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Schene 1SI Synthesis of inhibitor (+)-09. a) 1. TIPS Orf,
i mdazole, DWF, 16 h, 20 °C, 2. NaCH, MeOH, 8 h, 20 °C, 77%
b) PhsP=CHCOEt, IBX, DMSO, 16 h, 20 °C, 96% c) DI BAL-H,
CHC, 3 h, -78 °C, 96% d) PPhs, DI AD, phthalimde, THF, 16
h, 20 °C, 85% e) TBAF, THF, 5 mn, 0 °C, 85% f) PPhs, DI AD,
(PhO) ,PON;, THF, 16 h, 20 °C, 77% g) MeNH;, EtOH, 16 h, 20
°C, 84% h) 1. 28, EDC HO, N hydroxysuccinimde, CHC,, 1 h,
20 °C, 2. (+)-52, Et3sN, CHO, 16 h, 20 °C, 51% i) 1, 3-
propanedi thiol, EtsN, MeOH, 16 h, 20 °C j) TFAHO 1:1, 60

mn, 0 °C, 50%



(-)-63 b |: ()-66 R'=Bn,R>=H . ,1 ()-87 R'=0Ac,R?=Cl
(-85 R'=Bn,R?=Ac (-)-88 R!=0H, R? =NH,
o[ (+)86 R=H, R?=Ac

Schenme 2SI Synthesis of building block (-)-88. a) (+)-64,
Et .Zn, DME, CHl,, CHCO,, 30 min, -30 °C, then 18 h, 20 °C, 97%
(84% de); b) Ac,O pyridine, DVAP, 14 h, 20 °C, 81% c) Hy,
Pd/C, 14 h, 20 °C, 61% d) PPhz, DI AD, 6-chloropurine, THF, 16
h, 20 °C, then 24 h, 60 °C, 39% e) N, MOH 14 h, 20 °C,

then 24 h, 100 °C, 71%
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Schenme 3SI. Synthesis of inhibitors (-)-18, (-)-19, and (+)-
20. a) H, Pd/C, MeOH, 16 h, 20 °C, 45% b) TFA/HO 1:1, 60
mn, 0 °C c) 53, EtsN, DWF, 16 h, 20 °C, 22-32% d) PPhs,
DI AD, acetone cyanohydrine, THF, 16 h, 20 °C, 77% e) Hy,
PtQ,, THF/ AcOH 1:2, 18 h, 20 °C, (for a published synthesis of
(-)-90, see: S. F. Wwk, C-S. Yuan, T. R Borchardt, M J.

Robi ns, Nucl eosi des Nucl eoti des 1998, 17, 99-114).



Figure 1Sl X-ray crystal structure of (-)-78. Crystals
(space group P2:;22;) of internediate (-)-78 (Scheme 1 SI)
suitable for X-ray analysis were obtained by slow evaporation

of a concentrated MeOH sol ution. a) ORTEP plot. Arbitrary

nunberi ng. Ther mal ellipsoids are shown at the 50%
probability |evel. The adenine noiety adopts the anti
conformation with respect to the ribose (c = -162.9°). b) H

bondi ng network observed in the crystal packing. NN distances
are given in pm Each adenine undergoes H bonding
interactions in both the Watson-Crick and the Hoogsteen nodes
with two neighboring adenines, leading to the formation of a

| ayered, ribbon-type structure.



Fi gure 2SI . X-ray crystal structure anal ysi s of

cycl opentenone (-)-91 (space group P2;), a key internmediate in

the synthetic route to (-)-54. a) ORTEP plot. Arbitrary
nunberi ng. Thermal ellipsoids are shown at 50% probability
| evel . b) Dipolar interactions observed in the crystal

packi ng. D stances are given in pm Car bonyl and conjugated
olefin units of adjacent nolecules (2; axis) are arranged in a
sheared antiparallel orientation (d(CO = 321 pm d(CC = 364
pm, giving rise to a stabilizing dipolar interaction. I'n
addition, a renmarkable, short orthogonal dipolar contact is
observed between one of the ether oxygen atons and the
carbonyl group (d(OC = 297 pm angle (OGO = 97°) (see: R
Paulini, K Miller, F. D ederich, Angew. Chem 2005, 117,

1820-1839; Angew. Chem Int. Ed. 2005, 44, 1788-1805).
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Fi gure 3SI Conmputer nodel (MOLOC) of inhibitor (-)-6 in
conplex with COMI and a M?* ion. a) Ball-and-stick

representation and b) schematic representation of Hbonding
i nteractions. Di stances are given in pm Col or code:
i nhi bitor skeleton: green, C-atonms: gray, Oatons: red, N

at ons: bl ue, S- at ons: yel | ow, My atom bl ack.
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Figure 4SI. Conmputer nmodel (MOLOC) of inhibitor (-)-8 in
conplex with COMI and a M?" ion. a) Ball-and-stick

representation and b) schematic representation of H bonding
i nteractions. Di stances are given in pm Col or code:
i nhi bitor skeleton: green, C-atonms: gray, Oatons: red, N
atons: blue, S-atons: yellow, My atom bl ack.



His142

Figure 5SI. Conmputer nodel (MOLOC) of inhibitor (-)-13 in
conplex with COMI and a M?* ion. Bal | - and-sti ck
representation of a) the active site and b) of close contacts
in the ribose binding pocket. D stances are given in pm
Col or code: inhibitor skeleton: green, Gatons: gray, O atons:

red, N-atonms: blue, S-atons: yellow, My atom bl ack.
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Experimental Section of the Supporting Information
N-{(2E)-3-[(2S, 4R 5R)-5-(6- Ami no-9H purin-9-yl)-4-{[ (1, 1-

di met hyl et hyl ) (di met hyl ) silyl ] oxy}tetrahydrof uran-2-yl] prop-2-
en-1-yl } -2, 2- bi s[ 4- (net hoxy) phenyl ] - 6- (4- net hyl phenyl ) -1, 3-
benzodi oxol e- 4- car boxam de ((-)-30).

Compound 28 (203 ng, 0.43 mmol), EDC-HO (125 ng, 0.65 mmol),
N- hydr oxysuccinimde (65 ng, 0.56 nmmol), and (-)-26 (130 nmg,
0.33 nmol) were reacted according to GP F. Wor kup, foll owed
by CC (SiQ; CHO o/ MeOH 19:1) yielded (-)-30 (190 ny, 68% as
a colorless foam [a]p® = -3.1 (c = 0.72, CHO3); 'H NWR (300
MHz, CDCl3): d = 0.10 (s, 3 H, 0.14 (s, 3 H, 0.91 (s, 9 H),
2.05 (m 2 H, 2.37 (s, 3 H, 3.78 (s, 3 H, 3.79 (s, 3 H,
4.17 (m 2 H, 4.79 (m 1 H, 4.94 (m 1 H, 563 (bs, 2 H),
5,94 (m 3 H), 6.89 (d, J =8.7 Hz, 2 H), 6.90 (d, J = 8.7 Hz,
2 H, 7.21 (d, J = 80 H, 2 H, 7.22 (d, J = 1.7 Hz, 1 H),
7.26 (t, J =54 H, 1 H, 7.45 (m 6 H, 7.82 (d, J = 1.7 He,
1 H, 7.87 (s, 1 H, 831 ppm (s, 1 H:; ¥C NWR (75 Mz,
CDCl3): d = -4.8, -4.6, 18.0, 21.2, 25.8, 39.5, 40.9, 55.3
76.9, 80.8, 92.5, 110.4, 113.6, 115.2, 119.1, 120.3, 120.7,
126. 6, 128.1, 129.3, 130.0, 130.3, 130.9, 135.7, 136.9, 137.1,
138.5, 144.1, 147.9, 149.2, 152.8, 155.1, 160.4, 163.4 ppm
IR (neat): n = 2929w, 1634m 1598m 1512m 1466s, 1249s, 1206m
1172s, 1083w, 1027m 1004m 830s, 777m 721w, 647w cm?; HR-
MALDI - MS: miz: calcd for Cy7HssNeO;Si ;' 841.3740; found: 841.3735

[ M.
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N-{(2E)-3-[(2S, 4R 5R)-5-(6- Am no-9H- purin-9-yl) - 4-

hydr oxyt et rahydr of ur an- 2-yl ] prop- 2-en-1-yl }- 2, 2- bi s[ 4-

(et hoxy) phenyl ] - 6- (4- et hyl phenyl ) -1, 3- benzodi oxol e- 4-
carboxam de ((+)-32).

