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6. A Synthesis of Carbocyclic Puromycin Analogs®
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Eight carbocyclic puromycin analogs, in which the furanosyl ring of puromycin is replaced with a cyclopentyl
system, were synthesized. Their minimum degeneration concentration (MDC) was determined against HeLa

cells in a tissue culture.

A nucleoside antibiotic puromycin (1) was isolated
from a culture broth of Streptomyces alboniger by Porter
et al.,? its synthesis being accomplished by Baker et al.?)
Various analogs have been prepared for clarification
of the relationship between structure and biological
activity.4-7)

In particular, Daluge and Vince? demonstrated the
essential structural requirement for biological activity
in puromycin analogs by the synthesis of a carbocyclic
analog: 6-dimethylamino-9-[(1R,2R,3R)-2-hydroxy-3-
(p - methoxyphenyl - L - alanylamino)cyclopentyl]purine.
They showed that the removal of the hydroxy-
methyl moiety from the puromycin molecule is not
detrimental to activity and the furanosyl ring can be
replaced with a cyclopentane ring with no loss in activ-
ity. Their assessment of the structural requirement
in the puromycin molecule stimulated us to prepare a
carbocyclic puromycin analog in which the 3-amino-
3-deoxy-p-p-ribofuranosyl moiety of puromycin is re-
placed by 3-amino-2,4,5-trihydroxycyclopentyl group.

The structure of puromycin resembles that of the
aminoacyl-adenyl terminus of aminoacyl-tRNA, this

The two analogs were found to be remarkably active.

being strongly connected with its biological activity.
Since a cyclopentane ring is conformationally similar
to a furanosyl ring, 3-amino-2,4,5-trihydroxycyclopent-
yl group might replace the furanosyl moiety of puro-
mycin, favorably resulting in biological activity.

Carbocyclic analogs of adenosine and pyrimidine
nucleosides, in which the ribofuranosyl moiety was
replaced by the polyhydroxycyclopentyl or polyhydroxy-
cyclohexyl group, have been prepared.®~!% In con-
nection with the preceding studies and to extend the
Daluge and Vince evaluation of the structural require-
ment of the puromycin molecule, we have synthesized
eight  diastereoisomeric ~ 6-dimethylamino-9-[2,4,5-
trihydroxy - 3 - (p-methoxyphenyl - L - alanylamino)cyclo-
pentyl]purines (8a,b, 15a,b, 22a,b, and 30a,b), and
their biological activities were dtermined against HeLa
cells.

Results and Discussion

The carbocyclic puromycin analogs were prepared
by the reaction processes shown in Schemes 2 and
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3. The processes are divided into two categories,
l1-amino-3-azido-2,4,5-cyclopentanetriols (2 and 9) be-
ing used as the starting material in the former two
(Scheme 2) and 3-acetamino-1-amino-2,4,5-cyclopen-
tanetriols (16 and 24) in the latter two.

When l-amino-3-azido-2,4,5-cyclopentanetriolV (2)
was heated with 6-chloro-4-dimethylamino-5-nitro-
pyrimidine!® in 2-methoxyethanol in the presence of
triethylamine, 6-[(3-azido-2,4,5-triacetoxycyclopentyl)-
amino]-4-dimethylamino-5-nitropyrimidine  (3) was
obtained, after acetylation. The structure of 3 was
confirmed by the *H NMR spectrum in which NH
revealed a doublet at § 8.38 (/=7 Hz).

Catalytic hydrogenation of 3 with Raney nickel af-

forded 6-[(3-acetamido-4,5-diacetoxy-2-hydroxycyclo-
pentyl)amino]-5-amino-4-dimethylaminopyrimidine (4).
During the course of the reaction, acetyl group
migration took place from O to N in the ¢is-arrangement.

Ring closure of 4 was performed with triethyl ortho-
formate in the presence of p-toluenesulfonic acid to
give the purine derivative (5) in 879, yield. Hydroly-
sis of 5 in aqueous barium hydroxide, followed by puri-
fication on a column of Amberlite CG-120(H)
resin gave 9-(3-amino-2,4,5-trihydroxycyclopentyl)-6-
dimethylaminopurine (6). Compound 6 was converted
into the crystalline hydrochloride which was proved
to be the 9-substituted adenine derivative by a charac-
teristic UV absorption.1®)
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TaBLeE 1. MINIMUM DEGENERATION CONCENTRATION
(MDC) with HeLa §3 CELLS IN A TISSUE
CULTURE BY THE TWO-FOLD SERIAL LIQUID

MEDIUM DILUTION METHOD!®)

Compound MDG (pg/ml)
8a 15.6
8b 250
15a 31.2
15b 125
22a 1000
22b 1000
30a 250
30b 500

When 6 was treated with N-benzyloxycarbonyl-p-
methoxyphenyl-L-alanine) and N-hydroxysuccinimide
in the presence of dicyclohexylcarbodiimide, a mixture
of two diastereoisomers (7a and 7b) was obtained,
since 6 is of pL form. Compounds 7a and 7b were
successfully separated by fractional recrystallization.
Hydrogenolysis of 7a and 7b in glacial acetic acid with
palladium black gave 8a and 8b, respectively. The
overall yields of 8a and 8b were 11 and 199, respec-
tively.

