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will be reported in due course as will the utility of 2 in organic
synthesis.

Experimental Section

Melting points were determined on a Fischer—Johns melting point
apparatus and are corrected. Spectral data was collected as follows:
IR, Perkin-Elmer 435B (KBr); NMR, CDClg; Me,Si reference (6 0.00),
Varian T-680; mass spectra, Hitachi Perkin-Elmer RMU-6E. The mass
spectra were kindly provided by Dr. J. D. Willett of the University
of Idaho, Moscow, Idaho. Microanalyses were performed under the
supervision of Mr. Mike Gilles in the Michigan Technological Uni-
versity microanalytical laboratory.

General Procedure for the Preparation of 2. Equimolar
amounts of 1a and mercuric trifluoroacetate were mixed, under Ny,
in dichloromethane (5 mL/mmol) and stirred at room temperature
for 2 h. The reaction was then quenched slowly {frothing) with excess
alkaline (2 M NaOH) 2 M NaBH, solution. The mixture was filtered
and the organic phase was washed with water. The dried (MgSO,)
organic layer was rotary evaporated to yield the products listed in
Table I as colorless crystalline solids.
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There has been considerable interest recently in pentacy-
clopropellanes wherein two propellane units share a common
cyclobutane ring from theoretical and synthetic viewpoints.!
Within this class of highly strained compounds, those con-
stituted of large carbocyclic rings fused to the cyclobutane ring
are expected to show unusual chemical and physical properties
as a consequence of significantly repulsive nonbonded inter-
action of hydrogens between two kinds of carbocyclic rings
facing each other. In this connection, we present here the
synthesis of highly congested pentacyclopropellanes as a part
of studies on the synthesis of sterically crowded polycyclic
propellanes.?

For the purpose of building up such pentacyclic skeleton,
photocyclodimerization of bicyclic cyclopentenones 1-4 was
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Figure 1. Molecular structure of 5.

attempted, because we have already found that these enones
are very reactive toward photocycloaddition to monocyclic
olefins.? When a 0.5 M solution of enone 4 in ethyl ether was
irradiated, crystalline cyclodimer (5) (mp 271-272 °C) was
obtained in 42% yield (¢ = 0.041) along with small amounts
of its isomer (8) (5.3%, mp 253-254 °C) and bicyclo[6.3.0]-
undecan-9-one (9.6%). Absence of olefinic absorption in 1H
NMR, 13C NMR, and IR spectra of 5 and 6 suggests that these
are cyclodimers of 4. Configuration around cyclobutane of the
major cyclodimer 5 was established to be anti-head-to-tail by
X-ray crystallographic study (Figure 1).% On the other hand,
in the cases of enones 1-3, consumption of enones was very
slow and small amounts (15-19%) of the corresponding satu-
rated ketones were obtained as the only product identified
without any formation of cyclodimers.

It is significant that reactivity of bicyclic cyclopentenones
toward photocyclodimerization is principally governed by the
degree of flexibility of alicyclic rings fused to the double bond
of cyclopentenone.* We have already found on the basis of the
spectroscopic data of 1-4 that flexibility of the fused alicyclic
rings has no significant effect on the nature of their excited
triplet states,?® which are the reactive species for photocy-
clodimerization.5 Consequently, the observed distinction in
reactivity between 1--3 and 4 is interpreted in terms of the
steric effects of alicyclic rings fused to the double bond of
cyclopentenone in 1,4-diradical intermediates derived from
one-bond formation between excited and ground state enones
as well as the case of photocycloaddition of 1-4 to cyclohex-
ene.2b Namely, in the cases of 1-3, having cyclopentene, cy-
clohexene, and cycloheptene ring, respectively, second bond
formation by radical coupling in the 1,4-diradical interme-
diates is markedly depressed owing to large nonbonded in-
teraction of hydrogens facing each other between alicyclic ring
methylenes. On the other hand, such nonbonded interaction
in the case of 4 is smaller than those in the above cases because
of large flexibility of cvclooctene ring, and, therefore, second
bond formation occurs readily to afford the cyclodimers ef-
fectively. But in the cases of higher bicyclic cyclopentenones,
containing more flexible rings than cyclooctene such as cy-
clononene and cyclodecene, intramolecular hydrogen ab-
straction took place exclusively and, as a result, cyclodimer
was not formed.®