A solution of (-)-30 (115 ng, 0.137 mmol) in THF (10 nm) was
treated with 0.68 nL of a 1M solution of n-BusNF in THF. The
m xture was stirred for 2 h at 20 °C, then agq. NaC Oy sol ution
was added and the resulting precipitate renoved by filtration.
The residue was partitioned between CHC , and HO and the org.
phase washed with sat. ag. NH;CO solution and sat. aq. Nad
solution, dried over MSQ,, and evaporated under reduced
pressure. The residue was purified using CC (Si G; CHO »/ MeCH
19:1) to yield (+)-32 as a colorless foam (86 ng, 86%. [a]p°
= +8.3 (¢ = 0.61, CHO3); H NWR (300 MHz, CDCl3): d = 2.10 (m
1 H, 2229 (m 1 H, 2.37 (s, 3 H, 3.78 (s, 3 H, 3.79 (s, 3
H, 417 (m 2 H, 469 (m 1 H, 4.99 (q, J = 6.9 H, 1 H,
5.25 (bs, 2 H, 5.86 (m 1 H), 5.88 (d, J = 3.1 Hz, 1 H, 5.96
(dt, J = 15.6 Hz, 5.0 Hz, 1 H), 6.89 (d, J = 8.9 Hz, 4 H),
7.20 (d, J = 8.0 Hz, 2 H, 7.22 (d, J = 1.8 Hz, 1 H), 7.26 (t,
J =51H, 1 H, 7.4 (m 6 H, 7.81 (d, J = 1.8 Hz, 1 H),
7.95 (s, 1 H, 8.30 ppm(s, 1 H: ¥BCNW (75 MHz, CDd3): d =
21.0, 37.9, 40.7, 55.3, 76.1, 80.5, 92.6, 110.5, 113.7, 115.2,
119.2, 120.2, 120.7, 126.7, 128.2, 129.5, 130.2, 130.4, 131.0,
135.9, 137.1, 137.2, 138.3, 144.2, 148.0, 148.9, 152.6, 155.5,
160.6, 163.6 ppm IR (neat): n = 3331w, 2930w, 1634m 1608m

1512m 1466m 1249s, 1206m 1172s, 1025m 1004m 828m 721w,
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647w cm?; HR- MALDI - MB: mz: calcd for CuHisNsNaO/Si *:

749.2694; found: 749.2703 [M + Na]*.

N-{(2E)-3-[(2S, 4R 5R)-5-(6- Am no-9H-puri n-9-yl) - 4-

hydr oxyt et r ahydr of ur an- 2-yl ] prop- 2-en- 1-yl } - 4, 5-di hydr oxy- 4" -
nmet hyl bi phenyl - 3- car boxam de ((-)-7).

Compound (+)-32 (70 ng, 0.1 nmol) was reacted according to GP
G to yield (-)-7 (28 ng, 59% as a fluffy white solid after
| yophi | i zati on. [a]o?® = -8.0 (c = 0.21, (CHy).SO; H NWR
(500 Mz, CD;OD): d =2.22 (m 2 H, 2.35 (s, 3 H, 4.06 (d, J
=3.8H, 2H, 473 (m 1 H, 49 (m 1 H, 594 (m 2 H),
6.05 (d, J = 1.3 Hz, 1 H), 7.20 (d, J = 8.0 Hz, 2 H), 7.21 (d,
J=22H, 1 H, 7.47 (d, J = 8.0 Hz, 2 H, 7.52 (d, J = 2.2
Hz, 1 H), 8.30 (s, 1 H, 8.31 ppm(s, 1 H:; C NWR (125 Mz,
Ch;OD): d = 21.1, 39.8, 41.6, 77.2, 82.5, 93.7, 116.9, 118.1,
120.6, 127.4, 130.4 (2x), 130.9, 131.7, 133.3, 137.8, 138.8,
142.5, 147.6, 147.7, 149.5, 149.7, 153.5, 171.3 ppm I R
(neat): n = 3313br w, 1678s, 1593m 1543m 1477w, 1314w, 1197s,
1137m 1038w, 968w, 817m 721m 640w cm?; HR- MALDI - V5. ni z:

cal cd for GCupHheNeNaGs™: 525. 1857; found: 525. 1865 [ MNa] ™.

Met hyl 2, 2- bi s[ 4- (et hoxy) phenyl ] -6-nitro-1, 3- benzodi oxol e- 4-
car boxyl ate (37).

4, 4’ - Di met hoxybenzophenone (1.4 g, 5.6 mol) and oxalyl
chloride (2.9 nL, 34 mvol) were stirred at 60 °C for 50 mn,

then the tenperature was raised to 110 °C to renobve excess
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oxal yl chloride. Conmpound 35 (1 g, 4.7 mmol) was added to the
m xture, and the dark red solution was stirred at 160 °C for
30 min. After cooling, EtOAc was added to the viscous m xture
and the solution was washed with sat. aq. NaC solution, dried
over MySQy, and evaporated under reduced pressure. The crude
product was purified using CC (Si O;; hexane/ EtQAc 9:1) to yield
37 as a yellow solid (1.48 g, 89%. Mp. 49-51 °C, 'H NWR
(300 Mz, CDO3): d=3.81 (s, 6 H, 3.97 (s, 3 H, 6.91 (d, J
= 9.0 Hz, 4 H, 7.46 (d, J = 9.0 Hz, 4 H, 7.81 (d, J = 2.4
Hz, 1 H), 8.45 ppm (d, J = 2.4 Hz, 1 H); BC NWR (75 M1z,
(CD3),S0: d = 52.8, 55.3, 107.5, 111.4, 114.0, 119.9, 121.3,
128.0, 129.7, 141.9, 148.8, 152.3, 160.5, 162.5 ppm I R
(neat): n = 3088w, 2827w, 1728m 1608w, 1532w, 1511m 1450m
1338m 1318m 1282m 1238s, 1204m 1169s, 1068w, 1023m 1002m
933w, 851m 834m 802w, 743m 715w, 647w cm?; HR- MALDI - MS:
mz: calcd for GCugaHoNQ®™ 438.1183; found: 438.1179 [MT;
el enental analysis calcd (%9 for CyHigNG (437.11): C 63.16, H

4.38, N 3.20; found: C 63.02, H 4.44, N 3.31.

2, 2- Bi s[ 4- (nmet hoxy) phenyl ] -6-nitro-1, 3- benzodi oxol e- 4-
carboxylic acid (27).

The biphasic mxture of a solution of 37 (900 ng, 2.06 nmol)
in THF (15 nL) and a solution of LiOH HO (1 g, 21 mmol) in HO
(15 nm.) was heated to reflux for 3 h. Sat. ag. NH,O solution
was added, and the m xture was partitioned between EtOAc and

HO. The aq. layer was extracted twice with EtQAc (20 nL), and
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t he conbined organic fractions were washed twice with sat. aqg.
NaCl solution before being dried over MySO; and evaporated in
vacuo to yield 27 as a yellowi sh solid (872 ng, quant.). Mp.
106- 107 °C, *H NMR (300 MHz, (CDs;),SO): d = 3.73 (s, 6 H), 6.95
(bs, 4 H, 7.40 (d, J = 8.4 Hz, 4 H, 7.86 (bs, 1 H), 8.33 ppm
(bs, 1 H: ¥C NWR (75 MHz, (CD;).SO: d = 55.2, 105.1, 113.7,
119.8, 121.1, 127.8, 130.2, 131.7, 141.1, 148.1, 151.8, 160.1,
170.1 ppm IR (neat): n = 2930w, 1609m 1512m 1461m 1412m
1333m 1245s, 1209m 1171s, 1029s, 1049s, 1003m 933w, 827m
805m 712m 687w cm'; HR-MALDI-MS: miz: calcd for GCpHigNG™

424.1027; found: 424.1021 [ M *.