Compounds 15a and 15b were obtained by analogous
reactions (Scheme 2) in 7 and 89, overall yields,
respectively.

On the other hand, when 3-acetamido-l-amino-
2,4,5-cyclopentanetriol (16) was subjected to react with
6-chloro-4-dimethylamino-5-nitropyrimidine,®  6-[(3-
acetamido - 2,4,5 - trihydroxycyclopentyl) amino] - 4 - di-
methylamino-5-nitropyrimidine (17) was obtained in
77% vyield. The successive reactions leading to 22a
and 22b were carried out by following the reactions
used in the preparation of 8a and 8b (Scheme 3). The
overall yields of 22a and 22b were 8 and 149, respec-
tively.

By an analogous reaction (Scheme 3), 30a and 30b
were obtained each in 89, overall yield.

A biological activity of the carbocyclic puromycin
analogs thus obtained was determined by the usual
two-fold serial liquid medium dilution method with
HeLa S3 cells in a tissue culture. The minimum degen-
eration concentration (MDC) was appraised, the result
being given in Table 1. We see that 8a and 15a are
remarkably active, in contrast with other diastereo-
isomers.

The stereochemistry of 8a and 15a is tentatively
assigned as that depicted in Scheme 1, on the basis of
their biological activity and the absolute configuration
of puromycin with respect to that on C-1’, 2, and 3'.

The stereochemistry of 22a and 30a is assigned ten-
tatively on the observation that, in the cases of 8a and
15a, their specific rotations are more levorotatory than
those of the respective diastereoisomers: 8b and 15b.
Therefore, the absolute configurations of 22a and 30a
depicted in Scheme 1 are assigned to the strongly levo-
rotatory diastereoisomers.

Carbocyclic Puromycin Analogs
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Experimental

Melting points were determined in capillary tubes in a
liquid bath and are uncorrected. Solutions were evaporated
under reduced pressure. Optical rotations were measured
with a Japan Spectroscopic DIL-SL polarimeter. H NMR
spectra were recorded at 60 MHz with a Varian A-60D spec-
trometer for solutions in chloroform-d, unless otherwise stated,
with tetramethylsilane as an internal standard, the peak posi-
tions being given in & values.!” IR spectra were recorded
on potassium bromide disks with a Hitachi Perkin-Elmer
225 spectrometer. UV spectra were determined with a
Hitachi Perkin-Elmer UV-VIS 139 spectrometer. Acetyla-
tion was performed with acetic anhydride and pyridine.
Catalytic hydrogenation of a nitro group to an amino group
was carried out in the presence of Raney nickel in a hydrogen
atmosphere (3.4 kg/cm?) with a Parr apparatus. TLG was
performed on Wakogel B-10 (Wako Pure Chemical Co. Ltd.)
plates. Silica gel (Wakogel C-300) was used for column chro-
matography.

pL-(7,4/2,3,5)-1-Amino-3-azido-2,4,5-cyclopentanetriol (2).
The compound was prepared by the method of Tadano et al.*V

6-[(DL-(7,2/2,3,5)-3 - Azido-2,4,5 - triacetoxycyclopentyl ) amino] -
4-dimethylamino-5-nitropyrimidine (3). A mixture of 2
(1.0g) and 6-chloro-4-dimethylamino-5-nitropyrimidine!®
(2.33 g) in 2-methoxyethanol (50 ml) containing triethylamine
(1 ml) was heated at 100 °C for 5 h with mechanical agita-
tion. The mixture was evaporated and the residue was dis-
solved in warm water (50 ml). The aqueous solution was
washed with benzene repeatedly and the aqueous layer was
evaporated. The residue was acetylated and the resulting
solution was poured into ice cold water. The solution was
extracted with chloroform and the chloroform solution was
evaporated to give a pale yellow crystalline residue. The resi-
due was washed with warm ethyl acetate to give 1.92 g (72%)
of 3, mp 190—191 °C. H NMR: 6 2.06 (s, 3, OAc), 2.14
(s, 3, OAc), 2.15 (s, 3, OAc), 3.08 (s, 6, 2xNCH,), 8.04
(s, 1, pyrimidine H-2), 8.38 (d, 1, J=7 Hz, NH).

Found: C, 43.98; H, 4.79; N, 24.26%,. Calcd for G;;Hy,-
NgOg: C, 43.78; H, 4.76; N, 24.03%,.

6-[(DpL-(7,4/2,3,5) -3 - Acetamido - 4,5 - diacetoxy- 2 - hydroxycyclo-
pentyl) amino]-5-amino-4-dimethylaminopyrimidine (4). Com-
pound 3 (300 mg) was catalytically hydrogenated in ethyl
acetate (50 ml) for 3 h. The catalyst was filtered off and the
filtrate was evaporated to give 253 mg (96%) of 4 as crystals,
mp 206—207 °C (dec). H NMR (DMSO-dg): ¢ 1.94 (s,
3, NAc), 2.05 (s, 3, OAc), 2.06 (s, 3, OAc), 2.81 (s, 6, 2X
NCH,), 5.73 (d, 1, J=4Hz, OH), 6.75 (d, 1, J=7 Hz,
pyrimidine H-6), 8.08 (s, 1, pyrimidine H-2), 8.13 (d, 1,
J=8 Hz, NH).

