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39.7, 55.3, 62.7, 81.1, 122.7, 123.9.

(3R ,4S)- and (35,4S)-(E)-Methyl 3-Hydroxy-10-methyl-
2-methylene-4-(methoxymethoxy)hexadec-9-enoate (24). To
a solution of diisopropylamine (2.78 mL, 7.07 mmol) in Et,0 (5
ml) was dropwise added a 1 M n-hexane solution of n-BuLi (4.53
mL, 6.8 mmol) at 0 °C. After 20 min the reaction was cooled to
-78 °C and methy! 8-(dimethylamino) propionate (0.736 mL, 6.8
mmol) was added. After 30 min (25)-19 (0.772 g, 2.72 mmol) was
added. After a further 10 min the reaction was treated with
saturated aqueous NH,Cl, extracted with Et,0O, dried, and
evaporated to dryness. The crude product was dissolved in MeOH
(10 mL) and K,CO; (1.87 g, 13.6 mmol) and Mel (1.5 mL, 21.7
mmol) were added. After 3 h the mixture was filtered and the
filtrate was worked up as described for 20. The crude was purified
by chromatography (n-hexane/AcOEt 9/1). Oil, 40%. IR
(CHCly): 3500, 2910, 2830, 1705, 1430 cm™, 'H NMR (CDCl,):
0.87 (t, J = 9 Hz, 3 H), 1.15-1.68 (m, 1 H), 1.57 (s, 3 H), 1.9 (bt,
J = 9 Hz, 4 H), 3.04 (bs, exchangeable, 1 H), 3.35 (s, 0.22 H, syn),
3.4 (s, 0.78 H, anti), 3.69-3.86 (m, 4 H), 4.6-4.8 (m, 3 H), 5.09 (bt,
J =7Hz, 1 H), 584 (s, 0.22 H), 5.96 (s, 0.78 H), 6.64 (s, 0.22 H),
6.7 (s, 0.78 H).

The following compounds were synthesized analogously to the
above reported corresponding tert-butyl ester derivatives.

(+)-(3R,485)-(E)-Methyl 3-[(Methylsulfonyl)oxy]-10-
methyl-2-methylene-4-(methoxymethoxy)hexadec-9-enoate
(28). Oil, (568% anti + syn, 45% anti). IR (CHCl;): 2900, 2820,
1705, 1340, 1155. 'H NMR (CDCly): 0.87 (bt, 3 H), 1.03-2.1 (m,
18 H), 1.55 (s, 3 H), 3.08 (s, 3 H), 3.42 (s, 3 H), 3.7-3.98 (m, 4 H),
4.75 (AB system, J = 6.7 Hz, 2 H), 5.07 (bt, J = 7 Hz, 1 H), 5.65
(m, 1 H), 6.10 (m, 1 H), 6.40 (m, 1 H). [«]®p +24° (¢ 1.025, CHCl,).

(+)-(3R,45)-(E)-Methyl 4-Hydroxy-10-methyl-2-
methylene-3-[ (methylsulfonyl)oxylhexadec-9-enoate (26). Oil
(30%). Anal. Found: C, 59.35; H, 9.0. Caled for C;yH3SOg: C,
59.38; H, 9.0. IR (CHCly): 3400, 2920, 2840, 1720, 1350, 1170,
960 cm™l. 'H NMR (CDCl,): 0.86 (bs, 3 H), 1.05-2.15 (m, 22 H),
3.03 (s, 3 H), 3.80 (s, 3 H), 3.85-4.10 (m, 1 H), 5.07 (bt, J = 6.7
Hz, 1 H), 5.45 (d, J = 4 Hz, 1 H), 6.1 (s, 1 H), 6.52 (s, 1 H). [a]®p
+12° (¢ 0.53, CHCly).

(+)-(35,4S)-(E)-Methyl 3,4-Epoxy-10-methyl-2-
methylenehexadec-9-enoate (1, R = Me) (Conocandin methyl
ester). Oil (25%). Anal. Found: C, 74.00; H, 10.40. Calcd for
CyoHyOs C,73.98; H, 10.46. IR (CHCly): 2900, 2820, 1710, 1420,
1265, 1130 cm™. 'H NMR (CDCl;): 0.88 (bt, 3 H), 1.0-2.1 (m,
21 H), 2.57-2.80 (m, 1 H), 3.4-3.52 (m, 1 H), 3.8 (s, 3 H), 5.1 (bt,
J=86.9Hz,1H),5.75(dd, J;4 = 1.6 Hz, 1 H), 6.2 (d, J = 1.6 Hz,
1 H). [a]® +4.2° (c 0.3, CHCl,).

