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After heating at 100° for 3—4 hr the salt was dissolved in cold
H,0 and washed with Et,O when 55 (7.5 g) sepd as yellow prisms.
It was crystd from EtOH, mp 137-138°. Anal. (CisHisNOs)
C, H, N.

Similarly, condensation of diethyl N-o-tolyldiglycolamidate
(3 g) and diethyl oxalate (1.85 g) gave 56 (1 g) on acidification of
the soln of the Na salt. It was crystd from EtOH, mp 140-141°.
Anal. (CH1sNOs) C, H.

Acknowledgment.—We are grateful to Smith Kline
& French Laboratories, Philadelphia, Pa., for carrying
out the pharmacological testing of the compounds.
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The prophylactic use of 1-aminoadamantane against
Asian influenza in man has been described.! It ap-
peared interesting to determine what other ‘‘cage’”
systems might combine a desirable size and shape with
an unsubstituted amino function to produce structures
having antiiufluenzal activity, The preparation of
derivatives of the birdeage hydrocarbon,? homocubane®
and noradamantane,* has already been reported from
these laboratories. 'We now wish to report the prepara-
tion of amino derivatives of pentacyclo[5.4.0.025.-
021005 *Jundecane-8,11-dione.

This cage system (R; = R, = H) was first prepared
by Cookson and coworkers by the photocyclization of
the Diels~Alder adduet of p-benzoquinone and eyclo-
pentadiene.® In the present study, access to the cage
system with an amino function was acecomplished by
using eyclopentadienes having a carboxyl group at the
appropriate position in a reaction sequence paralleling
that desecribed by Cookson, et al. The resulting cage
acid was converted to the amine in the last step.

To obtain the 3-amino derivative of this system, the
Me ester of a-camphylic acid® was condensed with p-
benzoquinone to give the endo adduct 2a which, upon
uv irradiation in acetone, closed to the saturated di-
ketone 3a. Hydrolysis of 3a with 489, HBr gave the
free carboxylic acid 8b which was converted to the
amine 4a via a modified Curtius reaction.”

Similarly, 8-camphylic acid (1b)® was condensed with
p-benzoquinone to give adduct 2b. Irradiation of 2b
gave the cage acid 3¢ which was characterized as the
Et ester 83d. This (3¢) was converted, v¢a the modified
Curtius reaction, to the amine4b. The possibility that
photolysis of 2a and 2b had resulted in dimerizations
rather than intramolecular cyclization was ruled out by
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determining the molecular weights (mass spectra) of
the condensation products 3a and 3¢.

Biological Activity.—The cage amines and sevcral
of the intermediates described were tested un witro
(plaque inhibition)?® for antiinfluenza activity. The
amines were also tested for activity against influenzal
prneumonitis in mice.®® Compds 2b, 4a, and 4b showed
1o activity in vitro against influenza A (WSN), para-
influenza 1 (Sendai), and influenza A, (Ann Arbor),
but 3a and 3¢ had marginal activity against influenza
A (WSN). Compd 4a showed marginal activity against
influenzal pneumonitiz [influenza A, (Ann Arbor),
well-tolerated dose in mice, 100 mg/kg; increase in
per cent survival, 109;; increase in mean survival days,
1.4 days]. Compd 4b was inactive against both in-
fluenza A; (Ann Arbor) and A; (swine) in mice.

Experimental Section

General.—Irradiation was carried out with a 230-W Hanovia
medium-pressure Hg lamp in Pyrex apparatus. All mp (Thomas-
Hoover apparatus) and bp are uncorrected.

Methyl 1,4,4a,5,8,8a-Hexahydro-4,9,9-trimethyl-5,8-dioxo-1,4-
methanonaphthaléne-1-carboxylate (2a).—Attempts to con-
dense a-camphylic acid with p-benzoquinone returned only un-
reacted starting material. Consequently, the condensation was
carried out using the Me ester. Methyl a-camphylate was prepd
in 859, yield by methylation of a-camphylic acid!! with CH,N..
A soln of 10.8 g (64 mmoles) of methyl a-camphylate and 7.0 g
(64 mmoles) of recrystd p-benzoquinone in 130 ml of CeH¢ was
refluxed in the dark under N, for 22 hr. Upou removal of CsHjs
in wvacuo, the residual oil solidified. The crude product was
crystd from aq MeOH to give 9.48 g (549) of a yellow solid:
mp 110-112°; nmr (CDCly), 0.82 (3 H, s), 1.02 (3 H, s), and
1.35 (3 H, s), CH; groups, 3.22 and 3.95 (2 H as AB quartet,
J = 9 Hz), CeH and Cs.H, 3.87 (1 H, s) OCH;, 5.84 and 6.23
{2 H as AB quartet, J = 6 Hz), C.H and CH, 6.63 (2 H, =}
CeH and C7H Anal (ClengO4) C, H.

