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Abstmct The symhesis of protccted 1",2’-didehydro-2’- deoxyadenosines has been optimized by
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adenosines have served as substrates for the electrophilic iodopivaloyloxylation leading to new
nucleosides modified at the anomeric position Reaction of halopivaloates 10,11 and 12 with
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constants for these rearrangements have been measured by using free-radical clock methodology and
comparison of these data with previous reported results provides structural information about the nature
of this important class of radicals. © 1997 Eisevier Science Lid. All rights reserved.

Functionalization of the C-1” position in nucleosides has recently emerged as a useful methodology not
only for accessing pharmacologically important modified nucleosides but also for studying biological
processes related to DNA damage.l'3 Specifically, there is a number of natural products reminiscent of

contain maodifications at the C-1’ position. Exam I es can be found in angi s[a,m_ygin C3a
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synthetically by
. ')
sugar substrate,” " or by chemical transformation of natural nucleosides.
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In our laboratory, we have undertaken a systematic anCSIlgdthﬂ of the radical chemistry associated
with the C-1° position.. In a preliminary communication ¢ we reported a B-(acyloxy)alkyl radical
rearrangement which leads to the generation of a ribofuranosyl C-1- radical in a protected uridine (equation
1). H. Tanaka and coworkers>>? also reported similar results and centered their efforts on the synthetic
applications of this new migration reaction, whereas we focused our intcrest on its mechanistic implications.
We initially ascribed the driving force for this rearrangement to the delocalization of the unpaired electron
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stability of C-1" radicals, we have now extended this rearrangement in protected adenosine sub
report here our results on the synthesis of the radical precursor 2°-deoxy-2"-halogeno-1"-esters of th

protected adenosines together with a kinetic study of the radical rearrangement reaction.
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RESULTS AND DISCUSSION

Synthesis of Protected 1',2'-Didehydro-2'- deoxvadenosines. The first 17,2 -unsaturated purine nucleoside

reported by M. J. Robins ef al. in 1974.° The initial low yielding synthetic procedure has recently been
ameliorated by Sanghvi and oworksr56 by utilizing the commercially available but expensive 9-(8-D-
arabinofuranosyl)adenine. We decided to use the relatively inexpensive (-)-adenosine (1) as our starting
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material and auempt to prdb the triflate intermediate for economical reasons.

Application of the conditions developed by Ogilvie and coworkers’ for the regioselective 37,57-
disilylation of adenosine in the presence of silver perchlorate and p-nitropyridine oxide gave mainly the 5°-
monoprotected adenosine in a relatively slow reaction. On the other hand, in the presence of silver nitrate and
DABCO regioselective 37,5 -diprotection did occur as reported (compound 2a), albeit in a slower reaction (48
h). Regiospecific 37,5 -protection was also achieved by using 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane
under the standard conditions (compound 2b).8

Transformation of the 2 a-hydroxyl group to the corresponding B-iodide has been previously e
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adenosine 2a to yield the corresponding iodide Sa in a 35 % combined yield. We were able to improve the
yield of the product 5a to 65 % by modifying the iodination step (tetrabutylammonium iodide in refluxing
benzene).iﬁ

We sought an alternative one-step iodination procedure and attempted to apply the conditions
"' In the case of

3°,5°-0O-TIPDS-adenosine (2b) we obtained a single product in good yield (59 % after purification) which was

developed by Garegg et al. for converting a hydroxy- into an iodo-group in carbohydrates.

similar but not identical to the expected 2”-iodo-3",5"-O-TIPDS-adenosine (5b). The presence of aromatic

proton signals in the TH NMR spectrum along with the recent report of the preparation of N-

triphenylphosphoranylidene nucleosides through a M.tsunﬁbu-type reaction ~ led to the conclusion that
iodination was accompanied by protection of the free amino group of the adenine to the corresponding N-

triphenylphosphoranylidene 3b. Further corroboration came from the full characterization of the new
compound along with the chemical transformation to the known 2”-iodo-3",5"-O-TPDS-adenosine (Sb), in
high yield (96 %), through deprotection of the triphenylphosphoranylidene protecting group. In this respect,
the reported methodology does not allow for the deprotection of triphenylphosphoranylidenc group
selectively 12 We found that significantly milder conditions (20 equiv. of glacial acetic acid in absolute

anol) than the published ones were adequate for this deprotection reaction. Our conditions did not affect

the intermediate N phenylphosphoranyhdene iodide 3a in 85% yield, whose amino function was also

successfully deprotected in 95% yieid. In summary, 2’-i0odo-3",5"-di-O-TBDMS-adenosine (Sa) couid be
obtained through treatment of 3°,5°-di-O-TBDMS-adenosine with triphenylphosphine, imidazole, and iodine
in refluxing toluene, followed by refluxing in absolute ethanol in the presence of excess of glacial acetic acid

in 81% combined yield.



T. Gimisis et al. / Tetrahedron 54 (1998) 573-592

HO OH a: R = TBDMS
b: RR = TIPDS
(@~ 1
TBDMS-CI - '
AgNO, / DABCO / |
THF, rt., 48 h / J(b)
1 4
43.»3:0!)20, Py
NH, NH,
Ny NN
4 d
RO, <N ' N7 oL p RO, <N | N7
10— Py 0—J
RO OH RO OTf
2a,b 4a,b
I, PPhg, imidazole BugN*l
Iiﬁiﬂéré reflux l PhH, reflux
| |
N=PPh;, NH;
N BN /N\/g.""
i/
RO <..j\N¢J 20 equiv ACOH, RO, <NJ|\N,/J
/O\l-[ abs EOH feflUX O\IJ
RO RO
3a,b 5a,b
! DBN, Py DBN

Lg
15

3
I/S

! 3—(
RO N\\ })—NPPhg RO ,>_NH2
N \—-N
7a

575



576 T. Gimisis et al. / Tetrahedron 54 (1998) 573-592

e HI from th nd urT noothly under the ori ginally publish
- 5b . 6. .

conditions™ (DBN in pyridine), to yield the corresponding 6a and 6b in 85 and 90% yield, respectively, after

crystallization. Similarly, compound 3a was transformed to 7a in 66% yield

Electrophilic Haloacyloxylation Reactions. The electrophilic iodo-pivaloyloxylation reaction was carried
out using 6a in order to provide a protected adenine system comparable to the previously reported uridine
analog.1¢ The optimized conditions for the synthesis of the protected 2’-deoxy-1’-C-pivaloyloxy-2’-
iodoadenosines are outlined scheme 2. The structure assignment for the resulting products (Figure 1) was
based on the previous findings by the Tanaka group which cstablishcd some empirical rules corroborated by
X-ray data.*® Tn our case, the H-2’ protons of the four possible diastereomers appeared as doublets at 5.06 (J
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dihedral angle between H-2" and H-3’ is close to 90° in this case. Other similarities in the spectra of the -
iodo diastercomers included similarly small J3' 4, and chemically equivalent 5’-Hs which appeared as
doublets or poorly resolved AB quartets. Further corroboration of the above assignments came from NOE
experiments which gave large (~12 %) negative NOEs on H-3" upon irradiation of the corresponding H-2’ in
the presumed a-iodo diastereomers (large J 2> 3* ) and low or unobserved (<4 %) NOEs for the B-iodo ones.
On the other hand, the products of syn addition could be distinguished from those anti, since they
corresponded to the minor products of the reaction32 and also contained in their IH NMR spectra well
s of TRDMS present in th
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the tert-butyl groups in the 1H NMR spectra of the anti products were coincident. Therefore, we could easily