N-{(2E)-3-[(2S, 4R 5R)-5-(6- Am no-9H- purin-9-yl) - 4-

azi dot et rahydr of uran- 2-yl ] prop-2-en-1-yl }-2-[ 3-

(et hoxy) phenyl ] - 2- [ 4- (et hoxy) phenyl ] - 6- (4- net hyl phenyl ) - 1, 3-
benzodi oxol e- 4- car boxam de ((-)-50).

Am de coupling of (-)-48 (100 ng, 0.33 mml) with 28 (203 ny,
0.43 nmmwol), wusing EDC-HO (124 ny, 0.65 mol) and N
hydroxysuccinimde (56 ng, 0.56 mmol) according to G F
yielded (-)-50 (105 ng, 42% as a colorless foam after
purification by CC (SiQ; CHO o/ MeOH 20:1). [a]o?® = -11.9 (c
= 0.21, CHCO3); 'H NWR (300 MHz, CDd3): d = 2.28 (m 2 H),
2.37 (s, 3 H, 3.79 (s, 3 H, 3.80 (s, 3 H, 417 (m 2 H,
4.84 (m 2 H), 5.61 (bs, 2 H), 5.86 (dd, J = 15.4, 6.9 Hz, 1
H, 5.97 (d, J = 1.7 H, 1 H, 6.00 (dt, J = 15.4, 5.1 Hz, 1

H, 6.89 (dd, J = 9.0, 2.8 Hz, 4 H), 7.21 (d, J = 8.3 Hz, 2
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H, 7.23 (d, J = 1.9 Hz, 1 H, 7.26 (t, J = 3.4 H, 1 H), 7.45
(m 6 H, 7.81 (d, J =1.9 H, 1 H, 7.88 (s, 1 H, 8.31 ppm
(s, 1 H; CNW (75 Mz, CDCl3): d = 21.2, 36.2, 40.8, 55.4,
65.6, 80.8, 89.9, 110.5, 113.6, 115.1, 119.1, 120.3, 120.7,
126.6, 128.1, 129.0, 129.4, 130.9, 131.3, 135.6, 137.0, 137.1,
138.6, 144.1, 147.9, 149.0, 153.1, 155.2, 160.4, 163.4 ppm
IR (neat): n = 2924w, 2105m 1660m 1598m 1513m 1467m 1251s,
1207m 1174s, 1049m 1004w, 831w, 630w cmi?; HR-ESI-M5: mz

cal cd for CyHs7NoNaQ;*™: 774.2759; found: 774.2763 [M+ Na]”.

(2R 3R, 53)-2-(6-Am no-9H purin-9-yl)-5-[ (1E)-3-{[ (4, 5-

di hydr oxy-4' - met hyl bi phenyl - 3-yl ) car bonyl ] am no} pr op- 1- en- 1-

yl ] tetrahydrof uran-3-am nium Trifl uoroacetate ((-)-12).
Reaction of (-)-50 (60 ng, 0.080 nmmol) wth 1, 3-propanedithiol
(87 ng, 0.80 mml) and EtsN (81 ng, 0.80 mmol) in MeCH (5 nl)
according to GP E, Method B, followed by acid-catal yzed keta
deprotection according to GP G and subsequent purification by
RP-HPLC (0.1% TFA in H,O CHCN) yielded (-)-12 (33 ng, 69% as

a fluffy white solid after lyophilization. [a]g?® = -10.3 (¢ =

0.6, (CD).SO; ™ NWR (500 MHz, (CD;).SO: d = 2.32 (s, 3 H),
2.35 (m 1 H, 2.55 (m 1 H, 3.95 (t, J =5.4 H, 2 H, 4.5
(m 1 H, 4.8 (td, J = 8.6, 6.4 Hz, 1 H, 5.8 (m 2 H, 6.14
(d, J = 3.8 Hz, 1 H, 7.21(d, J =2.1Hz, 1 H, 7.23 (d, J =
8.0 Hz, 2 H, 7.51 (d, J =8.0 Hz, 2 H), 7.62 (d, J = 2.1 Hz,
1 H, 7.80 (bs, 1 H), 8.23 (s, 1 H, 8.41 (s, 1 H), 8.50 (bs,

2 H, 9.16 ppm (t, J = 54 Hz, 1 H); B3C NWR (125 MHz,
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(CD3),S0: d = 20.6, 35.3, 54.1, 78.9, 86.1, 114.8, 114.9,
116. 8, 118.9, 129.3, 129.6, 130.1, 136.0, 136.6, 140.4, 146.5,
148.9, 149.2, 151.1, 154.8, 169.6 ppm two peaks m ssing due
to overlap; IR (neat): n = 3071br w, 1673s, 1538w, 1433w,
1316w, 1195s, 1133s, 970w, 838w, 819w, 798m 722m 641w cm?;
HR-ESI-MS: miz: calcd for GCupthoN/Q": 502.2197; found: 502.2190

[ M.

9-{2-Deoxy-3-O[tris(1l-nethylethyl)silyl]-B-Dthreo-

pent of ur anosyl }-9H purin-6-am ne ((-)-78).

TIPS-Off (4 g, 13.1 nmmol) was added to a solution of (-)-51
(5.5 g, 10.9 mol) and imdazole (890 ng, 13.1 mmol) in dry
DMF (10 mL), and the mxture was stirred for 16 h at 20 °C.
The m xture was partitioned between sat. ag. NaHCO; sol ution
and EtOAc, and the org. phase was washed with sat. Nad
solution, dried over MSQ,, and evaporated under reduced
pressure. The residue was redissolved in MeOH (80 nL), cooled
to 0 °C, and NaOH (6.4 g, 160 nmol) was added. The m xture
was stirred for 7 h at 20 °C, then volatiles were renoved
under reduced pressure and the residue was partitioned between
H,O and Et OAc. The org. phase was washed with HO (2 x 50 nli),
sat. agq. NaCl solution, dried over MySQ,, and evaporated in
vacuo. The residue was purified using CC (SiQ; CHO o/ MeOH
20:1) to yield (-)-78 as a white solid (3.4 g, 77%. M p.
224°C, [a]o?® = -36.5 (c = 0.79, CHd3); 'H NWR (300 Mz,

CD;:0D): d = 0.98 (m 21 H), 2.56 (dt, J = 14.3, 2.0 Hz, 1 H),
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2.79 (ddd, J = 14.3, 7.2, 5.0 Hz, 1 H, 3.99 (m 2 H, 4.24
(ddd, J = 6.6, 4.6, 3.9 Hz, 1 H, 4.74 (m 1 H), 6.35 (dd, J =
7.2, 2.0 Hz, 1 H, 8.19 (s, 1 H, 8.35 ppm (s, 1 H; }C NWR

(75 Mz, CD;OD): d = 13.3, 18.4, 43.7, 62.4, 73.2, 86.1, 87.5,

120.3, 140.6, 149.5, 153.4, 157.0 ppm IR (neat): n = 3256w,
3118m 2941m 2865m 1688s, 1606s, 1572w, 1462w, 1420w, 1383w,
1338m 1305m 1248w, 1205m 1175m 1114s, 1054s, 1010w, 981w,
945s, 885m 847w, 797w, 774w, 687s, 653m cm';  HR MALDI - MS:
mz: calcd for CiobbsNsQSi™: 408.2425; found: 408.2421 [M]7;
el enental analysis calcd (%9 for CoHssNsG:Si (407.24): C 55.99,

H 8.16, N 17.18; found: C 56.26, H 7.95, N 16.96.