4,4,5-Trimethyl-8,11-dioxopentacyclo{5.4.02:£.0%1,05° un-
decane-3-carboxylic Acid (3b).—A soln of 1.9 g (6.94 mmoles) of
adduct 2a in 450 ml of EtOAc was irradiated for 24 hr under
N, The colorless soln was concd in vacuo to a small vol to give
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1.2 g (63%) of ester 3a as a white solid. A sample was recrystd
from EtOAc-petr ether for anal.: mp 121-123°; ir, 5.65 (CO),
5.75 u (COOCH;). The conjugated double bond peak at 6.2
u, present in the starting material, had disappeared upon closure
to the cage system: nmr (CDCL), 0.95 (6 H, s), Ci; (CH;),,
1.05 (3 H, s), CsCHs, 2.5-3.2 (6 H, m), (CH),, 3.71 (3 H, s),
OCHj;; gle (column temp 250°), one peak; mol wt, mass spec-
trum m/e 274, caled for C1eH 1504 274.3. Anal. (CiHisOy) C, H.
The hydrolysis was carried out by heating 11.0 g (40 mmoles)
of ester 3a in 95 ml of 489, HBr on a steam bath for 0.5 hr. The
amber-colored soln was poured into 150 g of ice, and acid 3b
sepd as a white solid (7.5 g, 72%). Recrystn from EtOAc-
petr ether gave an anal. sample: mp 228-230°; ir 2.98 broad
(OH), 5.78 (CO), and 5.85 u (COOH); uv, Amax 286 (¢ 37). After
drying at 160°, in vacuo, Anal. (Ci:H1404) C, H.

3-Amino-4,4,5-trimethylpentacyclo[5.4.0.02€.0% 19,059 un-
decane-8,11-dione -HCI (4a).—The usual Curtius procedure was
modified since the isocyanate which formed in the reaction could
not be efficiently hydrolyzed with refluxing HCIl in toluene or
with HClin THF. Acid 3b (1 g, 3.6 mmoles) was added to 5 ml
of SOCl,. After spontaneous reaction at room temp, the soln
was heated on a steam bath for 45 min. Excess SOCl; was re-
moved in vacuo, and the residue was dissolved in 7 ml of Me,CO.
A soln of 4.5 g (69 mmoles) of NaN; in 2.5 ml of H,0 was added
dropwise to the acid chloride-Me,CO soln at —5°. After being
stirred for 15 min, the mixt was poured on ice and extd with tolu-
ene (ir spectrum of the crude product showed the azide peak at
4.7 u). The dried PhMe soln of the azide was heated on a steam
bath with 45 ml of F;CCO.H and 7 ml of H,O for 45 min and then
evapd to dryness. The residue, which crystd, was triturated
with THF to give 0.48 g (389,) of the amine as the trifluoro-
acetate salt.

A soln of 1.9 g (5.5 mmoles) of the amine trifluoroacetate was
dissolved in hot H;O and the pH was adjusted to 11 with 3%,
NaOH. Extn with CHCl, gave 0.9 g (75%,) of the crude amine,
which was converted via ethereal HCl to the amine-HCI 4a
(0.9 g, 65%). Purification was carried out by converting the
crude hydrochloride to the free amine and repptg it as the HCI
salt, mp 250° dec. This amine shows a great tendency to hy-
drate. Anhyd material could not be prepd by drying at 77°
tn vacuo. Finally the sample was equilibrated in air at room
temp prior to anal.: ir, 3.00 (OH) and 5.71 u (CO); nmr, (D;0-
DCl) 0.90 (6 H, s), (CHs),, 1.07 (3 H, s), Cs-CH;, 2,5-3.4 (6 H,
m), (CH).. Anal. (C,HiCINO,;-H;0)C, H, Cl, N.