assign the four doublets which appeared in the 'H NMR spectra of the diastereomeric mixtures 10 a-syn, -
syn, a-anti, and B-anti in order of appearance (downfield to upfield) in the spectra of iodo-pivaloates.
Scheme 2
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The preparation of the above iodopivaloates was preceded by an optimization process which involved
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characterize them and therefore the following discussion is based mainly on the 'H NMR analysis of the crude

mixtures.~ During optimization, we examined, apart from the cffect of temperature and base (triethylamine),
the product distribution when the reaction was carricd out with combinations of N-iodosuccinimide or N-
bromosuccinimide with acetic or pivalic acid. When 1°,2’-didehydro-2’-deoxy-3’,5’-di-TBDMS-adenosine
was subjected to the previously reported optimized conditions (1 equiv NBS, S equiv PvOH, 5 equiv Et3N),3a
no reaction was observed. Upon replacement of pivalic with acetic acid, a slow reaction ensued that could be
brought to completion by addition of up to 15 equiv of acetic acid/triethylamine, 3 equiv. of NBS, and 24 h
reaction to yield a mixture of diastereomeric bromopivaloates characterized by a p/o = 1/1 selectivity for the

ATTIN B

““““““ NBS, 5 equiv AcOH) resuiied in a fasi
reaction (Z h) and an improvement of the B/a face selectivity (2.3/1) with concurrent elimination of the
anti/syn selectivity (1.1/1). The product distribution remained relatively constant over a range of temperatures
(-78 °C, r.r.) although a considerable slowing down of the reaction was observed at lower temperatures.
Similarly, there was not a significant change of the distribution upon exchanging acetic for pivalic acid. An
improvement of both anti/syn (~10/1) and p/a face (1/2.5) selectivities was observed upon replacement of
NBS with NIS (1 equiv NIS, 5 equiv PvOH). Finally, a further enhancement of both reaction time (15 min)
and selectivity (B/a = 1/4.4; ann/wn = 13.7/1) was achieved by per rfor _in_g the reaction in dichloromethane,
indicating an a-face preference for the initial approach of the bulky NIS to the 1°, 2’-didehydro-2'-
deoxyadenosine.

A number of conclusions can be drawn from the above experiments, in comparison with the previously
3a8S e starting 1°,2°-didehydro-2’-
deoxyadenosines exhibited an enhanced stability when compared with the corresponding 1°,2°-didehydro-2’-

studied pyrimidine system and adenine bromopivaloates.

deoxyuridines. As a result, the electrophilic addition reactions were slow and in the presence of triethylamine
could be hardly brought to completion only in the presence of large excess of acid, in agreement with the
previous report.3e As a positive result, the bromo or iodo acetates were stable products which could be
purified vig flash column chromatc
of iriethylamine from the reaciton mixiure was regained by uiilizing ihe bulkier N-iodosuccinimide.
Nevertheless, a reversal of B/a face selectivity accompanied the use of NIS and a preferential approach of NIS
from the a-face was observed in the purine system, rendering the 2’-deoxy-2’-iodo-1’-pivaloate ester of a-D-
adenosine as the major product of the reaction, isolated in 62 % yield.

233

Radical-Based Reductions of Halopivaloates. The nucleoside derivatives 10, 11 and 1 were reduced

with Bu3SnH under standard free-radical conditions [AIBN (10 mol %) benzene, 80 °C]. The results are

=

articular, with uridine bromopivaloate 12 after 30 min reaction a mixture of the direct reductio
A
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s

experiments142 which showed characteristic NOEs between the C-1' hydrogen and those hydrogens in
positions C-2° (12 %), C-3" (2.0 %) and C-6" (2.3 %). To further corroborate the structure of compounds 14,
we undertook their synthesis by an alternative route. 3°,5’-Di(z-butyldimcthylsilyl)-B-uridine prepared
according to the published procedure’ was further bis-acylated at positions 2 and 2’ with trimethylacetyl
chloride in pyridine in the presence of a catalytic amount of DMAP. Selective hydrolysis (0.1 M KOH in
ethanol) of the 2-trimethylacetyl group furnished the B-anomer of 14 in 30 % yield. Lewis acid promoted
isomerization of the anomeric configuration14b provided an inseparable (~1:1) mixture of a- and B-anomers,
whose 1H NMR spectrum was completely assigned.

RO, RO, RO,
U U
1 —~O_@rt BuaSnH N o W 0~
N—4 AIBN/80 C N— + Q‘“ @
O 0 0
RO o>~y RO o=~aut RO Oy
A Uy A 4 [ B0 \
Bu'
12 13 14
When the purine iodide 11, bearing the same diastereomeric composition as 12, was subjected to the
ahove standard free radical conditions a fast reaction ensued that produced 15 accompanied by a mixture (7:1)

of the two anomeric riboadenosines 16 with the o-anomer predominating (eq. 3). Again, in higher
conceniraiions of Bu3SnH, ihere was an increase of ihe direct reduciion produci {cf. eniries 3 and 4 in Tabie
1). However, the direct reduction product 15 proved to be unstabie and decomposed upon attempted
purification to give 1',2'-didehydroadenosine (6a). Therefore, it was characterized by !H NMR of the crude
reaction mixture which contained characteristic 2'-H signals as doublets of doublets centered at 3.37 and 3.51
ppm, respectively. The rearranged product 16 was isolated as a mixture and was hydrolyzed to the
corresponding mixture of o- and B-D-adenosine in order to establish unequivocally their assignment by

comparison of the IH NMR spectra with those of commercially available samples.

Tahla 1 Dradant ctnndiac far tho radusntion af halanivalaatac 10 11 and 124
AAGUIL I, L IUUULLE JLUUIUVY 1UL UIL I VULV UL HMGIVPIVEaIUVAIVI AVy A2 QiU 14
Entry Substrate? Bu;SnH,cM Product (Yield, % ) Reduced:Rearranged®  a:pf
1 19 N 170N 120,14 /OO0 4 -1 FAN |
i j V4 U. 14U AIFTAN\ZT) G.5.1 Oo1
2 12 0.060 13+14 (97) 2.0:1 6:1
3 11 0.112 15+16 (93) 6.9:1 7:1
4 1 0.032 15+16 (90) 1.6:1 71
5 10 0.103 17+18 (97) 2.1:1 1:12
- «n nnea 1. 10 rOCY Nno.t 1.11
(o] 1 VAV VA 1/+1a (Y)) U.Y1 1112
A As QN OF 2 nmannn D Cuinvting mnnrontratinn nf ciheteara wae VNG M C 19 o , AfRaQnd d1 NMBR vislde tnlnons nced
Al eU "L ik UCllLbllb Slditilg CUNILTCHU auul Ul Juvduailv wad V.U ivl, 1.4 u.lulv Ul Dujoiui FEINIVIIN Y IURES, WAULU UdLs
as an internal standard. € Direct reduction product for the starting compound 0 refers to the sum of 17 and 6a (sce text). S o- and

B-anomers of the rearranged products.
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RO\ RO\ .
‘]/O\I“l\ BUSSnH _ ]_/O\I‘l\ . ]/O\ A (3)
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o

