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1.6-dibromohexane i 100 ml of THI maintained nnder N.
ul —9° was added dropwise over 0.75 hr a solution of 42.5 ml
2007 PhLi soluticm (70:530 CyHg-Ewa). The vesuliant solhi-

tim wax allowed to come to room temperatnre sver a 20-hr period.
100 (50 ml)y was slowly added to destroy the aiveacted Phli.
The two phases were separated, the agueons phase was discarded
and the organic phase was washed (H.O v onud dried 1CaCly. The
solvent wux evaporated nuder rednced pressuve aud the vesidue
was distilled by means of a =pinning-band calumice The produet.
bp 79-81° (0.45 muny [l bhp 160-161° (17 nuni, n®p 1.5252
1.5285, weighed 4.13 ¢ (34 ;1 tnel. «(CiaHpBrl Bre

Method B.—Liquimolar quantities of an N-alkylmmincethyl
halide hydrohalide and Na=,0,-5H.0 in HO or H0-110H,
<1€p<.,11dmg ou the =olubility of the former reace ant, were heated
on o stealn bath for oo 0.5 hro When the reaction was ¢on-
plete, as indieated by failire of X 6 precipitate from a strongly
acidified alignot. the thiosnlfuric acids erysiallized from the
cooled and, In =ome n=tances, concentrated reaction MIXLGres,
The N-alkylaminoethanethiosnlfurie acids which were recrystal-
lized mntil they were free of halide o1 <howed characierixtic
peaks i1 the ir near 8.5, 8.40, and O.80 g,

2-t5-Phenylpentylamino Jethanethiosulturic Acid.- "The tfullow-
ivg exemplifies the procedure nxed when a carboxylic acid was
the precursar of the N-alkyl gronp., A mixinre of 100 g (0.56
mol) of 3-phenylvaleric acid and 343 g (0.50 mol of 2-amino-
ethavol was heated gently at first, followed by a gradual inereasc
in the application of Treat antil the 1emperatre was maintained

0 1 von Ueavile Bee,, 44, 2877 (1410,

Antiviral Agents. [.

Jorn G, WHityey, W,
J. A Sxyoer, R E.

A. GRrREGORY, J. (.
Bexsovy,

el . Val.

at 164200 The H.0h which formed in the comrse o he et
was rollected i o Dean-Stark trap fitted atop a Vigreaus volunm
The vrade N-oZ-hvdraxvethyl-3-phenvivaleramide was ased i
the vexs <tep witheat farther paritication,

ATHE sddatieas 20l cof the NV-i2-hvdroxyethyli=d-phergci-
valeramude wie- sdded vver 2.5 T voa covled and stiveed shoe
uf 228 of LA aud 500 mlof THIY After the mia-
care wa- heared ander veflux for 11 iy 250 mil of Hat) was cae-
tnasiy addet s the vided aopd stirved mixtre G destroy
exves~ LATL The ALOI s which formed was filteved Trom 1he
wmixtme el washed 10w The agneons phase ol the il
wis exiveted d126O 5 the ether and T solntions were combined,
and dried O Mg=ch amithe solvent= were evaporated ona ot
evapoine, The residne wax dixtilled at vedueed pressave ti
wive 52 300, of 2= 5-phenylpentylaming lethanol,  Treatniend
of llw Lutier wab 4=, HBr by the methad af Cortese’' guve Js
g B0 el 2= ephenvipentylanmine ethyl bromide - 1113 which
wus cotverted iete the thiosulfurie acid by the reaction with
Nie=aO SH G e oL 1vOd L
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Bicyclo[2.2.2]octan- and -oct-2-enamines
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The discovery aof autiviral activity for adamauntan-
l-amine (amantadine- HCI)! agaiust several strains of
influenza A virus in mice, chick embivos, aud tissue
culture? and the subsequent demoustration of its
clinical efficacy against influenza Ay in man® prompted
us to syuthesize other cage amines ta explore their
usefuluos< as untivir-ll ugcnh

blL} clo [2. j.l]oct
cv clo[_ '2 _’]oct:me-l-methylummes. dlld blC\ Clo[_’._’._’
oct-2- ene—l n1et11\'lumiue<4

The 1c>ult> obtained from evaluatlon of thew cam-
paunds s antiviral agents against influenza A ‘swine
infections of mice are given.

Chemistry.-—-The svutheses af the required bicyelo-

(1 Hyvminetrel®, 12, 1. Dolone De Nelllours atid Co.

(20 R. R, Gruuert, J. W, McGaben, and W, L. Davies, Ulrofogy, 26, 262
(149653).  W. L. Davies, R. R. Grunert, R. I". Haff, J. W. McGallen, 15, 3.
Neulnayver, M. Paulsbock, J. C. Watts, T. R. Wood, E. C. Hermann, anil
. I'. Hoffrnan, Svience, 144, 862 (1964). (. E. Hoffinann, K. M. Neumayer,
R. F. Haff, and R. A. Goldsby. J. Bacteriol., 90, 623 (1965). F. M. Neumayer,
R. 1. Haff, and C. . Hoffmanu, Froe. Soc. Kxp. Biol. Med.. 119, 393 (19635},
W, L. Davies, R. R. Grunerr, and €. II. Hoffimann, .J. Dnmunol., 95, 1040
UGG

13y Tor summaries see C. 12, Hoffinalih i1y " Annnal Reports in Medicinal
Cliemiscry.” C. K. Cain I5d.. Acadeinic Press, New York, N. Y., 1467, p 118;
1668, 1 117,

(4 4, C. Kader, UL 8. Pateni 3,418,369 (19681, J, ', Wavier, NltLierlals
Matenr Mpplication 6,404,759 (19641; Chem. Alstr.. 62, 14529 (19655

Lo Wikiidngton, Belenee

YR

Sevel :11 of the all\}l a-p_\’l‘(lll(‘--)-
carboxyviates Tao Tet Id e, and If) were obtained
by known ntethods<" The a-pyvroues [b,% Iz, and
Ih were prepared by buse condeusation of the appra-
priate methyvl ketone with diethyl ethoxymethyviene-
malanute, fallowed by cvelization of u postulated
imtermediate diethvl 3-uevlethylidenemalonate.  a-Pv-
ranes Teo I, and Ig were used without purification.
The absorption bands of their spectra (ir) were ax
expected.

