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Synthesis of Oxepane Ring Containing to become more selective and less toxic potential therapeutic
Monocyclic, Conformationally Restricted Bicyclic agentd for cancer and deadly viral diseases. Recent years have

. . . . therefore seen a surge in interest in the synthesis of unnatural
and Spirocyclic Nucleosides fromp-Glucose: A nucleoside analogues having conformational restrictions in the

Cycloaddition Approach pentofuranose moiet}?
To impart some degree of conformational restriction to the
Subhankar Tripathi Biswajit G. Roy/-8 natural nucleosides, several possibilities have been suggested.
Michael G. B. Drewt Basudeb Achari,and These include (i) synthesis of locked bicyclic nucleoside
Sukhendu B. Mandal* analogues by inserting an extra ring fused to the furanose moiety,

(i) synthesis of spironucleosidés!® and (iii) synthesis of
nucleosides of varied ring structurdsSome examples of
conformationally constrained synthetic bicyclic and spirocyclic
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© CHs A "’o/EHB BnO O ch, nucleosides and C-4piroannulated nucleosides. The present
NH j q Note deals with the application of 1,3-dipolar nitrone cycload-
2 N j ? ? dition reactions (INC) toward this goal, which also delivered,
N( Ty | N actin | NH with suitable modification of the scheme, newer nucleosides
SNTTN AcO H N/&O Aco, TSU% N/&O based on oxepanes.
UO—HH ~3° \© An interesting and flexible stratetysuitable for the con-
HO! o AN’ =0 “OAc 0 A "OAc struction of oxepane-fused furano sugars involves an INC

reaction between C-5 nitrone and C-3 olefin (@3llyl) of

Carbohydrate-derived substrates having (i) C-5 nitrone and®- glucose derived substrates (Scheme 1, Path I). We rationalized
C-3-0-allyl, (ii) C-4 vinyl and a C-30-tethered nitrone, and that cyclization involving a C-4 vinyl and a C-3 tethered nitrone
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SCHEME 1. Methods for the Construction of Oxepane/ SCHEME 3. Synthesis of Oxepanyl Nucleosides 122, 26,
Pyran Fused Nucleoside Analogues and 27
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(generated from a C-@-formylmethyl derivative) could con-
stitute (Path 1l) an additional strategy to produce oxepanes/
pyrans of different substitution patterns upon INC reaction. On
the other hand, the same reaction performed on substrates havin
nitrone functionality at C-5 and olefin at C-4 (e.g., C-
allyloxymethyl) would be expected (Path IIl) to generate a
spirocyclic ring structure depending on the mode of cyclization.
The products may then be used to synthesize the projecte
classes of nucleosides through established routes.

Bicyclic Nucleosides 14 and 15 (Path I)INC reactions of
3-O-allyl-6-nor furanose aldehydes have been reported by
Bhattacharjya and his grotfpto culminate in bridged ox-
epanoisoxazolidined 0 and11) in both the glucose and allose
derived substrates. Deprotection of the 1,2-acetonide moiety
(Scheme 2) of the products with dilute sulfuric acid followed
by peracetylation with acetic anhydridpyridine and subse-
guent nucleosidation under Vorlggen conditio®® with uracil
base furnished?2 (52%) andl3 (48%), respectively. Cleavage
of the isoxazolidine rings by transfer hydrogenolysis afforded
the corresponding aminoalcohols, purified as acetates.

The structure and stereochemistryl@fhas been conclusively
settled by X-ray crystal structural determinatiérgpectroscopic
analyses ', 13C NMR, MS) of 12—15 helped deduce their
structures.

Oxepanyl Nucleosides 1922, 26, and 27 (Path I)Isoxazo-
lidinooxepanel6, derived from 10 following the reported
proceduré? yielded (Scheme 3) the aminoalcohb? upon