Found: C, 50.05; H, 6.50; N, 20.20%,.
NgOg: C, 49.75; H, 6.39; N, 20.48%.

9-[pL-(7,4/2,3,5)-3-Acetamido - 4,5 - diacetoxy-2-hydroxycyclopent-
Y1-6-dimethylaminopurine (5). A mixture of 4 (204 mg)
and triethyl orthoformate (0.11 ml) in N,N-dimethylform-
amide (10 ml) was stirred for 6 h in the presence of p-tolu-
enesulfonic acid (9 mg). After being neutralized with Amb-
erlite IRA-400 (OH-) resin, the solution was evaporated.
The residue was recrystallized from ethyl acetate to give 182
mg (87%) of 5, mp 200—201 °C. *H NMR (DMSO-d;):
8 1.95 (s, 3, NAc), 1.97 (s, 3, OAc), 2.12 (s, 3, OAc), 3.59 (s,
6, 2x NCHjy), 5.95 (d, 1, J=5Hz, OH), 8.31 (d, 1, Jj=8
Hz, NH), 8.56 (s, 1, purine H-2 or 8), 8.60 (s, 1, purine H-8
or 2).

Found: C, 51.64; H, 5.75; N, 19.74%,.
H,,N,O;: C, 51.42; H, 5.75; N, 19.99%.

Calcd for Cj;Hye-

Calcd for Cig-
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9-[pL-(7,4/2,3,5)-3-Amino-2,4,5-trikydroxycyclopentyl]-6-dimeth-
Ylaminopurine (6). A mixture of 5 (1.65g) and
barium hydroxide octahydrate (8.0 g) in water (96 ml) was
heated at 100 °GC for 3 h with mechanical agitation. Carbon
dioxide was bubbled into the solution and barium carbonate
was filtered off. The filtrate was concentrated and the residue
was purified on a column of Amberlite CG-120(H*) resin.
After being washed with water, the column was eluted with
dil NH,OH and the effluent was concentrated to give 1.14 g
of 6 as a crude product. A part of the product was converted
into crystalline hydrochloride, mp 250°C (dec). UV:
Avax B9 269 nm (e=1.7x10%), 229 277 mm (e=1.7%x10%),
Aax 7% 277 nm (e=1.7x10%).

Found: C, 43.35; H, 5.74; N, 25.19; Cl, 10.88%. GCalcd
for G;,H(N,O;Cl: C, 43.57; H, 5.79; N, 25.41; Cl, 10.729%,.

6- Dimethylamino-9-[(7S,2R 4R, 5R ) - 2,4,5 - trikydroxy-3- (N-
benzyloxycarbonyl-p - methoxyphenyl - 1.- alanylamino ) cyclopentyl] purine
(7a) and 6-Dimethylamino-9-[(TR,2S,4S,58 )-2,4,5-trihydroxy-
3-(N-benzyloxycarbonyl-p-methoxyphenyl -L- alanylamino ) cyclopentyl]-
purine (7b). Dicyclohexylcarbodiimide (DCC, 838 mg)
was added under ice-cooling with agitation to a solution
of 6 (l1.14g) and N-benzyloxycarbonyl-p-methoxyphenyl-
L-alanine'® (1.34g) in N,N-dimethylformamide (DMF,
57 ml) containing N-hydroxysuccinimide (468 mg). After
30 min, the solution was left to settle at ambient temperature
for 18 h. The mixture was filtered in order to remove N,N’-
dicyclohexylurea and the filtrate was concentrated. The
residue was recrystallized from ethanol to give 670 mg
(29%) of 7a as needles, mp 179—180 °C, [o]} —24.4° (¢
1.07, DMF). *H NMR (DMSO-dg): 3.62 (s, 6, 2xX NCH,),
3.90 (s, 3, OCH,), 5.18 (s, 2, benzyl CH,), 7.34 (q, 4, C¢H,),
7.58 (s, 5, CgH;), 8.28 (d, 1, /=8 Hz, NH on C-3), 8.54 (s,
1, purine H-2 or 8), 8.57 (s, 1, purine H-8 or 2).

Found: C, 59.62; H, 5.86; N, 16.20%,. Calcd for CgoHjs-
N;O;: G, 59.49; H, 5.83; N, 16.19%.

The ethanolic mother liquor of 7a was stored in a refrige-
rator to give 1.12 g of a product. Recrystallization from
methanol gave 931 mg (40%) of 7b as needles, mp 210—
211 °C, [o]y +17.5° (¢ 1.03, DMF). 'H NMR (DMSO-
dg): 0 3.64 (s, 6, 2x NCH,), 3.90 (s, 3, OCHj,), 5.21 (s, 2,
benzyl CH,), 7.36 (q, 4, CsH,), 7.62 (s, 5, CgH;), 8.27 (d,
1, /=6 Hz, NH on C-3'), 8.57 (s, 1, purine H-2 or 8), 8.61
(s, 1, purine H-8 or 2).