Preparation of (+)-(35,45)-1 (R = Me) Starting from
Natural Conocandin. To a solution of (+)-(35,45)-1 (R = H)
(10 mg, 0.034 mmol) in CHCl, (1 mL) was added a 1 M CH,N,
ethereal solution at —70 °C until the reaction remained pale yellow.
Evaporation under reducd pressure gave pure (+)-(35,45)-1 (R
= Me); quantitative. Spectroscopical data as well as sign and value
of rotation were identical with those obtained from the previous
preparation.
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The dihydroxycyclopentenones 1 and 2 were synthesized enantiomerically pure from D-ribonolactone and
D-mannose, respectively. The synthesis involves the conversion of these carbohydrates to erythruronolactones,
which are subsequently converted to the desired dihydroxycyclopentenones in good yields. The dihydroxy-
cyclopentenone 1 was then used to synthesize analogues of neplanocin A.

Neplanocin A (NpcA, (-)-9-[trans-2’,trans-3’-di-
hydroxy-4’-(hydroxymethyl)cyclopent-4’-enyl]adenine) is
a carbocyclic analogue of adenosine, which has been shown
to possess both antitumor and antiviral activity.'® The
antitumor activity (cytotoxicity) of NpcA is believed to be
mediated through the formation of NpcA nucleotides,

*Department of Pharmaceutical Chemistry.

0022-3263/87/1952-5457$01.50/0

catalyzed by adenosine kinase, which selectively inhibit
RNA synthesis.* NpcA'’s antiviral activity has been cor-

(1) Hayashi, S.; Yaginuma, S.; Muto, N.; Tsujino, N. Nucleic Acid Res.
Symp. Ser. 1980, 8, 65.

(2) Yaginuma, S.; Muto, N.; Tsujino, M.; Sudata, Y.; Hayashi, M.;
Otani, M. J. Antibiot, 1981, 34, 359.

(3) De Clercq, E. Antimicrob. Agents Chemother. 1985, 28, 84.

(4) Glazer, R. I.; Knode, M. J. Biol. Chem. 1984, 259, 12964.
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related with the inhibition of S-adenosylhomocysteine
(AdoHcy) hydrolase and subsequent perturbation of viral
mRNA methylation.>$

NH;

N(|N>

N

NpcA

In our continuing efforts to design and synthesize more
selective and less cytotoxic inhibitors of AdoHcy hydrolase,
we have synthesized the following analogues of NpcA:
(<)-9-[trans-2 trans-3’-dihydroxycyclopent-4’-enyl]adenine
(14) and (-)-9-[trans-2’,trans-3’-dihydroxycyclopent-4’-
enyl]-3-deazaadenine (15) (Scheme IV). These analogues
have been shown to be selective and potent inhibitors of
bovine liver and mouse L-929 cell AdoHcy hydrolase.”®
These analogues also displayed good antiviral activity with
significantly reduced cytotoxicity.? The approach in de-
signing these analogues was to remove the 4’-hydroxy-
methyl group of NpcA, which should reduce the substrate
activity for adenosine kinase. In order to synthesize these
analogues, we needed the (-)-dihydroxycyclopentenone 1
(Scheme II) in enantiomerically pure form.

There are few stereoselective procedures for the syn-
thesis of optically pure hydroxylated cyclopentenones,%-12

(5) Borchardt, R. T.; Keller, B. T.; Patel-Thrombre, U. J. Biol. Chem.
1984, 259, 4353.

(6) De Clercq, E.; Cools, M. Biochem. Biophys. Res. Commun. 1985,
129, 306.

(7) Narayanan, S. R.; Keller, B. T.; Borcherding, D. R.; Scholtz, S. A,;
Borchardt, R. T\, submitted for publication in J. Med. Chem.

(8) Hasobe, M.; McKee, J. G.; Borcherding, D. R.; Keller, B. T.; Bor-
chardt, R. T., accepted for publication in Mol. Pharmacol.

(9) Hasobe, M.; McKee, J. G.; Borcherding, D. R.; Borchardt, R. T.
Antimicrob. Agents Chemother., in press.