1,4,4a,5,8,8a-Hexahydro-1,9,9-trimethyl-5,8-dioxo-1,4-meth-
anonaphthalene-2-carboxylic Acid (2b).—A soln of 10.0 g (65
mmoles) of g-camphylic acid (1b) and 6.5 g (61 mmoles) of re-
crystd p-benzoquinone in 110 ml of C¢Hs was allowed to react
according to the procedure for 2a to give 9.5 g (68%) of 2b, mp
207-209° dec. An anal. sample was prepd by recrystn from
EtOAc—petr ether (charcoal): mp 207.5-209° dec; nmr (CFy
COOH), 1.00 (3 H, s), 1.10 (3 H, s), 1.58 (3 H, s), CH; groups,
3.33-3.60 (2 H, m), Ci, and Cs(CH), 3.8-4.1 (1 H, m), C,H,
6.96 (2 H,s), Cyand C; (CH), 7.37 (1 H, d), C;H. Anal. (Ci-
H,:0.) C, H.

3,4,4-Trimethyl-8,11-dioxopentacyclo[5.4.0.02:6,0% ,05.*]unde-
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cane-2-carboxylic Acid (3c).—A soln of 2.0 g (7.6 mmoles)
of the B-camphylic acid—p-benzoquinone adduct 2b and 450
ml of EtOAc was irradiated according to the procedure for 8b
to give 2.0 g of cage acid 3c as a white solid. In contrast to
a-camphylic acid, the 8 isomer readily condensed with p-benzo-
quinone as the free acid. A sample was sublimed at 175° (0.05
mm). It did not melt or decompose at 250°. TUpon exposure
to air, the acid was partially hydrated: ir, 2.97 x and 3.06 (OH),
3.70 (CO), 5.90 u (COOH). The anhyd product was obtd by
drying at 77° in vacuo over PyOs: ir, at 5.63, 5.75 (CO), and 5.88
(COOH). The ease of hydration in this type of cage system has
also been observed by Cookson and coworkers:!?2 nmr (CDCly),
1.04 (6 H, s), Cu1 (CH;),, 1.12 (3 H, s) Ce-CH;, 2.0-4.0 (6 H,
m) (CH),, 9.72, COOH; mol wt, mass spectrum m/e 260, caled
fOI‘ 015H1504, 260.3.

Because this acid hydrates readily, it could not be analyzed
satisfactorily. Instead, it was characterized as its Et ester
which appeared to be less prone to hydration. In this case, a
soln of 0.52 g (2 mmoles) of acid 3¢ in 9 ml of THF was cooled to
0°, and 0.4 ml (3.9 mmoles) of Et;N was added dropwise, fol-
lowed by 0,22 g (2 mmoles) of ethyl chloroformate. This reac-~
tion mixt was stirred 15 min at 0° and filtered. EtOH (0.1
ml, 0.09 g) was added to the filtrate, and this mixt was stirred
at room temp for 43 min. It was coned to an oil which, upon
trituration with EtOAc-petr ether, gave 3d as a white solid.
Recrystn from the same solvent {charcoal) gave an anal. sample,
2575"25950 Anal (Cl7H2004) C, H

2-Amino-3,4,4-trimethylpentacyclo(5.4.0.02:%,0%.19,0>?]undecan-
8,11-dione -HCl (4b).—A soln of 11.8 g (45 mmoles) of acid 3¢
in 40 ml of THF was cooled to 0~5° and 4.6 g (46 mmoles) of
Et;N was added dropwise with stirring followed by 4.8 g (46
mmoles) of ethyl chloroformate and 6.0 g (92 mmoles) of NaN;
in 16 ml of H:O. The mixt was worked up according to the pro-
cedure for4a to a brown oil which crystd on standing. Recrystn
from EtOAc—petr ether gave 6.5 g (409;) of purified amine 4b
as the trifluoroacetate, mp 153-155°. The free amine is water
sol and could not be extd by organic solvents. Consequently,
an aq soln of the trifluoroacetate was stirred with a strong base
anion-exchange resin (Rexyn 201-OH) and then evapd to give
the free amine as an oily solid. The amine was converted to its
solid HCI salt with ethereal HCl. Recrystn from {-PrOH-
petr ether gave 1.8 g-(15.09,) of the purified amine-HCl, mp
206-209° dec. Gle (column temp 230°) of the free amine gave
one peak. Tlc of the amine-HCI (silica gel, MeOH-C:H,, 3:1,
and contg a drop of ethereal HCI) showed only 1 spot: ir, 2.85
and 2.90 (NH), 5.65 and 5.80 u (CO); nmr (D,0-DCl), 0.95
(3H,s)CH;, 1.13 (6 H, s) (CHs)s, 2.2-3.2 (6 H, m) (CH)s. Anal.
(CHiCINO:) C, H, C|, N.
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