Found: C, 59.23; H, 5.83; N, 16.339%,.
H;;N;O;: G, 59.49; H, 5.83; N, 16.19%.

6-Dimethylamino-9-[ (1S,2R 4R ,5R ) -2,4,5-trihydroxy-3-( p-meth-
oxyphenyl-L-alanylamino ) cyclopentyl] purine (8a). A solution
of 7a (300 mg) in glacial acetic acid (20 ml) was hydro-
genated in the presence of palladium black (200 mg) in
a hydrogen atmosphere (1.4 kg/cm?) for 3h. The cata-
lyst was filtered off, and the filtrate was concentrated. A
methanolic solution of the residue was passed through a col-
umn of Amberlite IRA-400(OH-) resin and the effluent was
concentrated. The residue was recrystallized from methanol
to give 146 mg (63%) of 8a, mp 190—191 °C (dec), [«]3
—55.0° (¢ 0.98, DMF). UV: A2¥ % 268 nm (e=2.7x10%),
AEO 276 nm  (e=1.9x 10%), A%y ™% 275 nm (e=2.1Xx10%).
IH NMR (DMSO-dy): 6 3.62 (s, 6, 2x NCH,), 3.89 (s, 3,
OCH,), 7.31 (q, 4, C¢H,), 8.54 (s, 1, purine H-2 or 8), 8.57
(s, 1, purine H-8 or 2).

Found: C, 55.92; H, 6.28; N, 20.549,.
H,,N,O;: C, 56.04; H, 6.20; N, 20.79%.

6-Dimethylamino-9-[(1R,25,4S,58 )-2,4,5-trihydroxy-3 - ( p-meth-
oxyphenyl-1-alanylamino ) cyclopentyl] purine (8b). Catalytic
hydrogenation of 7b (300 mg) was carried out as in the
preparation of 8a. The product was recrystallized from
methanol to give 182 mg (78%) of 8b, mp 196—197 °C,

Calcd for Cgo-

Calcd for Cy,-
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[¢]3 +0.39° (¢ 0.98, DMF). UV: A¥"" 269nm (e=
1.8 10%), ABQ 276 nm (e=2.0x 10%), AL ™% 276 nm (e=
2.3x10%. H NMR (DMSO-d;): ¢ 3.61 (s, 6, 2x NCHj),
3.89 (s, 3, OCH,), 7.35 (q, 4, CgH,), 8.56 (s, 1, purine H-2
or 8), 8.58 (s, 1, purine H-8 or 2).

- Found: G, 55.95; H, 6.18; N, 20.529%,.
HyN,O5: C, 56.04; H, 6.20; N, 20.79%.
pL-(7,5/2,3,4)-1-Amino-3-azido-2,4,5-cyclopentaneiriol (9).
Hydrolysis of bpr-(1,5/2,3,4)-1-acetamido-3-azido-2,4,5-tri-
acetoxycyclopentane!® (1.68g) in 3 M HCI, followed by
deionization with Amberlite IRA-400 (OH-) resin gave 837
mg (98%) of 9 as a crude syrup. The product was used for

successive reaction without purification.

6-[(pL-(7,5/2,3,4)-3- Azido-2,4,5 - triacetoxycyclopentyl ) amino]-
{-dimethylamino-5-nitropyrimidine (10). A mixture of 9
(837 mg) and 6-chloro-4-dimethylamino-5-nitropyrimidine!®
(1.46 g) in 2-methoxyethanol (42 ml) containing triethyl-
amine (1 ml) was heated at 90 °C for 3.5h. The mixture
was treated as in the preparation of 3. The product
was recrystallized from cthanol to give 1.15 g (51%) of 10,
mp 146—147 °C. 'H NMR: § 2.03 (s, 3, OAc), 2.11 (s, 3,
OAc), 2.15 (s, 3, OAc), 3.05 (s, 6, 2x NCH,), 7.97 (s, 1,
pyrimidine H-2), 8.22 (d, 1, /=6 Hz, NH).

Found: C, 44.00; H, 4.87; N, 23.70%.
H,,N;O4: C, 43.78; H, 4.76; N, 24.03%,.

6-[(pL-(1,5/2,3,4)-3-Acetamido-2,5-(or 4,5 )-diacetoxy-4(or 2)-
hydroxycyclopentyl ) amino]-5-amino-4-dimethylaminopyrimidine (11).
Compound 10 (1.42 g) was catalytically hydrogenated in
ethyl acetate (60 ml). The product was recrystallized
from ethanol to give 1.08 g (86%) of 11, mp 155—156 °C
(dec).

Found: C, 49.73; H, 6.53; N, 20.149%,.
HyeNgOg: G, 49.75; H, 6.39; N, 20.48%,.

9-[pL-(7,5/2,3,4)-3 - Acetamido-2,5-(or 4,5)-diacetoxy-4(or 2)-
hydroxycyclopentyl]-6-dimethylaminopurine (12). A mixture
of 11 (902 mg) and triethyl orthoformate (8.6 ml) in DMF
(28 ml) containing p-toluenesulfonic acid (30 mg) was stirred
for 4 h. The reaction mixture was worked up as in the pre-
paration of 5. The product was washed with warm ethyl
acetate to give 770 mg (83%) of 12 as amorphous powder,
mp 218—219°C (dec). H NMR (DMSO-dy): 6 1.89 (s,
3, NAc), 2.03 (s, 6, 2x OAc), 3.50 (s, 6, 2xNCH,;), 6.14
(d, 1, /=9 Hz, NH), 8.50 (s, 1, purine H-2 or 8), 8.62 (s, 1,
purine H-8 or 2).