Pentacyclopropellanone (10) was, moreover, synthesized
by cross photocycloaddition of enone 4 to bicyclo[6.3.0]-
undec-1(8)-ene (11). Irradiation of 4 with twofold excess of
11 in ethyl ether gave 10 in 65% yield (® = 0.085) as a sole cy-
cloadduct. Configuration around cyclobutane of 10 was con-
firmed by its identity with the compound prepared by the
stepwise reduction of 5 as shown in Scheme I. Treatment of
5 with a large excess of lithium aluminum hydride gave
monoalcohol (7) in 94% yield.” 7 was treated with methane-
sulfonyl chloride in pyridine to afford methane sulfonate (8)
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in 95% yield, which was heated with 1,8-diazabicyclo[5.4.0]-
undec-7-ene in dimethyl sulfoxide to give olefin (9) in 17%
yield. Hydrogenation of 9 over platinum dioxide catalyst af-
forded 10 in 94% yield. High reactivity of 4 toward cross cy-
cloaddition to 11 is similarly interpreted in terms of large
flexibility of cyclooctene ring in 4 and 11.

Unlike a variety of tetracyclopropellanones reported pre-
viously,? the present highly congested compounds, 5 and 10,
and their derivatives might be expected to show unusual
chemical and physical properties owing to the nonbonded
interaction of hydrogens between rings facing each other.
Work on this subject is now being undertaken.

Experimental Section®

Irradiation of Enones 1, 2, and 3 in Ether. Enones 1,2 2,'° and 3!t
in ether (0.4-0.5 M) were irradiated for 30-100 h. During irradiation
no precipitate was formed and the color of the solution gradually
turned brown. After removal of the ether, the brown residue was
distilled under reduced pressure and the distillate was analyzed by
GLC to show the presence of unreacted enones (conversion ~30%)
and the corresponding saturated ketones (15-19% yields).

Irradiation of Enone 4 in Ether. Enone 4 (9.6 g, 58.5 mmol) in
100 mL of ether was irradiated for 150 h. During irradiation white
precipitate formed was collected at appropriate intervals to afford
3.1 g of a mixture of dimer 5 and 6. The ether was removed from the
filtrate and the residue was distilled under reduced pressure. GLC
analysis of the distillate showed the presence of 4 (conversion 65%)
and bicyclo[6.3.0]undecan-9-one (9.6%). Cyclodimers 5 and 6 were
isolated by chromatography on silica gel and elution with benzene first
gave 2.6 g (42%) of 5 and then 0.32 g (5.3%) of 6. 5: mp 271-272 °C from
dioxane; IR (KBr) 1700 em~!; MS m/e 165 (M*/2 + 1); 1H NMR
(CDCly) 6 0.65-2.65 (m); 13C NMR (CDCl3) 6 21.90 (t), 24.95, 25.21,
26.12, 30.54 (t), 39.31 (t), 49.25 (s), 59.58 (s), 222.34 (s);12 UV (CHCls)
Amax 304 nm (e 72.7). Anal. Caled for CooHg009: C, 80.44; H, 9.83.
Found: C, 80.55; H, 10.10. The structure of 5 was determined by the
X-ray analysis. 6: mp 253-254 °C from THF; IR (KBr) 1710 cm™1; MS
m/e 165 (M*/2 + 1); 1H NMR (CDCls) 6 0.60-2.60 (m); 13C NMR
(CDCly) 6 22.55, 24.30, 24.62, 24.95, 25.73, 26.05, 31.38 (t), 39.24 (),
49.83 (s), 56.40 (s), 219.74 (s); UV (CHCla) Amax 320 nm (e 154). Anal.
Caled for CooHgo04: C, 80.44; H, 9.83. Found: C, 80.19; H, 9.88.

