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Abstract--- A series of thiacage tricyclic systems with amino functions
were synthesized in order to examine their chemical, physicochemical
and biclogical properties. Their S5-coxide derivatives were also

synthesized.

In the preceding paper of this series, synthesis of a series of oxacage tri-
cyclic systems with versatile functional groups{l) was reported. As an integral
part of ocur research program, synthetic study on the corresponding thia-series has

been undertaken.
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Here we wish to report synthesis of thiabrendane{2) and thiaisotwistane system
(3) with versatile functional groups including amino functions at a-, B- or y-posi-

tion and also that of their S-oxide derivatives.2'3)

Investigation of their biol-
ogical activities is thought to be of particular interest since the corresponding
oxacage compounds were found to have an antiviral{influenza A) activity with weak
CNS effects.4)
The synthesis employed in this study involved intramplecular cyclization of
bicyclo[2.2.1]heptene or bicyclo[2.2.2]octene derivatives with endo-sulfhydryl-
methyl substituent as a key step for construction of the objective thiacage tri-

cyclic systems.

y=Amino-thiabrendane

The first synthesis of thiabrendane(8) was perfomed by C. R. Johnson et al.z)

according to the sequence(4a + 4b + 5 > 6 +~ 7 + 8} shown in Scheme 1.
Attempt was then made to synthesize the objective y-amine-thiabrendane using

the Johnson’s thiabrendanone(7) as an intermediate: An oxime{2, a syn-anti mixture)
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Scheme 1

obtained by treatment of 7 with NH OH‘HCI/Nazcoa/HZO—EtOH at §0°C for 6 h, was re-

2
duced with LiAlH4 in THF at 55°C for 1.5 h to give an exo-ende mixture of amine
(4:1)5) in 32% yield. The structure of the main diastereoisomer is considered to
be y-erc-amino-thiabrendane[l0a, nmr(CDc13): 3.1(m,1H), ir: 3350, 2270; HCl salt,

mp (with decomposition)s)

260-265°C]. The configuration was confirmed by synthe-
sizing the endo-amine(l0b) v»ia an alternative route. That is, 5-norbornéne-2-
methanol (4a) was brominated, followed by acetothionation with potassium thicaceta-
te(KSCOCH3) to give the thiolester(4d}, which was then hydrolyzed by Na2CO3/CH3OH
in N2 stream to give the thiol(4e, 47% from 4a). 5-Norbornene-2-methanthiol({4e}
was subjected to intramolecular cyclization with broﬁine to give the objecfive
bromo-thicether{ll, 69%, nmr(CDC13): 4,0(s,1H), 3.6(m,1H)]. Sy2-reaction of 11
with NaN3/95%-EtOH at BO®C for 7 h yielded the azide(l2, ir: 2100) in a nearly

quantative yield, which was reduced with LiAlH, in ether at 30°C for 4.5 h to

4
give the endo-amine[l0b, HCl salt, mp(decomp.} 230°C], which was identical with
the wminor diastereoiscmer obtained above, This result also indicates that di-

rection of the cyclization was not crosswise, but frontwise.

a~Substituted Thiabrendane
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2-exo-Cyano-2-egndo-hydroxymethyl-bicyclo[2.2.1]hept-5-ene(13) cbtained beforelj
was treated with CH3802Cl/pyridine to give the mesylate(li, 0il), which was then
treated with KSCOCH3/acetone at 60°C for 12 h, followed by methanolysis and bromi-
nation with bromine to give the bromo-thicether{l6, 6.2% from 13, mp 106-108°C,
nmr(CDC13}: 3.9{s,1H}, 3.7(d,1H), 3.3(s,1H), 3.0(m,2H}]. Reduction of 16 with
LiAlH4 yielded the a—aminomethyl-thiabrendane[;1, 52%, nmr(CDC13): 3.4{m,1H), HCI1
salt, mp{decomp.) 270-280°C].