Found: C, 51.26; H, 5.80; N, 20.06%.
H,,N¢O;: C, 51.42; H, 5.75; N, 19.999%,.

9-[pL-(7,5/2,3,4)-3-Amino-2,4,5-trikydroxycyclopentyl]-6-dimeth-
ylaminopurine (13). A mixture of 12 (769 mg) and
barium hydroxide octahydrate (4.0 g) in water (51 ml) was
heated at 100 °C for 3.5 h. The mixture was worked up as
in the preparation of 6 to give 502 mg (939%,) of 13 as a crude
product. The product was converted into the crystalline
hydrochloride in 76%, yield, mp 259—260 °C (dec). UV:
A EA 268 nm (e=2.11x 10%), 20 276 nm (=2.12x 10%),
A Ne0H 976 nm (¢=2.10x 10%).

Found: C, 39.30; H, 5.43; N, 22.61; Cl, 18.999,. GCalcd
for C,,H,,NO,Cl,: C, 39.25; H, 5.49; N, 22.88; CI, 19.31%,.

A Mixture of 6-Dimethylamino-9-[(7S,2R 48,58 )-2,4,5-trihydro-
x9-3-(N - benzyloxycarbonyl - p - methoxyphenyl - L. - alanylamino ) cyclo-
pentyllpurine and 6-Dimethylamino-9-[(1R,2S,4R,5R )-2,4,5-tri-
hydroxy-3-(N-benzyloxycarbonyl -p-methoxyphenyl - L - alanylamino ) cy-
clopentyllpurine (14). DCC (184 mg) was added under
ice-cooling to a solution of 13 (249 mg) and N-benzyloxycar-
bonyl-p-methoxyphenyl-L-alanine'® (293 mg) in DMF (9 ml)
containing N-hydroxysuccinimide (103 mg). The mixture
was worked up as in the preparation of 7a and 7b to give
362 mg (71%,) of 14, mp 125—132 °C. *H NMR (DMSO-

Calcd for Co,-

Caled for Gy,

Calcd for Cyp-

Calcd for Cyg-
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dg): 6 3.63 (s, 6, 2x NCHj), 3.90 (s, 3, OCHjy), 5.21 (s, 2,
benzyl CH,), 8.59 (s, 2, purine H-2 and 8).
Found: G, 59.25; H, 5.81; N, 16.109%.
H;;N,0;: G, 59.49; H, 5.83; N, 16.199%,.
6-Dimethylamino-9-[ (71S,2R ,4S,5S )-2,4,5-trikydroxy-3 - ( p-meth-
oxyphenyl-L-alanylamino ) cyclopentyll purine (15a) and 6-Dimethyl-
amino-9-[(1R,2S,4R,5R )-2,4,5 - trikydroxy - 3 - (p-methoxyphenyl-L-
alanylamino ) cyclopentyl) purine (15b). A solution of 14
(543 mg) in glacial acetic acid (40 ml) was hydrogenated
in the presence of palladium black in a hydrogen atmo-
sphere (3.0 kg/cm?) for 3h. The catalyst was filtered off
and the filtrate was evaporated. The methanolic solution
of the residue was passed through a column of Amberlite
IRA-400(OH-) resin. The effluent was evaporated and the
residue was purified by column chromatography using 6:1
(v/v) chloroform—methanol. Fractions showing a single spot
at R¢ 0.25 on TLC in the same solvent system were combined
and evaporated to give 137 mg (329%) of 15a, mp 190—
191 °C, [«]3 —96.4° (¢ 1.00, DMF). UV: A1¥ %9 269 nm
(6=2.39x 10%), A0 275 nm (e=2.51x10%), Ay ™°% 276
nm (¢=2.53 x 10%). H NMR (DMSO-d;): 6 3.64 (s, 6,
2xNCH,), 3.91 (s, 3, OCH,), 8.59 (s, 2, purine H-2 and 8).

Found: C, 55.84; H, 6.09; N, 20.58%,. Calcd for C,,;-
H,,N,O;: G, 56.04; H, 6.20; N, 20.799,.

Fractions showing a single spot at Ry 0.20 on TLC in the
same solvent were combined and evaporated to give 145 mg
(34%) of 15b, mp 121—122 °C, [«]} +9.0° (¢ 1.00, DMF).
UV: A ® 269 nm  (e=2.11x10%), A0 276 nm (s=2.17
X 10%), A2 ¥°% 276 nm (e=2.18x 10%). 'HNMR (DMSO-
dg): 6 3.63 (s, 6, 2x NCH,), 3.91 (s, 3, OCHj,), 8.59 (s, 2,
purine H-2 and 8).

Found: C, 55.82; H, 6.31; N, 20.95%.
Hy;N,O;: C, 56.04; H, 6.20; N, 20.799%,.