RO o=~But RO o=—Bu RO Oy
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B

11 15 16

Finally, reduction of the a-purine iodide 10 led similarly to a mixture of the direct reduction product 17
and an anomeric mixture of 18 with the B-anomer predominating in this case. Again, with higher

concentrations of Bu3SnH, there was an increase of the direct reduction product (cf. entries 5 and 6 in Table

af tha ranntian () min at Q) Y 14 aiva anantitativaly ' ' ancatiratad norina nucrlancide £ Tha annmaee
Ji U 1LACVLUIVILL &V dLHE alt OU ) W 51\!\./ quauu\,au\«\,l 1,4 TUildaluldiva yuuuv HULVILVUDIUC Uva. 411V amtuiiicio
0 U T e s L . S ST 72 T | M LS. [ o1 117 wrwaD e LT L1 LL
15 WCTC 1N Wurm nyarolyzeag d8 4 mixuure wo ine CoOrresponding iriols, dnd *r INIVMIRR €Sldplisnea neir
. < . PR . . * . . 18 14
assignments to the known o- and B-D-arabinosyladenosine.!--19
o o
1
RO RO, A RO A
L 0" b BuSnH \L/ 0" b 1/ o0
n
O\J uUs O\I + O.\\ A (4)
\_.__(l AIBN/80 °C \__J/\"‘
! A . A !
RO | RO RO
10 17 18

B-(Acyloxy)alkyl Radical Rearrangement. We sought to provide rate constants for the radical migration of
the pivaloate group in the reactions 2-4. An indirect procedure for measuring the rate constant of a
unimolecular path involves competition between this process and a radical-molecule reaction of the radical
(free-radical clock methodologyl7). For cxample, the rate constants kg of the rearrangement Re — Pe can be
obtained (scheme 3), providing that conditions can be found in which radical Re is partitioned between the

L 1 el Y LUVIY 11

two reaction channels, that is, reaction with the Bu3SnH and rearrangement to Pe radical.

Scheme 3
BusSne
Hx ———?——-—C' Re kf Pe
BusSnH | Ay Bu;SnH
| |
RH PH

Inspection of Table 1 reveals that this scenario can be achieved if the hydridc concentration changes
appreciably during the course of the reaction (bimolecular process under second order conditions). Under

these conditions the following relation holds: 18
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[RH)/[PH] = I/[PH}{[Bu3SnH]q + k/ky }{ 1 - e~ ku/k[PH]} - | 5)

where [RH] is the direct reduction product, [PH] the rearranged reaction product(s) and [Bu3zSnH]g is the
initial tin hydride concentration. When eq. 5 was applied to the experimental data of Table 1, the av

crage
s of 0.018, 0.015 and 0.035 M were obtained for the starting nucleosides 12, 11 and 10,

on o 10 o
ouU U, WE Ca

respectlvely Takin gk =3.65 x 106 M-1 s-1 for the reaction
i A
U

iy
[}
<
—
[

AN

and 23 — 24, respectively (Scheme 4). 20 1t can be seen in scheme 4 that (i) the raie constanis are the same
within experimental errors upon substitution of uracil by adenine in the same diastereotopic configuration and
(ii) there is a small increase of the rate constants of the radical rearrangement going from a to f configuration
of the bulky pivaloate within the adenine system.

Scheme 4
RO RO,
\,o\l;J 6.6x10%s™ W,O\. .
12 D — —— [¥)
0
RO O%Bu‘ RO Oy
Bu'
19 20
RO RO
11 ﬁl :0: ’3‘| 55x10%s" \‘, :o: . A
i - O 1 i O
RO o=Bu! RO 0\(
~n4 " BUt
&1 44
But X
RO, A e
10 Y oo © 13x10%s" RO A
— 035
RO
RO
23
24

radicals and follows the rule proposed by Giese, i.e., the preferred reaction occurs anti to the substituent
""""" 21 Thus, ﬁ/a ratios of 1:6 and 1.7 arc observed for 20 and 22, respectively,

adjacem o the radical center.
i
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This 1.2-migration of an acyloxy group to a free radical terminus was first reported thirty years ag
and has attracted considerable attention both from a synthetic and a mechanistic point of view.23 Of interest
to us are the reports of Giese24 and Beckwith? on the rearrangement of glucosyl radical 25 into 26 and of g-

(acyloxy)tetrahydropyranyl radical 27 into 28. At first sight the fact that these rearrangements proceed to the
less electronically stabilized radical 26 and 28 seems surprising. However, it was shown that in the absence
of significant driving force, the B-(acyloxy)alkyl rearrangement does not occur readily (thecrmodynamic
control).26 Giese and coworkers?4 pointed out that the anomeric stabilization in the radical products is the
driving force for these reactions. Conversely, in our systems a carbon-oxygen anomeric bond was cleaved in
the course of the reaction, and therefore the stabilization of radicals 20, 22 and 24 duc to the uridine or

adenine moieties must be at least as large as the anameric stabilization.

CH,OAc CH,OAc

AcO, /Q\O AcO. /?\o e AG

Ao’ Y AcO” > “OA T <" OC(0)Pr
OAc QCO)Pr
25 26 27 28

three p—s‘.:bs!itused phen rivati means of similar c!oc‘- m.ethodology 27 The rate constants for X=
AT BT nee A MNRAL nen Fazies ~ ha - - 1 o)
CN, H and OMe are found to be 1.6;\}{}4, 6.21‘(104 and 1.7x105 s 1, respect:ve!", at 75 °C. A Hammett

correlation indicates a polarized transition state which is further evidenced by the dependence of the rate
constant of the unsubstituted derivative 29 on solvent polarity. Thus, it is now well established that there is a
relationship between electronic environment (solvent or substituent effects) and rearrangement rate. The fact
that the rate constants measured in the present work are of the same order of magnitude with those of
Beckwith and Duggan, although the exothermicitics are expected to be much lower, suggests that charge
separation in the course of the reactions is an important issue for the pivaloate shift in nucleosides 10-12. The
transition state for these rearrangements is expected (o be either like 30 or 31, the three-center-five-electron
mechanism (30) being less polarized than that of the five-center-five electron shift (31).23
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CONCLUSIONS
In summary we have disclosed two short and economical synthetic sequences for the preparation of
protected 1°,2’-didehydro-2’-deoxyadenosines, which involved in one case N-triphenylphosphoranylidene

protection. These adenosines were used for the preparation of 2’-deoxy-2’-halogeno-1’-esters of adenosine
through an electrophilic addition reaction. The scope and stereoselectivity of this reaction was studied and the
conditions were optimized in order to maximize the yield of 2’-deoxy-2’-10do-1’-pivaloaie esier of a-D-

adenosine.

