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S-Adenosyl-1.-methionine {AdoMet) serves as a methyl
donor in a variety of biomethylation reactions, and the
byproduct, S-adenosyl-1-homocysteine (AdoHcey). is a
potent feedback inhibitor of AdoMet-dependent methyl-
transferase enzymes.' The AdoHcy is hydrolyzed 1o adeno-
sine amd L-homocysteine by AdoHey hydrolase in the
cyloplasm® (Scheme 1). It is known that inhibition of
AdoHcy hydrolase results in a rapid accumulation of
intracellular AdoHcy and the consequent inhibition of
transmethylation processes which are cssential for viral
multiplication® and cell division.,'! Therefore AdoHcy
hydrolase has become an attractive target for the molecular
design of broad-spectrum antiviral and anticancer agents.”

Based on the proposal by Palmer and Abeles,” major
efforts to synthesize the inhibitors of AdoHcy hydrolase
have (ocused on the mechanism-based nucleosides, mainly
Neplanocine A or aristeromycin-derived nucleosides.”
However, continuous attention has not been given 1o studies
on the class of Adotlcy analogucs and the evaluation of their
aclivities, mainly due to the difficulty in their preparation.
After X-ray crystallographic structure of the rat liver and
human Adollcy hydrolasc was recently determined,® a few
AdoHcy derivatives have Dbeen synthesized with the
intention to prove the interactions of AdoHcy with residues
at the binding site of AdoHcy hydrolase.” These synthetic
efforts would thereby improve our understanding of this
enzyme, which can consequently could provide important
clues for the design of novel inhibitors.

Among the reported compounds structurally related to
AdoHcy, the modification in AdoHey molecules is mainly
focused on the amino acid and‘or base moieties.'” However,
there have been very few studies on the AdoHcey derivatives
with variations in the sugar portion of AdoHcy."" So, it was
interesting to us to synthesize sugar-modified AdoHcy
analogues and to investigate the role of sugar portion of
AdoHcy in the interaction with the enzyme and the
consequent eftect of functionalities in sugar moiety on the
inhibitory activity. With the above point in mind, as one of
several approaches to prepare AdoHcy derivatives having
diverse functionality at 2' or 3'-position of sugar moiety, we
designed azidosugar (and aminosugar) AdoHcy derivatives
(9-12, Scheme 2) in which 2'- or 3"-hydroxy group in ribose
moiety is replaced with a azido group and amino group,

Since amino group is similar to hydroxy group in size and in
hydrogen-bonding character, and azido group shows
interesting biological activities when it is introduced to sugar
moietly as shown in the example ol AZT,'"? it is envisioned (o
be interesting to investigate the interaction of these
functionalities with the active site of AdoHcy Hydrolase.
The synthetic precursors, 2' (and 3')- azido (and amino)-2'
(and 3")-deoxyadenosine derivatives (1, 2, 5. and 6, Scheme
2) were recently reported to be prepared from adenosine by
Hwang ¢f uf.'* The compounds 1, 2, §, and 6 were converted
to 5'-chloroadenosine analogues, 3, 4. 7, and 8 by employing
similar methodologies reported previously,'™"> With those
chlorinaled compounds in hand, the Adollcy analogucs, 9,
10, 11, and 12 were tinally prepared via coupling with [.-
homocysteine sodium salt (Scheme 2). The synthetic details
and the activity test against Adollcy hydrolase will be
discussed in this note.
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Experimental Section

Melting points were recorded on Electrothermal melting
point apparatus and are uncorrected. Mass and NMR spectra
were recorded on JEOL JMS-DX 303 (3 KV) and Jeol 400
MHz spectrometer, respectively. Thin layer chromatography
was performed on pre-coated silica gel 60 1°-254 (Merck).
The L-homocyteine sodium salt was prepared via Birch
reduction of L-methionine according to reported method-
Ologyll(:

