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§'-C-CHAIN-EXTENDED ADENOSINE DERIVATIVES RELATED TO SINEFUNGIN.
SYNTHESIS AND BIOLOGICAL ACTIVITY.

John A. Secrist III" and Ratnakar R. Talekar

Kettering-Meyer Laboratories, Southern Research Institute,
P. O. Box 55305, Birmingham, AL 35255-5305

Summary. The synthesis of four 5’-chain-extended adenosine derivatives is described. Three
of these nucleosides were prepared by manipulation of lactone 6, which is derived from N%-benzoyl-
2'3'-O-isopropylideneadenosine  5’-aldehyde by chain extension through Wittig chemistry.
Functional group manipulation allowed introduction of the C-6’ amide and amine groups, and the
chain terminal amino or hydroxyl group. The fourth compound was prepared in five steps from the
natural product sinefungin. Antiviral data and certain enzyme inhibition data are presented on the
target compounds.

INTRODUCTION

The nucleoside antibiotic sinefungin (1, SF), isolated from Streptomyces griseolus,l has attracted
significant attention because of its interesting structure as well as its potent biological activity as an
inhibitor of methyltransferase enzymeSA2 SF is an amino acid-containing nucleoside that has an
ornithine residue attached through the terminal carbon to C-5' of adenosine, thereby producing a
decose as the carbohydrate moiety of the nucleoside. SF bears a strong structural resemblance to
S-adenosylmethionine (AdoMet), with the methylated sulfur in AdoMet being replaced by a
-CH(NH,)- group. Of particular interest is that the spatial orientation of this amino group in SF
is identical to the methyl in AdoMet.3 SF has been found to have a variety of activities both in vitro

and in vivo including antifungal,* antiviral,>># and antiparasitic activities.>®18

These biological
activities may be attributed to the aforementioned inhibition of a variety of methyltransferases
utilizing AdoMet, many examples of which exist,}93! or perhaps to the inhibition by SF of an enzyme
on the polyamine pathway.32 A series of synthetic efforts directed towards either SF or analogues

d 33-38

have been reporte and a variety of interesting chemical approaches have been developed.

Our initial efforts in this area focused on the utilization of the Wittig reaction to carry out

chain extension at C-5' of a suitably protected adenosine 5'-aldehyde.>” The Wittig reagents that

619
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620 SECRIST AND TALEKAR

we prepared were designed to allow for manipulation at C-6' (where the amino group of SF resides)
as well as at the terminus of the carbohydrate chain. Herein we describe the extension of this effort
to the synthesis of several chain-extended adenosines (2-5) that were designed as potential inhibitors

3% The effects of these

of polyamine biosynthesis, and some biological data on these compounds.
compounds on the enzymes of the polyamine pathway, especially spermine synthase, have already

been described.?

NH, NH,
N XN
R | NJ NH, 7l
| = é —
HO(CH,)oCHCH, HaN(CHp), CHCH,
HO OH HO OH
1 2) R = CONH, (6R.8) 4)n = 2 (6RS)
3) R = NH, (6R.5) 5)n = 3 (69)
CHEMISTRY

The starting material for compounds 2-4 is the lactone 6, which is prepared from adenosine as
described previously through a series of steps utilizing a Wittig reaction as the key transformation.
Lactone ring opening with ammonia followed by protection of the generated side-chain hydroxyl
group of 8 as a tert-butyldiphenylsilyl ether provided 9. Rearrangement of the amide with
[bis(trifluoroacetoxy)iodo]benzene?! to afford 10 followed by deblocking with aqueous hydrochloric
acid provided 6’-amino compound 3. Removal of the isopropylidene group from 6 followed by
lactone opening of 7 with ammonia readily provided the corresponding 6’-carboxamide 2.

