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The convension of nuclecside phosphites wnte a number of novel nucleotade analogues 44
described

The synthesis of nucleotide analogues in which one or more of the internuclectide phos-
phate oxygens has been removed or replaced by another atom (eg N or S) has become of interest
but has been limited to very few examples. The most common modification has been the replace-
ment of a nucleoside-5' oxygen by a nitrogen (lj A=B=Y=0,Z=N,X=H or OH, 1-4) or a sulfur (1,
A=B=Y=0,Z=5,X=H, 5,6). There have also been reports where the internucleotidic P=0 has been
replaced by P=S (1, ¥=2=B=0,A=8,X=H or OH, 7-9} Juodka (10) has reported on the attachment of
amines, inc¢luding amino acids, to the phosphate to form compounds of the type 1 (B=RN,A=Y=2=0,
X=0H). Some of these procedures have been difficult and ainvolve low yields There are many
more reports (see for example 11-17) on the modification of nucleoside monophosphates or cyclic
phosphates. In this report, we wish to describe the synthesis of several new types of modified
dinucleoside monophosphates by simple one-step and usually guantitative conversions of the

easlly prepared dinucleoside monophosphites,
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The three dinucleoside monophosphites (2a-c) were prepared by the method described in the

preceding article in this issue. All three compounds were characterized by i1odine/water oxi-

dation to the dinucleoside phosphate which was deprotected and in all cases gave UpU which was
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completely degraded by snake venom, spleen and ribonuclease A enzyme

Compound 2a was subjected to the three different reaction conditions shown below (A - C)

I, RN S1 NR T
A. siU°t (remyutt o RNH, s1iv°t W (repy vt BAF Ry
S1 P S1 —_—
2a THF,5 min 3 EH 4
B—E' Ejgt 4a, R-H
c R:nPr b, ReEL
& - ¢, R=nPr
Se S1 Se S1 I'BAF
R
! = OH —
S1  TBAF
c 2a — 2 5 st fg(TCE)USl LN, B
pyradine 7 " 8

The conversion of 2a to 8 employs the conditions previously described by Eckstein (7,8) for
the synthesis of Ap(s)A except that in their procedures, the phosphite is not isolated prior to
the thiation procedure. Reactions A and B describe the synthesis of completely new analogues
of dinucleotides Reactions A are rapid and virtually gquantitataive The phosphite 2a 1s dis-
solved 1n THF (20 ml/mmole) and a solution containing rodane (200 mg/mmole) in 15 ml of THF
RNH2 (2 1) 18 added and the solution is stirred at room temperature for 5 min. Sclvents are
removed at reduced pressure and the residue dissclved in CHCl3 which 1s washed with a dilute
sodium bisulfite solution. Products are isolated in >30% yields by TLC. In the case of 2a
where ammonia 15 used, the procedurc involves bubbling NH3 through a solution of 2a in THF and
i1odine for 10 min at 0°C.

For reaction B, to the nucleotide 2a dissolved in DMF (20 ml/mmole) selenium (200 mg/mmole)
was added and the solution was stirred for 3 h at 20°C. The reaction mixture was centrifuged,
solvents removed at reduced pressure, and products (5)isolated from TLC in »90% yields.

The phosphoramidate analogues 10 and 11 were obtained by the following sequence Compound
2b was fairst treated with Zn/Cu in DMF fcllowed by 80% HoAc to produce 9 Compound 9 on treat-
ment with ammonia in CCl, at 0°C for 8 h gave a gquantitative conversion to 10. The s1lyl groups

4
were removed from 10 with TBAF to give Ug(Nﬂz)U (11) as the sole product

EE‘l)Zn/Cu HOUSl gUzi NH_, CCl USl guzi TBAF UQU
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There are two major features to the procedures described here. Firstly, virtually guanti-
tative vields of products are obtained in the synthetic steps and all the protecting groups
can be removed in one step with TBAF. For example, 5 and 7 yield § and 8 respectively on
treatment with TBAF for 30 min. A small amount of chain cleavage (<10%) 1s observed when
neutral species such as 5 and 7 are treated directly with TBAF as reported for the normal phos-
phate triesters (18}.

Finally, we wish to describe the conversion of 2c into compound 12. Compound 2¢ was

stirred overnight with methyl iodide {10 ml/mmole) at 50°C Solvents were evaporated
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to leave the product £2>(mp li8-122°C, R?tQO 0.28 (RitZO of 2¢ 15 0 37)}) 1in guantitative yield

51 S CH_I S1 Sa
MMT—UP (CHB)USJ. 3 > MMT-0U ﬁUSl

12

Compounds 4, 6, 8, and 11 were treated with spleen, snake venom and Ribonuclease A under
conditions which completely degrade UpU. None of the compounds 4, 6, 8, and 1l were degraded
by spleen, Ug(NHZ)U was completely degraded by both snake venom and Ribonuclease A Compounds
4c, 6, and 8 all consist of two stereoclsomers as determined by 31P nmy In each case, one of

the steroilsomers (high R. isomer) 1s degraded by both snake venom and Ribonuclease A, The other

£
1somer 1s unaffected This has previously been reported for the thirophosphate analogues(8,9)
in which the Rp configuration has been assigned to the stereoisomer which is degraded by snake
venom The current work 1s the first report of such observations with seleno and amino
compounds (Uﬁe(OH)U and Uﬁpr(OH)U)

All of the phosphate derivatives were characterized by 31P nmr as listed in the Table below

Table
Compound 31P Compound 31?
s1UE Y (TCE) US Y (2a) -136 7, -136 3 muru g vt (12) -30.84, -29.95
P S1 — 81 —
S1 Q S1 H3
107t Qerep)u +3.08, +3 50
P S1 q
ul(mu -6 85
S1 5 s1 b
Sil g(TCE)USl(T) -62.2, =61 5
1 se o Uﬁ(omu -1 60
s10°" (TcE) US) (5) —67.6, -67.0
viomu (@) -57 17, -56.02
s1u°t ﬂH(TCB)U:i(gé) +5 48, +5 90
15
i’ (omu (6) -51 68, -50 90
s10®t ¥ (remy o (am) -13.26, -13.72
Ul (NE,) U (L1, 4a) -0 50
105" gpr(TCE)Ugi(B_c) -14 86, -14 08 - 2
up  (OH)U (42) -11 89, -11.48
muruSt (e ) USY (2¢) -138.5, -138.1
P 3""g1 —
Tyt g(CH yuor +4 57, +5.02
3" 781
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