Radical-based reductions of halopivaloates 10, 11 and 12 aftford C-1' radicals via a B-(acyloxy)alkyl
rearrangement. By applying free-radical clock methodology the rate constant for these rearrangements is
found to be 5-10x104 s-1 at 80 °C and is independent of the nature of base (uracil or adenine). Comparison
with literature data led us to suggest that these rearrangements are mainly thermodynamically controlled,
although polar effects should play a very important role in enhancing the rates. To our knowledge this is the

first experimental evidence that in C- ' radicals are stabilized substantially by the presence of the hase and the
degree of stabilization is similar for purine and pyrimidine moictics

EXPERIMENTAL PART

General. Unless otherwise stated, 'H and P*C NMR spectra were recorded in CDCl3 solutions on a
Varian model VXR-200 FT-NMR spectrometer at 200 MHz and 50 MHz, respectively. Chemical shifts are
expressed in ppm (8) and coupling constants in Hertz (Hz). Infrared (IR) spectra were recorded on a Nicolet
model 205 FT-IR spectrometer using KBr pellets. Melting points (m.p.) were determined on a Biichi model

chromatography was performed using Merck 60 Fas4 0.2 and 1 mm precoated silica gel plates, respectively.
Compounds were visualized using ultraviolet light, iodine vapor, or by heating plates previously immersed in
ammonium molybdate / ceric ammonium sulfate / sulfuric acid mixture. Solvents were freshly distilled prior
to use. Diethyl ether (Etp0) was distilled from LiAlH4. Triethylamine (Et3N) was distilled from calcium
hydride. Benzene and toluene were distilled from sodium metal. Water content in organic solvents was
measured by a Prolabo model Hydromat 2 coulorimetric Karl Fisher titration apparatus. All other reagents
eceived, All air- or moisture-sensitive reactions were conducted in oven or flame-dried

glassware, and under an atmosphere of house nitrogen or argon. Moisture sensitive reagents were transferred

9-[3,5-bis-0-[(1,1-Dimethylethyl)dimethylsilyl]-2-trifluoromethylisulfonyloxy-f-D-arabinofuranesyi]-

9H-purin-6-amine (4a). To a stirred solution of 2a (550 mg, 1 mmol) in dry pyridine (12.5 mL), under a
nitrogen atmosphere, were added triethylamine (153 pL, 1.1 mmol) and 4-(dimethylamino)pyridine (122 mg,
1 mmol) and the solution was cooled to 0 °C. To the above solution was added trifluoromethanesulfonyl
chloride (125 pL, 1.17 mmol) , at 0 °C, and the resulting mixture was stirred for 3 h at r.t.. It was then poured
into ice (20 mL) and diluted with ethyl acetate (20 mL). The phases were separated, the organic phase was



584 T. Gimisis et al. / Tetrahedron 54 (1998) 573-592

i 2 (] .
ast vith ag. NaHCO ¢ 2}, and brin e (10 , wer MgSQy, tered an
avannratad sindar radiinod nroconira ta viald AN o FITONVEZN AF Ao ac o vallawr onlid hirnh wurnc Flirthor Ansifiad
\JVCIPUIGIAJU LY 1V I R LWV VIVIWAY ) lll\/ IOULW LU ]l\alu IV lllé \I\JU IU} Vi Ta dao> a4 _yuuuvv DULIUy WILILIL VWaAd 11Ul vt Pullllbu
by recrystallization from hexane. Ry (ethyl acetate): 0.77. m.p. (hexane): 105-106 °C. 1H NMR 5 0.01, 0.06,

nrw eVl o v

0.i7, 0.19 (s, 3H each, SiCH3), 0.85, 0.95 (s, YH each, au,u,m)g), 3.76 (dd, iH, Jse 5p = 11.8 Hz, Jsq'q =

2.6, 5a'-H), 4.00 (dd, 1H, J5' 8.4 = 2.9 Hz, 5'-H), 4.01 (ddd, 1H, 4'-H), 4.86 (dd, 1H, J3 4 = 4.7 Hz, 3'-H),
5.84 (dd, 1H, J2' 3 = 4.4 Hz, 2"-H), 6.03 (bs, 2H, NH3), 6.28 (d, 1H, J1'2' = 4.2 Hz, 1'-H), 8.06 (s, 1H, 2-H),
8.33 (s, 1H, 8-H). 13C NMR §-5.7, -5.0 (2 x SiCH3), 17.8, 18.2 (SiC), 25.6, 25.7 (SiC(CH3)3), 61.4 (CHp),
70.1 (CH), 84.9 (CH), 85.3 (CH), 86.4 (CH), 118.3 (q, JcF = 320 Hz, CF3), 119.9 (C), 139.1 (CH), 149.5 (C),
153.2 (CH), 155.8 (C). IR v 2930, 2958, 1667, 1603, 1473, 1424, 1248, 1211, 1154, 1117, 842 cm"l. Anal.
Calcd for Co3HyoF3NsOgSSip: C, 44.00; H, 6.42; N, 11.15; Found: C, 43.84; H, 6.40; N, 11.17.

s ~ 4 N

amine (5a). To a stirred solution of 4a (i.5 g, 2.4 mmol) in dry benzene \6 mL) was added
tetrabutylammonium iodide (2.3 g, 6.24 mmol) and the resulting mixture was refluxed for 4 h, under a
nitrogen atmosphere. After cooling, the solution was treated with sat. ag. NaHCO3 (10 mL) and after stirring
for 30 min, it was diluted with ethyl acetate (10 mL), the phases were secparated and the organic phase was
washed with sat. aq. NapS203 and then dried over MgSQOy4. Filtration and cvaporation under reduced pressure
yielded the crude product as a colored foam, which was purificd via flash column chromatography (ethyl
acetate: hexane 1:1) to render 945 mg (65%) of 5a as a colorless foam. Rg¢ (ethyl acetate): 0.54. m.p.
(hexane): 167-168 °C. 1H NMR 3 0.14 (s, 6H, SiCH3), 0.16, 0.22 (s, 3H each, SiCH3), 0.96 (s, 18H

ATy Saa wiawiiy WFANoRa3)y AUy 2Taa,

SiC(CH3)3), 3.86-4.08 (m, 3H, 4'&5'-H), 4.62 (dd, 1H, Jy 3 = 6.4 Hz, J» 1" = 6.1 Hz, 2"-H), 4.83 (dd, IH, J3 4

r—'r\ ATET TN TY A TIN O AL s 11y 01Ty 1l wrnam & = A

= 6.4 Hz, 3'-H), 5.70 {(bs, ZH, NHy), 6.20 (d, iH, i'-H), 8.24 (s, iH, 2-H), 8.36 (s, iH, 8-H). **C NMR 5-3.3,
-5.2, -4.7, -3.6 (CH3z), 17.8, 18.5 (C), 25.8 (3xCH3j), 26.0 (3xCH3), 33.4 (CH), 62.2 (CHp), 78.3 (CH), 84.2
(CH), 86.0 (CH), 119.5 (C), 138.4 (CH), 149.5 (C), 153.0 (CH), 155.7 (CH). IR v 3313, 3163, 1676, 1604,
1252, 1101, 834 cm-l. Anal. Calcd for CpaH49IN503Sip: C, 43.63; H, 6.66; N, 11.56; Found: C, 43.56; H,

6.73; N, 11.66.
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3,3-tetrakis(1-methylethyl)-1,3-disiloxanediyl]-B-D-arabinofuranosyl]-9H-

irin-6-amine (5h), TQ a S!i!‘ ed solution of 4h9 (1.3 g 2.0 mmol) in dry benzene (5 mL) was added

. nL) and afier stirring
for 30 min, it was diluted with ethyl acetate (10 mL), the phases were separated, and the organic phase was
washed with aq. NapS203 (10 mL x 2) and then dried over MgSQOy. Filtration and evaporation under reduced
pressure yielded the crude product as a colored foam, which was purified via flash column chromatography
(ethyl acetate: hexane, 1:1) to render 855 mg (69%) of Sb as a colorless foam. Ry (ethyl acetate): 0.42. m.p.
(EtOH): 164-166 °C (lit.9 165-168 °C). The spectroscopic data of the product were in complete agreement

with the reported ones.”