NH,
~

R
R'O(CHz)zJ:H Hz o

n,c><crl3

8) RR = C(CHy),
(ca. 2:1 mixture of 8 R = CONHg, R’ = H

R end S at C-8")

DRR = H 9) R = CONHg, R' = TBDPS

10) R = NH,, R' = TBDPS

The two diamino compounds 4 and § were prepared by very different routes. The diamine 4,
with a propyl spacer between the amino groups, was generated from urethane azide 11, which was
prepared as previously described,”’ the key step being a Curtius rearrangement to incorporate the
6’ carbon-nitrogen bond. Hydrogenolysis of 11 in aqueous formic acid provided 4, isolated as the

formate salt.
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The diamine §, with a butyl spacer between the amino groups, was prepared from sinefungin
(I)42 in five steps. Sinefungin was first blocked as the 2’,3’-O-isopropylidene derivative, and then
treated with N-carboethoxyphthalimide in order to generate 12, with the two basic side-chain amines
blocked. Irradiation of 12 in a Pyrex tube with a medium-pressure Hanovia lamp43 resulted in two
products, one of which was the desired decarboxylated bis-phthalimide 13. The other product, which
had lost a phthalimide group, was not fully characterized. Treatment of 13 with hydrazine produced
14, which upon treatment with aqueous hydrochloric acid produced the desired diamine § as the

hydrochloride salt.

[ |
IFH OBn P
Ng(CHg)g CHCH,

0, Q0
Ha cH,

14

H36><CH3

11

Compounds 2-4 were isolated and characterized as mixtures at C-6', the result of starting
lactone 6 being an inseparable mixture at this center. We were unable to obtain any physical
separation of the isomers for any of the three compounds by either tic or hplc, though some H
NMR signals showed the presence of the two isomers. Compound §, derived from sinefungin, was,
of course, a single compound. Purification of the three 6'-amino compounds 3-5 proved to be
difficult, and NMR data were also difficult to obtain. For some reason these compounds hold onto
metal ions tightly, and apparently a trace amount of a paramagnetic metal ion, which we were unable
to remove in spite of extensive efforts, broadened the IH NMR spectra, and also prevented us from
obtaining 13c NMR spectra. It was, however, possible to obtain reasonable analytical data on the

compounds.

BIOLOGICAL EVALUATION

As mentioned above, compounds 2-§ were examined for their effects on polyamine synthesis.‘w
The two diamino compounds 4 and 5 were found to be moderate inhibitors of E. coli AdoMet
decarboxylase, but none of the four inhibited the enzyme from rat prostate. None of the four was
a potent inhibitor of rat prostate spermidine synthase. The three 6’-amino compounds 3-5 were all
inhibitors of rat brain spermine synthase, with 4 being the most potent inhibitor. In SV-3T3 cells,
4 was found to reduce the spermine content, although there was a compensatory increase in
spermidine levels.

Antiviral activity was assessed in several systems. In a standard Herpes simplex type 1 assay

in Vero cell monolayers assessing the inhibition of cytopathic effects, compounds 2-§ were inactive.
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The effects of 2-4 on vaccinia virus plaque production in mouse fibroblast cells (clone L929) were
also examined.® Neither 2 nor 3 showed any effects up to 800 pM, either antiviral or cytotoxic, while
4 showed weak activity, with an MICg, of ca. 700 pM, and some cytotoxicity at the highest
concentration examined. In agreement with these observations, no cytotoxicity was seen toward L1210
cells in a suspension culture assay for any of the compounds up to concentrations in excess of 100
pM. Additionally, none of the four compounds was inhibitory toward vaccinia virion mRNA
(guanine-7) methyltransferase, as determined in the laboratory of Dr. R. T. Borchardt.

On the basis of the potent inhibitory activity of sinefungin toward the enzyme 1-

aminocyclopropanecarboxylic acid symhase,‘““‘6

which utilizes AdoMet as substrate, compounds 2-4
were examined as inhibitors of this enzyme by Dr. P. K. Chiang. None of these compounds was a
potent inhibitor, with 4 showing an L5, of 660 pM and 3 an I, of 800 pM.“B The amide 2 was not
an inhibitor at the highest levels examined. These results lend further support to the observation
that the carboxylic acid group in sinefungin is an important contributor to its inhibitory properties

toward this enzyme.