Debromination of 16 with tributyltin hydride(BusEnH) in ether at room temperatu-
re yielded the nitrile[18, 90%, nmr(CDC13)= 3.4(d,2H), 3.1(m,2H)], which was hydro-
lyzed with KOH-ethylene glycol at 180°C for 15 min to give the carboxylic acid([l8,
59%, nmr(CDClB): 3.4(d,2H), 3.0(m,2H), mp 112-113°C]. Direct thiabrendane ring
formationv) could be achived by reacting the mesylate(l4) with NaSH/DMF-DMSO at
80°C for 3 h, althoufh the yield was low(6%). Transformation of 19 into an acyl
azide vZg a mixed anhydride by the reaction with ethyl chloroformate and NaN., in
acetone, followed by heating in benzene-ethancl(the Curtius rearrangement) gave
the ethoxycarbonylamino—thiabrendane[32. a5%, nmr(CDCla): 3.2(s,2H), 2.6(m,1H), mp
75=77°C]. The cbjective amine was obtained by hydrolysis in KOH-ethylene glycol
at 180°C for 30 min[2], nmr(CDC13): 3.6(s,1H), 3.3(m,1H), 3.0{s,2H); HCl salt, mp
{decomp.) 260°C1.

a-Substituted Thiaisotwistane
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Scheme 3 32: n=2

2—exo-Cyano—z—endo-hydroxymethylwbicyclo[2.2.210ct-5—ene(gg)l) was converted
via its p-toluenesulfonate(23, mp 95-96.5°C) into the bromide[24, 96%, oil, nmr

n could be achieved

(CDC13): 3.2(s,2H)]. Direct thiaisotwistane ring formation
by treatment of 24 with NaSH/DMF-DMSO at room temperature for 8 h, although the
yield was low[25, about 10%, mp 138°C, nmr(CDCla): 3.4{m,1H), 3.2 and 2.8{(dd,2H)1].

Hydrolysis of 25 with KOH-ethylene glycol at 120°C for 15 min under ", yielded
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the carboxylic acid{26, 60%, mp 108-113°C, ir: 3000, 2800, 1700). The acid(26)

was converted »ig a mixed anhydride intc an acyl azide, followed by the Curtius
rear}angement in ethanol at B0°C to give c-ethoxycarbonylamino-thiaisotwistane{27,
guantitatively, mp 73-76°C, nmr(CDC13): 3.2(m,1H), 3.0(s,2H)]. The objective
amine was obtained by heating in KOH-ethylene glycol at 120°C for 15 min under N2
{28, 78%; HCL salt, mp(decocmp.) ZBDfC]. The sulfide aming(gg) was oxidized with

8) of the sul-

potassium meta-periodate in ag. methanol to give an isomeric mixture
foxide amine{29; nmr(CDCl3): 3.5, 3.4(d,18), ir:v1040, 1010]. Reduction of 25
with LiAlH4 gave the c-aminomethyl-thiaisotwistane[30, mp 75-77°C, nmr(CDCl3): 3.2
{(m,1H), 2.7 (m,2H}]. The sulfide amine(30) was oxidized to an iscomeric mixture of
sulfoxide amine by treatment with potassium meta-periodate in aq. methanol (31, 59%,
ir: 3380, 3300, 1040, 1020). Oxidation of 30 into the sulfone(32) was found to
proceed with potassium permanganate in acetic acid(32, 56%, ir: 3400, 3320, 1100;
HC1 éalt, mp (decomp.) 265-268°C]. The use of other oxidizing reagents resulted in

the decompositicn of the substrate.

B-Amino Thiaisotwistane

HCO3EL R NHR R
R 33: -OH 8 35: -CO,Et
34: -0OTs 36: -H

2-endo—Hydroxymethyl-B-enda-ethoxycarbony1amino—bicyclo[2.2.2]0ct-5-ene(§§)l)

was converted into its tosylate(34, 48%), which was reacted with NaSH/DMF-DMSO at
90°C for 5 h to give the cyclized compound’) [35, 64%, nmr(CDCly): 3.3(m,1H), 2.7
(d,3ﬁ}]. The objective amine was obtained by heating in KOH-ethylene glycol at
120°C for 15 min under Nz[gg, 57%; HCl salt, mwp{decomp.) 275°C].

Biological Properties of Thiabrendane and Thiaisotwistane with Amino

9)

Functicns
The sulfide amines obtained here were all found to possess both an amtiviral
activity and CNS effects, and their selectivities hetween both activities were
Eound to be poor. Their bicleogical activity was reduced by S-oxidation.
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H f o
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. ]
at higher field than that of the endo-isomer{10b: 6%, 34.5, t}
. . , 10a :exo=-101
on account of steric compression effect due to the exo-amino ey
10b:endo-NH,

substituent.
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