transfer hydrogenolysis. The aminoxepane was coupled with
%—amino-4,6-dich|oropyrimidine to produce the aminopyrim-
inyl oxepanel8 (51%). Transformation of the pyrimidine ring
to the purine ring by reaction with triethyl orthoformate
generated a mixture of purine nucleosidés-21 (56%). Our
dearlier observations in related systems suggested that use of
higher temperatures may be the cause for the undesirable
transformation to the dimethylaminopurine nucleosi@ewnhile
the minor methoxypurine nucleosid®9 is generated during
purification of nucleosides by reversed-phase HPLC with use
of H,O—MeOH. Repeating the reaction at lower temperature,
to our gratification, gave the chloropuri@é as the sole product
in 60% vyield. Substitution of the chloro group of the adenine
ring by an amino group furnishe2® (72%). On the other hand,
the isoxazolidinooxepar8'? could be similarly converted (via
24 and 25) to 26 and 27 in good yields. The enantiomeric
nucleoside pair21/26 and 22/27 exhibited optical rotations
virtually identical in magnitude but opposite in sign. All the
nucleosides exhibitedH NMR and mass spectra fully in
conformity with the structures.

Cyclization Involving C-3-O-Tethered Nitrone and C-4
Vinyl (Path I1). Selective removal of the 5,6-isopropylidene
protection of28'5 by dilute acetic acid treatment (Scheme 4)
followed by mesylation of the hydroxy groups set up the
substrate for successive steps of iodination and deiodination,
affording the olefinic este29. Reduction of the carbomethoxy
group with NaBH—'BuOH—MeOH reagent to furnist80

(13) Vorbriggen, H.; Krolikiewicz, K.; Bennua, BChem. Ber 1981,
114, 1234-1255.
(14) ORTEP diagrams are given in the Supporting Information.

(15) Tripathi, S.; Maity, J. K.; Achari, B.; Mandal, S. Barbohydr.
Res 2005 360 1081-1087.
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SCHEME 5. Synthesis of Tetracyclic Pyran Derivative 35
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38

followed by Swern oxidation furnished an aldehyde, which
without purification was subjected to nitrone formation
cyclization by treatment witlN-benzylhydroxylamine, affording
the tetracyclic oxepan@l.

Retracing the above reaction route beginning \@i## (C-3
epimer of 28) furnished (Scheme 5) the tetracyclic pyran
derivative 35 (19% overall yield) via33 and 34.

The structures 029—35 were deduced with NMR and mass

JOCNote

SCHEME 7. Synthesis of Spirocyclic Nucleoside 45 from
the Precursor 39
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crystal X-ray analysi&? This information clinched the structures
of 44 and 45 with the help of NMR analyses.

In conclusion, this study describes both linear and convergent
approaches in which conformationally constrained oxepane-
fused bicyclic and C-4oxepane-spiroannulated nucleosides can
be synthesized from-glucose derived substrates through the
application of INC reactions followed by nucleosidation. The
results may be extended to other systems utilizing different
substitution patterns judiciously derived from carbohydrates.

Experimental Section

(1S,2R,4R,5R,6S,9R)- 5-Acetoxy-11-benzyl-4-(2,4-dioxo-3,4-
dihydro-2H-pyrimidin-1-yl)-3,7,10-trioxa-11-azatricyclo[7.2.1.69-
dodecane (12)A solution 0f10(1.20 g, 3.60 mmol) in a C¥CN—

spectral analysis. The stereochemistry of the newly generatedH;0—H,SQ; mixture (18:6:1, 25 mL) was stirred at room temperature

ring juncture in31 and 35 was, however, determined from the
NOESY correlation of the energy-minimized structures (Figures
1—4 in the Supporting Information).

With the full structure of31 and 35 thus established,
introduction of uracil on the anomeric center3ffwas carried
out by the Vorbiggen procedufé (Scheme 6) to affor@e,
which was converted to the nucleos®ligby adopting the earlier

for 20 h. Solid CaC@was added portionwise to neutralize the acidic
solution and the precipitate was filtered off. The solvent was
evaporated to a gummy mass, which was acetylated at room
temperature by using pyridine (3 mL) and & (1 mL) to furnish

the anomeric mixture of diacetates. A mixture of uracil (345 mg),
hexamethyldisilazane (10 mL), and freshly distilled TMSCH@&
drops) was heated at reflux undes fdr 12 h. Excess solvent was
distilled off; a solution of the residue in DCE (5 mL) was added to

described procedure. However, an attempt to install a nucleosidea stirred DCE solution (25 mL) of the above diacetates containing
base orB5was unsuccessful. This may be due to the trans ring TMS—OTf (0.4 mL) and the stirring was continued for 5 h. The
juncture of the pyranofuranose ring, which upon deprotection reaction mixture was neutralized by solid NaHCahd HO (2—3
generated a furanose moiety that preferred to remain in the opertlrops). The solvent was evaporated and the residue was extracted
chain form. Therefore a complex mixture of acetates resulted With 2% MeOH in CHC} (3 x 20 mL). The solvent was washed
instead of38. with brine (20 mL), dried (Ng50Qy), and concentrated to a mass,