EXPERIMENTAL SECTION

Infrared spectra were recorded on a Nicolet 10MX infrared spectrometer. 'H NMR and
3¢ NMR spectra were recorded on a Nicolet NMC 300NB spectrometer operating at 300.635 MHz
(*H) or 75.16 MHz (3C). Chemical shifts are expressed in parts per million downfield from
tetramethylsilane. Microanalyses were performed by the Molecular Spectroscopy Section of Southern
Research Institute. HPLC data were recorded on a Hewlett-Packard HP 3380A chromatograph at
254 nm using a Partisil 10 SCX cation-exchange column, 20 min linear gradient, 0.1-0.5 M
NH,H,PO,, pH 4.4, 1.5 mL/min. Mass spectra were recorded on a Varian MAT 311A mass
spectrometer in the fast atom bombardment (FAB) mode.

The vaccinia virus plaque assay procedure was performed as described in reference 6, except
that the incubation temperature was 37 °C and the vaccinia virus strain used was the Lederle CA
strain,

9-[6-C-(R,S)-Carboxamido-5,6,7-trideoxy-B-D-ribo-octofuranosyl]adenine (2). A solution of
lactone 6*7 (375 mg, 1 mmol) in 44% aqueous formic acid (10 mL) was allowed to stand at room
temperature for 24 h, at which time TLC analysis indicated the complete loss of starting material.
The solution was lyophilized and the product isolated by preparative TLC (9:1 CHCI13-CH,0H) to
afford 267 mg of 7 (80%), FABMS m/z 336 M + H)*,

The lactone 7 was dissolved in 30 mL of ethanol that had been saturated with ammonia gas
at 0 °C, and allowed to stand at 5-10 °C for five days, by which time TLC analysis indicated the
presence of one new compound. The solvent was removed under reduced pressure, and the residue
was dried (0.1 mm Hg, 24 h) to afford 2 as a colorless foam, 267 mg (95%); IR (KBr) 3344, 3340,
3335, 3271, 3193, 3186, 1653, 1601, 1576, 1047 cm’; 'H NMR (Me,SO-dg) & 1.4-2.0 (m, 4, 5'-CH,,
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7'-CHy), 2.40 (m, 1, H-6"), 3.35 (m, 2, 8'-CH,), 3.81, 3.90 (2 m, 1, H-4'), 4.00 (m, 1, H-3"), 4.38
(br s, 1, OH), 4.62, 4.73 (2 apparent t, 1, H-2', J = 2 Hz), 527, 548 (2 br s, 2, OH), 587 (2 4, 1,
H-1',J = 2 Hz), 6.80 (br s, 1, NH), 7.26 (br s, 1, NH), 7.28 (br s, 2, 6-NH,,), 8.15, 8.16 (2 5, 1, H-2
or H-8), 834 (s, 1, H-2 or H-8); 13C NMR (Me,SO-d,) & 34.90, 36.24 (C-7'), 58.84 (C-8'), 72.84,
73.15, 73.40, 73.67 (C-2,3"), 81.77 and 82.39 (C-1’ or C-4'), 8745 (C-1' or C-4"), 119.11 and
119.20 (C-5), 139.60 and 139.90 (C-8), 149.34 and 149.41 (C-4), 152.15 (C-2), 155.97 (C-6), 176.36
and 176.68 (CONH,), C-5' and C-6’ hidden by solvent; exact mass (FAB) caled 353.157 (M + H)™;
found, 353.158. The NMR spectra showed the presence of the appropriate amounts of ethanol and
water. Anal. Caled for C,,HyNcOs -0.5EtOH -0.8H,0: C, 46.22; H, 6.36; N, 21.56. Found: C,
46.23; H, 6.17; N, 21.33.