(10) (a) Noyori, R. Pure Appl. Chem. 1981, 53, 2315. (b) Noroyi, R.;
Tomino, I.; Yamada, M.; Nishizawa, M. J. Am. Chem. Soc. 1984, 106,
6717. (c) Verheyden, J. P. H.; Richardson, A. C.; Bhatt, R. S.; Grant, B.
D.; Fitch, W. L.; Moffatt, J. C. Pure Appl. Chem. 1978, 50, 1363.

(11) (a) Bestmann, H. J.; Moenius, T. Angew. Chem., Int. Ed. Engl.
1986, 25, 994. (b) Ohrui, H.; Konno, M.; Meguro, H. Agric. Biol. Chem.
1987, 51, 625.

(12) Lim, M. i.; Marquez, V. E. Tetrahedron Lett. 1983, 24, 5559,

and many other procedures require that the cyclo-
pentenones, at some point, be resolved into enantiom-
ers.15  We report here the synthesis of enantiomerically
pure (-)-dihydroxycyclopentenone 1 from the inexpensive
sugar lactone D-ribonolactone (Scheme II). The di-
hydroxycyclopentenone 1 has then been used to synthesize
the two NpcA analogues (Scheme IV; compounds 14 and
15). The synthesis of the (+)-dihydroxycyclopentenone
2 from D-mannose will also be described (Scheme III).

Results and Dicussion

It appeared to us that the uronolactone (Scheme I)
would be an ideal intermediate for the synthesis of cyclic
enones containing chiral centers. Since the uronolactone
has two carbonyl functional groups, protection of this
compound as the glycoside could allow for the selective
attack at the lactone carbonyl group with lithium dimethyl
methylphosphonate. Dimethyl methylphosphonate has
been used in steriod synthesis to form simple five- and
six-membered cycloalkenones from enol lactones.’® The
attack by lithium dimethyl methylphosphonate would
result in the opening of the lactone ring and the elimina-
tion of alkoxide, giving an acyclic intermediate. This in-
termediate would then undergo base-promoted cyclization
to the cyclopentenone by the alkoxide generated in situ.

The (-)-dihydroxycyclopentenone 1 (Scheme II) was
synthesized with the L-erythruronolactone 4 as the starting
material, which was synthesized from D-ribonolactone by
using the procedure of Beer et al.'? Compound 4 was
converted to the L-glycoside 5 by refluxing it in 2-propanol
with a catalytic amount of pyridinium p-toluenesulfonate
(10 mol %) for 1.5 h. The glycoside 5 was then reacted
with lithium dimethyl methylphosphonate at -78 °C to
yield the optically active (-)-dihydroxycyclopentenone 1
in 65% overall yield.

The opposite enantiomer 2 (Scheme III) was synthesized
from D-mannose (6) by converting it to the lactone 8.1¢
The selective deprotection of 7a using a Dowex 50W (H*)
resin followed by treatment with NaOH and then NalOQ,

(13) Johnson C. R.; Penning, T. D. J. Am. Chem. Soc. 1986, 108, 5655.

(14) Gill, M.; Rickards, R. W. Tetrahedron Lett. 1979, 1539.

(15) Suzuki, M.; Oder, Y.; Noyori, R. J. Am. Chem. Soc. 1979, 101,
1623.

(16) Henrick, C. A.; Bohme, E.; Edwards, J. A.; Fried, J. H. J. Am.
Chem. Soc. 1968, 90, 5926

(17) Beer, D.; Meuwly,R Vasella, A, Helv. Chim. Acta 1982, 65, 2570.

(18) Guthrie, R. D.; Honeyman, J. J. Chem. Soc. 1959, 853.
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gave the D-erythruronolactone 8. This compound was then
converted to the cyclopentenone 5 in 44% overall yield.

Compound 1 was converted to the NpcA analogues 14
and 15 by first reducing it with sodium borohydride in the
presence of cerium chloride,'® which gave stereoselectively
the cyclopentenol 10. Compound 10 was tosylated to af-
ford compound 11, which was nucleophilically displaced
with the sodium salts of adenine or 3-deazaadenine to give
the protected nucleosides 12 and 13, respectively.??!
Finally, deprotection of compounds 12 and 13 gave the
desired nucleosides 14 and 15.

Synthons similar to 2, which were optically resolved and
use a isopropylidene protecting group, have been recently
utilized in a novel synthesis of prostaglandin E,.!* This
compound has also been used in the synthesis of the
queuine base in nucleoside Q.