DL-(7,2,4/3,5) - 3 - Acetamido - T - amino - 2,4,5 - cyclopentanetriol
(16). The compound was prepared by the method of
Tadano et al.tV

6-[pL-(7,2,4/3,5)-3-Acetamido-2,4,5-trikydroxycyclopentyl] amino-
4-dimethylamino-5-nitropyrimidine (17 ). A mixture of 16
(990 mg) and 6-chloro-4-dimethylamino-5-nitropyrimidine!?)
(1.27 g) in 2-methoxyethanol (51 ml) containing triethyl-
amine (2 ml) was heated at 98 °C for 2 h with mechanical
agitation. The solution was evaporated and the residue
was recrystallized from ethanol to give 1.43 g (779%,) of 17,
mp 216—218 °C (dec).

Found: C, 43.61; H, 5.60; N, 23.429,.
H, NgOg: C, 43.82; H, 5.66; N, 23.589,.

6-[(pL-(7,2,4/3,5) - 3 - Acetamido - 2,4,5 - trikydroxycyclopeniyl) -
amino]-5-amino-4-dimethylaminopyrimidine (18). Compound
17 (1.43 g) was catalytically hydrogenated in 509, aque-
ous ethanol (25 ml) for 15h. The product was recrystallized
from ethanol to give 1.19g (91%) of 18, mp 187—189 °C
(dec).

Found: C, 47.52; H, 7.00; N, 25.319%,.
H,,N;O,: C, 47.84; H, 6.80; N, 25.75%,.

9-[pL-(7,2,4/3,5) - 3 - Acetamido - 2,4,5- trihpdroxycyclopentyl]-6-
dimethylaminopurine (19). A mixture of 18 (552 mg)
and formamide (16 ml) was heated at 180 °C for 1.5 h. The
solution was evaporated and the residue was dissolved in
boiling water. After being decolorized with active charcoal,
the solution was settled in a refrigerator to give 427 mg (75%,)
of 19 as needles, mp 295—297 °C (dec). UV: AL "% 269
nm (e=2.04x10%), A% 277 nm (e=2.04x10%), AL NeoH
276 nm (e=2.33x 10%).

Found: C, 50.24; H, 6.00; N, 25.249.
H,,N;O,: C, 49.99; H, 5.99; N, 24.99%.

9-[pL-(7,2,4/3,5)-3-Amino-2,4,5-trikydroxycyclopentyl] -6 -dimeth-

ylaminopurine (20). A mixture of 19 (1.48g) and

Calced for Cyo-

Calcd for G,,-

Calcd for Cy,-

Calcd for Cy,-

Calcd for G-
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barium hydroxide octahydrate (19 g) in water (300 ml) was
heated under reflux for 4 h. The mixture was worked up
as in the preparation of 6 to give 1.16 g (90%) of 20, mp
204—205 °C (dec). An analytically pure sample was ob-
tained by recrystallization from aqueous ethanol.

Found: C, 48.72; H, 6.20; N, 28.71%,. Calcd for C,,-
H;;N:O;: C, 48.97; H, 6.16; N, 28.55%,.

A Mixture of 6-Dimethylamino-9-[(7S,2S,4R,5R )-2,4,5-trihydr-
0xy-3- (N-benzyloxycarbonyl - p - methoxyphenyl - L - alanylamino ) cyclo-
pentyl]purine and 6-Dimethylamino-9-[(TR,2R 4S,55)-2,4,5-tri-
hydroxy-3-(N-benzyloxycarbonyl - p - methoxyphenyl - L - alanylamino ) -
cyclopentyl]purine (21 ). To a solution of 20 (218 mg)
and N-benzyloxycarbonyl-p-methoxyphenyl-L-alanine'® (256
mg) in DMF (10ml) containing N-hydroxysuccinimide
(90 mg), DCC (161 mg) was added under ice-cooling. The
mixture was worked up as in the preparation of 7a and 7b
to give 334 mg (749%,) of 21, mp 214—216 °C.

Found: C, 59.52; H, 5.84: N, 16.37%.
C3H3sN,O,: G, 59.49; H, 5.83; N, 16.19%,.

6-Dimethylamino-9-[(78,2S,4R,5R )-2,4,5-trihydroxy-3-(p-meth-
oxyphenyl-L-alanylamino ) cyclopentylpurine (22a) and 6-Dimeth-
ylamino-9-[ (T1R,2R 48,58 ) -2,4,5 - trikydroxy - 3 - (p-methoxypheny!-

L-alanylamino ) cyclopentyl) purine (22b). A solution of 21
(500 mg) in glacial acetic acid (15 ml) was hydrogenated
in the presence of 109, palladium on charcoal in a hydrogen
atmosphere (3.0 kg/cm?) for 2 h. The solution was worked
up as in the preparation of 8a, and the product was purified
by column chromatography using 3 :1 (v/v) chloroform-
methanol. Fractions showing a single spot at R; 0.45 on
TLC in the same solvent system were combined and concen-
trated to give 90 mg (239,) of 22a, mp 259—261 °C (dec),
[«]d —31.9° (¢, 0.99, DMF).

Found: C, 55.85; H, 6.24; N, 20.479%,.
Cy,HpoN;,O5: G, 56.04, H, 6.20; N, 20.79%,.