9-[6(R,S)-Amino-5,6,7-trideoxy- p-D-ribe-octofuranosylladenine (3). A solution of lactone 67
(1.875 g, 5 mmol) in ethanolic ammonia (100 mL, saturated at 1 °C) was allowed to stand at S °C
for five days, at which time TLC analysis (9:1 CH,Cl,-CH,OH) indicated the presence of only one
material, different from 6. Solvent was removed under reduced pressure to leave the intermediate
hydroxy amide as a foam, 1.89 g (96%), that was used directly in the next step: FABMS 393 (M +
H)*, 258 (sugar)*’ IR (KBr) 3391, 3344, 3335, 3193, 1665, 1645, 1600, 1375, 1210, 1080 cm;
'H NMR (Me,SO-dy) 8 1.31, 1.54 (2 s, 2, C(CH,),), 1.7-2.0 (m, 4, 5'-CH,, 7'-CH,), 3.40 (m, 1,
H-6'), 402 (m, 2, 8'-CH,), 43 (m, 1, H-4’), 488 (m, 1, H-3"), 544 (m, 1, H-2"), 6.11 (m, 1,
H-1"), 7.10, 7.28 (2 s, 2, CONHy), 7.36 (br s, 2, Ad-NH,), 8.17, 8.32, 8.34 (3 5, 2, H-2, H-8).

The hydroxy amide (630 mg, 1.6 mmol) was dissolved in DMF (5§ mL) and stirred with
imidazole (109 mg, 1.6 mmol) and terr.-butyldiphenyichlorosiiane (439 mg, 1.6 mmol). After 24 h
at room temperature, TLC analysis (95:5 CH,Cl,-CH,OH) indicated one new, faster-moving material.
Solvent was removed under reduced pressure and the residue was chromatographed over silica gel,
eluting with 95:5 CH,Cl,-CH,0OH to afford 964 mg (95%) of 7, which was used directly: FABMS
z/e 631 (M + H)*, 496 (sugar)*; IR (KBr) 3375, 3175, 2930, 2855, 1675, 1642, 1598, 1575, 1427,
1374, 1210, 1112, 1085, 703 cm’.

