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9-Thiabicyclo[3.3.1]nonan-3-one (6) was prepared in good yield by treatment of cycloocta-2,7-dienone (5) with
sodium sulfide in aqueous methanol. Oxidation of 6 with m-chloroperbenzoic acid gave the corresponding suifone
(7). Reduction of 6 with NaBH, afforded endo-9-thiabicyclo[3.3.1]nonan-3-ol (8a). The predominant conformation
of 8a was shown to be chair-boat on the basis of 13C NMR data. Novel skeleton 9-thianoradamantane (11) was ob-
tained on pryolysis of the sodium salt of the p-toluenesulfonylhydrazone of 6 as the transannular C-H carbene in-
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sertion product. 11 was converted to the corresponding sulfone (13) and methylsulfonium iodide (14).

It is well known that carbene reactions are very useful for
the synthesis of bridged or polycyclic compounds as well as
cyclopropanes.? The usefulness of carbene reactions for the
preparation of novel adamantane derivatives is exemplified
by the reported synthesis of 2,4-dehydroadamantane,?
2,4,6,9-tetradehydroadamantane,? and 3-homoadamantene,®
etc. Previously, we reported the facile synthesis of 9-methyl-
9-azanoradamantane (2) by the transannular C-H insertion
reaction of 1.8 A similar reaction of 3 is also known to afford
noradamantane (4).7 As an extension of our studies on the

synthesis of adamantane derivatives by utilizing carbenic
species, we report in this paper the synthesis of 9-thiabicy-
clo[3.3.1]nonan-3-one (6), its conversion to 9-thianoradam-
antane (11), and 13C NMR spectra of the related com-
pounds.

Results and Discussion

Synthesis, Conformations, and Carbon-13 Nuclear
Magnetic Resonance Spectra of 9-Thiabicyclo[3.3.1]-
nonan-3-one Derivatives. The additions of primary amines
and phosphines to cycloocta-2,7-dienone (5)8 are known to
afford the corresponding 9-aza- and 9-phosphabicyclo(3.3.1]-
nonan-3-ones, respectively.®1® The addition of hydrogen
sulfide to 5 therefore may be one of the most promising and
facile routes to 9-thiabicyclo[3.3.1]nonan-3-one (6).

In the first attempt, 5 was treated with hydrogen sulfide in
chloroform at room temperature overnight, but only 5 was
recovered without change. However, treatment of 5 with a
3.3-fold excess amount of sodium sulfide in 80% aqueous
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methanol at room temperature afforded an adduct 6 as a
sublimable solid in 75% yield which was characterized as the
desired 9-thiabicyclo[3.3.1]nonan-3-one on the basis of ana-
lytical and spectral data. Compound 6 had the anticipated
mass spectral molecular ion peak at m/e 156 and a strong IR
(KBr) absorption at 1695 {(vc—o) cm~L. In the 1H NMR
(CDCl3) spectrum 6 had signals at § 3.24 (broad s, 2 H,
bridgehead protons), 2.81 (AB q, J = 16.8 Hz, J/Ad = 0.774,
4 H, methylene protons at C; and Cy), and 2.35-1.03 (m, 6 H,
other protons), and in the 13C NMR spectrum 6 revealed five
lines (one singlet, one doublet, and three triplets; Table I),
supporting the assigned structure. Oxidation of 6 with m-
chloroperbenzoic acid afforded the corresponding sulfone 7
in 80% yield, and reduction of 6 with sodium borohydride gave
an endo alcohol 8a, as shown in Scheme 1. The assigned ste-
reochemistry and conformation of 8a were supported by the
13C NMR data (Table I).