Protected uronolactones would appear to have a general
use in the synthesis of functionalized five- and as well as
six-membered cyclic enones on a large scale (>10 g). These
cyclic enones would be desirable chiral building blocks to
a variety of natural products.?®?* We are currently ex-
ploring the usefulness of these cyclopentenones in the
synthesis of carbocyclic nucleosides, such as aristeromycin
and NpcA.

Experimental Section

Melting points were determined on a Fisher-Johns stage melting
point apparatus and are uncorrected. NMR spectra were recorded

(19) Gemal, A. L.; Luche, J.-L. J. Am. Chem. Soc. 1981, 103, 5454.

(20) Ravenscroft, P.; Newton, R. F.; Scopes, D. L. C.; Willianson, C.
Tetrahedron Lett. 1986, 27, 747.

(21) Tseng, C. K. H.; Marquez, V. E. Tetrahedron Lett. 1985, 26, 3669.

(22) Akimoto, H.; Nomura, H.; Yosida, M.; Shindo-Okada, N.; Hoshi,
A.; Nishimura, S. J. Med. Chem. 1986, 29, 1749 and references therein.

(23) Noyori, R.; Suzuki, M. Angew. Chem., Int. Ed. Engl. 1984, 23, 847.

(24) Harre, M.; Raddatz, P.; Valenta, R.; Winterfeldt, E. Angew.
Chem., Int. Ed. Engl. 1982, 21, 492.