.
in-6-N-
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e g 6 a strr 4 ~AF Yo TAAD
jaeéneainine (Jaj). 10 a Siii

triphenyiphosphoran

triphenyiphosphine (923 mg, 3.42 mmoi), and imidazoie

9.[2-Deoxy-2-iodo-3,5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-B- D-arabmofuranosyl] 9H-pur
/i olution of 2a (#+4u g, 0.8

~A ~
ICU D
e (239 mg, 3.42 mmoi) in dry toiuene {4
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addad indina (A8 ma 7 Al mmal) and the reacnlting miviure wae rofluvad for 2 h nnder nitragan atmacnhara
GUVLAL SUSLEN \JTaJ lllb, e\ 1 REHIREULS @GRV LT RG lboulllll& THERALULIL W AD LULIUALUU 1UL O 1) ULiIuLt lIlLlUbL/II aullUDlJIl\dlU
Afa oo P2 = e ol ac tw 1 b e a2 AT TN FIN n T Y S ] o S el AN s . PR b P |
ALK COOHNE, UIC SUIULIUN Wdd UHCdICU WILD sal. dy. INalTu3 (11U L) dRd dler SUrring sy min, it was aluica

0
with ethyl acetate (10 mL), the phases were separated and the organic phase was washed with a sat. aq.
Naz$703 (10 mL x 2) and dried over MgSQy. Filtration and evaporation under reduced pressure yielded the
crude product as a colored foam which was purified via column chromatography (ethyl acetate: hexane 1: 1)
to render 453 mg (59%) of 3a as a colorless foam. Rg(ethyl acetate:hexane; 1:1): 0.26. m.p. (hexane): 151-
152 °C. 'H NMR 8 0.12 (s, 3H, SiCH3), 0.14 (s, 6H, SiCH3), 0.19 (s, 3H, SiCH3), 0.81, 0.86 (s, 9H each,
SiC(CHj3)3), 3.92-4.06 (m, 3H, 4'&5'-H), 4.58 (dd, 1H, J2' 1= 5.9, J» 3= 5.6 Hz, 2'-H), 4.82 (dd, 1H, Jy ¢ =
5.4 Hz, 3-H), 6.11 (d, 1H, 1'-H), 7.42-7.53 (m, 9H, Ph), 7.90 (m, 6H, 0-Ph), 8.07 (s, 1H, 2-H), 8.18 (s, 1H, 8-
H). 13C NMR §-5.4,-5.3,-4.8, -3.8 (CH3), 17.8 (C), 18.4 (C), 25.7 (3xCH3), 26.0 (3xCHj3), 34.1 (CH). 62.3

't 1
{

\ "N/
Jy 120U {

LA

9-[2-Deoxy-2-iodo-3,5-0-[(1,1,3,3-tetrakis(1-methylethyl)-1,3-disiloxanediyl]-p-D-arabinofuranosyl]-9H-
purin-6-N-triphenylphosphoranylideneamine (3b). To a stirred solution of 2b (510 mg, 2 mmol),
triphenylphosphine (525 mg, 2 mmol), and imidazole (108 mg, 1.5 mmol) in dry toluene (25 mL) was added

iodine 'lﬂl me. 1.5 mmol) and the resultine mixture was refluxed for 6 h under a nitr
10¢InC ng, 1Moel) ang the resultin g1 nuxed antrog

cooling, the solution was treated with sat. ag. NaHCO3 (10 mL), and after stirring for 30 min it was diluted
with ethyl acetate (10 mL), the phases were separated and the organic phase was washed with sat. aq.
Na3S203 (20 mL x 2), H20 (20 mL x 2), and then dried over MgS0Oy4. Filtration and evaporation under
reduced pressure yielded the crude product as a colored foam, which was further purified via flash column
chromatography (ethyl acetate:hexane; 1:1) to render 211 mg (58%) of 3b as a colorless foam. Rg(ethyl
acetate): 0.70. m.p. (hexane) 95-96 °C. 'H NMR 5 0.10 (28H, 4xi-Pr), 3.84 (ddd, 1H, 4"-H), 4.11 (dd, 1H,
JsasB = 13.8, Jsa.4' = 3.0 Hz, Sa-H), 4.24 (dd, 1H, Jsp 4 = 4.4 Hz, 5B-H), 4.68 (dd, 1H, J3 4=6.7 Hz, 3"
H), 498 (dd, 1H, J2 3» = 7.8 Hz, 2"-H), 6.2 (d, 1H, J1'2' = 6.6 Hz, 1'-H), 7.44-7.48 (m, 9H, Ph), 7.90 (m, 6H,
1H, 2-

xy
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54.48; H, 5.90;

1',2'-Didehydro-2'-deoxy-3',5'-bis-0-[(1,1,dimethylethyl)dimethylsilyl]adenosine (6a). To a stirred
solution of Sa (1.0 g, 1.65 mmol) in dry pyridine (16.5 mL) was added dropwise 1,5-diazobicyclo[4.3.0]non-

5-ene ( 815 ul., 6.6 mmol) and the resulting mixture was stirred for 3 hours at r.t.. The solaution was

ng achad with 8 ml ~Afan HCL10Y ana NaHCOO (M0 mT v ) rine (Y0 mT v 2) and wag then dried aver
Wad Wadsiivu will 2 1Ly Ul al T I (1 /0], ay. iNARNINU S \&U BB A &), ULIIU \&VU T A 4] ALl Wadd LIV U ivu uved
AW P TaY ) o PUSSING N PRUURE R, SRS DR | 1 I P DS VS T ) RN . 11....: 12.1 ) .,
™M 4. iiralion ana cvdporauon unuct caucea p ‘essure le acda e Crudce proauct 4s 4 yCuow S011a wnicn
was further purified by recrystailization from hexane to yield 670 mg (85 %) of 6a as white flakes.

Wm

Re(hexane: ethyl acetate; 1:1): 0.54. m.p. (hexane): 164-165 °C. THN (CgDg) 6 0.00, 0.03 (s, 3H each,
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SiCH3), 0.16 (s, 6H, SiCH3), 0.91, 1.00 (s, 9H cach, SiC(CH3)3), 3.55 (dd, 1H, Jsa 58 = 11.0, Jsg.4 = 5.7
3), , , 203 s5a,5p = 11.0, Jsg4 = 5.

He €. TN 2 LA (A 1T Tovn ov — & A I &0 LIN A (A1 11T 7., ., — I At s} ) — o]
3L, JUTLL), J.UU (U, 211, 4 p4 - Jd.F LlL, Jp'llj,“f uuyg, 111, J4’j — L )

Hz, 3'-H), 5.31 (bs, 2H, NH»), 6.30 (d, 1H, H-2",
-5.4, -5.3, -4.3, -4.0 (CH3), 18.2 (C), 18.4 (O), 259 (3xCH3), 26.0 (3xCHz3), 63.0 (CH2), 76.8 (CH), 88.2
(CH), 89.8 (CH), 120.6 (C), 136.6 (CH), 147.3 (C), 149.5 (C), 154.3 (CH), 156.5 (C). IR v 1678, 1603, 1472,

835 cm'i. Anal. Caled for C22H39N503Sis: C, 55.31; H, 8.23; N, 14.66; Found: C, 55.42; H, 8.40; N, 14.30.