Reaction af the alkvl a-pyroune-3-carbaxyvlates |
with ethylene™ l'1ig‘11 pl'e«uro afforded the desirved
alkyl bieveioi2.2.2joet-2-ete-1-carboxyvlates 11 (xce
Scheme 111, The esters (IV) were used without purm
cation.  Esters 11b and I1h have been reported previ-
auslv.*  In the reaction of ethylene with e-pyrones, the
infermediate cyeloliexadienes could usually be isolated
by the use of lower temperatures or lower pressures.

We have abserved that the ease of addition of ethyt.
eite to cvelohexadienes generally appears to inerease

lm((l 111 holl(*n.v l.

S0 R WRity and AL Nars. /. Amer. Chem. Soc., T8, 1042 (19545,

WG NI Roctierkoy and L 10 Kndyashov, J. Gen, Chem. USSR, 27, 277
L1957 L

G PUORD M aned FOOD MeQuithing J. Chem. Soc., 4060 (19531,

K11 CL Kaner, Necherlpluls Pateni Application 6,507,979 (1V68533; Chuep
Alestr,, 64, 15772 {1486,

U TN Bakerapad Lo N Svoek, T, Giey. Chiene,, 32, 3344 (19671,
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ScueMmEe I Cl COOCH,; COOCH;
EtO,CCO,Et + CH,CH==CHCO,Et —> A _0 P
> > =
HO,C / 0\ 1800 CH.O.C /' \ 0 l\/O
% 2. MeOH % c
0 0 C1 COOCH;
Ia Cl COOCH,
7\ Cl
RCOCH=CHC! + EtOMgCH(CO,Et); — RQ- CO,Et > S
0 cl
0
Ie, R = CH, a
Id, R =n-CH; 100°, 1000 atm 200°, 3000 atm
Ie, R=i-C;H:
If, R=n-CH, n'oted.the ter}depcy of ethylene to behave as an electron-
base rich dienophile in 1ts reaction with dienes.!%®
RCOCH, + EtOCH=C(CO;Et); — Hydrolysis with aqueous base of the unsaturated

[RCOCH,CH==C(CO,Et),] —> R—Q CO,Et
Ib, R=CH, 0

Ig. R=t-CH, 0
Ih.R=
R=CF, COLR,
R— N—cog, ST
0
0
or Ila,R=H,R,=CH,
7\ IIb,R=CH, R, = C,H,
COMe Ile, R =C.H,, R, = C,H,
0 114, R =n-C;H.. R, = C,H;
0 Ile, R=i-C;H, Ry = CH;
I oH" IIf, R =n-C,H,.R, = C.H,
Hg R= t-C;Hg, Rl = CzH;
IIh’ R = CF;;, Rl = CgHs
CO.’H H. COQRI
R R
Illa, R=H v
IIb, R=CH, oH-
Ille, R = n-C;H.
IlId. R =¢-C,H,
CO-H
R
Va,R=H Ve, R = i-C,H-
Vb, R=CH, Vf, R=n-CH,
Ve,R=CH, Vg R=tCH,
Vd, R=n-CH, Vh, R=CF,
CH(CH,). CH(CH,), CH(CH,). COOH

© CH.=CH, @ H, @ HNO, @

—_— —— —_—

CH, CH; CH; CH;
Vb

with the number of electronegative atoms or sub-
stituents on or in the ring. If a-pyrones are considered
as disubstituted cyclohexadienes, they fit in the fol-
lowing sequence of reactivity.'® We have previously

(10)(ay J. C. Kauer, R, E. Benson, and G. W. Parshall, J. Org. Chem..
30, 1431 (19635), (L) J. C. Kauer, U. 8, Patent 3.256.329 (1966).

esters I gave the corresponding bicyclo[2.2.2]oct-2-
ene-1-carboxylic acids III listed in Table I.

ScurMmr 11
COOCH;, COOCH.
0 0
7 CH,=CH,
0 0
l—co_
COOCH, COOCH;
@ CH.=CH,
oo,
COOCH, COOCH.
Z =0 CHy=CH, 0
x
0 0

Hydrogenation of the unsaturated esters IT yielded
the corresponding alkyl bicyelo[2.2.2]octane-1-car-
boxylates IV. The saturated esters were hydrolyvzed
without purification to the desired bicvelo[2.2.2]octane-
1-carboxylic acids V (Table II). 4-Methylbicyclo-
[2.2.2]octane-1-carboxylic acid (Vb) was also pre-
pared by HNO; oxidation of 1-isopropyl-4-methyl-
bicyvelo[2.2.2]octane, obtained by the addition of ethy-
lene to a-terpinene followed by hydrogenation of the
adduct (Scheme I).

Several bicvelo[2.2.2]oct-2-ene-1-carboxylic  acids
(IIla, I1Ib, I11d, and 111g) were converted »ia a modi-
fied Curtius reaction!! into the corresponding bicyelo-
[2.2.2]oct-2-en-1-amines 1, 2, 3, and 4 (Table III).
Conversion  of  bieyvelo[2.2.2]oct-2-ene-1-carboxylic
acids I1Ia, IIIb, and IIlg into their mixed anhydrides
with EtOCOCI followed by reaction with NH; and re-
duction of the amides formed with LiAlH,!? gave the
corresponding bieyclo[2.2.2]oct-2-ene-1-methylamines
5,6, and 7 (Table IV).