Et hyl (2E)-3-[(2R 3R 5R)-5-(6-Am no-9H purin-9-yl)-3-{[tris(1-

nmet hyl et hyl ) si |l yl ] oxy}tetrahydrof uran-2-yl]prop-2-enoate ((-)-

79) .

Conmpound (-)-78 (3.6 g, 8.83 mml), PhsP=CHCOEt (7.7 g, 22.1
mol ), and IBX (6.15 g, 22.1 mmol) were dissolved in Me,SO (50
m.) and reacted according to G° A Wor kup, followed by CC
(Si O, CHO o/ MeOH 19:1) provided (+)-79 (4.12 g, 96% as a
white solid. Mp. 174-175 °C [a]p?® = -13.9 (¢ = 0.95,
CHCl3); *H NWR (300 MHz, CDCl3): d = 0.99 (m 21 H), 1.28 (t, J
= 7.1 H, 3 H, 2.50 (ddd, J = 14.5, 2.0, 1.2 Hz, 1 H), 2.82
(ddd, J = 14.5, 7.9, 4.8 Hz, 1 H), 4.21 (qd, J = 7.1, 1.4 Hz,
2 H, 470 (m 2 H, 573 (bs, 2 H, 6.15 (dd, J = 15.7, 1.4
Hz, 1 H, 6.52 (dd, J = 7.9, 2.1 Hz, 1 H), 7.11 (dd, J = 15.7,

5.3 Hz, 1 H), 8.32 (s, 1 H, 8.35 ppm (s, 1 H: C NWR (75
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MHz, CDO3): d = 12.1, 14.3, 17.9, 43.0, 60.6, 73.4, 83.4,
84.5, 119.5, 124.0, 139.4, 141.9, 149.3, 152.7, 155.1, 165.4
ppm IR (neat): n = 3297w, 3136w, 2942w, 2866w, 1706s, 1666s,
1602m 1572w, 1472m 1423w, 1367w, 1305s, 1265m 1214m 1175s,
1116s, 1069m 1042s, 1011m 977m 940m 917m 877m 819m
798w, 675m 649m 627w cm?; HR- VALDI -MS: mz: calcd for

CosHs7NsNaQySi ;' 498. 2507; found: 498.2501 [M + Na] .

(2E)-3-[ (2R, 3R 5R)-5-(6- Ami no-9Hpurin-9-yl)-3-{[tris(1-

nmet hyl et hyl ) sil yl ] oxy}tetrahydrof uran-2-yl ] prop-2-en-1-ol
((-)-80).

A solution of (-)-79 (2.76 g, 5.8 mol) in dry CHC, (80 ni)
and DIBAL-H (47 nL of a 1M solution in CHC ) were reacted
according to GP B. Wor kup, followed by CC (SiG; CHO »/ MeOH
19:1) provided (-)-80 (2.41 g, 96% as a colorless solid.
Mp. 182-183 °C, [a]p™® = -2.9 (¢ = 1.13, CHOH): H NWR (300
MHz, CD;OD): d = 0.96 (m 21 H, 2.51 (d, J = 14.4 Hz, 1 H,
2.82 (ddd, J = 14.4, 7.5, 4.6 Hz, 1 H), 4.14 (d, J = 4.6 Hz, 2
H, 4.62 (m 2 H, 6.00 (dd, J = 15.6, 4.6 Hz, 1 H, 6.12
(ddt, J = 15.6, 6.7, 1.2 Hz, 1 H), 6.36 (dd, J = 7.5, 1.2 Hz,
1 H, 820 (s, 1 H, 837 ppm (s, 1 H:; ¥C NW (75 Mz,
Ch;OD): d = 13.2, 18.4, 44.0, 62.8, 74.9, 85.9, 88.0, 120.1,

126.7, 136.1, 140.7, 149.5, 153.5, 157.0 ppm IR (neat): n =
3307w, 3148w, 2942w, 2865w, 1668s, 1600s, 1569w, 1464w, 1417w,
1368w, 1326w, 1302m 1241w, 1210m 1180m 1071m 1051m 994s,

976s, 958m 914w, 880s, 846w, 799w, 765w, 717w, 691m 656m
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624m cm?; HR- MALDI - MS: mz: calcd for GiHseNsO:Si ;' 434. 2587;
found: 434.2581 [MH ", elenental analysis calcd (% for
CoiHssNsOsSi (433.25): C 58.17, H 8.14, N 16.15; found: C 58.13,

H 7.95, N 16.17.

2-{(2E)-3-[(2R 3R 5R)-5-(6- Am no-9H purin-9-yl )-3-{[tris(1-

nmet hyl et hyl ) si |l yl ] oxy}tetrahydrof uran-2-yl]prop-2-en-1-yl}-1H
i soi ndol e-1, 3(2H)-di one ((+)-81).

Compound (-)-80 (2.55 g, 5.88 mmvol), DIAD (1.78 g, 8.82 mmol),
PPhs; (2.32 g, 8.82 mml), and phthalimde (1.54 g, 8.82 muol)
in THF (60 nL) were reacted according to GP C Sol vent
removal under reduced pressure and CC (SiQ; CHO o/ MeOH 19: 1)
provided (+)-81 (3.04 g, 929% as a colorless foam [a]p® =
+0.3 (c = 0.9, CHd3); ™ NWR (300 MHz, CDO3): d =0.91 (m 21
H, 2.46 (dt, J = 14.4, 1.8 Hz, 1 H), 2.74 (ddd, J = 14.4,
7.9, 4.9 Hz, 1 H), 4.35 (d, J = 4.1 H, 2 H, 4.51 (m 2 H),
5.72 (bs, 2 H), 6.01 (m 2 H, 6.40 (dd, J = 7.9, 1.8 Hz, 1
H, 7.72 (dd, J = 5.5, 3.1 H, 2 H, 7.86 (dd, J = 5.5, 3.1
Hz, 2 H, 8.27 (s, 1 H, 8.32 ppm (s, 1 H: ¥C NWR (75 Mz,
cbClz): d = 11.9, 17.8, 38.7, 42.9, 73.1, 83.3, 85.6, 119.7,
123. 3, 128.4, 129.4, 132.1, 134.0, 139.6, 149.4, 152.8, 155.2,
167.7 ppm IR (neat): n = 3142br w, 2943w, 1711s, 1643m
1596m 1467w, 1393m 1329w, 1296w, 1244w, 1211w, 1184w, 1109m
1057m 954w, 881m 798w, 717m 681m 649m cm?; HR- MALDI - V5:

mz: calcd for GCyHssNeNaQ,Si *: 585.2616; found: 585.2611 [M +
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Na]*; elenental analysis calcd (% for GCoHsNeQ,Si (562.27): C

61.90, H 6.81, N 14.93; found: C 61.67, H 6.81, N 14.72.

2-{(2E)-3-[ (2R 3R, 5R) - 5- ( 6- Ami no- 9H puri n-9-yl ) - 3-

hydr oxyt et r ahydr of ur an- 2-yl ] prop- 2-en-1-yl }- 1Hi soi ndol e-

1, 3(2H) - di one ((-)-82).