'\ii::\

1',2'-Didehydro-2'-deoxy-3,5-0-[(1,1,3,3-tetrakis(1-methylethyl)-1,3-disiloxanediylJadenosine (6b). To a
stirred solution of 5b (1.0 g, 1.65 mmol) in dry pyridine (16.5 mL) was added dropwise 1,5-

diazobicyclo[4.3.0]non-5-ene (815 pl., 6.6 mmol), the resulting mixture was stirred for 4 h at r.t.. The
caolntinn wace dilnted with 20 mI af athul aratate and 1N mT Af HHA() tha nhagcag wara coamaratad and tha
OUIUUIVIE VWG UIIULLAL VIR &3\F Klids A uiyt Woaliu 1V ik Ul 1174, UL piiasts wil StUpdidicd anliu div

. ey Ty s szren Lot ocel € T € - YTX F 107N cnt o NAYIAM /AN T A Lo 770 Y A
organic pnase was wasned with 5 mL of ag. BTl (1%), sat. ag. NaHdCO3 (20 mL x 2), brine (20 mL x 2) and

R Ja

was then dried over MgS0O4. Filiration and evaporation under reduced pressure yieided the crude product as a
yellow solid which was further purified by recrystallization from hexane to yicld 730 mg (90 %) of 6b as
white crystals. Re(hexane: ethyl acetate; 1:1): 0.54. The spectroscopic data of the product were in complete

agreement with the reported ones.”

1',2'-Didehydro-2'-deoxy-3',5'"-bis-0-[(1,1,-dimethylethyl)dimethylsilyl]-N7-triphenylphosphoranylid-

eneadenosine (7a). To a stirred solution of 3a (200 mg, 0.23 mmol) in dry pyridine (2.3 mL) was adde

:"'12..

dropwise 1,5- dxazobxcyclo[4 3.0]non-ene (113 pL, 0.92 mmol) and the resulting mixture was stirred for 24

PPN ne Ailaiead ol-.lnm
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%), sat. aq. NaHCO3 (10

|

ihe phases were scparaicd and ihe organic phase was washed with aq. |
mL x 2 ), brine (10 mL x 2) and then dried over MgSOy4, Filtration and evaporation under reduced pressure
yielded the crude product as a yellow solid, which was further purified by crystallization from hexane to
furnish 112 mg (66 %) as white crystals. Ry(hexane: ethyl acetate; 1:1): 0.45. m.p. (hexane): 146-147 °C. 1H
NMR 35 0.03, 0.06, 0.10, 0.12 (s, 3H each, SiCH3), 0.87, 0.89 (s, 9H each, SiC(CH3)3), 3.68 (dd, 1H, J5¢ 58 =
16.8, Js'o 4 = 5.9 Hz, 5'a-H), 3.80 (dd, 1H, Jsp 4= 5.9 Hz, 5'8-H), 4.52 (ddd, 1H, Jg'3' = 2.6 Hz, 4"-H), 5.08

(dd, 1H, J32 = 2.6 Hz, 3-H), 5.72 (d, 1H, 2-H), 7.49-7.59 (m, 9H, Ph), 7.89 (m, 6H, 0-Ph), 8.10 (s, 1H, 2-H),
8.15 ppm (s, 1H, 8-H). 13C NMR 5-5.4 (2xCH3), -4.8 (CH3), -4.2 (CH3), 18.0 (C), 18.3 (C), 25.8 (3xCH3),
25.9 (3xCH3), 62.9 (CHp), 76.3 (CH), 87.1 (CH), 89.2 (CH), 128.0 (C), 128.2 (CH), 128.5 (CH), 130.0,
131.8, 131.9, 133.2 (CH), 133.4 (CH), 136.0 (CH), 147.1 (C), 152.8 (CH). IR v 1583, 1553, 1452, 1116, 837
cm-}. Anal. Calcd for C4oHsaNsO3PSiy: C, 65.10; H, 7.10; N, 9.49; Found: C, 65.50; H, 7.11; N, 9.44

lodopivaloxylation of 6a. To a stirred solution of 6a (1.00 g, 2.1 mmol ) in dry ethyl ether (25 mL), was
added pivalic acid (1.07 g, 10.5 mmol), and, after cooling at 0 °C, N-iodosuccinimide (567 mg, 2.52 mmol).
The resulting mixture was stirred for 4.5 h under a nitrogen atmosphere. The resulting solution was treated
with sat. aq. NaS203 (20 mL) and after stirring for 30 min it was diluted with ethyl acetate (20 mL), the
separa ed and the Qrga._lg phaqe was washed with sat. ag. NaHCO32 (20 mL x 2), brine (20 mL x
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ArAdVUAVURLIVIIVAalLE Pul\.l lJl\Juu\«l-D YTuwilw LOUVidiwu Llll\luéll WwEALAALUE RAULWYIE WUZIUIRREE Wil VRRLIALYY iQa IIIJ A7 LiIN, Wi WA
et a oo L AL PRSI D SR | I g, W 2.1.1..1 O - . LO LTI AA ~LTD I N OO0 ONN L 14
mixXiurcs [q'U o cmyl 4CCLAilC 1H NCXANCS) WIkCil lelUCU 07 g 01 0o (0.9 70 ), 44 llg Ol 7 ()0.& 70), 74U llg 1 1
(66 %), and 348 mg of 11 (25 %)

2'-Deoxy-3',5'-bis-0-[(1,1-dimethylethyDdimethylsilyl]-1'-C-(2,2-dimethyl-1-oxopropoxy)-2'-

iodoadenosine (8). m.p. (hexane): 139-140 °C 1H NMR 3§ 0.06 (s, 6H, SiCH3), 0.08, 0.20 (s, 3H, SiCHj3),
0.74 (s, 9H, SiC(CH3)3 ), 0.92 (s, 9H, SiC(CHj3)3, 1.21 (s, 9H, COC(CH3)3) 3.67 (dd, 1H, J5:¢ 58 = 12.0,
Jsa4 = 1.9 Hz, 5'a-H), 3.86 (dd, 1H, J3 2 =5.3 Hz, 3'-H), 3.98 (dd, 1H, JS',BA' = 2.2 Hz, 5'B-H), 4.33 (ddd,
1H, 4-H), 5.71 (bs, 2H, NHjy), 6.26 (d, 1H, 2'-H), 8.15 (s, 1H, 2-H), 8.33 ppm (s, 1H, 8-H). NOE: irradiation
H-2' and 2 4.6% on H-4'. 1’C NMR 5-5.7 (2xCH3), -4.8, -4.3 (CH3), 18.0

of H-3'resulted ina 12% NOE on H VIR § <CH3 3), 18.0,
18.2 (C), 25.8, 26.8 (CH3), 29.6 (C), 46.3 (CH3), 59.9, 68.9, 85.7 (CH), 109.7, 119.4 (C), 139.6 (CH), 148.9
(C), 152.9 (CH), 155.6, 174.9 (C). IR v 1767, 1687, 1608, 1470, 1119, 1087, 837 cm™!. Anal. Calcd for
Cp7H4giNsOsSiy: C, 45.95; H, 6.85; N, 9.92 ; Found: C, 45.65; H, 6.79; N, 9.88

9-[2-Deoxy-3,5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-1-C-(2,2-dimethyl-1-oxopropoxy)-2-iodo-a-D-

arabinofuranosyl}-9H-purin-6-amine (9). m.p. (hexane): 99-100 °C. IH NMR § 0.03, 0.10, 0.11 (s, 3H
each, SiCH3), 0.56, 0.92 (s, 9H cach, t-BuSi), 1.18 (s, 9H, t-BuCO3), 4.09 (m, 2H, 5-H), 4.35 (ddd, 1H, J4 54
=1.5, J4',5'B =5.9Hz, Jg3 =2.6 Hz 4-H), 4.77 (dd IH, .Iq 2'=2.2Hz 3-H), 5.53 (d, 1H, 2"-H), 5.69 (bs, 2H,
1.9% NOE on H-2'. 13C
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6.83; N, 9.95.