The ketone 6 should have a double chair conformation as
supported by the appearance of C; at 3.8 ppm higher field
than C; (Cg) of 9- th1ab1cyclo[3 3.1]nonane (9),!! and hence 6

Ay’

should be attacked by borohydrlde on the exo face to afford
the endo alcohol 8a. The appearance of C, of 8a at 6.0 ppm
higher field than C; (C3) of 9 and comparison of the chemical
shift (15.6 ppm) with those (14.5 and 15.6 ppm, respectively)
of the corresponding 9-aza and 9-phospha analogues!213
verified the assigned stereochemistry and chair-boat con-
formation of 8a, where C; resonates at a high field by the
gauche effect as pointed out by Wiseman and Krabben-
hoft.1213 The double chair conformation of 8b can not be
predominant because of the presence of transannular steric
repulsions.14

Synthesis of 9-Thianoradamantane (11) by Transan-
nular C-H Carbene Insertion Reaction. The ketone 6 gave
the corresponding p-toluenesulfonylhydrazone 10a in 76%
yield by the usual procedure. The sodium salt 10b was ob-
tained on treatment of 10a with sodium methoxide in meth-
anol, which was dried under reduced pressure and decom-
posed in refluxing diglyme to afford an 85:15 mixture of 11 and
12 in 67% yield after the usual workup and sublimation.
Compounds 11 and 12 were isolated after chromatography on
an alumina column and characterized as 9-thianoradaman-
tane, the transannular carbene insertion product, and 9-
thiabicyclo[3.3.1]non-2-ene, the hydrogen migration product,
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Table I. Chemical Shifts (3) of 9-Thiabicyclo[3.3.1]Jnonane and Related Compounds®

registry
compd no. C1,5 02,4 Cg Cs,s C7
6 67194-70-1 35.8 (d) 49.0 (t) 209.5 (s) 33.1(t) 17.8 (t)
7 687194-71-2 54.3 (d) 44.2 (t) 203.4 (s) 29.8 (t) 15.3 (t)
8a 67194-72-3 32.5(d) 34.4 () 65.3 (d) 33.7 (t)® 15.6 (t)
9 281-15-2 33.2(d) 32.1(t) 21.6 (t) 32.1(t) 21.6 (t)
11 67194-73-4 44.8 (d) 46.5 (t) 38.7 (d) 46.5 (t) 38.7 (d)
13 67194.74-5 65.4 (d) 39.0 (t) 35.8 (d) 39.0 (t) 35.8 (d)

a Downfield from internal tetramethylsilane in CDCls, and see the structural formulas for numbering of the carbon atoms. ¢ These

assignments may be interchangeable.
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respectively. Compound 11 had mp 242-243 °C, mass spectral
ion peaks at m/e 140 (M*) and 106 (M — HjS), and tH NMR
(CDCly) signals at & 3.08 (broad s, 2 H, C; H and CsH), 2.9-2.4
(m, 2H,C3 H and C; H), and 2.4-1.55 (m, 8 H, the remaining
protons). The 13C NMR spectrum of 11 revealed only three
lines at 6 46.5 (t, C2,4_6,g), 44.8 (d, 01,5), and 38.7 (dl C3‘7), which
were compatible with the assigned skeleton belonging to a Cg,
point group. The olefinic product 12 had the same IR and 'H
NMR spectra and GLC retention time as an authentic sample
prepared by lithium aluminum hydride reduction of 6-
chloro-9-thiabicyelo[3.3.1]non-2-ene.11b

The pyrolytic decomposition of 10b without solvent did not
improve the yield of 11, affording a 74:26 mixture of 11 and
12 in 54% yield, but this procedure provides a direct isolation
of the products via sublimation.

9-Thianoradamantane (11) afforded the corresponding
sulfone 13 on oxidation with m-chloroperbenzoic acid in 75%
yield and 9-methyl-9-thianoradamantanium iodide (14) on
treatment with methyl iodide in 89% yield, as shown in
Scheme II.

All of the above results indicate that the 9-
thiabicyclo[3.3.1]nonane system is conformationally very
similar to the 9-aza, 9-phospha, and carbocyclic analogues and
that the 3,7 C-H carbene insertion reactions are useful also
for obtaining 9-thianoradamantane (11) as well as previously
reported 9-aza® and carbocyclic analogues.”