Typical procedure for the preparation of chlorinated
compounds (3, 4, 7, and 8)." To a pre-cooled solution of
thionyl chloride (0.33 ml., 4.51 mmol) in HMPA (4 ml.) was
added compound 1 (0. 2’) 8, 0.75 mmol). The reaction
mixture was stirred at dmblent temperature for 1.5 h under
Ar atmosphere, then quenched with water (3 mL). The
mixture was applied to ion exchange column chromatog-
raphy (Dowex 50W % 4-200, H™ form). The column was
washed with water and eluted with 2 N aqueous NH,OH (30
mL) followed by 2 N aqueous NH.OH-MeOH (1 : 1, viv).
The chromatographically identical fractions were collected
and extracted with EtOAc (100 mL x 2). The combined
organic layer was dried over MgSO; and evaporated to give
3 (0.23 g, 98%) as a white solid. The compounds 7 and 8
were obtained through hydrogenation of compounds 3 and 4
(Hz # Pd/C in MeOH). 3: 98%:; mp: 48-30 °C (soften); IR
(KBr) em™ 2119 (strong, -Ns); 'H-NMR (DMSO-d6) 58.34
(s, 1H, H8). 8.16 (s, LH, H2), 7.37 (br, 2H. NH-), 6.26 (d,
1H. J = 5.2 Hz, -OH. exch), 6.04 (d. 1H, /= 5.2 Hz, H1"),
490 (t, 1H, /= 5.2 Hz, H2"), 4.67 (dd, I1H, /= 5.2, 10.4 Hz,
H3'), 4.15(dd, 1H, /= 4.8, 10.4, H4"), 3.94 (dd, IH, /=438,
11.6 Hz, H5'a), 3.84 (dd, 1H, J = 6.4, 11.6. H5'b); "C-NMR
& 156.16, 152,88, 149,13, 139.71, 119,13, 85.27, 83.83,
71.84, 63.46, 59.77: MS (FAB) [M+H] 311. 4: 96%: mp:
155-157 °C; IR (KBr) em™ 2112 (strong, -Ns); "H-NMR
(DMSO-d6) & 8.34 (s, IH, HB), 8.16 (s, 1H, H2), 7.32 (br,

12 X=NH,, Y=OH (40%)

7 X=OH, Y=NH, (95%)
8 X=NH,, Y=OH (88%)

1) vtz (¢) PA/AC. s MeOIL Lz () Homocysteine sodium sall. K1 11:0. 100 °C,

ZH,NH-). 6.36(d, 1H,/J/=6.0 Hz, -OH, exch), 5.94 (d, 1H, J
=6.0Hz, HI"), 5.17(q, IH, /= 6.0 Hz, H2'),4.39(t, IH,J=
4.8 Hz, H3"), 4.15(q, 1H,/=4.8, H4"), 3.97 (dd, 1H, /= 4.8,
11.6 Hz, H3'a), 3.92 (dd. 1H,J = 6.0, 1.6, H5'b); "C-NMR
S 156.11, 152.75, 14932, 139.77, 119.11, 87.46, 80.77,
73.07, 6243, 44.50; MS (FAB) [M+H]" 311. 7: 95%; mp:
221 °C (decomposed); 'H-NMR, DMSO-dé & 8.33 (s, 1H,
H8), 8.14 (s. IH. H2), 7.29 (br, 2H, NH:), 5.73 (d, IH, /=
7.6 Hz, H1"), 4.10 (m, 3H, H2',3'4", 3.93 (dd. IH. /=64,
11.2 Hz, H5'a), 3.83 (dd, 1H, J = 6.4, 11.2 Hz, H4'); "'C-
NMR & 156.09, 152.63, 149.72, 140.01, 119.27, 88.28,
84.91, 72.07, 56.16, 44.65; MS (FAB) [M—H]" 285. 8: 89%;
mp: 187-190 °C (decomposed); 'H-NMR (DMSO-d6) &
8.27 (s. 1H, H8). 8.15 (s, 1H, H2)., 7.35 (b, 1H, -OH. exch),
7.30 (br, 2H, NHz), 5.94 (d. 1H. J = 2.4 Hz, H1"). 4.41 (dd,
IH, /— 2.4, 56 Hz, H2Y, 3.98 (dd, 1H./J — 24, 11.2 Hz,
H35'a), 3.80 (m. 1H., H4", 3.84 (dd. 1H, /= 6.0, 11.2 Hz,
H3'b). 3.55 (dd. 1H, /= 5.6, 7.2, H4"): *C-NMR & 156.07,
152.69, 149.06, 139.32, 118.99, 88.97, 83.67. 74.18, 54.73.
48.59; MS (FAB) [M-H]" 285.