To a solution of the amide 7 (1.22 g, 1.94 mmol) in 50% aqueous DMF (8 mL) was added
[bis(trifluoroacetoxy)iodo]benzene (886 mg, 2.06 mmol), and the reaction mixture was stirred for 2
h. Pyridine (2 equiv) was added, and the mixture stirred for an additional 2 h. Solvent was removed
under reduced pressure, and the residue was chromatographed over silica gel to afford 1.1 g (94%)
of the amino compound 8: FABMS z/e 603 (M + 1)*, 468 (sugar)*; IR (KBr) 3340 (br), 3185,
2930, 2860, 1682, 1643, 1206, 1181, 1156, 1135, 1112, 1106, 1089, 702 cm™; 'H NMR (Me,SO-d,,
major isomer) & 0.86 (s, 9, C(CH,)3), 1.32, 1.55 (2 s, 6, C(CHg),), 1.6-2.0 (m, 4, 5-CH,, 7'-CH,),
315 (m, 1, H-6"), 3.7 (m, 8-CH,, NH), 4.34 (m, 1, H-4’), 490 (m, 1, H-3"), 543 (m, 1, H-2"),
6.13 (4, 1, H-1', J = 1 Hz), 7.32 (br s, 2, Ad-NH,), 7.2-7.7 (m, aromatic), 8.15, 8.33 (2 s, 2, H-2,
H-8).
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The silyl amine 8 (353 mg, 0.59 mmol) was dissolved in a minimum amount of THF and then
0.1 N HCI was added (25 mL). The solution was allowed to stand at room temperature for 10-14
days. The acid was neutralized with Amberlite IR-45 (2 g), and the resin filtered off and washed with
water. The filtrate was lyophilized to afford 178 mg of 3 as a hygroscopic foam homogeneous by
TLC. HPLC purity, 97.4%, retention time 8.9 min; IR (KBr) 3319, 3183, 1644, 1600, 1575, 1480,
1440, 1330, 1250, 1050, 725 cm; TH NMR (Me,SO-dg) & 1.74, 2.04 (2 br s, 4, 5'-CH,, 7"-CH,),
3.36, 3.54, 4.11, 4.55, 4.65, 5.0, 5.5 (br, -CH,O-, -CHO-, -CHN-, OH, NH), 5.89 (d, 1, H-1"), 7.30
(br s, 2, Ad-NH,), 8.18, 8.37 (2 br s, 2, H-2, H-8); B¢ spectrum was again not obtainable; exact mass
(FAB) caled (M + H)* 325.162; found, 325.165. We were unable to obtain satisfactory
microanalytical data on this compound.
9-[6(R,S),8-Diamino-5,6,7,8-tetradeoxy-p-D-ribo-octofuranosyl]adenine (4). Purified urethane
azide 11% (343 mg, 0.655 mmol) was dissolved in 50% aqueous formic acid (40 mL) and shaken in
a Parr apparatus at 50 psi of hydrogen for S days over 10% Pd/C (245 mg). The catalyst was filtered
off and washed with water (10 mL), and the filtrate lyophilized. The residue was taken up in water
(10 mL) and lyophilized twice more, and the resulting pale, yellow foam was dried (0.1 mm Hg) for
24 h. The product, a hygroscopic foam, was a hydrated formate salt weighing 277 mg (75% based
upon analytical data; IR (KBr) 3505, 3411, 3398, 3393, 3388, 3380, 1630, 1598, 1342, 1332 cm’;
TH NMR (Me,SO-dg) 8 1.9 (br s, 4, 5'-CH,, 7'-CH,), 2.92, 3.20, 4.10, 4.60 (br, 6, H-2',3',4',6/,
8-CH,), 5.88 (s, 1, H-1), 817, 834 (2 s, 2, H-2, H-8), 7.32, 840 ( 2 br s, 4, 2 NH,), 6.74 (br,
HCO,H, NH); exact mass (FAB) calcd 324.178 (M + H)*; found 324.176. We were unable to
record a 13C NMR spectrum. Anal. Caled for C;3H,,N;0, -4HCO,H -3H,0: C, 36.36; H, 6.24;
N, 17.46. Found: C, 36.17; H, 6.00; N, 17.29.
9-[6(S),9-Diamino-5,6,7,8,9-pentadeoxy--D-ribo-nonfuranosyl]adenine (5), A solution of
sinefungin (1, 1.143 g, 3 mmol)42 and perchloric acid (70-72%, 1 mL) in acetone was stirred for 2
h in the presence of 4A molecular sieves (1 g). The solution was filtered, neutralized with
triethylamine, and evaporated to dryness. The residue was dissolved in DMF (20 mL) and stirred
at room temperature with N-carboethoxyphthalimide (1.315 g, 6 mmol) for 24 h. After acidification
with glacial acetic acid the reaction mixture was evaporated to dryness. Isolation of the bis
phthalimido compound 12 was accomplished by column chromatography, eluting with 9:1
CH,C1,-CH,OH, 10 afford 1.064 g (52%) of reasonably pure material: FABMS 682 (M + H)™.
A solution of 12 (569 mg, 0.83 mmol) in acetone (150 mL) was irradiated for 4 h in a Pyrex
tube using a medium-pressure Hanovia lamp. TLC analysis showed the absence of starting material
and the presence of two products. Separation was accomplished by thick-layer chromatography,
eluting with CH,Cl,-CH,OH (7:3) to yield 230 mg (43%) of the decarboxylated material 13. The
other product, which had lost a phthalimide group, was not fully characterized. Spectral data for 13:
IR (KBr) 3350, 3175, 2980, 2935, 1772, 1710, 1635, 1596, 1397, 1372, 1330, 1209, 1076, 721 cm;
FABMS z/e 638 (M + H)*, 503 (sugar + 1)*; 'H NMR (Me,SO-dg) 8 1.07 and 132 (2 s, 6,
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C(CHy)y), 1.42, 1.61, 191 (3 m, 4, 7-CH,, 8-CH,), 2.10, 246 (2 m, 2, 5'-CH,), 3.49 (m, 2,
9’-CHp), 3.93 (m, 1, H-4'), 420 m, 1, H-6"), 4.75 (dd, 1, H-3', J3, ,, = 4 Hz), 537 (dd, 1, H-2',
Jyi 30 = 6 Hz), 6.03 (4, 1, H-1', J;, 5, = 3 Hz), 7.32 (br s, 2, NH,), 7.81 (m, 4, phthalimide), 8.15,
831 (2's, 2, H-2, H-8); 13C NMR (Me,SO-dg) & 24.63, 24.80, 26.66, 29.16 (C(CH,),, C-7', C-8),
3517, 36.75 (C-5', C-9'), 47.81 (C-6"), 8264, 8290, 83.53 (C-23'4’), 88.07 (C-1"), 11336
(C(CHy3),), 118.98 (C-5), 122.78, 131.16, 131.42, 134.11, 134.20 (phthalimide aromatic carbons), 139.83
(C-8), 148,67 (C-4), 152.58 (C-2), 155.97 (C-6), 167.68, 168.00 (phthalimide carbonyls). Bis
phthalimide compound 13 (310 mg, 0.486 mmol) was dissolved in methanol (15 mL) and treated with
hydrazine (94 mg, 2.93 mmol), and the solution stirred at room temperature for 48 h, at which time
TLC analysis (CHCl;-EtOH-conc. NH,OH, 3:2:1) showed one band, ninhydrin positive. The mixture
was evaporated to dryness, and the residue dissolved in methanol and absorbed onto Ambetlite
CG-50 (100-200 mesh, 2 mL) in a column over 1 h. The column was washed with 10% aqueous
methanol until no UV-absorbing material was detected. The diamino compound 14 was then eluted
with 4 M NH,OH, monitoring fractions by TL.C. Appropriate fractions were lyophilized to a foam
(175 mg, 94%) that showed one spot by TLC analysis; FABMS 378 (M + H)*.