Pentacyclopropellanone (10). (a) By Photocycloaddition of
Enone 4 to Olefin 11. Enone 4 (0.820 g, 5.00 mmol) and 1.50 g (10.0
mmol) of olefin 11 in 10 mL of ether was irradiated for 25 h. The white
solid formed was filtered (0.667 g) and the filtrate was concentrated
and chromatographed on silica gel. Elution with petroleum ether af-
forded unreacted 11, petroleum ether-benzene (1:1) additional 10
(0.17 g, total yield 65%), petroleum ether-benzene (1:4) bicy-
clo[6.3.0]undecan-9-one (0.029 g, 4.2%), and benzene-ether (9:1)
unreacted 4 (0.144 g, conversion; 82.4%). An analytical sample of 10
was obtained by recrystallization from THF-methanol: mp 223-225
°C; IR (KBr) 1700 cm™!; MS m/e 314 (M™), 185, 150; 'H NMR
(CDClg) 6 0.60-2.75 (m); UV (CHCl3) Amax 304 nm (¢ 49.8). Anal. Caled
for CaoH340: C, 84.01; H, 10.90. Found: C, 83.81; H, 11.02.

(b) By Reduction of 5. 5 (0.656 g, 2.00 mmol) in 100 mL of THF
was added dropwise to a suspension of 0.76 g (20 mmol) of LiAlH4 in
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100 mL of THF, and the reaction mixture was refluxed for 20 h. The
excess hydride was decomposed by water and the organic layer was
washed with dilute hydrochloric acid and saturated sodium chloride
solution and then dried (NaxSO4). Evaporation of the solvent gave
0.62 g (94%) of white solid which was recrystallized from THF-
methanol to give 7: mp 237-238 °C; IR (KBr) 3550, 1700, 1075 cm™1;
MS m/e 330 (M), 165, 149; 1H NMR (pyridine-ds) 6 0.70-2.80 (m,
32 H), 4.72 (q, 1 H), 6.05 (broad s, 1 H). Anal. Caled for CogH3z404: C,
79.95; H, 10.37. Found: C, 79.89; H, 10.40.

To a solution of 0.360 g (1.09 mmol) of 7 in 20 mL of pyridine was
added dropwise 0.57 g (5.0 mmol) of methanesulfonyl chloride and
the solution was stirred at room temperature for 20 h. The solution
was diluted with 150 mL of water and extracted with THF. The or-
ganic layer was washed with saturated sodium chloride solution and
dried (NagS0Oy). Evaporation of the solvent and trituration with ether
gave 0.42 g (95%) of pale yellow solid which was recrystallized from
THF-petroleum ether to give 8: mp 155-156 °C with decomposition;
IR (KBr) 1700, 1320, 1160 cm™!. Anal. Calcd for Co3Hag04S: C, 67.61;
H, 8.88; S, 7.85. Found: C, 67.23; H, 9.01; S, 7.85.

To a solution of 0.427 g {1.05 mmol) of 8 in 40 mL of dimethyl
sulfoxide was added dropwise 0.38 g (2.5 mmol) of 1,8-
diazabicyclo[5.4.0lundec-7-ene and the solution was heated with
stirring at 100-110 °C for 45 h. The solution was diluted with 200 mL
of water and extracted with THF. The organic layer was washed with
dilute hydrochloric acid and saturated sodium chloride solution and
then dried (NaxSQy). Evaporation of the solvent gave brown residue,
which was chromatographed on silica gel. Elution with petroleum
ether—-benzene (1:1) gave 0.052 g (17%) of 9: mp 191-193 °C from
THF-methanol; IR (KBr) 3030, 1700, 720 em~!; MS m/e 165 (M+ —
C11Hy7); TH NMR (CDCl3) 6 0.80-2.60 (m, 30 H), 5.50-5.80 (m, 2 H);
UV (CHCl3) Agax 304 nm (e 43.6). Anal. Caled for C9oH350: C, 84.56;
H, 10.32. Found: C, 84.34; H, 10.51.