Experimental Section!5

9-Thiabicyclo[3.3.1]Jnonan-3-one (6). A mixture of cycloocta-
2,7-dienone (5)8 (200 mg, 1.67 mmol) and sodium sulfide nonahydrate
(1.35 g, 5.62 mmol) in 80% (v/v) aqueous methanol (25 mL) was stirred
for 40 h at room temperature. After concentration to ca. 10 mL, the
mixture was diluted with water (30 mL) and extracted with dichlo-
romethane (10 mL X 4). The combined extracts were washed with
water (10 mL X 2) and dried (NaxSO4). Removal of the solvent gave
the crude product, which was purified by sublimation (150 °C, 0.2
mm) to give 6 as a colorless solid (195 mg, 74.8%): mp 194-197 °C; IR
(KBr) 2940, 1695, 1440, and 1100 cm~1; *H and 3C NMR, see text;
mass spectrum, m/e (relative intensity, %) 158 (5.0, M + 2), 157 (9.0,
M + 1), 156 (100, M*), 128 (55.5), 123 (6.5), 113 (14.4), 99 (40.0), 60
(98.5), 54 (97.5), 41 (98.0), and 39 (99.0).

Anal. Caled for CgH,00S: C, 61.52; H, 7.75. Found: C, 61.27; H,
7.61.

9-Thiabicyclo[3.3.1]nonan-3-one 9,9-Dioxide (7). A mixture of
6 (78 mg, 0.50 mmol) and m-chloroperbenzoic acid (85% purity; 223
mg, 1.10 mmol) in dichloromethane (10 mL) was stirred at room
temperature for 16 h. The mixture was washed successively with 5%
aqueous sodium thiosulfate (5 mL) and 5% aqueous sodium bicar-
bonate (5 mL X 3) and dried (NagSO,). Removal of the solvent gave
the crude product, which was sublimed (150 °C, 0.2 mm) to afford 7
as a colorless solid (75 mg, 80%): mp >300 °C; IR (KBr) 1698, 1300,
1120, and 808 cm~1; 1H NMR (CDClj3) 6 3.30 (broad s, 2 H), 3.08 (AB

q,J = 14.5 Hz, J/Aé = 0.354, 4 H), and 2.65-1.1 (m, 6 H); 13C NMR
(CDClg) see Table I; mass spectrum, m/e (relative intensity, %) 190
(2.4,M+2),189 (4.4,M + 1), 188 (37.3, M%), 124 (8.9), 122 (22.2), 97
(20.0), 96 (25.0), 82 (100), 69 (81.7), 68 (98.0), 55 (97.0), 54 (98.5), 42
(99.5), and 39 (96.0).

Anal. Caled for CgH10038: C, 51.04; H, 6.43. Found: C, 51.22; H,
6.24.

endo-9-Thiabicyclo[3.3.1Jnonan-3-0l (8a). To a stirred and
ice-cooled solution of 6 (156 mg, 1.00 mmol) in methanol (5 mL) was
added sodium borohydride (189 mg, 5.00 mmol), and the mixture was
stirred for 40 h at room temperature and refluxed for 20 min. The
cooled mixture was treated with a few drops of acetic acid. The solvent
was removed to afford the crude product, which was recrystallized
from chloroform-n-hexane and sublimed (150 °C, 0.2 mm) to give the
alcohol 8a as a colorless solid (130 mg, 82%): mp 142-145 °C; IR (KBr)
3270, 2940, 1470, 1330, and 1045 cm™!; 'H NMR (CDCls) 6 4.4-3.7 (m,
1 H), 3.38-2.83 (m, 3 H; 2 H in D20), and 2.78-1.02 (m, 10 H); 13C
NMR, see text and Table I; mass spectrum, m/e (relative intensity,
%) 160 (4.0, M + 2), 159 (9.0, M + 1), 158 (100, M*), 140 (25.0), 125
(27.0), 124 (25.0), 87 (65.0), 55 (90.0), 54 (85.0), 41 (99.5), and 39
(90.0).