Removal of the isopropylidene gronp was accomplished by dissolving 14 (140 mg, 0.37 mmol)
in 0.1 N HCI (30 mL) and allowing the solution to stand for seven days at room temperature. The
acid was neutralized with Amberlite IR-45 ion-exchange resin (2.0 g). The resin was filtered off,
washing with water, and the filtrate was lyophilized to afford 112 mg of the very hygroscopic
hydrochloride salt §, which showed a single peak by HPLC analysis (retention time 15.4 min); IR
(KBr) 3310 (br), 3175, 2900 (br), 1642, 1599, 1475, 1330, 1250, 1125, 1040 em’; TH NMR
(Me;SOdg) 8 1.71, 2.07 (2 m, 6, 5-CH,, 7'-CH,, 8'-CH,), 2.77 (m, 2, 9'-CH,), 3.22 (m, 1,
H-6"), 401 (m, 1, H-3"), 421 (m, 1, H-4"), 466 (m, 1, H-2"), 598 (4, 1, H-1", J;, ,, = 5 Hz),
8.24 (br, OH, NH), 8.67, 8.85 (2 s, 2, H-2, H-8); exact mass (FAB) calcd 338.194 (M + H)*; found
338.196. The 'H NMR spectrum was broadened, apparently by metal ions, and we were unable to

get a 13C NMR or microanalytical data.
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