A large number of bicyclo[2.2.2]octan-1-amines 8
through 31 (Table IV) have been prepared. The bi-
cyclo[2.2.2]octane-1-carboxylic acids Va through Vh
were converted into bicyelo[2.2.2]octan-1-amines 8

(11) J. Weinstock, J. Org. Chem., 26,3511 (1961}.
(12) A.C. Copeand E. Ciganek, Grg. Syn.. 4. 339 (19A3).
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Bieyeno] 222 ocr-2-uNe-1-carnox yLie Acips

——
/
, N,

1-:v( ‘il

Solvlins i

No. R Yield, ¢, eVl D My, “C Tortank’
11la 11 e 115 5 1160 Cull a0
11b Me 27 Cslh 145 t44 Oy
111d 1w-Cals o ol 17 1755 Caddi o
Hig - 42 11011 2520 255 0 Crallal
< Al connponnds were analyvzed for C, 11, % From the vorresponding e-pyvrone. - Linfwp 1200 12190 4 LS amp 144 14457
Tam 11
Birevoro2.2.2locraxt-T-caiox ynie Avins
TN
R—@m 1
Saolvent i
N, 1% You, ¢, st b My, Fornldia
\Va H ) 130 - 158" Col O
\h il ERE MeNO. 182 1505 Cual 1160
Ve CLH 40+ ol 1750179 CollnOye
Vi 1-CyH- 48 O 242 200 LTt
Ve -CuHe 20 MeNO, 210 212 ).
\] II-(..‘”‘:- 2 (‘:”g. ],-)\‘ ]:»N 5 (.l';”:_-(),
Vi (-Cla 15 101 281282 CrallyOr
\Vh CF, N [QFE RIS RRIISINY CraHasl0,

“From the correxponding a-pyvoue. v J. Dotoberts, W' Morveland, and W Frazev /. Qe Chene Soes, 730 657 019351 repon

up 140.8-141.3°.
pected.

mp 214-215.5° F Analyzed for C, 1, F,

Solviil o
Nu. R X

Yietl, ' PrYSEL

t 1 0 St -PrOH,
Calls
Caldyy

2 CHye t) 2
3 /L-CnH: t) B 6.\ HA
4 t-CsH t) B 6.V T
D | 1 6 ¢
0 C]{u 1 14 v
7 i-C4Hs 1 BA ¢

* All camponnds were analyzed for C, 11, nnless utherwise notred.
“H. D, Holtz and L. M. Seock [ 86, 5183 (1064 ] vepart myp 187-188°.

“ Ad=orption bands of specira tnnd were as ex-

Lt g 1705-171°0 2 Natwalyzed, " Ly
T 111
1{—-@~-('11 NI
My, “C arnela Aty ses VWi
G155 1608 OGN -1 ., N 11
I LN CoHoN 2N
278 210 Colu N -1 .1, N 16
520- 321 Colla N1 ¢, H, N 15
267 260 dee 1, N HOL 1 1=
2042045 CuHEN - HA N, 1 Pt
265275 dee Calls N1 N, (1 Ta
42080 mm HCUsde mp 315-316°, -PrOH «CoHa-Cal b Pre-

« Absorption bands of xpectra Qunrl were as expected.
cipitate from Fora0).

through 15 wia the Schmidt reaction.'® Several of
the N-substituted bicvelo[2.2.2]octan-1-amines (18,
25, 27, 29, and 30) were prepared by acylation of the
appropriate bicyelo[2.2.2]octan-1-amine followed by
reduction  with  LAH. 4N, N-Triniethylbieyelo-
[2.2.2]octan-1-amine hydrochloride (19) wus prepared
by alkylation of the corresponding amine 9 with Mel.
Other N ,N-dimethylbicyelo[2.2.2]octan-1-amines 20
through 24 were prepared by Eschweiler-Clarke!*
methyvlation of the corresponding primary amines 10
through 14. 4-Cyclohexylbicyelo[2.2.2]octan-1-amine
hydrocliloride (16) was syuthesized by eatalytic hy-
drogenation of 4-phenylbicyclo[2.2.2]octan-1-amine. !
Couversion  of  bieyelo[2.2.2]octane-1-carboxylic
acids V ointo their acid chlorides or into their mixed
(31 1L Wolll, Org. Revct.. 8, 330 (10465,

(141 AL L Moore, (hid., 5, 323 (1949).
151 0 AL Snyder, UL S, Patent 3,362,878 i 1468),

“Bp 737

anthydrides with EtOCOCI followed by reaction with
NH; or an amine and LAH reduction'? of the amides

afforded bievclo[2.2.2]octane-1-methylamines 32
through 41 {Tuble V).

The a~-methylbicyelo[2.2.2]Joctaie-T-methylamines 42
and 43 (Table V) were prepared by reduction'™' of
the oxime~ of the corresponding bievelo[2.2.2]oct-1-

vl methyl ketones VI. Reaction of the acids Va
and Vb with MeLi™ gave the methyl ketones V1
which formed the required oximes ou reaction with
H.NOH -HCI'* (Scheme 1II). Bievelo[2.2.2]oct-1-v]
methyl ketane and it= axime have been previously
reported.!?

116) C. N Walter, /o Amer. Civene. Soe T, 5185 (1452).

(171 W, 17, Rosen allil M. J. Green, J. Ory. Chem., 28, 2797 {1163).

181 C. H. DePny. 6. M. Dayjpen, K. L. Fliers, and R. A, Kleil, (414, 29,
2813 (1964),

191 H, P, Fiseberand . N, Grol, Helr, Cllm, Actu., 47, 564 130641
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No. R
8 Heob
9 CH;»
10 C.H;
11 n-CsH+
12 i-CyH-
13 n-CsHs
14 [—C4H9
15 CF;e
16 CesHyy
17 CH;
18 CH;
19 CH,=
20 C.H;
21 n-C;H-
22 7‘-C3H7
23 n-C4H9
24 t-CyHs
25 CH;e
26 CH;
27 CH;
28 CH;,
20 CH;
30 CH;
31 CH,

¢ Absorption bands of spectra (nmr) were as expected.
¢ Precipitate from Et,0.

¢ Sublimed.

