as multi-
plets, 8 6.4-5.7 and 5.5-5.1; mass spectrum (70 eV) m/e (rel inten-
sity) 359 (2), 270 (9), 210 (32), 180 (4), 168 (100), 112 (14), 96 (43),

.80 (65). Anal. Caled for C17H9NO3S2: N, 3.90. Found: N, 3.90.

Similar acetylations of 5d, 3¢, and 3d gave 5a (88%), 3a (65%),
and 3b (56%), respectively.

Extensive Hydrolysis. A solution of 3a (1.44 g, 0.004 mol) in
methanol (35 ml) containing sodium hydroxide (3.2 g, 0.08 mol)
was refluxed for 1 hr. Methanol was removed, and the residue was
diluted with water. Extraction with chloroform provided a mixture
(0.094 g) which contained a small quantity of 2-tert-butylthio-4-
picoline'# (identified by TLC). The basic solution was neutralized
with dilute hydrochloric acid and reextracted with chloroform.
This extract yielded 4-methyl-3-pyridinol (0.187 g, 43%) which
crystallized from benzene-petroleum ether: mp 120-121° (}it.!* mp
120-121.2°); 'H NMR (CDCl3) 4 11.70 (OH, exchangeable), 8.20,
7.95 (H-2, H-6), 7.15 (H-5), 2.30 (CHa); mass spectrum m/e (rel in-
tensity) 109 (100), 91 (15), 80 (68), 64 (11), 53 (27).
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The same products were observed when 3¢ was subjected to a
similar experiment.

A similar extended hydrolysis on 5d (0.317 g, 0.001 mol) with 8
ml of 10% methanolic sodium hydroxide (18 hr) yielded, from the
basic aqueous layer, 2-tert-butylthiopyridine (0.127 g, 76%), iden-
tified by TLC (B), Ry 0.77, and 'H NMR spectrum.!* No pyridinol
could be isolated from the aqueous layer after the basic solution
had been neutralized.

Extensive hydrolysis of 5f (0.160 g, 0.005 mol) yielded, on simi-
lar work-up, a mixture (0.087 g) of 2-(1-adamantanethio)pyri-
dine,’® TLC (A), Ry 0.71, and l-adamantanethiol, TLC (A), R
0.56, which was also substantiated by {H NMR.
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