Typical procedure for the synthesis of AdoHcy ana-
logues (9-12). AdoHcy analogues (9. 10, 11, and 12) were
prepared according to the modified method of Ramalingam
and Woodard.'™ Thus, | -Homocysteine sodium salt (104
mg, 0.58 mmol) and KI {30 mg) was added to a suspension
of 3 (120 mg, 0.42 mmol) in a deoxygenated water (3 mL,
boiled for 1 hour and immediately cooled), and the reaction
temperature increased slowly to 100 “C. A clear solution
was resulted at 80 “C. The mixture was stirred for 5 h under
Ar atmosphere, The reaction was immediately cooled in ice
bath and adjusted to pH 3.5 with 1 N HCI (aq). The whole
mixture was applied to column (1 x 20 c¢m) of Dowex
50W x 4-200 (NH,~ form), and the column was washed with
water thoroughly, eluted with 1N aqueous NH.OH at the
flow rate of ~2.5 mL/10 min. The chromatographically
identical fractions (BuOH-AcCOH-H:0 = 60:15:25, Ry =
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{.33) were collected, and then evaporated to give 9 (54 mg.
35%) as a pale vellow solid. 9: 35%; 'H-NMR (D-0) §8.25
(s. 1H, HS). 8.13 (s. 1H, H2). 594 (d, |H. /= 5.2 Hz HI").
4.74 (m, 1H, H2", 4.54 (m, LH. H3". 4.14 (m. LH. H4"). 3.60
(m, 1H, H1™). 2.92 (dd, |H../ =438, 14.0 Hz, H53'a). 2.84 (dd.
IH, J = 6.4, [4.0 Hz. H5'b), 2.58 (m. 2H, H3"), 2.01, 1.92
(m, 2H. H2"): *C-NMR & 174.67, 156.00, 153.39. 149.02.
140.33, 119.22, 86.64. 8533, 7347, 65.65. 54.17, 33.73.
31.01. 28.41: MS (FAB) [M+H]™ 410. 10: 35%: Ry = 0.38:
'H-NMR (DMSO-d6) §8.38 (s. |H. H8). 8.15 (s. |H. H2).
7.33 (br. 2H, -NH>:), 5.89 (d, |H. /= 5.6 Hz. HI"). 5.18 {(m.
1H. H2". 430 (m. |H. H3), 4.03 (m. |H. H4Y),3.41 (n, |H.
H1". overlapped with water peak). 2.90 (m. 2H. H3'a, H5'b).
2.60 (m. 2H, H3"). 1.93. 1.73 (m, 2H, H2"); "C-NMR &
170.18. 156.10, 152.79, 149.40. 13995 119.12, 8731
80.92. 73.11. 63.88, 53.04, 33.85, 31.50, 28.19: MS (FAB)
[M+H]" 410. 11: 27%: R; = 0.09: '"H-NMR (D-0) &8.14 (s.
IH. HB). 7.97 (s. LH. H2), 5.72 (d. |H./=7.6 Hz. HI"). 4.14
(m, 2H, H3'4", 3.93 (m. |H. H2"). 3.63 (t. 1H, /= 6.0 Hz
HI1". 2.81 (m, 2H. H5". 2.51 (t, 2H. / = 7.6 Hz. H3"). 1.93
(m, 2H. H2"): *C-NMR & 174.87, 156.08, 153.41. 149.71.
140.66, 119.30, 88.02. 8532, 73.85, 57.30. 5436, 34.48.
31.12. 28.25. MS (FAB) [M+H] 384. 12: 40%: Ry = 0.07:
'H-NMR (D-0) §8.09 (s. IH, H8). 7.99 (s, 1H, H2). 5.87 (d.
IH, /=12 Hz. HIY, 4.65 (m, 1H, H2", 4.02 (m, 1H, H3").
3.59 (t. 1H,J = 6.0 Hz, H1™), 3.45 (m, |H. H4"). 2.93 (dd.
IH, J=3.6. 148 Hz. H3a), 2.76 (dd. 1H, J=6.4. 148 Hz
H5'b). 2.47 (m, 2H, H3"). 1.91 (m, 2H, H2"); *C-NMR &
175.03. 156.08, 153.37, 149.07. 140.29. 119.2]1, 89.50.
83.85. 7626. 55.74, 54.41. 34.18, 31.15, 2857, MS (FAB)
[M+H]" 384.