4 Bp 84° (75 mm).

TaBLr IV
DEeRIvATIVES OF BicycLo[2.2.2]0cTAN-1-AMINE
R,
\Rv
Solvent of
erystn Mp, °C
¢ 141.5-142.7
d =21 =20
e 275-277
H,0 318.5
CICH,CH,Cl 208-299
H,0 291-216
H,0 >300
e >300
n-BuOH >300
f
1-PrOH, 263.5-264. 57
CeHs
i-PrOH, h
CsHs
CsHs 208-209
AMe,CO 99-100
Dioxane 245-246
Me,CO 209.5-212
EtOH, 287 . 5288
)IGQCO
e 189-196
C:Hy 115.5-116.5
6 N HCl 277-278
CsHs 115-116
e 244-246
EtOH 236 dec
147 .5-149

R, R: Yleld,

H H 92
H H 82
H H 83
H H 66.5
H H 84
H H 80
H H 44
H H S1
H H BS
CH=0 H 94
CH, H 38
CH; CH;, 69
CH, CH; 94
CH;, CH; 32
CH; CH; 97
CH; CH, 45
CH; CH; 36
n-CsH; n-CsH; 341
C.H;CO H 68
ﬂ-CzHT H 47
-CsH-CO H 86
s-C,H, H 56
C¢H;CH, H 31
CH;CO H 98

absorption bands of spectra (nmr) were as expected.

No. R
32 H

35 CHs
34 CH;
35 CH,
36 CHg
37  CyH;
38 C;H:
39 CsH:
40 t-CyH,
41 CFs
42 H

43 CHs,
44 CH;
45 CHs
46 CH;,
47 CHs;
48 H

49  CHs,

e Precipitate from Et,0.

H

H

CH,
CH;
7L-C3H',
H

CH;
CH;
CH.

H

H

H
CH=0
CH,

CH,

-C:H-CO
sec-C4H
H

H

TIOoMmT SEmmImTmD

ANTIVIRAL AGENTS

TasLe V

7 Bp 300-302° (760 mm).
A Free amine bp 87° (11 mm); n%Dp 1.4738.

Formula
CisHisN
CeHisN
CioHisN
CuHaN
CuH, N -HCI
Ci1:HuN -HCI
C1HyuN-HCI
CH,F;N-HCl
Ci;Hy, N -HCI

-H.0
CiH\sNO
CioHysN - H(Cl

-HCl
-HCl

CIIHQ[N . HC]

ClQHzaN * HC]
CisHa: N -HCI
CisHy; N -HCI
Ci:H;N-HCI
CuHy:N-HCl

Cy;H2eN -HCI
CaHaNO
CiHy»N-HCl
CISHZSNO
CisHy;N-HCI
ClngsN . C4H4O4
CisHaNO

* From 27.

DERIVATIVES OF BieycrLo[2.2.2]00TANE-1-METHYLAMINE

avfovijoviiociiociiosfariiaciiaciiac iVl

CH;
CH,
CH,
CH;

CH;
CH,
CH;
CH,

IO TEOTINITOTESENDTENTIEE

CH,
CH,

X

Ol
| R
v

R

Solvent of
Yield, % crysin Mp. °C
35 a 300-312 dec
41 6 N HCl 241
89 a 284-287
H4 a 258-259
33 a 186.5-190
70 a 248-252
66 a 277-293 dec
30.5 a 258-259 dec
32 a 268-290 dec
62 a 276-277.5
21 a 280-300 dec
79 3N HCl  322-324
72 85-88
78 a 227-227.5
dec
77 CH,CXN 127-127.5
17 a 224-225
47.5 a ¢
42 a 200-308 dec

® Absorption bands of spectra (nmr) were as expected.

Formula
C.H;N-HCl
CioH1sN - HCI
CuHyN-HC1
Ci:Hy N -HC1
CisHuN - HCl
CnHx,N-HCIL
C;;Hy:N-HCL
CiHs: N -HC1
Cl;Hng\. HC]
CH:eF;N-HCl
CioHyjsN -HC
CnHaN HCl
CuHaNO
Ci:HoN -HC

Ci;HyNO

ClaHQgN ‘ HC]
CuHaN-HCl
C.Ho:N-HCI

¢ Sublimes 340-350°.

Analyses

AV A A A

'

, Cl

20000000z
Qi mmmEE T

Ry

a awv

SIS

=T

A A4

nanow

e

mmm o ommo

A AV A A

oXeNoN AoReold

» HCI salt (H. P. Fisher and C. A. Grob, Helv. Chim. Acia, 47, 564
9 Free amine bp 69-71° (10 mm); n%®p

Analyses
N, ¢l
N

scfiericrfieaiigecie: fice e g Yerios R coflc= R s o

N
N

PR~
a

a

s

[oNoXoRe! OOQZOVZOOZOOZOO

Yo

222

(1964))
1.4770;

AV
4.1
3.1
5.1
8.4

Neg

23

Neg

Neg

Neg

Neg

3.0
0.5

2.4

>
- g
w e ®
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CO,H COCH CH,CHNH,-HC1
MeLi 1 HNOHHCY
2 rede
R R R
Va,R=H 42,R=H
Vb, R=CH, 43.R=CH.
OH NH.
CO.R, C(CH ., C(CH,),
MeMgB» 1) NaCN
2; OH~
R R R
VII 48.R=H
49, R=CH,
Reaction of niethvl bicyveln[2.2.2]octane-1-carboxyl
ate and ethyl 4-merhyibicyela[2.2.2]octaie-1-carboxyl-

ate with MeMgBr guve the correspouding e, a-di-
methvl-1-methanals VIL* whieli were converted inta
the  correspanding  a,a-dimethyl-V-forinvibicyvelo-
[2.2.2]octane-T-methvlamines 7a the Ritter reuction
with  NaCN.2' Hyvdroivsis  with base gave the
a,a-dimethylbicyelo[2.2.2 Joctane-l-methylamines 48
and 49 (Table Vi, These syuthesix are outlined in
Scheme 111,

The N-substituted derivatives 45 and 47 (Table V)
of  ad-dimethyvibicyelico[2.2.2]octatie-1-methylamine
(43) were prepared by aevlatian followed by LAH
reductionr.