Fractions showing a single spot at Ry 0.31 on TLC in the
same solvent were combined and concentrated to give 104 mg

(27%) of 22b, mp 258—260 °C (dec), [«]y —3.6° (¢ 1.01,
DMF).

Calcd for

Calcd for

Found: C, 56.04; H, 6.19; N, 20.609,. Calcd for
C,,Hy N,O;: G, 56.04; H, 6.20; N, 20.799%,.
N,O-Téetraacetyl Derivative of 22a (23a). Compound

22a (30 mg) was acetylated and the product was purified by
a column chromatography using 5 : 1 (v/v) benzene-ethanol.
The product was washed with ether to give 37 mg (91%) of
23a, mp 188—189 °C. *H NMR: 4 1.80 (s, 3, NAc), 1.91
(s, 3, OAc), 1.97 (s, 3, OAc), 2.06 (s, 3, OAc), 3.01 (d, 2, J=
7 Hz, CH,CgH,), 3.46 (s, 6, 2XNCHj), 3.69 (s, 3, OCH,),
6.58 (d, 1, J=8 Hz, NH), 6.89 (q, 4, CGgH,), 7.67 (d, 1, J=
6 Hz, NH), 7.72 (s, 1, purine H-2 or 8), 8.18 (s, 1, purine
H-8 or 2).

Found: C, 56.28; H, 5.90; N, 15.04%. Calcd for
C,H;;,N,Oy: G, 56.33; H, 5.83; N, 15.339%,.
N,O-Tetraacetyl Derivative of 22b (23b). Compound

22b (30 mg) was acetylated and the product was purified as
in the preparation of 23a to give 28 mg (69%) of 23b as a
glass. H NMR: ¢J 1.83 (s, 3, NAc), 1.90 (s, 3, OAc),
1.98 (s, 3, OAc), 2.05 (s, 3, OAc), 3.00 (d, 2, /=6 Hz, CH,C;-
H,), 3.47 (s, 6, 2x NCH,), 3.69 (s, OCHy), 6.45 (d, 1, J=8
Hz, NH), 6.87 (q, 4, CH,C:H,), 7.56 (d, 1, J=7 Hz, NH),
7.72 (s, 1, purine H-2 or 8), 8.18 (s, 1, purine H-8 or 2).
Found: C, 56.29; H, 6.09; N, 14.959%,. Calced for
CyoHyN,O,: G, 56.33; H, 5.83; N, 15.339%,.
pL-(7,2,5/3,4)-3-Acetamido-1-amino-2,4,5-cyclopentanetriol (24)
The compound was prepared by the method of Tadano et al.*V
6-[(pL-(1,2,5/3,4)-3 - Acetamido - 2,4,5 - trihydroxycyclopentyl) -
amino]-4-dimethylamino-5-nitropyrimidine (25). A mixturc
of 24 (402 mg) and 6-chloro-4-dimethylamino-5-nitropyrim-
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idine'® (514 mg) in 2-methoxyethanol (21 ml) containing
triethylamine (1 ml) was heated at 80°C for 2.5h. The
solution was evaporated and the residue was washed with
warm ethanol to give 564 mg (75%) of 25, mp 215—216 °C
(dec).

Found: C, 43.96; H, 5.64; N, 23.729%.
CsHoNgOg: G, 43.82; H, 5.66; N, 23.58%,.

6-[(pL-(7,2,5/3,4)-3- Acetamido - 2,4,5 - trihydroxycyclopentyl) -
amino]-5-amino-4-dimethylaminopyrimidine (26 ). Compound
25 (796 mg) was catalytically hydrogenated in water (50 ml)
for 5.5 h. The catalyst was filtered off and the filtrate was
evaporated to give 635 mg (87%) of 26, mp 229—230 °C
(dec).

Found: C, 48.13; H, 6.75; N, 26.10%.
CysHp,NgO,: G, 47.84; H, 6.80; N, 25.75%,.

9-[pL-(7,2,5/3,4) - 3 - Acetamido - 2,4,5 - trifydroxycyclopentyl]-6-
dimethylaminopurine (27). A mixture of 26 (319 mg) and
triethyl orthoformate (1.6 ml) in DMF (53 ml) was heated
at 67 °C for 4 h in the presence of p-toluenesulfonic acid (10
mg). After being neutralized with Amberlite IRA-400
(OH") resin, the solution was evaporated. The residue was
dissolved in 0.1 M HCI (33 ml). After 2 h, the solution was
evaporated. The residue was dissolved in water and neu-
tralized with 0.1 M NaOH. The solution was allowed to
settle in a refrigerator to give 291 mg (89%,) of 27 as crystals,
mp 233—234 °C (dec).

Found: C, 49.71; H, 5.95; N, 24.65%.
G HyNgO,: G, 49.99; H, 5.99; N, 24.99%,.