A solution of (+)-81 (2.96 g, 5.26 mmmol) in dry THF (40 nl)
was cooled to O °C and treated wth n-BusNF (6.3 nL of a 1wm
sol. in THF). After stirring for 5 mn at 0 °C, the reaction
was quenched by addition of sat. ag. NH,CO solution (20 nlL) and
the mxture was partitioned between CHO , and HO The org.
phase was washed with HO (40 nlL), then sat. ag. NaC solution
(40 nL), dried over MSQ,, and evaporated under reduced
pressure. The residue was purified using CC (Si G; CHO »/ MeCH
19:1) to yield the title conpound as a colorless foam (1.81 g,
85% . [a]p® = -13.7 (c = 0.9, (CD)2:S0; 'H NWVR (300 Mz,
(CDs)2SO: d=2.27 (dd, J = 14.5, 1.9 Hz, 1 H, 2.79 (ddd, J =
14.5, 8.7, 5.5 Hz, 1 H, 4.22 (m 3 H, 4.34 (m 1 H, 5.81
(m 2 H, 599 (d, J =5.7 H, 1 H, 6.19 (dd, J = 8.7, 1.9
Hz, 1 H, 7.32 (bs, 2 H, 7.85 (m 4 H, 8.10 (s, 1 H), 8.31
ppm (s, 1 H); ¥C NWR (75 MHz, (CD),SO): d = 38.6, 40.7, 70.8,
82.2, 84.2, 118.7, 123.0, 128.0, 131.4, 134.3, 139.8, 148.3,
152.0, 155.9, 167.1 ppm one peak mssing due to overl ap; | R
(neat): n = 3313w, 3106w, 2915w, 1769w, 1708s, 1669m 1601m

1577m 1485w, 1430w, 1396m 1367m 1301w, 1258m 1180w, 1112w,
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1053m 949w, 863w, 795w, 719m 645w cm?’; HR- MALDI - MB: ni z:

cal cd for GCyoHioNeQ,": 407.1462; found: 407.1458 [MH ",

2-{(2E)-3-[ (2R, 3S, 5R) - 5- (6- Am no- 9H puri n-9-yl ) - 3-

azi dot et r ahydr of ur an- 2-yl ] prop- 2-en- 1-yl }- 1Hi soi ndol e-
1,3(2H)-dione ((+)-83).

Compound (-)-82 (1.46 g, 3.59 mvol), DIAD (1.09 g, 5.39 mol),
PPh; (1.41 g, 5.39 mol), and (PhO,PONs (1.48 g, 5.39 mol)
were reacted according to GP C  Solvent renoval under reduced
pressure and CC (Si Q; CHO o/ MeOH 19:1) provided (+)-83 (1.18
g, 77% as a colorless foam [a]p® = +18.7 (c = 1.42, CHd 3);
'H NVMR (300 MHz, CDCl3): d = 2.51 (ddd, J = 13.9, 6.9, 6.7 Hz,
1 H, 3.04 (ddd, J = 13.9, 6.7, 5.1 Hz, 1 H), 4.32 (dd, J =
2.4, 1.5 Hz, 2 H, 441 (m 2 H, 593 (m 4 H, 5096 (dd, J =
6.9, 5.1 Hz, 1 H), 7.72 (dd, J = 5.5, 3.1 Hz, 2 H), 7.85 (dd,
J =055 3.1H, 2 H, 7.8 (s, 1 H, 825 ppm(s, 1 H:; BC
NVR (75 MHz, CDO3): d = 36.8, 38.8, 63.9, 84.2, 84.4, 120.3,
123.3, 128.5, 130.3, 131.8, 134.0, 139.1, 149.2, 152.9, 155.4,
167.6 ppm IR (neat): n = 3323w, 3121br w, 2101m 1769w,
1705s, 1634m 1595m 1469w, 1425w, 1393m 1329m 1246m 1055m
937m 798w, 720m 648w cm’; HR- MALDI - MS: mfz: calcd for

CooHisNeQs™:  432. 1527; found: 432.1530 [ MH ™.

9-{(2R 4S,5R)-5-[ (1E) - 3- Ami nopr op-1-en-1-yl ] -4-

azi dot etrahydrof uran-2-yl }-9H purin-6-am ne ((+)-52).
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Reaction of (+)-83 (800 ng, 1.85 mml) with MeNH, (25 nlL of a
8M solution in EtOH) and purification according to G°P D, Method

B, afforded (+)-52 (470 ny, 84% as a colorless foam [a]p® =

+26.5 (¢ = 0.9, CHOH); *H NWR (300 MHz, CDO3): d = 1.42 (bs,
2 H, 2.54 (dt, J = 14.1, 7.2 Hz, 1 H), 3.06 (ddd, J = 14.1,
7.1, 4.4 Hz, 1 H, 3.35 (dd, J = 5.2, 1.5 Hz, 2 H), 4.42 (m 2
H, 5.80 (ddt, J = 15.4, 7.3, 1.5 Hz, 1 H), 6.00 (bs, 2 H),
6.01 (dtd, J = 15.4, 5.2, 0.6 Hz, 1 H), 6.25 (dd, J = 7.2, 4.4
Hz, 1 H, 7.89 (s, 1 H, 8.34 ppm (s, 1 H: ¥C NWR (75 M,

ChCl3): d = 37.1, 43.3, 63.8, 84.1, 85.1, 120.3, 125.7, 137.6,

139.1, 149.1, 152.9, 155.5 ppm IR (neat): n = 3307w, 3148w,
2099s, 1644s, 1595s, 1573s, 1472m 1418w, 1364w, 1329m 1296m
1247m 1054m 968m 929m 797w, 726w, 702w, 646w cm’  HR-

MALDI - MS: mfz: calcd for CioHigNoO: 302.1472; found: 302. 1469

[ M.

N-{(2E)-3-[ (2R 3S, 5R) - 5- ( 6- Am no- 9H puri n-9-yl ) - 3-

azi dot et r ahydr of uran- 2-yl ] prop- 2-en- 1-yl } - 2, 2- bi s[ 4-

(et hoxy) phenyl ] - 6- (4- et hyl phenyl ) -1, 3- benzodi oxol e- 4-

car boxam de ((-)-84).

Am de coupling of (+)-52 (100 ng, 0.33 mml) with 28 (203 ny,
0.43 nmmwol), wusing EDC-HO (124 ny, 0.65 mol) and N
hydr oxysuccinimde (56 ng, 0.56 mmol) according to G F
yielded (-)-84 (127 ng, 62% as a colorless foam after
purification by CC (Si Q; CHC o/ MeOH 19:1). [a]p® = -1.7 (¢ =

1.0, CHO3); *H NWR (300 MHz, CDCl3): d = 2.36 (s, 3 H, 2.52
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(m 1 H, 301 (m 1 H, 3.79 (s, 6 H, 4.17 (m 2 H), 4.39
(m 2 H, 5.8 (m 3 H, 6.02 (dt, J = 15.6, 5.1 Hz, 1 H),
6.26 (dd, J = 7.1, 4.9 Hz, 1 H), 6.89 (d, J = 8.9 Hz, 4 H),
7.20 (d, J = 7.9 Hz, 2 H, 7.23 (d, J =1.9 Hz, 1 H, 7.26 (t,
J =3.1H, 1 H, 7.44 (m 6 H, 7.81 (d, J = 1.9 Hz, 1 H,
7.87 (s, 1 H, 8.26 ppm(s, 1 H: ¥BCNW (75 MHz, CDd3): d =
21.0, 36.8, 40.8, 55.4, 63.9, 84.0, 84.6, 110.5, 113.6, 115.1,
119.2, 120.4, 120.7, 126.7, 128.1, 128.2, 129.4, 130.9, 131.0,
132.1, 135.8, 137.0, 137.2, 144.2, 148.0, 149.3, 153.1, 155.5,
160.6, 163.6 ppm IR (neat): n = 3323w, 2930w, 2101m 1633m
1608m 1512m 1467m 1248s, 1207m 1172s, 1025m 1004w, 932w,
829w, 774w, 725w, 648w cm?; HR- VALDI -MS: mz: calcd for

Ca1HssNoQs™:  752. 2940; found: 752.2931 [ MH .