There have been ~everul reports recently which
suggest that the methvi substituent, acting through
space, may iat exhibit it normal electron-donating
effect, but rather exerts a weak, electron-withdrawing
“field effect.”?? Az has been painted out by Roberts,*

svstems i1 which to studv such subtle effects.  The
svmmetrical, rvigid. vet nearly unstrained  bievelo-
[2.2.2]octane nucleus holds the bridgehead substituents
i a fixed spatial relatiouship, but unlike aromatic
ring svstems provides 1o pathiway for the transniission
of resonauec effeers,

L order ta shed some light on the question of the
electroniegntive methyl group we measured the pk,

of bicvelo[2.2.2]octan-1-amine {8 and its 4-methyl
derivative 9. We alzo measured the pK,'s af bicvelo-
[2.2.2]octane- (Vi) and -oct-2-ene-1-carboxylic acidx

(ITTa) and rheir corresponding +-methyl derivatives
Vb and IIb. The results are presented i Table VI
As can be scett, the effects are extremely =mall, the
methyl group praducing o slight aecid-strengthening
effeet 111 the umine cations and na effect in the carboxyl-
ates. Stoek has recently reported the dissociation
conztants of these ucids i S0¢; (weight) EtOH-H.O.

acid-weakening etfect for the methyl group,* but in

C21 Wt Bachitmante aaed HL1 e cuer (g, Sayn,, 8, 888 Q1055
20T Ritrer and b Kalisin S e Chenic Saen, TO, 4048 (1948).
o1 IKwarCand L1 Miller, oo, 83, 4332 (18611, Iy . wary
and T, Takeslira, i/, 86, 1111 144t e 110 KL Hall, Je, J. Oeg, Cliem,
29, 2135 (1964). (A RO Fore e, apd Poovan Selileyer. Jo Aner. Cheps.
Soey, 86, 194 i 10GH: . e Povan WoSeerer and C0 W Wooillwortl, thiv., 90,

12y

A T Rudeeres anpd WU, Mareoand, 00 T8, 2167 19335,

258 WHITNEY, ol al.

Vol 13

T V]

PHssoriam oy PONsraNTs For Briduia Ab=Nrusrire v

Broverno 222 JocreNe DERvATIVes

VAL = Veon.,
o [
Bicvelo]2.2 2loctan-1-amine ix; 1,22 34
4-Methylbieyveln}2.2. 2 vetan-1-amine 9y i 14 3
Bieyelnl2.2. 2locrane-T-earhoxylic acid (Vai HoOGN R
acid (Vi ot 25
Bievelo] 2.2 2 oet-2-ene- L-carboxylie aeid
11k ol 25
4-Methylbieyeln]2.2.2 0e1-2-eve-1-carhuxylic
acid 1T1h) [ A i

“Determined by D Ho KL Hall using the techimigae deseribed
iy vef 22¢. 4 Detertuined by 500 v v BtOH-H:0 at 25° by Mois,
F. Yousken uxing the procedure described by J. 1) Roberts,
1AL Meldthilly and R Avinstvong, J. Amer. Chen. Soe., 71, 2023
(9491 A Beckmun 101900 Research pH meter, o standard
gla== electrode, and a Beckman 3302 frit-junetion reference eler-
trode were employed.

ening effeet, 2t

Since these effects are very =mull, a more =ensitive
prabe =uch ax the kinetic study recently undertaken
by Sclilever and coworkers® would be desivable in
arder to determine the nature of the field effect pro-
dueed by alkyl substituents.

Antiviral Activity— The antiviral dase,e 1AV
screetl was devised by R. R, Grunerr of this laboratory
toaffer a quantitative camparisan of the antiviral
activity of o =eres af campounds tested at different
times.  The AV dose is the mmount of compound
in milligrams per kilogram of body  weight  which
causes a half-lag t3.2-fold) mcerease i rthe mfecuvity
of n 20-LD: infecting dose of vins for mice. The
test procedure and ealeulations for studies with in-
fluenza virmses were ax follows:  Swixs Webster miee
2432 divs of age were scleeted within o 3-day age
and u 109 weight mnge.  lufeetion wax with 20 LD,
of virnz in 0.05-1l inoculum adminiztered intranas=ally
to mice uuder light ether auesthesin.  Thirty minntes
priar ta wfeetian the mice (n graups af 10) were
treated mtraperitoneally with five twafald graded doses
of test campaund o 0.2 mlb of 5% wnm aeacia- 14
palyvvinyl aleohol-=aline vehicle. A control virus -
tration was made with 20, 10, 5, 2.5, and 1.25 LD <
of virs in niee receiving o comparable 11 injection
of vehicle.  Daily mortahiny was recorded over a 10-day
obxervatian period.  After the 10-day period the daily
martality datn were canverted (o mean snevival dayvs
tAMSD) ax folaws:

MSD = Yift/—13} N, where J equals the nimber
of mice recorded dead an day Jd survivars on dav 10
were caleubated ax dead on day 11) and 2V i~ the number
of mice in the gronp. The nteau =urvival dayv data
were then converted into an antivieal index (AV]D
as follows: AV = (MSD, — MSDy b, where MSD,
i~ the mean simrvival davs of the experimental (treated)
gronp, MSD. ix the theoretical mean =urvival dayvs
of the cantrol graup caleulated from the regression
line of the cantral titration, aud b 1= the <lope af the
regreszion line in the contral titration.

Mg B DO Mtz and Lo AL Scock, Gl 86, G188 cltnid LAY
Makle, WO Paeviste, and Lo ML Soock 600, 89, 5677 (19671,
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From this the AVI; dose was caleulated by regres-
sion analysis of the straight-line portion of the dose-
antiviral index response curve and the results were
expressed as milligrams per kilogram of compound.
The average AVI; confidence limit, calculated from
the regression data and expressed as a 90% confidence
limit factor, was 2.1 (range 1.1-4.0).

