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Abstract--- A series of various oxacage tricyclic systems with versatile
functicnal groups including an amino function were synthesized in order
to examine their chemical, physiccchemical and biolegical properties.
The synthesis was based on the principle in which construction of the
tricyeclic systems was conducted by subjecting bicycle([2.2.l]lheptene or
bicyclo(2.2.2]octene derivatives with an endo-hydroxyalkyl substituent

to intrameolecular cyclization.

As an extension of our previous research program to synthesize prostaglandins
and their analogs using appropriately substituted bicycloheptene(]l, m:l}, readily

1.2) our research

accessible Diels-Alder reaction products, as key intermediates,
interest has next been focussed on synthesizing a series of functionalized hetero-

cage tricyclic systems of the general formula(2 or 3, %Z:0, § or NH) using the same

type of bicycloheptene or bicycleoctene derivatlvesti, m:1-2) as key intermediates.
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In fact, systematic studies on heterocage poclycyclics have still been scarce

and synthesis of this type of heterccage tricyclic systems has not been so exten-

)

sively studied3 although considerable attention has recently been paid to the syn-

thesis and chemistry of heterocage polycyclics as well as to those of cage carbo-

4)

polycyclics. In our study, synthesis and biological evaluation of the hetero-

cage tricyclic systems with an amine function has particularly been pursued since

some cage carbocyclics with an amino function such as amino—adamantane(amantadiné?

6)

or anino—hom01sotwistane(£) have already been reported to have both an antiviral

activity and central nervous system{CNS) effects.7)
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Here we wish to report the synthesis of oxabrendane{2, m,n:1, 2:0), cxahomo-
brendane(2, m:1,n:2, Z:0), oxaisotwistane(2, m:2,n:1, 2:0}, oxahomoisotwistane(Z2,
m,n:2, 2:0) and oxatwistbrendane(3, m,n:1, 2:0) skeleton with an amino function
(X:—NHZ) at a- or B-position.e)

Our synthetic route is cutlined in Scheme 1. In this synthesis, the bicyclic
system with an endo-hydroxyalkyl group(6) was cyclized with an assist of N-bromo-
succinimide (NBS) or mercuric trichlorcacetate to give the objective tricyclic sys-
tems. Alternatively, the bicyclic system with a carboxy or carboxymethyl group
(3) was subjected to iodolactonization, and the resulting lactone linkage was then
transformed into an ether one. Introduction of the amino function from Xl(car-
boxy group} was cohducted by applying the Curtius or the Hofmann rearrangement

before or after the formation of the tricyclic systems.
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Scheme 1

During this study, our attention was directed toward the following points; (1)
how to distinguish the two substituents(xl and Y), (2} whether the direction of
the cyclization vie etherization or lactonization would be "frontwise” to yield 2
or 7, or "crosswise" to yield 3 or 8, and (3) whether cationic rearrangement would
accompany or not. In such polycyclic systems there have been considerable diffi-
culty in structure elucidation and also pronounced tendency to undergo cationic

rearrangement, which would sometimes lead to serious misassignment.?)

a-Substituted Oxabrendane and Oxaisotwistane

A mixture of the diene adducts($a and 3b) obtained from cyclopentadiene and me-
thyl a-cyancacrylate nearly quantitatively(gg:22=7:3)was reduced with Ca(BH4)2 to
give the corresponding cyano-methanol (10a and its exco-isomer), which was cyclized
with NBS in chloroform at 0°C to give the brome ether (11, 71% from %a after
separation, mp 45-46.5°C). Pebromination of 11 with tributyltinhydride(Bu3SnH)

yielded the nitrile{l2), which was then partially hydroclyzed with H202~NaOH to
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give the amide(l13, 86% from 11, mp 138-139.5°C). The Hofmann rearrangement of 13
with ag. sodium hypobromite gave the objective a-amino-oxabrendanel[l4, 55%, nmr

(CDC13): 4.3(LH,t), 3.6(2H,4); HCl1l salt, mp{with decomp051tion)lo) 305~310°C}.
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By similar procedures as described above were cbtained the correspending homo-
logs, bicyclooctene and oxalisotwistane derivatives. That is, a mixture of the
diene adducts(l15a:15b=93.2:6.8) obtained from cyclohexadiene and methyl a-cyano-
acrylate nearly gquantatively was reduced with Ca(BH4)2 to give the cyano-methancl

(lpa), which was cyclized with NBS to give the bromo ether{1l7, 59% from lé6a, mp