. . . . : which was purified over a silica gel (6@.20 mesh) column with

Synthesis of Splrogycllcll\G]ucleos[des (Path III)TowarqI this 3% MeOH Fn CHC} as eluent togfurr(]ish.Z (224 m)g, 48%) as a
goal, we chose to utiliz89. Selgctlve TBDMS protection by foam: [a]?% —84.0 €0.61, CHC}). *H NMR (300 MHz, CDC})
using slightly less than 1 equiv of TBDMSCI (Scheme 7) 55 19 (s, 3H), 2.442.50 (m, 1H), 2.56 (d, 1HJ = 12.7 Hz),
afforded the monosilyl ethetO as the major product. Allylation 3,70 (d, 1H,J = 12.9 Hz), 3.74-3.81 (m, 3H), 3.92 (br s, 1H),
of the free hydroxy group of40 to 41 and subsequent 407 (d, 1H,J = 1.5 Hz), 4.10 (d, 1H,) = 12.7 Hz), 4.68 (br d,
desilylation produced the desired monoallyl eth&r Swern’s 1H,J= 8.1 Hz), 4.93 (d, 1HJ = 1.6 Hz) 5.75 (dd, 1HJ = 1.8,
oxidation of the free primary hydroxyl group proved to be the 8.1 Hz), 5.99 (d, 1HJ = 1.6 Hz), 7.34 (m, 5H), 7.72 (d, 1H,=
most satisfactory in regard to the yield of the aldehyde, which 8.1 Hz), 8.83 (br d, 1H}:3C NMR (75 MHz, CDC}) 6 21.0 (CHy),
without any purification was treated witN-benzylhydroxy-  27:9 (CH), 62.4 (CH), 62.6 (Ch), 73.4 (CH), 78.6 (CH), 81.5
lamine to precipitate a dipolar cycloaddition reaction. The (CH), 81.7 (CH), 82.3 (CH), 87.6 (CH), 103.8 (CH), 128.3 (CH),
product on careful purification delivered the oxepanospirocycle

129.0 (2x CH), 129.5 (2x CH), 136.8 (C), 141.2 (CH), 150.5
-+

43in 54% y_ield. Levyis_, acid-_catalyzed _nucleoside t_)ase coupling gc?r)Ciflfze,lN(sgl 1(??.578.(704);' f' :A‘s Z/IOST,]\{Z g??%.(l\lggu)n'dérgl'ééslf H.
then led to isoxazolidinospironucleosidé (63%). Finally, the 523 N. 955,
isooxazolidine ring was cleaved and the product was acetylated (Zh,3;32,48,6R)-4-(6-Chloro-9|—|-purin-9-y|)-2-hydroxymethyl-
to the fully protected C-4spironucleosidels. oxepane-3,6-diol (21)To a solution 0f18 (350 mg, 1.15 mmol)

The structure oi3was deduced originally frofH, 13C NMR in DMF (10 mL) were added HC(OEtY8 mL) andp-TSA (60
and mass spectroscopic evidence and finally settled by single-mg), and the mixture was stirred at 1G for 24 h under i The
solvent was evaporated in vacuo; the gummy residue was dissolved
in MeOH and neutralized by stirring with Dowex-1 OHesin for
1 h at room temperature. The resin was filtered off and the solvent

(16) Youssefyeh, R. D.; Verheyden, J. P. H.; Moffatt, JJ@rg. Chem
1979 44, 1301-1309.