on a Varian FT-80A (80 MHz for proton nuclei) spectrophotom-
eter. Chemical shifts are reported in 6 from the internal standard
tetramethylsilane (TMS, § 0.00). Mass spectra were recorded on
a Ribermag R10-10 quadrupole spectrometer. Peak matching was
performed by a Varian MAT CH5 magnetic deflection mass
spectrometer. The optical rotations were carried out on a Per-
kin-Elmer Model 241 polarimeter. Elemental analyses were
performed on an F and M Model 185 C, H, N analyzer in the
Department of Medicinal Chemistry, Univeristy of Kansas.
Ion-exchange chromatography was performed with a strong cation
exchange resin Dowex 50W (H™*) stock no. 50X4-200, 4% cross-
linked, 100-200 dry mesh size. This-layer chromatography was
carried out with Analtech 0.25-mm silica gel GF glass-backed
plates. Preparative-layer chromatography was performed with
a Model 7924T chromatotron with 1-, 2-, or 4-mm silica gel PF-254
with CaSO,!/,H,0 (Merck) plates.
2,3-(Cyclohexylidenedioxy)-4-hydroxy-4-(2-propyloxy)-
butanoic Acid Lactone (5). The L-erythruronolactone!” 4 (1.0
g, 4.7 mmol) was dissolved in 50 mL of dry 2-propanol containing
a catalytic amount of pyridinium p-toluenesulfonate (10 mol %,
0.12 g, 0.47 mmol) and was refluxed for 1.5 h. The mixture was
then concentrated to a syrup, which was then dissolved in 50 mL
of Et,0, extracted with HyO (2%, 50 mL) and brine, dried over
Na,S0,, and filtered. The filtrate was concentrated, and the syrup
was dissolved in a minimum amount of hexane/Et,0 (5:1), which
was applied to a small column of silica gel (5 g) and eluted with
hexane/Et,0 (5:1) to give 1.15 g of compound 5 (97% yield): [a]p
+45.18° (¢ 1.55, MeOH); IR (neat) 1799 cm™!; 'H NMR (CDCly)
6554 (s,1 H, H4),481 (d,1 H,H-2,J =6 Hz),451 (d, 1 H,
H-3, J = 6 Hz), 4.02 (heptet, 1 H, (CH3),CHO, J = 7 Hz), 1.58
(brs, 10 H, cyclohexyl), 1.24 and 1.18 (2 5, 6 H, 2 CHjy); MS (D-El,
CH,Cly), m/e 256 (M*), 218 (Me,CH), 81 (cyclohexyl). Anal.
(C13Hy0s) C, H.
(-)-2,3-(Cyclohexylidenedioxy)-4-cyclopentenone (1). In
an oven-dried 500-mL three-neck flask (fitted with a septum and
a 125-mL addition funnel) was added dimethyl methyl-
phosphonate (3.98 g, 31.4 mmol) in 200 mL of dry THF, and the
lactone 5 (8.07 g, 31.4 mmol) dissolved in 25 mL of THF was
poured into the addition funnel. The phosphonate solution was
cooled to ~78 °C with an acetone/dry ice bath, and then n-bu-
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tyllithium (1.6 M in hexane, 19.6 mL, 31.4 mmol) was added
dropwise from a syringe over an 8~10 min period. When the
addition was complete, the solution was stirred for 15 min, and
the lactone was added rapidly. The solution was stirred for 2.5
h at ~78 °C after which the dry ice bath was removed. When the
solution came to room temperature (~ 30 min), the mixture was
poured into 500 mL of Et,O containing 100 mL of H,O and
shaken, and then the organic layer was separated. The aqueous
layer was extracted with an additional 100 mL of Et,0, and the
organic layers were combined. The Et,0 layer was washed with
brine, dried over Na,SO,, filtered, and concentrated (<50 °C) to
an oil (crude, 6 g, 90%). The oil was dissolved in Et,0 and added
to a column of silica gel (10 g), which was eluted with Et,0 to
give 4.85 g (80%) of a colorless liquid (solidified in the freezer
and recrystallized from Et;0/hexane): mp 65 °C; [a]p -74° (¢
3.0, MeOH); IR (neat) 1734 cm™}; *H NMR (CDCl;) 6 7.60 (dd,
1H,H-4,J =7Hz),6.19 (d,1 H, H-5,J = 7 Hz), 5.26 (dd, 1 H,
H-3,J = 6 Hz), 4.41 (d, 1 H, H-2, J = 6 Hz), 1.58 (m, 10 H); MS
(D-El, CH,CLy), m/e 194 (M*). Anal. (C,;H,,0;) C, H.
2,3:5,6- 0 -Dicyclohexylidene-D-mannonolactone (7a). To
a solution of pyridine (53 g, 670 mmol) in 500 mL of CH,Cl, was
added in portions CrO; (33.5 g, 335 mmol), which was then stirred
at room temperature for 1.5 h. The 2,3:5,6-di-O-cyclo-
hexylidene-D-mannose!® (19 g, 56 mmol) was dissolved in 50 mL
of CH,Cl; and added rapidly to the pyridine/CrO; complex. After
1.5 h, the solution was decanted, and the tar was throughly
triturated with Et,O (2%, 200 mL). The combined organic layers
were filtered through a pad of Celite, and the filtrate was con-
centrated. The residue was taken up in 250 mL of Et,0, extracted
with dilute HCI (2%, 200 mL), H;O (3%, 200 mL), and brine, dried
over Na,S0,, and filtered. The filtrate was concentrated to
dryness, and the resulting solid was dissolved in a minimum
amount of Et,O, which was applied to column of silica gel (30 g)
and eluted with Et,0/hexane (1:1) to give the desired compound
7a (15.9 g, 84% yield): mp 108-109 °C (lit.!®* mp 108-110 °C).
2,3-O-Cyclohexylidene-D-mannonolactone (7b). The lactone
7 (4 g, 12 mmol) was dissolved in 100 mL of EtOH and 100 mL
of H,0, and 2 g of Dowex 50W (H*) was added. The mixture was
stirred for 16 h at 40 °C, after which the resin was removed by
filtration, and the filtrate was concentrated. The oil that was
obtained was dissolved in a minimum amount of EtOAc/hexane
(1:1), and the solid (D-mannonolactone) that formed was removed
by filtration. The filtrate was applied to a column of silica gel
(10 g), and the starting material (<200 mg) that remained was
removed by eluting with 75 mL of EtOAc/hexane (1:1), and the
desired compound was removed by eluting with EtOAc to give
2.6 g of the desired compound as a viscous syrup (85% yield):
[a]p +41.6° (c 0.6, MeOH); IR (Nujol) 1780 c¢cm™}; 'H NMR
(CDCly) 5 4.97 (d, 1 H, J = 1 Hz), 4.55-3.6 (m, 5 H), 2.88 (br s,
2 H, exchanged D,;0), 1.6 (br s, 10 H); MS (D-El), m/e 258 (M*).
2,3-0-Cyclohexylidene-D-erythruronoclactone (8). A solu-
tion of 2,3-0O-cyclohexylidene-D-mannonalactone (2.6 g, 10 mmol)
and NaOH (0.48 g, 12 mmol) in 30 mL of H,0 was heated at 40
°C until all the solid material dissolved. The mixture was then
cooled to 0 °C, and NalO, (5.12 g, 24 mmol) in 20 mL of HyO was
added dropwise (the pH was maintained at ~7.0 with dilute
NaOH). After the addition was complete, the reaction was allowed
to stir for 10 min. Then solid BaCl, (0.5 g) was added, and the
resulting precipitate was filtered through a pad of Celite. The
filtrate was acidified to pH 3.0 with 2 N HCl, the mixture was
extracted with EtOAc (2%, 200 mL; 1X, 100 mL), and the extract
was washed with brine, dried over Na,SO,, and filtered. The
filtrate was concentrated to give 1.97 g of the desired compound
8 (92% vyield): [a]p +42° (¢ 1.1, CHCl;). The compound was
identical (mp, NMR, IR) with the 2,3-O-cyclohexylidene-L-
erythruronolactone, which was previously reported by Beer et al.!”
(lit.'" [a]p —39.8° (¢ 1.85, CHCl,) for the opposite enantiomer).
(-)-2,3-(Cyclohexylidenedioxy)-4-hydroxy-4-(2-propyl-
oxy)butanoic Acid Lactone (9). Compound 8 (1.0 g, 4.7 mmol)
was converted to 9 according to the procedure given for compound
5. 9: yield 1.17 g (98%); [«}p —45.5° (¢ 5.75, MeOH). The physical
data (bp, NMR, IR) were identical with that of the opposite
enantiomer 5.
(+)-4,5-(Cyclohexylidenedioxy)-2-cyclopentenone (2).
Compound 2 was obtained from 9 (0.5 g, 2.0 mmol) by the same
procedure described for compound 1. 2: yield 0.30 g (77%); [«]p
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+74° (¢ 1.0, MeOH). The physical data were identical (mp, NMR,
IR) with the opposite enantiomer 1.