(2R, 3S, 5R) - 5- (6- Ami no-9H purin-9-yl)-2-[ (1E)-3-{[ (4, 5-

di hydr oxy-4' - et hyl bi phenyl - 3-yl ) car bonyl ] am no} pr op- 1- en- 1-

yl ]t etrahydrof uran-3-am ni um Formate ((+)-9).

Reaction of (-)-84 (80 ng, 0.106 mol) wth 1, 3-propanedithiol
(115 ng, 1.06 mmol) and EtsN (110 ng, 1.06 nmmol) in MeOH (5 nl)
according to GP E, Method B, followed by acid-catal yzed ketal
deprotection using dichloroacetic acid (0.4 nL) in a mxture
of MeOH H,O (2:1, 3 nL) and subsequent purification by RP-HPLC
(0.1% HCOH in HOCHCN) yielded (+)-9 (29 ng, 50% as a

fluffy white solid after lyophilization. [a]p® = 49.4 (c =

0.24, (CH)2SO; 'H NWR (500 MHz, (CD;)»SO: d =2.32 (m 4 H),

2.75 (ddd, J = 13.5, 7.0, 4.7 Hz, 1 H), 3.68 (q, J = 6.5 Hz),
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3.96 (q, J = 5.4 H, 2 H, 4.14 (t, J = 6.5 Hz, 1 H), 5.79
(dt, J = 15.5, 5.4 Hz, 1 H), 5.86 (dd, J = 15.5, 6.5 Hz, 1 H),
6.33 (dd, J = 7.0, 4.7 H, 1 H, 7.18 (d, J = 2.2 Hz, 1 H),
7.22 (d, J = 8.1 H, 2 H, 7.23 (bs, 2 H, 7.50 (d, J = 8.1
Hz, 2 H, 7.62 (d, J = 2.2 H, 1 H, 8.12 (s, 1 H H), 8.23
(bs, 1 H, 827 (s, 1 H, 9.31 ppm(t, J = 5.4 Hz, 1 H; 2cC
NVR (125 Mz, (CDs),.SO: d = 20.6, 38.9, 55.5, 82.5 86.2,
114.9, 115.1, 116.2, 119.1, 125.9, 129.3, 129.4, 129.7, 136.8,
136.8, 139.2, 146.8, 149.0, 149.9, 152.5, 156.0, 163.9, 169.5
ppm one peak mssing due to signal overl ap; IR (neat): n =
3073br w, 1674s, 1591s, 1475m 1297m 1247m 1037w, 970w,
818w, 796w, 726w, 646w cm?; HR-ESI-Ms: mz: calcd for

CostboN,Oy*: 502.2197; found: 502.2191 [ MH*.

9-{(3aS, 4R, 6R, 6aR) - 6-[ (1E) - 3- Am noprop-1-en-1-yl]-2, 2-

di met hyl t et rahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol -4-yl }-9H
purin-6-amne ((+)-58).

Conpound(+)-57 (380 ny, 1.15 nmol), DIAD (610 ng, 3.05 mmol),
PPh; (800 nmg, 3.05 mmol), and phthalimde (450 ng, 3.05 mol)
were reacted according to GP C. Reaction of the product with
MeNH, (15 nL of a 8wm solution in EtOH) and purification
according to G D, Method B, afforded (+)-58 (170 ng, 63% as
a colorless foam [a]p?® = +23.7 (¢ = 0.83, CHO3); 'H NWR
(300 Mz, CDA3): d=1.25 (s, 3 H, 1.52 (s, 3 H, 2.42 (m 2
H, 2.74 (m 1 H, 3.26 (m 2 H, 4.58 (t, J = 7.2 Hz, 1 H),

4.72 (ddd, J = 11.5, 7.0, 5.2 Hz, 1 H), 5.04 (dd, J = 7.2, 5.2
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Hz, 1 H, 5.62 (dd, J = 15.5, 5.9 Hz, 1 H), 571 (dt, J =
15.5, 4.8 Hz, 1 H), 6.47 (s, 2 H, 7.79 (s, 1 H), 8.27 ppm (s,
1 H; BC NWR (75 MHz, CDO3): d = 24.9, 27.3, 36.9, 43.6,
46.9, 61.3, 83.3, 84.0, 113.9, 120.2, 128.9, 133.1, 139.6,
149.8, 152.9, 155.8 ppm IR (neat): n = 3311w, 3140w, 2982w,
2931w, 1660m 1594s, 1478w, 1414w, 1376m 1299w, 1254w, 1205s,
1157w, 1064s, 1007w, 968w, 858m 796w, 726w, 646m cm’; HR-

MALDI -MS: mz: calcd for GCigHsNeO™: 331.1877; found: 331.1871

[ M.

N-{(2E)-3-[(3aR 4R, 6R, 6aS)-6-(6- Am no-9H purin-9-yl)-2, 2-

di met hyl t et rahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-yl ] pr op- 2-
en-1-yl } -2, 2- bi s[ 4- (nmet hoxy) phenyl ] -6-nitro-1, 3- benzodi oxol e-

4- car boxam de ((+)-59).

Am de coupling of (+)-58 (70 nmg, 0.21 mmol) with 27 (98 ng,
0.23 nmmwl), wusing EDC-HO (70 ng, 0.35 mmol), and N
hydr oxysuccinimde (35 ng, 0.30 mmol) according to G F
yielded (+)-59 (53 ng, 38% as a yellowsh foam after
purification by CC (SiQ; CHO o/ MeOH 19:1). [a]?® = +19.4 (c
= 0.83, CHO3); 'H NWR (300 MHz, CDd3): d = 1.27 (s, 3 H),
1.54 (s, 3 H, 2.46 (m 2 H, 2.78 (m 1 H, 3.78 (s, 3 H,
3.79 (s, 3 H, 4.12 (m 2 H, 4.57 (t, J = 7.3 H, 1 H, 4.74
(ddd, J = 11.5, 7.0, 5.1 Hz, 1 H), 5.07 (dd, J = 7.3, 5.1 Hz,
1 H, 577 (m 2 H, 5.96 (bs, 2 H, 6.91 (dd, J = 8.9, 3.1
Hz, 4 H, 7.10 (t, J = 5.7 Hz, 1 H), 7.41 (dd, J = 8.9, 3.1

Hz, 4 H, 7.81 (s, 1 H), 7.82 (d, J = 2.3 H, 1 H, 825(s, 1
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H, 8.58 ppm(d, J = 2.3 Hz, 1 H: BCNW (75 MHz, CDCl3): d =
25.0, 27.3, 36.7, 41.2, 47.0, 55.3, 61.3, 83.3, 83.8, 106.5,
113.8, 114.1, 114.9, 120.3 (2x), 122.2, 127.3, 128.1, 129.6,
131.4, 139.8, 142.9, 148.2, 149.5, 149.8, 152.7, 155.5, 160.9,
161.2 ppm IR (neat): n = 3424w, 2934w, 2838w, 1643m 1607m
1516s, 1464m 1338s, 1250s, 1209m 1175s, 1027w, 832m 749w,
649m cm?; HR- VALDI - MS: m z: calcd for GCygHesNeQy™: 736.2726;

found: 736.2712 [NMH ™.

N-{(2E)-3-[(3aR 4R, 6R, 6aS)-6-(6- Am no-9H purin-9-yl)-2, 2-

di met hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-yl ] prop- 2-
en-1-yl } -2, 2- bi s[ 4- (net hoxy) phenyl ] - 6- (4- net hyl phenyl ) -1, 3-
benzodi oxol e- 4- car boxam de ((+)-60).