9.[2-Deoxy-3,5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-1-C-(2,2-dimethyl-1-oxopropoxy)-2-iodo-a-D-

ribofuranosyl]-9H-purin-6-amine (10). m.p. (hexane): 142-143 °C. 1H NMR §0.09, 0.10, 0.16, 0.19 (s, 3H
each, SiCHz3), 0.92, 0.94 (s, 9H each, Si C(CH3)3), 1.10 (s, 9H, COC(CH3)3), 3.76 (dd, 1-H, J5q 58 = 12.0,
Jsg 4= 4.6 Hz, 5'a-H), 3.85 (dd, 1H, J3 4 =8.2, J3 > =49 Hz, 3-H), 4.01 (dd, 1H, J<R4 =2.2 Hz, 5'p-H),
4.40 (ddd, 1H, 4-H), 5.37 (d. 1H, 2-H), 5.62 (bs, 2H, NHy), 8.20 (s, 1H, 2-H), 8.32 (s, 1H, 8-H). *C NMR

H, 6.86; N, 9.94.

9.[2-Deoxy-3,5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-1-C-(2,2-dimethyl-1-oxopropoxy)-2-iodo-3-D-

arabinofuranosyl]-9H-purin-6-amine (11). m.p. (hcxane): 150-152 °C. 'H NMR 5 0.12 (s, 3H, SiCH3),
0.13 (s, 6H, SiCH3), 0.20 (s, 3H, SiCH3), 0.93 (s, 18H, t-BuSi), 1.15 (s, 9H, t-BuCO2), 4.01 (d, 2H, J5 4 = 4.6
, 1H, Ja 1 =3.8 Hz, 4'-H), 5.00 (dd, 1H, J 3> = 1.6 Hz, 3'-H), 5.06 (d, |H, 2'-H), 5.93 (bs,

g, 1f 2 1L

1 _H) 13(‘?\TMDR 5.3,-5.2,-49, -40(CH3), 179 185 (C) 258

L1y UTR1). ANAVaARN U TJ .0, e \eiiy C.0 )y &J.0,

2
39.7 (C), 62.6, 81.8, 89.1 (CH), 111.1, 120.0 (C), 139.3 (CH). 148.5 (C), 153.0
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(CH), 155.4, 1753 (C). IR v 1759, 1670, 1260, 1255, 1119, 1107, 839 cm'l. Anal. Calcd for
C27H48IN505Si2: C, 45.95; H, 6.85; N, 9.92; Found: C, 45.85; H, 6.80; N, 9.88.

Reduction of compound 12; Representative procedure. A solution of 123 (63.6 mg, 0.1 mmol) in C¢Dg (2
mL), containing AIBN (1.6 mg, 0.01 mmol) as the radical initiator and toluene (10 pL) as an internal
standard, in a 5-mL Wheaton® conical reaction vial, was carefully deoxygenated by repeated freeze-vacuum-

thaw-nitrosen-gas cvcles. The solution was then broucht to R0 °C and immediately treated with a ginole
thaw-nitrogen-gas ¢cycies. 1he solulion was then prought 1o 30 O and immed: {Cly treated wiih a smgic
iniantion AF RuaCnIl (1€ mma 1) mmnll Tha neagrece of tha sanatinn e manitored aftae T 17 aed 2N e
jeCuon U1 Dul3sina (oo Mg, v i« Moy, 110 Progréss Or ine réacuon was moniorca aier 7, 17 10 Jv iniil
PPy 2 P \ M al =1 l 1 11

temperature and obtaining ~0.6 mL aliquots for 'H NMR analysis. The pmduu distribution was calculated
by careful integration of the H-6 signals for the uridine base (8.06, 7.42, and 7.62 ppm for 13, 14 (o-anomer),
and 14 (B-anomer), respectively) and by using the integral of the toluene methyl group (at 2.10 ppm) as the
internal standard (see Table I). After 30 min at 80 °C, the reaction mixture was concentrated and was purified
by flash column chromatography (40 % ethyl acetate/hexanes) to yield 14 (15 mg, 27 % as a 6:1 anomeric
mixture). Due to decomposition of 13 during column chromatography, it was characterized from the 'y
NMR of the crude product:

FaI & I TP TISUrs Teu | P, .l g 111
'L"(A,A'Ullllelllyl -UXUPFUPUXy}'Ill' aine (19

. . , 9H each, SiC(CH3)3 ), i.19 (s,
9H, COC(CH3)3), 2.82 (dd 1H, 12'0.,2'[3 14.1, Jpq,3 = 5.7 Hz, 2'a-H), (dd IH, J2g,3 = 3.5 Hz, 2'8-H)
3.42 (m, 2H, 5'-H), 4.34 (m, 2H, 3'&4'-H), 5.55 (d, 1H, J56 = 8.2 Hz, 5-H), 8.06 (d, 1H, 6-H), 9.63 (bs, 1H,

NH).

N/‘\

9.[2-O-Trimethylacetyl- 3 5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-a-D-ribofuranosyl]-9H-purin-6-
amine (14, a-anomer). TH NMR (CeDg) 6 0.00, 0.01, 0.07, 0.09 (s, 3H each), 0.89, 0.97, 1.10 (s, 9H each),
3.56 (dABq, 2H, J = 11.6, 0.8 Hz), 3.98 (dt, IH, J = 5.3,0.8 Hz), 4.41 (1, IH, J= 5.3 Hz), 5.57 (d, |H

FT=81
"'"1’ Awk Ay v T & 2.y mAETY vy R R Zs afearsy Vakr Aadiiy - hd S Rase)y A48y ™ Veas
Hz), 5.60 (t, IH, J = 5.3 Hz), 6.46 (d, 1H, J = 5.3 Hz), 7.42 (d, 1H, J = 8.1 Hz). 13C NMR (CiD¢) 5 -5
£ "N & N A "IQ FOLY A 10 N 10 & /™ ~NE Q B VANiNES s B BVS ol @ SAY 0 O 1N LY & (YT N\ ~1 1 T oA QO oL 1
-5.29, -5.20, -4.76 {Lns), 16.U, 16.5 (U}, £3.8, 20.U, 27.2 (U3), 36.9 (), 02.5 (Lrp), 71.1, 72.3, 4.8, 8b.1,
101.2, 141.1 (CH), 150.7, 163.3, 176.3 (C)