The AVIy doses for the bicyclo[2.2.2]octan- and
-oct-2-enamines against influenza A/swine/S-15 are
listed in Tables III, IV, and V. A negative result
indicates an AV of greater than 32 mg/kg.

The AVIy for adamantan-l-amine is 4.6 and was
calculated from results previously reported by us.?

Discussion

The unsaturated cage amines are similar in antiviral
activity to their saturated counterparts. Substitution
on the amino group with alkyl groups decreases anti-
viral activity. Large alkyl groups abolish activity.

is achieved when R = Me (9) and decreases as R
becomes larger or when R = H (8). In the bicyclo-
[2.2.2]octane-1-methyviamines maximal activity is ob-
tained when R = Me (33) or H (32). The presence
of a-alky! groups in the bicyelo[2.2.2]octane-1-methyl-
amine series enhances antiviral activity. The re-
placement of R=2\Me with CF; (15 and 41) abolishes
antiviral activity,

Experimental Section®

Ethyl 6-Methyl-a-pyrone-3-carboxylate (Ib).—To 0.25 mol
of NaOEt in 100 ml of (MeOCH3),0 was added dropwise 54 g
(0.25 mol) of diethyl ethoxymethylenemalonate. The reaction
mixture was heated at reflux while 29.0 g (0.5 mol) of Me,CO
was added dropwise and then for a further 30 min. The reaction
mixture was cooled and poured into 5 N HCI and the produet ex-
tracted into CgHs. The CsHg extracts were washed (aqueous
NaCl) aud councentrated to a red oil. A solution of the oll in 45
ml (49.75 g, 0.63 mol) of AcCl with a catalytic amonnt of DMF
was heated at reflux for 2 hr. The AcCl was removed and the
residue crystallized (EtOH; to afford 20.5 g (459;) of yellow
crystals. One recrystallization (EtOH) gave an analytical sample;
mp 82.5-83.5°; lit.87Tmp 86°; 87°. Anal. (CH104) C, H.

Ethyl 6-Trifluoromethyl-a-pyrone-3-carboxylate (Ih).—Simi-
larly CF;COCH,; and diethyl ethoxymethylenemalonate gave
Thin 109, yield; mp 114-115°. Anal. (CH.F:04) C, H.

Ethy! 4-Methylbicyclo[2.2.2]oct-2-ene-1-carboxylate (IIb).—
Compound Ib (40.0 g, 0.2?2 niol) was heated at 180° under C.H,
at a pressiure of 3000 atm for 7.5 hr.  The prodnet was distilled
to give IIb as a colorlesz oil.

4-Methylbicyclo[2.2.2] oct-2-ene-1-carboxylic acid (IIIb)—
A mixture of 7.5 g (38.6 mnol) of IIb and 193 ml of 2 X" agueons
NaOH was heated at reflux overnight. The solution was cooled
and acidified with HCI to give 4.0 g of colorless solid, nmip 139—
142°.  Oue recrystallization (heptane) afforded IIIb with the
properties given in Table I.

4-Methylbicyclo{2.2.2]octane-1-carboxylic Acid (Vb).—IIb
(35.1 g, 0.18 mol) was hydrogenated in EtOH with Pt-C to vield
32.47 g of crnde saturated ester IV, TUunder conditions nused to
prepare I1Ib, 18.47 g (4.2 numol) of IV above gave 12.45 g of a
colorless solid.  Omne recrystallization (MeNO:) gave Vb with
the propertiex given in Table II.

1-Isopropyl-4-methylbicyclo[2.2.2] oct-2-ene.—a-Terpiliene was

heated to 180° under 100 atm of C:H;. After 10 hr the pres-
sure was raised to 3000 atm for an additional 10 hr. The lignid
was fractionally distilled to vield 80-90% of product, bp 92-94°
(25 mm); n®p 1.4718. Anal. (Cu:Hs) C, H.

(25) Melting points were determined in a Thomas-Hoover capillary melt-
ing pointapparatus and are uncorrected. Where analyses areIndicated only
by symbols of the elements or functions. results obtained for thesz elements
or functions were within #0.4 of tlie tlceoretical values.
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1-Isopropyl-4-methylbicyclo[2.2.2] octane.—A =olution of 1-iso-
propyl-4-methylbicyclo[2.2.2]oct-2-ene in MeOH was hydro-
genated under 3 atm of H, using a PtOs, catalyst.  The product
was filtered and distilled to yield in almost quantitative yield 1-
isopropyl-4-methylbicyclo[2.2.2]octane, bp 88-80° (19 mm);
n¥Dp 1.4666. Anal. (CpH)C, H.

4-Methylbicyclo[2.2.2] octane-1-carboxylic Acid (Vb).—A solu-
tion of 60 g (0.36 mol) of 1-isopropyl-4-methylbicyclo[2.2.2]octane
and 0.3 g of V,05 in 500 g of 709 HNO; aud 200 g of AcOH was
heated o the steam bath for 8 hr. It was cooled aud the crystal-
line precipitate (26 g) recrvstallized (HyO-Me.CO) to yield 15.2
g (25%) of Vb, mp 183-184°. Similar results were obtained
whe a solution of 25 g of the hydrocarbon in 300 ml of 25 HNO,
was heated to reflix for 3 days.

4-n-Propylbicyclo[2.2.2]oct-2-en-1-amine Hydrochloride t3).
—To a solution of 6 g (30.9 mmol) of IT1Id in a mininnun anonnt
of H:0-Me,CO at 0° was added a solution of 5.02 nil 13.63 g,
35.9 mmol) of Et;N 11 87.5 ml of Me:CO., A salution of 3.77 ml
(4.29 g, 39.5 mmol) of CICO.Et in 22.5 ml of Me,CO was added
at 0° over 5 min. The reaction mixture was stirred at 0° for
30 min, and then a solution of 3.04 g (46.7 mniol) of NaNj in
15 ml of HyO was added dropwise over 10 min. String at 0°
was colitiniled for 1 hr and then the reaction mixture poired into
H.O and the prodiict extracted into Et:0. The Et:O extract
was dried (MgSO,) and coucentrated to vield 6.0 g of the car-
boxylic acid azide as a piuk oil. This was dissolved in 25 ml of
CesHsdMe and heated at reflux for ® min, after which time N
evolution had ceased. Evaporation of the Ce¢HsMe gave the
Isocyanate. This was heated at reflux with 45 ml of 6 N HCI
overnight. Cooling the acid solution gave 1.85 g uf 3, as e¢olor-
less erystals, with the properties given in Table II1.