Am de coupling of (+)-58 (70 ng, 0.21 nmmol) with 28 (113 nmg,
0.24 nmmol), wusing EDC-HO (70 ng, 0.35 mml), and N
hydr oxysuccinimde (36 ng, 0.31 mmol) according to G F

yielded (+)-60 (84 ngy, 51%9 as a colorless foam after
purification by CC (SiQ; CHO o/ MeOH 19:1). [a]?® = +20.0 (c
= 0.75, CHCO3); 'H NWMR (300 MHz, CDd3): d = 1.28 (s, 3 H),
1.56 (s, 3 H, 2.37 (s, 3 H, 2.43 (m 2 H, 2.81 (m 1 H,
3.78 (s, 3 H, 3.79 (s, 3 H, 4.14 (m 2 H, 4.58 (t, J = 7.3
Hz, 1 H, 4.75 (ddd, J = 11.7, 7.0, 5.1 Hz, 1 H), 5.06 (dd, J

7.3, 5.1 Hz, 1 H, 579 (m 4 H), 6.91 (dd, J = 9.0, 2.6 Hz,

4 H, 7.21 (d, J =80 Hz, 2 H, 7.22 (d, J = 1.8 H, 1 H),

\‘

.46 (m 6 H, 7.80 (s, 1 H), 7.81 (d, J = 1.8 Hz, 1 H), 8.28

ppm (s, 1 H; C NWR (75 Mz, CDO3): d = 21.2, 25.2, 27.6,
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37.0, 41.1, 47.1, 55.4, 61.5, 83.4, 84.0, 110.4, 113.6, 114.1,
115.4, 119.0, 120.3, 120.7, 126.7, 128.0, 128.2, 129.4, 130.7,
131.1, 135.7, 136.9, 137.1, 139.7, 144.1, 147.9, 149.8, 152.7,
155. 4, 160.5, 163.3 ppm IR (neat): n = 3421w, 3318w, 3183w,
2933w, 2837w, 1645m 1598m 1513m 1467m 1437w, 1417w, 1374w,
1250s, 1207s, 1174s, 1114w, 1050m 1028m 1004w, 951w, 864w,
832m 754s, 648w cm?’; HR-MALDI-MS: miz: calcd for CysHisNsO™:

781. 3344; found: 781.3330 [ MH ™.

N-{(2E)-3-[ (1R 2R 3S, 4R) - 4- (6- Am no- 9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] prop-2-en-1-yl}-2, 3-di hydr oxy- 5-
nitrobenzam de ((-)-13).

Deprotection of (+)-59 (40 ng, 54 pnmol) according to GP G
yielded (-)-13 (25 ng, 98% as a fluffy yellowi sh solid after
HPLC purification and |yophilization of product-containing
fractions. [a]p® = -1.8 (¢ = 1.0, (CH)2S0; H NWR (300 MHz,
CD:0D): d = 2.07 (dt, J = 12.9, 10.3 Hz, 1 H), 2.47 (dt, J =
12.9, 8.0 Hz, 1 H, 2.74 (m 1 H, 4.02 (dd, J = 11.0, 5.5 Hz,
2 H, 4.47 (dd, J = 7.2, 6.1 H, 1 H, 4.89 (m 2 H), 574
(dt, J = 15.4, 5.5 Hz, 1 H), 5.89 (dd, J = 15.4, 7.5 Hz, 1 H),
7.74 (d, J = 2.6 Hz, 1 H), 830 (s, 1 H, 834 (d, J =2.6 Hz,
1 H, 8.36 ppm (s, 1 H; C NWR (75 Mz, CD;OD): d = 33.1,
42.0, 47.3, 62.7, 76.0, 76.2, 112.9, 115.1, 115.6, 120.1,
127.1, 134.3, 140.3, 144.0, 145.8, 147.7, 149.9, 152.3, 155.9,
169.0 ppm IR (neat): n = 3313br w, 3094w, 2946w, 1691s,

1641s, 1613s, 1512m 1472m 1415m 1330s, 1285s, 1195s, 1133s,
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970w, 837s, 799s, 721s, 644s cm';: HR-MALDI-MS: mz: calcd for

CooH2N;O: 472, 1575; found: 472. 1577 [ MH .

N-{(2E)-3-[ (1R 2R 3S, 4R) - 4- (6- Am no- 9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] prop-2-en-1-yl }-4, 5-di hydroxy-4'-

nmet hyl bi phenyl - 3- car boxam de ((-)-14).

Deprotection of (+)-60 (32 ng, 31 pmol) according to GP G
yielded (-)-14 (16 ng, 76% as a fluffy white solid after HPLC
purification and | yophili zation of pr oduct - cont ai ni ng
fractions. [a]g®® = -1.1 (¢ = 1.0, CHOH); 'H NWR (300 MHz,
Ch;OD): d = 2.06 (dt, J = 13.0, 10.2 Hz, 1 H), 2.35 (s, 3 H),
2.46 (dt, J = 13.0, 8.1 Hz, 1 H), 2.74 (dt, J = 13.0, 7.5 Hz,
1 H), 4.02 (dd, J = 11.1, 5.4 Hz, 2 H), 4.48 (dd, J = 7.5, 5.9
Hz, 1 H, 4.89 (m 2 H, 5.75 (dt, J = 15.4, 5.4 Hz, 1 H),
5.88 (dd, J = 15.4, 7.5 Hz, 1 H), 7.20 (d, J =8.0, 1 H), 7.21
(d, J =2.1 H, 2 H, 7.46 (d, J =8.0 Hz, 2 H), 7.53 (d, J =
2.1 Hz, 1 H, 8.27 (s, 1 H, 8.36 ppm (s, 1 H: C NWR (75
MHz, CD;OD): d = 21.1, 33.4, 42.1, 47.7, 63.1, 76.4, 76.7,
116.9, 118.1, 120.6, 127.4, 128.1, 130.5, 133.3, 134.3, 134.4,
137.8, 138.8, 144.6, 146.0, 147.7, 149.6, 150.5, 152.7, 171.3
ppm IR (neat): n = 3319br w, 3096w, 1679s, 1594m 1544w,
1477w, 1413w, 1314w, 1194s, 1132s, 970w, 819m 720m 645m
610w cm?; HR-MALDI -MS: mz: calcd for GCyrHoNeG™: 517.2194;

found: 517.2203 [MH ™.
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{(1R 2R)-2-[(3aR 4R, 6R, 6aS) - 6- (6- Chl oro-9H purin-9-yl)-2, 2-

di met hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl ] cycl opropyl } net hyl Acetate ((-)-69).

Compound (-)-68 (1.0 g, 3.7 mol), DAD (1.50 g, 7.4 mol),
PPhs; (1.94 g, 7.4 mmol), and 6-chloropurine (860 ng, 5.55 mmol)
in dry THF (10 nL) were reacted according to GP H. Sol vent
removal under reduced pressure and CC (Si Q; EtOAc/hexane 1:1)

provided (-)-69 (600 ny, 40% as a colorless oil. [a]p® = -

17.4 (¢ = 0.82, CHd3); *H NWR (300 MHz, CDCl3): d = 0.59 (dt,
J =8.5 52 H, 1 H, 0.68 (dt, J = 8.5 5.2 H, 1 H, 0.86
(m 1 H, 2.03(m 1 H, 1.28 (s, 3 H, 1.51 (s, 3 H, 1.71
(m 1 H, 1.99 (s, 3 H, 2.4 (m 2 H, 3.82 (dd, J = 11.5,
7.7 Hz, 1 H), 3.98 (dd, J = 11.5, 6.7 Hz, 1 H), 4.61 (dd, J =
7.3, 5.6 H, 1 H, 4.73 (ddd, J = 12.6, 7.1, 5.6 Hz, 1 H),
5.05 (dd, J =7.3, 5.6 Hz, 1 H), 8.17 (s, 1 H, 8.71 ppm(s, 1
H; C NWR (75 Mz, CDd3): d = 9.2, 16.4, 20.1, 21.0, 25.0
27.4, 36.2, 47.5, 62.2, 67.9, 83.3, 83.6, 113.9, 132.2, 144.3,
151.0, 151.5 (2x), 170.8 ppm IR (neat): n = 2984w, 2935w,
1732s, 1589s, 1557s, 1491w, 1437w, 1399w, 1372m 1336m 1236s,
1201s, 1149m 1070s, 1032m 937m 863m 837m 752w, 695w,
637m 609w cm?; HR- MALDI - M5: mz: calcd for CioHpsCO NO™:

407.1481; found: 407.1474 [V *.