2'-0-Trimethylacetyl-3',5'-bis-O-[(1,1-dimethylethyl)dimethylsilyl]- adenosine (14, -anomer). lH NMR
(C¢Dg) 8 0.01 (s, 3H), 0.02 (s, 3H), 0.07 (s, 3H), 0.12 (s, 3H), 0.90 (s, 9H), 0.94 (s, 9H), 1.24 (s, 9H), 3.65
(dABgq, 2H, J = 11.7, 2.0 Hz), 3.97 (dt, IH, J = 4.6, 2.0 Hz), 4.50 (t, I1H, J = 4.6 Hz),5.45 (t, 1H, J = 4.6 Hz),
5.58 (d, 1H, ] = 8.2 Hz), 6.28 (d, 1H,J =4.6 Hz), 7.62 (d, 1H, J = 8.2 Hz), 9.40 (bs, 1H). '*C NMR (CgDg) 6
-5.58, -5.46, -5.02, -4.54 (CH»), 18,2, 18.5 (C), 25.9, 26.0, 27.2 (CH3), 38.9 (C), 61.9 (CH»), 70.0, 75.8, 85.3,

l

o | |\n

independent synthesis of anomeric mixture 4. To a stirred solution of 3',5"-di(z-butyldimethylsilyl)-8-

uridine’ (672 mg, 1.42 mmol) in dry pyridine (8 mL), were added tnmethylacetyl chloride (0.70 mL, 5.7
mmol) followed by DMAP (140 mg, 1.14 mmol) and the resulting mixture was stirred for 1 h at 25 °C. The
solution was partitioned between ethyl acetate (20 mL) and H,O (10 mL), the phascs were separated and the



T. Gimisis et al. / Tetrahedron 54 (1998) 573-592 589

. PRSI DR F s [y (6 DR Y ERNE .
aporation under reduced pressure yielded the crude pr

. ra )
yellow foam (900 mg, 99%). 13C NMR demonstrated that it corresponded to a 2',4-O-dipivaloate : B¢ NMR
(CgDg) -5.10, -5.05, -4.86, -4.54 (SiCH3), 18.2, 18.5 (SiC), 26.0, 26.1 (SiC(CH3)3), 27.3, 27.4 (C(O)
C(CHj3)3), 38.9, 43.9 (C(0O) C(CHj)3), 62.7 (CHp), 70.8, 75.7, 86.5, 87.0, 102.5, 139.4 (CH), 149.5 (C),
161.9, 177.0, 183.2 (CO). This product was then dissolved in cthanolic KOH (0.1 N, 15 mL) and stirred at
r.t., overnight. Column chromatography (40 % ethyl acetate/hexanes) yielded 240 mg (30%) of the pure B-
anomer of 14 as a white foam. This material was subsequently dissolved in 1,2-dichloroethane (5 mL) and
treated with bis(trimethylsilyl)acetamide (0.21 mL, 1.3 mmol) and uracil (93 mg, 0.83 mmol) and the

ult ing mixture was refluxed for 30 min. After cooling to

u-.u.u.- re was reriuxed 1o fptiivil e

tnmethylsxlyl triflate (98 pL, 0.54 mmol) and was further refluxed for 4 h. It was then cooled to r.t.,

r.t., the reaction mixture was treated with
partitioned between CHCly (20 mL), and sai. aq. NaHCO; and stirred vigorously for 30 min. The resulting
precipitate was filtered, the filtrate was washed with HpO (10 mL), and dried over NapSOy4. Filtration and
evaporation under reduced pressure gave the crude product which was purified with flash column
chromatography (40% ethyl acetate/hexanes) to give 122 mg (51%) of a 1.2:1 (a:B) anomeric mixture 14, the
1H NMR spectrum of which was in agreement with that reported in the reduction of 12.

Reduction of compound 11. The sa rocedure, as described for compound 12 above, was used. The
reaction between 11 (70 mg, 0.1 mmol) and BuaSnH (19 mg, (0.032 M) was completed within 30 min. The
product distribution was calculated by integration of the H-2 signals for the a.dcnim, hasc (‘. 56, 8.32,and 7.94
ppm for 15, 16 (a-anomer), and 16 (B-anomcer), r"ipcdwdy) The unsiable orthoamide 15 decomposed upon
attempted purification and it was therefore characterized from the crude mixture:

2'-Deoxy-3',5'-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-1'-C-(2,2-dimethyl- 1-oxopropoxy)-adenosine
(15). IH NMR (CgDg) 6 0.00, 0.02, 0.13, 0.15 (s, 3H each, SiCH3z), 0.90 (s, 18H, SiC(CH3)3 ), 1.12 (s, 9H,
COC(CH3)3), 3.37 (dd, 1H, Jyq,28 = 14.0, J219,3'= 5.5 Hz, 2'a-H), 3.51 (dd, 1H, J2p,3 = 6.8 Hz, 2'8-H) 3.56
(dd, 1H, Jsg 58 = 11.6, J5q,4' = 2.7 Hz, 5'0-H), 3.67 (dd, 1H, J5p 4 = 3.0 Hz, 5'3-H), 4.45 (ddd, 1H, Jg 3 =
5.2 Hz, 4-H), 4.66 (ddd, 1H, 3"-H), 5.71 (bs, 2H, NH3), 8.57 (s, IH, 2-H), 8.61 (s, 1H, 8-H).

The crude concentrate (52 mg) was dissolved in ethanolic KOH (1 N, 2 mL) and refluxed for 1 h or until TLC
A

(10 % MeOH/EiOAc) showed complete deprotection. Flash column chromatography (10 % MeOH/EtQAc)
VZeY N Aaf O - | 1 L 11' NTR ATY oL =1 Py ~ PPy il
yicided a white powaer (Y mg, 34% from 11) which was characterized by H NMR through comparison wiih

commercially available samples.
Adenosine 'H NMR (D70) §6.06 (d, 1H, J = 6.0 Hz, 1'-H) [ref (28) § 6.06 (J = 6.0 Hz)].

a-Adenosine 'H NMR (D70) 8 6.32 (d, 1H, J=4.6 Hz, 1'-H). [ref (16) §6.30 (/ = 4.5 Hz)].

Reduction of compound 10. The same procedure, as described for compound 12 above, was used. The
reaction between 18 (70 mg, 0.1 mmol) and BuSn;H (30 mg, 0.052 M) was cemp!cted within 15 min. The
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decomposed slowly during the reaction and it was therefore characterized from the 'H NMR spectra of the

reaction mixture:

9-[2-Deoxy-3,5-bis-0-[(1,1-dimethylethyl)dimethylsilyl]-1-C-(2,2-dimethyl-1-0xopropoxy)-a-D-
ribofuranosyl]-9H-purin-6-amine (17). 1H NMR (200 MHz; C¢Dg) 6 -0.18, -0.06, 0.07, 0.08 (s, 3H eacl
SiCH3), 0.71, 0.97 (s,

2SS S ) i .

B

W "

=
Pk
=~

The crude concentrate (54 mg) was deprotected as described above fo he product (12 mg, 45% from

10) was characterized by 'H NMR through comparison with literature data:

9-(0-D-Arabinofuranosyl)adenine 14 NMR (200 MHz; dmso-dg) 8 5.92 (d, 1H, J = 5.3 Hz, 1'-H), 8.25 (s,
1H), 8.40 ppm (s, 1H). [ref (17) ) § 5.95 (/ = 5.5 Hz), 8.26 (s, |H), 8.40 ppm (s, 1H)].

9—(B-D-Arabinofuranosyl)adeni 1

THY R 10 nnm (¢ l

18387y U/ ppiis \Jy

NMR (200 MHz; dm od6)66 26 (d, 1H, J = 4.8 Hz, 1'H), 8.14 (s,
1H), 8.13 (s, 1H), 8.18 ppm (s, 1H)].
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