Anal. Caled for CsH1408S: C, 60.71; H, 8.92. Found: C, 60.85; H,
8.78.

p-Toluenesulfonylhydrazone (10a) of 6. A mixture of 6 (156 mg,
1.00 mmol) and p-toluenesulfonyl hydrazide (400 mg, 2.15 mmol) in
ethanol (5 mL) was heated under reflux for 15 h. The mixture was
diluted with water to afford the crude product, which was recrystal-
lized several times from aqueous methanol to give 10a as colorless
crystals (310 mg, 75.9%): mp 160-164 °C; IR (KBr) 3240, 1620, 1595,
1330, 1170, 735, and 650 cm™%; 'H NMR (CDCly) 6 7.57 (AB q,J = 8.30
Hz, J/A6 = 0.248, 4 H), 3.44-2.58 (m, 6 H), 2.87 (broad s, ca. 1 H;
disappeared on shaking with D;0), 2.43 (s, 3 H), and 2.23-1.19 (m,
6 H).

Anal. Caled for C15H99N20280: C, 55.55; H, 6.22; N, 8.64. Found:
C, 55.25: H, 6.17; N, 8.69.

9-Thianoradamantane (11) and 9-Thiabicyclo[3.3.1]Jnon-2-ene
(12). A, Thermal Decomposition of 10b in Diglyme. A mixture of
the tosylhydrazone 10a (310 mg, 0.956 mmmol) and freshly prepared
sodium methoxide (65.9 mg, 1.22 mmol) in methanol (6 mL) was
stirred for 1 h at room temperature under an argon atmosphere. After
the solvent was removed under reduced pressure, the residue was
dried up at 45 °C for 6 h under reduced pressure (0.2 mm) to afford
the sodium salt 10b, which was decomposed in refluxing diglyme (10
mL) for 1 h. The cooled mixture was diluted with water (50 mL) and
extracted with n-pentane (10 mL X 5). The combined extracts were
washed with water (5, mL X 5) and dried (Na;SO4). Removal of the
solvent gave the crude product, which was sublimed to afford an 85:15
mixture of 11 and 12 (GLC and 'H NMR analyses) as & colorless solid
(90 mg, 67%). Purification of the mixture on an alumina (Wako basic
alumina, grade I) column eluting with n-pentane gave 11 (70 mg,
52.2%) and 12 (15 mg, 11.1%). 11 had mp 242-243 °C; IR (KBr) 2965,
2900, 2860, 1450, 1310, 1260, 1085, 955, 778, and 720 cm~!; 1H and 13C
NMR (CDClg), see text and Table I; mass spectrum, m/e (relative
intensity, %) 142 (5.0, M + 2), 141 (11.0, M + 1), 140 (85.0, M*), 106
(30.0), 99 (75.0), 98 (87.5), 97 (100), 79 (70.0), 65 (50.0), 41 (90.0), and
39 (87.5).
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Anal. Caled for CgH198: C, 68.54; H, 8.63. Found: C, 68.63; H,
8.54.

Compound 12 had mp 140-143 °C (lit.1'® mp 143-143.5 °C), and
its IR and 'H NMR spectra and GLC retention time were identical
with those of an authentic sample prepared by LiAlH, reduction of
6-chloro-9-thiabicyclo[3.3.1]non-2-ene 11>

B. Thermal Decomposition of 10b without Solvent. The sodium
salt 10b, prepared as above from 10a (300 mg, 0.925 mmol), was well
mixed with Celite 535 (0.5 g) and heated at 155-180 °C under reduced
pressure (100 mm) in a sublimation flask to afford the sublimed
product (30 mg, 70%), which gave a 74:26 mixture of 11 and 12 as a
colorless solid (70 mg, 54%) on resublimation.