(-)-2,3-(Cyclohexylidenedioxy)-4-cyclopenten-1-0l (10).
The cyclopentenone 1 (2.04 g, 10.5 mmol) and CeCl;7H,0 (3.91
g, 10.5 mmol) were added to 60 mL of MeOH cooled to 0 °C,
NaBH, (0.48 g, 12.6 mmol) was added (foamed), and the mixture
was allowed to stir for 20 min. The pH was then adjusted to 7.0
with 1 N HC], 200 mL of Et,0 was added, and the organic layer
was washed with a small amount of brine. The Et,0 layer was
dried over Na,SO,, filtered, and concentrated to a yellow liquid.
The liquid was dissolved in a small amount CH,Cl,; and added
to a silica gel column (5 g), and the product was eluted to give
1.7 g (83%) of a colorless liquid: [a]p —23.59° (¢ 4.45, MeOH);
!H NMR (CDCly) 6 5.84 (s, 2 H, H-4 and H-5), 4.96 (d, 1 H, H-1,
J=6Hz),469(t,1H,H-3,J =6Hz),453(dd, 1 H,H-2,J =
6 Hz) 1.55 (m, 10 H, cyclohexyl); MS (D-El, CH,Cl,), m/e 196
(M*), 81 (cyclohexyl). Anal. (C,;H;40;) C, H.

(-)-2,3-(Cyclohexylidenedioxy)-1-[ (p -tolylsulfonyl)oxy]-
cyclopent-4-ene (11). The cyclopentenol 10 (0.22 g, 1.12 mmol)
and p-toluenesulfonyl chloride (0.41 g, 2.14 mmol) were dissolved
in 10 mL of CH,Cl,, and then Et;N (0.46 g, 4.48 mmol) was added.
The mixture was stirred for 24 h at room temperature, after which
the mixture was extracted with Hy,O and brine. The organic layer
was dried over Na,SOy, filtered, and concentrated to dryness. The
solid was dissolved in a small amount of CH;Cl,/hexane (1:1) and
loaded onto a 2-mm chromatotron (Model 7429T) plate (silica
gel), which was eluted with CH,Cl,/hexane (1:1) to give 0.31 g
(80%) of pure product: mp 110-111 °C; [«a]p -62.26° (¢ 2.65,
CHCly); 'H NMR (CDCls) 6 7.85 (d, 2 H, aromatic, J = 8 Hz),
7.27 (d, 2 H, aromatic, J = 8 Hz), 5.87 (m, 2 H, H-4 and H-5),
53(d,1H, H-1,J = 5 Hz), 4.87 (d, 1 H, H-3, J = 5 Hz), 4.53 (t,
1H, H-2,J =5 Hz), 2.42 (s, 3 H, CHy), 1.50 (m, 10 H); MS (D-El,
CH,Cl,), m/e 350 (M*), 155 (tosylate), 81 (cyclohexyl). Anal.
{C1gH3058) C, H.