108.5-109°C). The structure assignment of 17 was carried out by lH—nmr, 13C—nmr

11) 13C

and also X-ray crystallography. In its -nmr spectrum, all the peaks could

L3¢ nmr analysis prov-

be attributed to all the constituent carbon atoms, and such
ed to be effective for structure assignment of the present oxatricyclic systems.
Debromination of 17 with Buaan gave the nitrile(lB, mp 166.5-167.5°C), which
was then hydreclyzed to give the amide(19). The Hefmann rearrangement of 19 with
ag. scdium hypobromite gave the objective n-amino-oxaisotwistane({20, 50% from 19,
nmr(CDClB): 4.2(1H,m), 3.6(2H,s); HCl salt, mp{(decomp.) 240-250°C].
a-Substituted Cxahomobrendane and Oxahomoisotwistane

According to the method of Aukenlze the carboxy-iodolactone(22) was obtained in

gocd yield from the dicarboxylic acid(21l) by iedolactenization. Transformation
of 22 into an acyl azide via a mixed anhydride by the reaction with ethyl chloro-
formate and sodium azide in acetone, followed by heating in benzene-ethanol(the
Curtius rearrangement) gave the ethoxycarbonylamino-icdolacteone (23, 62% from 22,mp

112-114°C) . Deiodination of 23 with Bu,SnH gave the lactone(2d4, 63%, mp 90-92°C).

3
Reduction of 24 with Ca(BH4)2 in ethanol gave the diol(25), which was then cyc-

lized by treatment with p-toluenesulfonyl chleride (p-TsCl) and pyridine to give

the ethoxycarbonylamino-oxahomobrendane[gg, 32% from Ei' nmr(CDCl3): 4,4{1H,m) ,3.8

(2H,m)]. The objective amine was obtained by heating of 26 in KOH-ethylene glycol
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at 120°C for 7 ni27, 83%, nmr(CDCl3): 4,3(10,m), 3.8(2H,d); HCl salt, mp{decomp.)

290-315°C], g () (CHy)
3
23 NHCO,EL !
O OB CH2CH20H
o
. Roml me2
~co,H -T2 29 25(m:1) X ml  me2
-AHCOEE  -I 23 30 32(m:2) -NHCO,EE 26 33
-NHCOEt  -H 24 31 -NH, 27 34

The cyano—methﬁnol(iﬁi) described above was methanesulfonylated, followed by
cyanation with NaCN to give the dinitrile, which was hydrolyzed by aq. NaOH to
give the dicarboxylic acid(28, 18% from l6a}. Iodolacteonization of 28 gave the
carboxy-iodclactone{29, 50%), which was then transformed intc the objective oxa-
homoisotwistane system in a similar manner as described in the corresponding oxa-
homobrendane series. The direction of lactonization of 28 was assigned by the
lactone carbonyl streching frequency(l?BScm'l) of ir spectrum(gg).l3) The Curtius
rearrangement of 29 afforded the ethoxycarbonylamino-icdolactone{(30, mp 140-144°C),

which was then treated with Bu,SnH to give the lactone (31, 75%, mp ll8-120°C).

3
Reduction of 31 with Ca{BH4)2, followed by treatment of the resulting diol{32)

with p-TsCl/pyridine gave the ethoxycarbenylamino-cxahomoisotwistane[33, 28%, mp
87-88.5°C, nmr(CDCl3): 4,.2{1H,m), 3.8{2H,m)]. The objective amine was obtained
from 33 by heating in KOH-ethylene glycolat 120°C for 15 h(34, 26%; HCl salt, mp

(decomp.) 320-330°C].

B-Substituted Oxabrendane and Oxailsctwistane

(CH,)
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The carboxy-lactone(35) obtained previouslylf)

was converted via a mixed anhydri-
de inte an acyl azide by the reaction with ethyl chloroformate and sodium azide,

and followed by the Curtlus rearnangement in ethanol at 80°C to give the etheoxycar-
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bonylamino-lactone{36, 40% from 35, mp 120-121°C). Reduction of 36 with Ca(Bﬂq)z
in ethanol, followed by treatment with p-TsCl/pyridine yielded the B-endo-ethoxy-
carbonylamino-oxabrendane([37, 90% from 36, mp 68-69°C, nmr{CDC13): 4,3{1¢H,m), 3.6
(2H,s8)]. The objective amine was obtained from 37 by hydrolysis with KOH-ethylene
glycol at 120°C for 7 h(38, 66%; HCl salt, mp 233-239°C}. The endo-carboxy-iodo-
lactone(39) was cbtained from bicyclo[2.2.2]oct-5-ene 2,3-dicarboxylic acidl4) in
77% yield by iodolactonization with 1,-KI-NaHCO

3
1770¢,1730,1710 cm-l]. Conversion of 39 into the ethoxycarbonylamino-iodolactone

—H20[mp 191-193°C, ir(KBr): 1790,

(40, mp 158-15%°C) by the Curtius rearrangement was carried ocut in a similar manner
as described above. Deiodination of 40 with Bu,SnH gave the lactone(4l, 52%, mp