9 (0.102 g, 0.33 mmol) in 80 mL of acetic acid was hydrogenated with
PtOg in the presence of hydrogen under atmospheric pressure. The
catalyst was filtered off and the filtrate was diluted with 150 mL of
water and extracted with chloroform. The organic layer was washed
with dilute sodium carbonate solution and water. Evaporation of the
solvent gave 0.098 g (94%) of white solid which was recrystallized from
THF-methanol to give 10. This material was identical with the sample
synthesized by cross photocycloaddition of 4 to 11 (JR and melting
point).

Bicyclo[6.3.0Jundec-1(8)-ene (11). Olefin 11 was prepared ac-
cording to the method of Ohloff et al.,!3 namely hydrogenation of
enone 4 with Raney nickel in the presence of hydrogen at atmospheric
pressure in 1% methanolic sodium hydroxide gave a mixture of sat-
urated alcohols (90%), which was dehydroxylated with p-toluene-
sulfonic acid in boiling toluene to afford a mixture of olefins (78%).
This mixture contains ~5% of undesired bicyclo[6.3.0]undec-1(2)-ene.
Purification of 11 was carried out through hydroboration-oxidation
(60%) according to the procedure of Benkeser et al.1* GLC and NMR
analysis showed 11 thus prepared was >99% pure. 11: bp 88-90 °C (15
mmHg); IR (neat) 2900, 1440 cm~1; MS m/e 150 (M*); 'H NMR
(CCly) 6 1.30-2.45 (m). Anal. Caled for C1Hya: C, 87.92; H, 12.08.
Found: C, 87.55; H, 12.04.

Registry No.-—!, 10515-92-1; 2, 22118-00-9; 3, 769-32-4; 4,
38262-50-9; 5, 66921-98-0; 6, 67009-06-7; 7, 66922-00-7; 8, 66922-01-8;
9, 66921-99-1; 10, 66922-02-9; 11, 25107-10-2; bicyclo[6.3.0]unde-
can-9-one, 40696-12-6; bicyclo(6.3.0]lundec-1(2)-ene, 66922-03-0.
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Our work on the total synthesis of 2-azasteroids necessitated
the development of a synthesis of 7-aza-6-methoxy-1-tetralone
(1).! While this compound has been successfully utilized for
the preparation of 2-azaestrone derivatives, its potential as
a precursor for the preparation of other biologically interesting
molecules was apparent. We would now like to report on the
use of this material for the facile preparation of (3-methoxy-
isoquinol-7-yl)acetic acids.2 Previous syntheses of the car-
bocyclic analogues of this system have employed the Wilger-
odt-Kindler reaction?® on the appropriately substituted 2-
acylnaphthalene,? or high temperature catalytic dehrogena-
tion of the dihydro derivatives produced from tetralones.* In
contrast to the rather severe conditions of these methods, the
approach described herein proceeds under mild conditions
and provides a method of general utility for the synthesis of
a variety of systems related to 6.

Treatment of the azatetralone 1 with glyoxylic acid mono-
hydrate in aqueous alcoholic hydroxide solution® afforded the
unsaturated acid 2.6 Following esterification to the methyl
ester, sodium borohydride reduction of the ketone 3 provided
the conjugated hydroxyester 4. This ester 4 could then be
conveniently converted to the isoquinoline system (6) by de-
conjugation with 2 equiv of lithium diisopropylamide (LDA)7
and subsequent dehydration of the allylic alcohol 5 with acetic
acid at room temperature. It was originally thought that the
intermediate 7 generated from LDA treatment might be
susceptible to side-chain alkylation during the isomerization
process and provided 8 in essentially a single-pot process from

CH,

CO,CH,
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