J. Org. ChemVol. 72, No. 19, 2007 7429



JOCNote

was evaporated to give a crude foamy material. Purification by
reverse phase (LiChroprep RP-18, particle size 2Bum) flash
chromatography with kD as the eluent furnishe2l (216 mg, 60%)
as a foamy solid: ¢]%% +14.5 € 0.32, MeOH).'H NMR (D-0,
300 MHz) ¢ 2.16 (br d, 1HJ = 13.5 Hz), 2.69 (dd, 1H] = 12.0
Hz), 3.28 (t, 1H,J = 11.5 Hz), 3.62 (d, 2HJ = 5.5 Hz), 3.97
4.10 (m, 2H), 4.26 (dd, 1H] = 5.7, 12.0 Hz), 4.35 (dd, 1H] =
3.4, 8.5 Hz), 4.69 (1H, overlapped by HOD proton signal), 8.51
(s, 1H), 8.60 (s, TH)!3C NMR (D;0, 75 MHz)d 37.7 (CH), 59.4
(CH), 62.2 (CH), 68.8 (CH), 74.3 (CH), 77.6 (Chi, 84.9 (CH),
131.5 (C), 147.5 (CH), 150.4 (C), 151.6 (C), 151.8 (CH). ESIMS,
m/z 315 (MH*, for CI¥%) 317 (MH", for CF’). Anal. Calcd for
C12H1sCIN4O4: C, 45.80; H, 4.80; N, 17.80. Found: C, 45.62; H,
4.66; N, 17.53.
(3aR,3bS,6R,9S,9aS,10&R)-7-Benzyl-2,2-dimethylperhydro-
6,9-methano-1,3-dioxolo[45':4,5]furo[2,3-d][1,5,2]dioxazocine
(31). Oxalyl chloride (0.3 mL, 3.14 mmol) was added to dry £H
Cly (5 mL) in a two-necked round-bottom flask undes &hd the
mixture was cooled to-65 °C. To this was added a solution of
dry DMSO (0.48 mL) in dry CHCI, (3 mL) dropwise and the
mixture was stirred for 10 min. A solution &0 (700 mg, 3.04
mmol) in CHCI, (7 mL) was then added to the above solution,
which was then stirred for 1 h. The mixture was allowed to stir for
15 min, EgN (1 mL) was added to it, and the solution was allowed

15 mL). The CHC{ solution was washed with saturated brine
solution (3x 10 mL), dried (NaSQy), and concentrated to furnish
a gum, which was purified by silica gel column chromatography
with ethyl acetate petroleum ether (1:4) as eluent to aff@(440
mg, 43%): p]%% —7.7 (0.7, CHC}). *H NMR (500 MHz, CDC})

0 1.30 (s, 3H), 1.48 (s, 3H), 2.32.23 (m, 1H), 2.64 (d, 1H] =
12.2 Hz), 3.39 (t-like, 1H) = 6.7, 7.2 Hz), 3.48 (d, 1H] = 12.6
Hz), 3.78 (dd, 1HJ = 6.0, 12.6 Hz), 3.80 (d, 1H] = 12.6 Hz),
4.09 (brs, 1H), 4.124.13 (m, 1H, partially merged), 4.14 (d, 1H,
J=12.9Hz),4.43 (d, 1H) = 3.6 Hz), 4.72 (dd, 1H)=4.2, 7.5
Hz), 5.89 (d, 1HJ = 3.6 Hz), 7.277.39 (m, 5H).13C NMR (75
MHz, CDCL) 6 26.6 (CHy), 27.1 (CH), 28.9 (CH), 63.9 (CH),
64.1(CHy), 74.6 (CH), 76.9 (CH), 78.6 (CH), 83.6 (CH), 84.8 (CH),
105.1 (CH), 112.2 (C), 127.9 (CH), 128.9 {2 CH), 129.6 (2x
CH), 137.5 (C). ESIMSI/z334 (MH)*, 356 (MNa)". Anal. Calcd
for C1gH.3NOs: C, 64.85; H, 6.95; N, 4.20. Found: C, 64.55; H,
7.02; N 4.10.
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to reach room temperature. The reaction was quenched by addition

of H,O (1 mL) and extracted with CHEI(2 x 15 mL). The
combined extract was washed with® (2 x 10 mL) to remove
DMSO, dried (NaS0Qy), and concentrated to a crude aldehyde (500
mg), which was used in the next step without purification. BANHOH
(568 mg, 1.5 equiv) was added to the above aldehyde dissolved in
dry EtOH (20 mL), and the mixture was stirred at room temperature
for 24 h and then heated at reflux for 2 h. The solvent was
evaporated and the gummy mass was extracted with €{BCk
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