Assay of AdoHcy hydrolase for synthetic direction.'”
Recombinant human placental AdoHey hydrolase punfied
to homogeneity was used in this study. The compounds were
preincubated with the enzvme at various concentrations
from 0.1 to 100 4M in 300 4L of 50 mM potassium
phosphate buffer (pH 7.2) contaming | mM EDTA (buffer
A) at 37 °C for 5 mim. To this mixture, 0.2 mM adenosine (3
4L) and 5 mM L-homocysteine (50 L) were added. and the
mixture was incubated for 3 min at the same temperature.
The reaction was terminated by the addition of 25 4L of 5N
HCI1Os. The terminated reaction mixture was kept in ice for
5 min and microcentrifuged. The supematant was analyzed
for AdoHey by HPLC equipped C-18 reversed-phase
column (Econosphere C18. 3 ¢m. 250 x 4.6 mum, Alltech.
Deerfield, IL). The elution was carried out at a flow rate of 1
mL/min in two sequential linear gradients: 6-15% A over 13
min. 15-50% A over later 3 min, where mobile phase A was
acefonitrile and B was 50 mM sodium phosphate buffer
(NaH-PO+H3sPOs), pH 3.2. The peak of AdoHcy was
monitored at 238 nm. The concentration was determined by
the peak area of AdoHcy.

Results and Discussion

The starting matenals 1. 2. § and 6 were prepared
according to the reported procedures developed by Hwang ef
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al'* Now although the conversion of 1. 2, 5, and 6 to their
chlorinated compounds 3. 4. 7 and 8 were made eventually
by emploving the previously reported procedure.'*!* some
restriction about this reaction deserve some mention. Thus,
treatment of compounds 1 and 2 with SOCI: in HMPA as
solvent at ambient temperature for lh provided the chlori-
nated compounds. 3 and 4 in over 96% vield. On the other
hand. the chlorination attempts of 5 and 6 to prepare 7 and 8
under the same reaction condition for the preparation of 3
and 4 or the alternative reaction (SOCl/pyridine/CH;CN). "
were not successful. but only starting materials were
recovered. This 1s presumably due to the base character of
anino group in sugar moiety. which could scavenge chlorine
source. However, the compounds 7 and 8 were obtained by
adopting a different route, namely, through hydrogenation of
compounds 3 and 4 (H: // Pd/C m MeOH) in over 90%
vield. Finally. AdoHcy analogues (9, 10. 11, and 12) were
prepared in moderate vields e the coupling 5'-chloro-
adenosine analogues with L-homocysteme sodium salt
according to the modified method of Ramalingam and
Woodard.”™ The optimal molar ratio of 3'-chloro derivatives
and L-homocysteme sodium salt was 1: 1.5, and the
reaction mixture was refluxed in deoxy genated water for 4-5
hours. The product was 1solated n moderate vield (27-40%)
by a cation-exchange resin chromatography eluted with 1 N
aqueous NH4OH at the very slow flow rate (~2.5 mL/10
min). The moderate vields seem to be caused by the unstable
nature of the products. which decompose fairly rapid at over
90 °C. The reduction of reaction time showed no improve-
ment in vield. This decomposition phenomenon is consistent
with the results observed in the preparation of similar
compound, S-adenosyl-L-methionine (AdoMet).!® Now,
those final AdoHcy denivatives 9. 10, 11, and 12 were tested
toward the residual activities of human recombinant AdoHcy
Hydrolase using adenosine and L-homocysteine and their
results are shown mm Table 1. The preliminary assay of these
AdoHey denivatives (9-12) agamst AdoHey hyvdrolase show-
ed. however. no inhibitory effects at 100 mM. while the
nucleosides (1. 2. § and 6) interestingly showed 3-13% of
inhibitory activity at this concentration. Among the nucleo-
sides compound § showed the potential inhibitory activity
and so the further modifications of § in sugar or base are in
progress.

In conclusion. we could synthesize the sugar-modified
AdoHcy derivatives as a possible AdoHcy hydrolase in-
hibitor in moderate vields via coupling 3'-chloroadenosine

Table 1. Inhibitory activities of compounds against humnan AdoHcy
hydrolase (% enzyme activity at 100 mM)

AdoHey

Nucleosides Inhibition Inhibition
Analogues
1 3 9 ND“
2 3 10 ND“
5 13 11 ND“
6 ND¥ 12 ND“

“Na inhibitary activity showed at 100 mM.
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analogues with L-homocysteine sodium salt. However, their
mhibitory activity against AdoHcv hvdrolase were not
shown at the concentration of 100 mM.
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