9-[pL-(7,2,5/3,4)-3-Amino-2,4,5-trihydroxycyclopentyl}-6-dimeth-
ylaminopurine (28). A mixture of 27 (340 mg) and
barium hydroxide octahydrate (2.7 g) in water (34 ml) was
heated at 100 °C for 4 h. The solution was worked up as
in the preparation of 6 to give 278 mg (93%,) of 28. UV:
M ECL 268 nm (e=1.48x 10%), L9 275 nm (e=1.64X 10%),

LM N2OH 975 nm (e=1.64x10¢). H NMR (DMSO-d;):
§ 3.63 (s, 6, 2x NCH,), 8.47 s, (1, purine H-2 or 8), 8.58
(s, 1, purine H-8 or 2).

Hydrochloride of 28 was obtained as crystals in 469, yield
by recrystallization from methanol, mp 163—164 °C.

Found: G, 41.67; H, 5.97; N, 23.86; Cl, 10.01%. GCalcd
for C,H,(N,O,Cl-H,O: C, 41.32; H, 6.06; N, 24.09; Cl,
10.16%.

6- Dimethylamino -9 - [(18,2S,4S,5S,) - 2,4,5 - trikydroxy - 3 -(N-
benzyloxycarbonyl-p-methoxyphenyl-L-alanylamino ) cyclopentyl] Purine
(29a). DCC (202 mg) was added under ice-cooling
with agitation to a solution of 28 (274 mg) and N-benzyloxy-
carbonyl-p-methoxyphenyl-L-alanine!®) (323 mg) in DMF (11
ml) containing N-hydroxysuccinimide (113 mg). The mix-
ture was worked up as in the preparation of 7a to give 165
mg (29%) of 29a, mp 222—223 °C (dec) (from methanol).

Found: C, 58.52; H, 5.80; N, 15.58%,. Calcd for
C,H3sN,0~CH,OH: C, 58.39; H, 6.16; N, 15.38%,.

The product was acetylated to give tri-O-acetyl derivative
of 29a in a quantitative yield as a syrup. *H NMR (DMSO-
dg): 6 1.85 (s, 3, OAc), 1.97 (s, 3, OAc), 2.00 (s, 3, OAc),
2.98 (d, 2, /=7 Hz, CH,C¢H,), 3.46 (s, 6, 2x NCHj), 3.70
(s, 3, OCHy), 5.02 (s, 2, benzyl CH,), 7.79 (s, 1, purine H-2
or 8), 8.23 (s, 1, purine H-8 or 2).

Found: C, 59.06; H, 5.76; N, 13.14%.
CyeHN; O30 G, 59.09; H, 5.65; N, 13.409%,.

6-Dimethylamino-6-[(18,25,48,5S )-2,4,5-trihydroxy-3 - (p-meth-
oxyphenyl-L-alanylamino ) cyclopentyl] purine (30a). A solu-
tion of 29a (32 mg) in glacial acetic acid (8 ml) was hydro-
genated in the presence of palladium black in a hydrogen
atmosphere (3.0 kg/cm?) for 4 h. The solution was worked
up as in the preparation of 8a to give 12 mg (489%,) of 30a,
mp 139—140 °C (from methanol), [«]® —49.4° (¢ 1.13,

Calcd for

Calcd for

Caled for

Calcd for
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methanol). UV: AL¥E! 269nm (e=2.11x10%), AR
275 nm  (e=2.15x10%), A% N°% 275nm (e=2.00x 10%).

H NMR (DMSO-dg): 6 3.64 (s, 6, 2x NCHj,), 3.90 (s, 3,
OCH;), 8.55 (s, 1, purine H-2 or 8), 8.61 (s, 1, purine H-8
or 2).

Found: G, 55.78; H, 6.35; N, 20.419%,.
CyoHyN,O5: G, 56.04; H, 6.20; N, 20.799%,.

6-Dimethylamino-9 - [ (TR,2R 4R ,5R ) - 2,4,5 - trikydroxy - 3 - (p-
methoxyphenyl-L-alanylamino ) cyclopentyl] purine  (300b). The
methanolic mother liquor of 29a was concentrated to give
741 mg of a residual syrup. A solution of the residue in
glacial acetic acid (14 ml) was hydrogenated in the presence
of palladium black in a hydrogen atmosphere (3.0 kg/cm?) for
3h. The solution was worked up as in the preparation of
8a. The product was purified by column chromatography
using 5 :1 (v/v) chloroform-methanol. Fractions showing
a single spot at Ry 0.27 on TLC in the same solvent were
combined and evaporated to give 51 mg of 30a. Fractions
showing a single spot at R; 0.21 on TLC in the same solvent
were combined and evaporated to give 113 mg (269, from
28) of 30b, mp 201—202 °C (dec), [«]y +42.0° (¢ 1.13,

Calcd for

methanol). UV: A¥"" 269nm (e=1.96x%x10%), AHQ
275 nm (e=2.05x10%), A ¥ ™°" 276 nm (e=2.19x10%).

H NMR (DMSO-dy): ¢ 3.63 (s, 6, 2x NCH,), 3.89 (s, 3,
OCH,;), 8.53 (s, 1, purine H-2 or 8), 8.59 (s, I, purine H-8

or 2).
Found: C, 55.78; H, 6.29; N, 20.64%. Calcd for
Cy.H,,N,0;: G, 56.04; H, 6.20; N, 20.79%,.

The authors are indebted to Mr. Saburo Nakada for
Carrying out elemental analyses.
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