157-159°C). Reduction of 41 with Ca(BH in ethanol, followed by treatment with

a2
p-TsCl/pyridine yielded the B-ethoxycarbonylamino-oxaisotwistane[42, 26% from 41,
mp 83-84°C, nmr(CDClB):4.1(2H,q), 3.8(28,4)1. The objective amine was obtained
from 42 by hydrolysis with KOH-ethylene glycolat 120°C for 9 h{43, 51%; HCl salt,
mp {decomp) 248-256°C] .,

In a similar manner as described above for the endo-series, were cbtained a
series of the corresponding exo-compouds: The exo-carboxy-iodolactone[44, 79%, mp
182-185°C, ir{(KBr): 1790,1760,1740,1715 cmfl] was obtained by iodolactonization of
bicyclo[2.2.2]oct-5-ene 2,3-endo,ero-dicarboxylic acid, and starting from 44, the
following compounds were cobtained; the ethoxycarbonylamino-iodolactone (45, 52% from
44, mp 90-91°C), the ethoxycarbonylamino-lactone(46, 47%, mp 156-159°C), the emo-
ethoxycarbonylamino-oxaisotwistane[47, 32%, mp 133-135°C; nmr(CDCl3): 4.2(18,m} ,3.7

(2H,s8)] and the objective amine{48, 38%; HCl salt mp (decomp. ) 265-275°C] .

B-Substituted Oxahomobrendane

5
5
CO,CH; . £
N | 0,0, 52)
<1 @9

=MNHCO, Ft Gﬁ)
~CH G@) =NH,

(54)

The adduct(49) obtained as a minor isomer by the Diels-Alder reaction of methyl
5-chloro-2—trans—pentgnoate and cyclopentadiene was acetoxylated by sodium acetate
in benzene, followed by methanolysis in the presence of Ra,C03 to give the corres-
ponding alcohol (50). Intramolecular oxymercuration-demercuration was effected by
treatment of 50 with mercuric trichloroacetate in water and then NaBH,-NaOH to give
the objective oxahomobrendane system(52). Hydrolysis of 52 gave its carboxylic

acid, whaich was subjected to the Curtius rearrangement to give the ethoxycarbonyl-
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amino-oxahomobrendane{ég, 38%, nmr(CDCl3): 4.3{1B,m), 3.6(2H,m)]. The objective
amine was obtained by hydrolysis of 53 with KOH-ethylene glycolat 120°C for 7 h[54,

15%; HCl salt, mp{decomp,) 270°C].

Direction of Cyclization and w- or B-Substituted Oxatwistbrendane

In ocur studies described above, there could be detected neither the cyclized
product in "crosswise" nor the product formed by Meerwein type rearrangement.

15)

In order to obtain the crosswise-cyclized products, the Kropp's procedure was
applied to bicyclo[2.2.1]lheptene or bicyclo[2.2.2]octene derivatives with an endo-
hydroxymethyl group(6, m:1-2, n:l), however only oxatwistbrendane system could be
obtained in very poor yields from the former bicyclic system by irradiation with a
high pressure mercury lamp 1in benzene at rocm temperature for 100 h; the nitrile
(55) from the cyano-methanol{l6a) in 5% yield, and the urethane(57) from the corress
ponding bicycloheptene(6, m,n:l, X: B-endc-NHCOzEt) in 3% vield with recovered

starting materials.

A ' x8: o~y (55) B-endo—NACO2EL  (57)
aCHoNH>  (56) B-endo-NHg (58)
Reduction of 55 with LiAlH4 gave the aminomethyl-oxatwistbrendane[36, HCl salt,
mp {decomp. ) 255-260°C] . Hydrolysis of 57 with KOH-ethylene glycol at 120°C for 2 h
yielded the B-endo-amino-oxatwistbrendane[538, 50%; HCl salt, mp{sublime) 180-200°C]

1

In comparative 3c-nmr study of the oxatwistbrendane(55 and 57} with the corres-

ponding oxabrendane series (12 and 37, respectively), there could be detected some

characteristic spectrum pattern indicative of the direction of cyclization.lﬁ)

Properties of the Substituted Oxacage Tricyclic Systems

The substituted oxacage tricyclic compounds obtained in this study were found to
be fairly stable since they could stand without decomposition on treatment under
ordinary storage conditions and even under a¢. or nonag. basic, or ag. acidic
media. The objective amines obtained in this study(free bases) were all volatile
oily substances and their hydrochloride salts were all powdery substances which
tended to sublime at higher temperature. Further investigation of their chemical
and physicochemical properties are now underway. As for their biological activi-
ties, these oxatricyclic systems with amino functions were found to show an anti-
viral (influenza A) activity similar to amantadine?) but interestingly much less CNS

effects compared to amantadine.l7)
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