4-Methylbicyclo[2.2.2] oct-2-ene-1-methylamine Hydrochlo-
ride (6).—To a stirred solntion at 0° of 2.47 g 114.9 mmol) of
IITb and 2.42 ml (1.75 g, 17.3 mimol) of Et;N in 70 ml of CHCl,
was added 1.82 ml (2.07 g, 19.0 mmol) of CICO: Et over 5 min.
The reaction mixture was stirred at 0° for 30 min and then treated
with NH; at —10 to 0°.  The solids were renoved by filtration
and the filtrate was concentrated to yield 1.88 g of 4-methylbicyclo-
[2.2.2]oct-2-en1e-1- carboxamide. The amide (1.88 g, 11.4 mmol)
was placed in the cup of Soxhlet extractor and 1.56 g (41 mmol)
of LAH was charged to 150 ml of Et.0 in the flask. The ap-
paratus was operated overuight, and allowed to cool. The excess
LAH was destroyed with H,O and the solids were removed by
filtration and washed with Et,0. The Et.O filtrate was dried
(KOH and then MgSO,) and gassed with HCI to give 1.24 g of
6 as a colorless solid with the properties given in Table II1.
4-t-Butylbieyclo[2.2.2] octan-1-amine Hydrochloride 114).—To
a =tirred mixture of a solution of 14.0 g (67.3 mmol) of I1lg in
193 ml of CHCJ; and 52.5 ml of HsSO, at 50° was added portiou-
wise 7.87 g (0.12 mol) of NaN; over 1 hr. The reaction mixture
was stirred for 2 hr and then poured onto iee. A colorless solid
was renioved by filtration and washed with CHCl;.  The agueous
layer in the filtrate was separated aund washed with CHCl;.  The
combined solid aud aqiieous layer was made strongly basic with
NaOH and extracted with Et;0. The Et.0 extracts, after drying
(NasS0,), were treated with dry HCI to give 6.4 of 14 as a color-
less solid with the properties given in Table IV.

N-Formyl-4-methylbicyclo[2.2.2]octan-1-amine 117)—A 7.8-
g (56 mniol) amount of 9 was heated with 2.88 g (62.6 muol) of
08¢, HCO,H in 500 m] of C¢Hs. The mixture was heated at
reflux allowing the C¢Hs to distil over and the residue wax heated
at reflux for 1 hr.  The residue was then dixtilled at 760 mm to
vield 8.8 g of 17 as a colorless oil with the properties giveu in Table
Iv.

4,N-Dimethylbicyclo[2.2.2] octan-1-amine Hydrochloride (18).
—A THF solution of 8.8 g (52.7 mmol) of 17 was dropped into a
=olution of 3 g (v9 mmol) of LAH in 125 nil of Et,tD at a rate =nf-
ficient to maintain reflux. The mixtire was then stirred over-
night at room temp and heated at reflux for 2 hr. The reaction
was cooled and excess LAH was decomposed with saturated
aqueoils Na:S0,.  The coagnlated solid was removed by filtra-
tion, and the filtrate, A, was dried (NaOH). The solid. B, was
extracted with Et.O in a Soxhlet extractor. The Et.O extract
from this, C, was dried (NaOH). Distillation of Et.0 soliutious
A and C yielded 4.2 g (529;) of amine.

The aniine was dissolved in Et:0 and treased with HCI gas
and the precipitate was recrystallized from /-PrOH-CeHs to
vield 3.8 g of 18 as a colorless solid with the properties given in
Table IV.

N-1sobutyryl-4-methylbicyclo[2.2.2] octan-1-amine 128).—A



260 WHITNEY, ¢f ¢f.

~olution of 7.0 g (30 mumol) of 9 hic 50 ml of C:HN was treated
dropwize with 11 g (0.1 mol) of isaburyryl chloride maintaining
the temperature at les~ than 50° by cooling.  The reaction niix-
tarve was heated reflux for 30 min, cooled, and then poured ontq
ire. Flliratiow gave 9.0 g of product, mp 90-92°. Reerystal-
lization (CyHr gave 28 with the properties given in Tuable IV,
4,V,V-Trimethylbicyclo[2.2.2}octan-1-amine Hydrochloride
1191, A mixture of 13.2 g (95 mmol} of 9, 15 g {0.7 mol} of Mel,
26.2 ¢ 10.31 mol1 of NaHCO,, and 150 ml of MeDH was =tirred
and refluxed far 16 . The =olid =alt, A, that precipitated was
collected and rhe filtvate, B, was evaporated to dryvnesx.  The
residie of 3 and the =olid A were extracted with boiling CHCI.
and the CHCL extract= evaporated ta give 30 g of the gnaternary
<alt,  The =alt was refluxed with 57 g of ethanolamine for 15 min
aud then ponred nte 200 g of ice-H 0. The rvesultant solution
was extracted with Fe.O ina continmons extractor for abont 16 .
The 10 extract wax dried (NaOH) and distilled 1o give 11.2 ¢
ol anine. The amine was dissolved in I3t.t) and treated with
HCT zax and the precipitate recry=tallized from -PrOM-CiH,
to give 12,0 g of 19 with the properties given in Table TV.
\'.V-Dimethyl-4-ethylbicyclo[2.2.2] octan-1-amine Hydrochlo-
ride (201 A mixture of 5.26 g (28.0 mmol) of 10, & mil of 98¢,
HCO, and 5 ml of 374 uqueons HCOH=+t) wax heated i rveflux
ob o steant batl for 15 e After cooling, the mixtnre was made
Lasic with aqaeons NaOH aud extracted with i) and the extraet
dried dCUye Dy HC was passed into the =olution 1o give
6.0 & of precipitate. Recry=tallization (Cilla gave 5.65 ¢ of 20
with the properties given in Tahle TV,
4-Cyclohexylbicyelo{2.2.2}octan-1-amine Hydrochloride (16).