(-)-9-[2/,3-(Cyclohexylidenedioxy)cyclopent-4’-enyl]-
adenine (12). The tosylate 11 (1.45 g, 4.1 mmol) dissolved in
3 mL of DMF was added to a solution of sodium adenine in 10
mL of DMF [sodium adenine was prepared by adding NaH (80%,
0.35 g, 12.3 mmol) to a slurry of adenine (1.66 g, 12.3 mmol) in
10 mL of DMF]. The mixture was stirred for 1-2 days at 50 °C,
and then the DMF was removed by distillation. The residue was
taken up in CH,Cl, (50 mL), and the undissolved material was
removed by filtration. The filtrate was concentrated to dryness,
and the solid was dissolved in a small amount of CH,Cl,/EtOH
(9:1) and loaded onto a 4-mm chromatotron (Model 7429T) plate,
and 0.56 g (45%) of compound 12 was collected: mp 87 °C; [«]p
~200.95° (c 2.1, MeOH); 'H NMR (CDCl,) 6 8.36 (s, 1 H, H-2),
7.68 (s, 1 H, H-8), 6.58 (br s, 2 H, NH,,exchanged D,0), 6.33 (dd,
1H,H-4,J =6 Hz J=2Hz), 593 (dd, 1 H, H-5, J = 6 Hz,
J=2Hz),563(d,1H,H-1,J=1Hz),549 (d,1 H, H-%,J =
6 Hz), 4.71 (d, 1 H, H-2", J = 6 Hz), 1.60 (m, 10 H); MS (D-El,
MeOH), m/e 313 (M%), 135 (base, adenine), 81 (cyclohexyl). Anal.
(C1¢HeN;50,:3/,H,0) C, H, N.

(-)-9-[2',3’-(Cyclohexylidenedioxy)cyclopent-4’-enyl]-3-
deazaadenine (13). Compound 13 was prepared in the same
manner as 12 by starting from 11 (170 mg, 0.5 mmol), except
adenine was replaced by 3-deazaadenine®® (100 mg, 0.75 mmol):
yield 100 mg (67%); mp 156-158 °C; [a]p —164° (¢ 0.5, MeOH);
UV e 263 nm, 267 nm (sh); 'H NMR (CDCl; + D,0) 8 7.87 (d,
1H,H-6,J=6Hz),765(,1H,H-2),679(d,1H,H-7,J=86
Hz), 6.38 (d,1 H, H-4’, J = 5 Hz), 6.10 (d, 1 H, H-5, J = 5 Hz),
5.36 (m, 1 H, H-1" and H-3’, J = 6 Hz), 4.58 (d, H-2", J = 6 Hz),
1.62 (m, 10 H); MS (D-El, CH,Cl,), m/e 312 (M*), 134 (3-de-
azaadenine), 81 (cyclohexyl). Anal. (C;;HyN,0,!/,H,0) C, H,
N.

General Procedure for the Deprotection of Compounds
12 and 13. Compounds 12 or 13 were mixed with 20 mL of H,0,
and 1 mL of 6 N HCl was added. The mixture was stirred at room
temperature for 3-6 h until TLC (CH,Cl,/EtOH, 9:1) showed no
starting material remained. The solution was concentrated to
dryness (azeotroped with EtOH), and the solid was dissolved in
1-2 mL of H,O and applied to a Dowex 1X8-50 (H*) column. The