9-Thianoradamantane 9,9-Dioxide (13). A mixture of 9-thi-
anoradamantane (11) (20 mg, 0.14 mmol) and m-chloroperbenzoic
acid (85% purity; 70 mg, 0.34 mmol) in chloroform (3 mL) was stirred
at room temperature for 24 h. The mixture was washed with 5%
aqueous sodium thiosulfate (2 mL) and 5% aqueous sodium bicar-
bonate (2 mL X 3) and dried (Na2SQ4). Removal of the solvent and
sublimation (130 °C, 18 mm) afforded 13 as a colorless solid (18 mg,
75%): mp >300 °C; IR (KBr) 2960, 1450, 1285, 1110, and 818 cm™1;
1H NMR (CDCls) 6 3.36 (broad s, 2 H), 2.80 (broad s, 2 H), and
2.52-1.67 (AB q type m, 8 H); 13C NMR, see Table I; mass spectrum,
m/e (relative intensity, %) 174 (1.4, M + 2), 171 (2.9, M + 1), 172 (10.5,
M), 108 (100), 94 (30.2), 92 (68.4), 81 (99.5), 78 (67.0), 66 (63.6), 65
(46.5), 41 (93.0), and 39 (99.0).

Anal Caled for CgH;2048: C, 55.78; H, 7.00. Found: C, 56.02; H,
6.76.

9-Methy!-9-thianoradamantanium (9-Methyl-9-thiatricy-
clo[3.3.1.03%"Inonanium) Todide (14). A mixture of 11 (15 mg, 0.10
mmol) and methyl iodide (340 mg, 2.4 mmol) in chloroform (3 mL)
was heated under reflux for 17 h to afford a precipitate, which was
filtered off and dried to give 14 as colorless crystals (25 mg, 89%): mp
242-244 °C dec; IR (KBr) 2925, 1460, 1415, 1300, 1250, 1240, 1085,
960, and 710 cm~!; 1H NMR (D20-CDCl3) 6 3.87 (broad s, 2 H), 2.84
(s, 3 H), and 3.0~1.8 (m, 10 H).

Anal. Caled for CgHy5SI: C, 38.31; H, 5.36. Found: C, 38.46; H,
5.21.
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5-Methyl-4-azahomoadamant-4-ene (9), readily obtainable from 2-methyl-2-hydroxyadamantane (8), was con-
verted to 4-acyl-5-methylene-4-azahomoadamantanes 11a, 11b, and 11e¢ in good yields on acylation. The reaction
of 9 with dichlorocarbene gave also 4-formyl-5-methylene-4-azahomoadamantane (16), while peracetic acid oxida-
tion of 9 gave the corresponding oxaziridine 17. 4,5-Dimethyl-4-azahomoadamantenium iodide (18a), the meth-
iodide of 9, gave 4-methyl-5-methylene-4-azahomoadamantane (19) on treatment with aqueous alkali. 3C NMR
data of the thus prepared 5-methylene-4-azahomoadamantane derivatives have been reported.

4-Azahomoadamantane derivatives are known as poten-
tially biologically active compounds,? and several synthetic
routes to this skeleton have been reported recently by many
workers. The Beckmann rearrangement? and the Schmidt
reaction? of the adamantanone system (1) are the simple
routes to 4-azahomoadamantan-5-one (2), but these reactions
are prone to suffer from side reactions such as fragmentations.
The rearrangement of spirooxaziridine (3) is known also as a
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direct route to N-alkyl-4-azahomoadamantan-5-one (2).5 On
the other hand, rearrangements via 1-adamantylnitrenium
ion type intermediates as in the 4 — 5,66 — 5,7 and 7 — 58
conversions are unique routes to 3-substituted 4-azaho-
moadamantanes. In this paper, we report a novel and facile
synthesis of 5-methylene-4-azahomoadamantane derivatives
via 5-methyl-4-azahomoadamant-4-ene (9) from 2-methyl-
2-hydroxyadamantane (8).
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