1 ¢ ol 3¢ Ru onaliina, 10 g of NHy, and 100 ml of dioxane
were heated at 225° ander 330 atin of 1 for 1 . Tusolnble
nuterials were ramoved by filtration and the filtrate wax vacnnm
evaporated 1a give a colorless crvstalline =olid.  Recrvstalliza-
ton from agqueons HCT gave 10.72 g of crvxtals. Recrvetalliza-
o Tromt o-BnOH gave 7.5 g of 16 ax colorless crvstals with the
properdies giverciv Table IV,

4-Methylbicyclo[2.2.2] octane-1-carboxamide.—-A =alution of
20 g (O el of Vhin 10 md (16,55 g, 0.139 mol)y of SOCY,
wias refluxed 2 he and then cooled 1o room temp. The excess
SOCH was remaved at redaced pressure, leaving the acid chloride
as a1 hrown oil. The aeid chloride in 100 ml of drv CHCL was
treated with NH. at —10° The =olvemn was vaenum evapo-
rated, and the residue wax dissalved i 100 ml of Cylls. 1n-
=olnhle NFLCT was renwved by filteation and the tilirate concen-
trated 1 vield 3013 @ (100401 of a colorless solid. Recrysial-
lizzaiow (CalleMe ¢ gave an analvtieal =sample, nmp 190-192.5°
Aol (CyWHNOYCOH, N

4-Trifluoromethylbicyclo[2.2.2) octane-1-carboxamide.— (‘om-
poand Vh i6.3g, 28.5 mmol 1was converted into 6.3 g (10077 ) of the
carboxamide n=ag ClCOL0 followed by N1l Recrvstallization
AVOHHL0 Cgave an analviical sample mp 182-183°0 taul.
"(.in”M]'\:h\vt i (', 1. N.

n=4-Dimethylbicyclo[2.2.2] octane-1-methylamine Hydrochlo-
ride (43).— A sulatiom of 27.2 g (0.162 molt of Vb in 600 wl of
THE wes treated ax capidly as possible with 272 nil 10.34 moh

Val. 13

of 1.25 3 Melit in FeoO nnder Av. The reaction mixture was
stivved and heated at veflux overnight. and then prnved hiag 11,00
The organice laver wax =eparated and e aqaeons laver was ex-
tracted several times into 16,0, The 155,00 extracs were dried
1 MESO and vaennm eoncentraced 1a praduce 26.57 1 <9477t
the ketone as a codarless oll; e (1) 1700 et (Caest) o,

NaOH G300 g0 0,75 mol ) wax added portionwise to o =ohuion:
gl 25005 g 10162 ol of the oil and 164 g (0.235 moli of .-
NOI-HCT ne o omiixrre of 1000 ml of O and 15 ml of 1.0
The renctivn nixrare was heated at vetlox for 5 min, eonded, and
thewe poared vt 2.5 N wqueons HCL - The produet was enl-
levted Dy tiliatioae 205770 Recrvstallizaton JtOH : gave au
analvieal <muaple: wp 17241755 tael. (C1LLNO
1. N.

A nuxinre of 2000 g (011 moli of oxinie, 8.8 g (0163wl o)
NaOMe, 2t g of Ha~Ni, and 175 ml of MeOH wus shakeu over-
night, under 33 ama of He according to Resen and Green™ The
cataly=t wax retnved by filtvation and the filtrate was voneen-
teated awder vaennunl, The residne wax dissolved in E1.0. which
wax washed with 110 awd then =atarnred with HCL gas. Evap-
oration of the O gave 1875 g (841 O a colorless xolid. Crasaal-
lization ol 5 N HCU gave 43 with the properties given
Table V.

o.«,4=Trimethylbicyclo[2.2.2}octane-1-methylamine ~ Hydro-
chloride (49).-- A =olntion of 5.0 g (25.5 mnud’ of ethyl 4-methyvi-
bieveln 2.2 2[netane-1-carboxylate in 20 ml of 1910 wax addead
dropwise to 34l 10102 ol of 337 MeMgBr i 1210, The
reaction mixtare was heated at veflax overnight, enoled, and
poared ints tee-eold 2.8 TS, The 1710 layver was separated
and the aquenas layver exinracted several iinmes with 1wty The
I3 extract= were washed with 57, aqueons NaTTCt)y aud then
1100, The Eigt) was dried QIgS0g: avd then vemoved 1o atford
£.5 20077 vof light vellow ervstals: v i Najol 1 3450 e~ (O H &

To a solntion of 4.5 ¢ 247 mal v od the aleohad aod 240 1«
St of NaCN s mib of AeOH wax added dropwisica nix-
e af T g of 1800 and @ ml of AcOH e <ueh an ranve tharabe
temperatie was S0-60°. The reaction mixare was stivved nver-
rght at roont temperainre aldd ponred into Hyt) and die prodina
extracted e g The 15100 was dvied (M g=ROy s and 1he
evapornted 1o vield 484 ¢ (03701 o light-vellaw cevsidss w
iNnjaly 1080 cm CENTIC H =) 0.

A mixire of 4y @ c252 mmol of vhe anide, 17 00,302 mod
of KOMH, and 30 ml of MeDI in o polviner tnbe was shaken m
2207 overdght. The produet was exteacted itdo 1200 and the
extriavied from the combined FsO extrets iido 33 X 35 mi 1,252
moli of 2.4 X HCL The eombined acidic exiracts were made
strongly haste witly 18520 g 045 mol ool NaOH and the prodien
was extriacred inae 1500 The 1210 was dried (KO and then
MeROs v aed teeared with HCU gas 16 give 2,20 ¢ 0457, of 49
ax i enhless sobd, wali the properties given i Table V.
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