(25) Krenitsky, T. A.; Rideout, J. L.; Chao, E. Y.; Kosalka, G. W.;
Gurney, F.; Crouch, R. C.; Cohn, N. K.; Wolberg, G.; Vinegar, R. J. Med.
Chem. 1986, 29, 138.
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product was eluted with dilute ammomium hydroxide and con-
centrated to dryness. The compounds were dried azeotropically
with ethanol.
(-)-9-(trans-2',trans-3’-Dihydroxycyclopent-4’-enyl)-
adenine (14): yield 230 mg (98%); mp 175-176 °C; [a]p -170°
(c 1.0, H,0); 'H NMR (DMSO0-d; + D,0) 6 8.47 (s, 2 H, H-2, H-8),
6.09 (m, 2 H, H-4’ and H-5"), 5.45 (d, 1 H, H-1’, J = 6 Hz), 4.55
(d, 1 H, H-3, J = 6 Hz), 4.25 (dd, 1 H, H-2", J = 6 Hz); MS
(QP-El-Probe), m/e 233 (M* 1), 216 (- HO), 135 (base, adenine).
Anal. (C10H11N502'H20) C, H, N.
(~)-9-(trans-2’,trans-3’-Dihydroxycyclopent-4’-enyl)-3-

deazaadenine (15): yield 305 mg (98% ); mp 140 °C; [a]p —210°
{c 1.1, MeOH); UV, 263 nm, 267 nm (sh). 'H NMR (DMSO-d,
+ D,0) 6 8.03 (s, 1 H, H-2), 7.64 (d, 1 H, H-6, J = 6 Hz), 6.76 (d,
1 H, H-7, J = 6 Hz), 6.13 (m, 2 H, H-4’ and H-5'), 5.29 (d, 1 H,
H-1,J =5Hz),449 (d,1 H, H-3, J = 5 Hz), 4.05 (dd, 1 H, H-2/,
J = 5 Hz); MS (D-El, MeOH), m/e 232 (M?*) peak match A =
0.0007, 215 (- HO), 134 (base, 3-deazaadenine). Anal.
(C;;H,N,O,EtOH) C, H, N.
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The thermally stable heteroanthracenide ions 9d-g were generated upon exposure of the respective conjugate
acids 8d-g to KNH, in liquid NH; and were studied by 'H, °C, and P NMR. It is shown that 9d possesses
a paratropic molecular frame, while 9e and 9f exhibit no detectable paramagnetic ring current effect. Possible
electronic and steric interactions that may give rise to the observed NMR characteristics of 9e—g are discussed,
and it is concluded that the carbanionic charge in these anions is substantially delocalized over the central ring

involving the heteroatomic unit.

The influence of heteroatoms on the development of
potential aromaticity (in “4n + 2” electron w-excessive?
system 1, m = even integer) and antiaromaticity (in “4n”
electron counterpart 1, m = odd integer) has been the
subject of extensive theoretical® and experimental? work.
Of considerable interest in this area is the direct obser-
vation and possible characterization of potentially delo-
calizable bis-r-excessive systems such as 2, which incor-
porates a second w-excessive unit, namely, a carbanionic
center in addition to a heteroatomic unit.
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2 3

Research aimed at the generation and direct observation
of the potentially antiaromatic 8 w-electron anions 2 (k =
l = 1) was pioneered by Schmidt and co-workers.®> All

(1) Present address: Chemistry Department, East Tennessee State
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Chemistry: An Introduction; Athlone: London, 1968.

(3) (a) Hickel, E. Z. Phys. 1931, 70, 204. (b) Hiickel, E. Ibid. 1932,
76, 628. (c) Dewar, M. J. S.; Harget, A. J.; Trinajstic’, N.; Worley, S. D.
Tetrahedron 1970, 26, 4504. (d) Hess, B. A., Jr.; Schaad, L. J.; Holyoke,
C. W, dr. Ibid. 1972, 28, 3657. (e) Hess, B. A,, Jr.; Schaad, L.. J. J. Am.
Chem. Soc. 1978, 95, 3907.

(4) For reviews, see: (a) Cook, M. J.; Katritzky, A. R.; Lunda, P. In
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Eds.; Academic: New York, 1974; Vol. 17/, p 255. (b) Anastassiou, A. G.
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attempts at observing 3 were unsuccessful, and in the case
of substituted anion 5 were frustrated by its rapid ring-
contractive reorganization to yield the cyclopentadiene
derivative shown in eq 1.
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In a related study,® metalation of 6 by the powerful
metalating agent [(trimethylsilyl)methyl]potassium re-
sulted in a slow hydrogen/potassium exchange at the a-
position to the heteroatom rather than at the activated
double allylic vy-position (eq 2), indicating the relative
instability of the incipient eight 7-electron anions 7a and
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Our work in this area included a study (by NMR) of

certain dibenzannulated variants of 2, namely, anions 9a’
(4n =-electrons) and 118 (4n + 2 =-electrons), which were
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18, 489.
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