{(1R 2R)-2-[(3aR 4R, 6R, 6aS) - 6- ( 6- Am no- 9H purin-9-yl)-2, 2-
di met hyl t et r ahydr o- 3aH-cycl opent a[ d] [ 1, 3] di oxol - 4-

yl ] cycl opropyl } met hanol ((-)-70).
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A solution of (-)-69 (560 ng, 1.38 mmol) in MeOH (40 L) was
saturated with NH; and stirred for 14 h at 20 °C. The m xture
was then cooled to 0°C, resaturated wth NH;, and reacted
according to GP I. Solvent renoval and CC (Si G; CHO o/ MeCH
19:1) yielded (-)-70 (350 ny, 74% as a colorless foam [a]p®
= -19.8 (¢ = 1.0, CHd3); 'H NWR (300 MHz, CDO3): d = 0.43
(dt, J = 8.9, 4.9 Hz, 1 H), 0.53 (dt, J = 8.9, 4.9 Hz, 1 H),
0.73 (m 1 H, 0.95 (m 1 H, 1.24 (s, 3 H, 1.47 (s, 3 H),
1.64 (m 1 H, 2.37 (m 2 H, 3.28 (dd, J = 11.2, 7.6 Hz, 1
H, 3.58 (dd, J = 11.2, 6.1 Hz, 1 H), 4.22 (bs, 1 H), 4.59 (m
2 H, 500 (dd, J = 7.0, 5.3 Hz, 1 H), 6.77 (bs, 2 H, 7.88
(s, 1 H, 825 ppm(s, 1 H:; BC NW (75 MHz, CDd3): d = 8.7,
19.7, 19.8, 24.8, 27.2, 35.8, 47.6, 61.7, 65.7, 83.7, 84.0,
113.3, 119.9, 139.6, 149.6, 152.6, 155.8 ppm IR (neat): n =
3324w, 3180w, 2988w, 2930w, 1641s, 1597s, 1476m 1415w, 1375m
1329w, 1300m 1247m 1206s, 1156m 1061s, 860s, 798m 724m
648m cm?; HR-MALDI -MS: mz: calcd for Ci7HuNsG™:  346. 1874;

found: 346.1869 [ MVH ™.

2-({(1R 2R)-2-[ (3aR 4R 6R, 6aS) - 6- ( 6- Am no- 9H puri n-9-yl ) -2, 2-

di et hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl Jcycl opropyl } met hyl )-1H-i soi ndol e- 1, 3(2H)-dione ((+)-71).
Compound (-)-70 (310 ng, 0.9 mmol), D AD (370 ng, 1.8 mmol),
PPhs (470 ng, 8.82 mmol), and phthalimde (264 ng, 1.8 mml) in
THF (20 nmL) were reacted according to GP C Sol vent renoval

under reduced pressure and CC (CHCO o/ MeOH 19:1) provided (+)-
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71 (289 ny, 68% as a colorless foam [a]p® = +22.1 (¢ = 0.9,

CHCl3); *H NWR (300 MHz, CDCl3): d = 0.62 (dt, J = 8.4, 5.2 Hz,
1 H, 0.68 (dt, J = 8.4, 5.2 Hz, 1 H), 0.97 (m 1 H HC5)),
1.09 (m 1 H, 1.26 (s, 3 H, 1.48 (s, 3 H, 1.59 (m 1 H),
2.29 (m 2 H), 3.50 (dd, J = 14.1, 7.4 Hz, 1 H), 3.62 (dd, J =
14.1, 6.9 Hz, 1 H), 4.59 (m 2 H), 5.03 (dd, J = 7.1, 5.8 Hz,
1 H), 6.07 (bs, 2 H, 7.65 (dd, J = 5.5, 3.0 Hz, 2 H), 7.78
(m 3 H), 826 ppm(s, 1 H; C NWR (75 MHz, CDd3): d = 9.8,
16.9, 20.7, 25.0, 27.4, 36.5, 41.7, 47.6, 61.4, 83.5, 83.8,
113.7, 120.2, 123.2, 131.9, 133.9, 139.5, 149.9, 152.7, 155.6,
168.3 ppm IR (neat): n = 3323w, 3158br w, 2986w, 2930w,
1769w, 1705s, 1634m 1596m 1470w, 1373m 1329m 1247w, 1207m
1157w, 1065m 967w, 862m 798m 720s, 649s cm?; HR- MALDI - MVS:

m z: calcd for CusHyNsQy™: 475.2088; found: 475.2080 [ MH ™.

9-{(3aS, 4R, 6R, 6aR) - 6-[ (1R, 2R) - 2- ( Ami nonet hyl ) cycl opr opyl ] - 2, 2-
di met hyl t et rahydr o- 3aH cycl openta[ d] [ 1, 3] di oxol -4-yl }-9H
purin-6-amne ((-)-72).

Reaction of (+)-71 (267 ng, 0.56 mmvol) with MeNH, (20 nL of a

8M solution in EtOH) and purification according to G°P D, Method

B, afforded (-)-72 (150 mg, 77% as a colorless foam [a]p® =

-17.3 (¢ = 0.82, CHO3); *H NWR (300 MHz, CDd3): d = 0.37 (dt,
J =84, 4.9 H, 1 H, 0.50 (dt, J = 8.4, 4.9 Hz, 1 H), 0.66
(m 1 H, 076 (m 1 H, 1.25 (s, 3 H, 1.47 (s, 3 H), 1.64
(m 1 H, 2237 (m 2 H, 2.50 (bs, 2 H, 460 (m 2 H, 5.04

(dd, J = 7.3, 5.5 Hz, 1 H, 6.58 (bs, 2 H, 7.81 (s, 1 H),
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8.26 ppm (s, 1 H; ¥C NW (75 MHz, CDd3): d = 9.1, 19.9,
21.0, 25.0, 27.4, 36.5, 46.1, 47.6, 61.6, 83.4, 83.8, 113.4,
120.1, 139.5, 149.6, 152.5, 155.7 ppm IR (neat): n = 3322br
w, 3168br w, 2987w, 2932w, 1640s, 1596s, 1475m 1414w, 1374m
1328w, 1299m 1246m 1206s, 1157m 1064s, 908w, 861s, 796w,
751m  647m cm?; HR-VALDI -MS: mz: calcd for CirHpsNeQ™:

345, 2034; found: 345.2028 [ M *.

N ({(1R 2R)-2-[(3aR 4R, 6R, 6aS) - 6- ( 6- Am no- 9H purin-9-yl)-2, 2-
di met hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl Jcycl opropyl } met hyl ) -2, 2-bi s[ 4- (et hoxy) phenyl]-6-nitro-1, 3-
benzodi oxol e- 4- car boxam de ((+)-76).

Am de coupling of (-)-72 (60 ng, 0.17 mml) wth 27 (113 ng,
0.26 nmmol), wusing EDC-HO (75 ng, 0.39 nmmol), and N
hydroxysuccinimde (39 ng, 0.34 mol) according to G F
yielded (+)-76 (74 nmgy, 57% as an orange foam after
purification by CC (Si Q; CHC o/ MeOH 19:1). [a]p®® = +1.2 (¢ =
1.1, CHA3); 'H NWR (300 MHz, CDCl3): d = 0.58 (dt, J = 8.4,
5.0 Hz, 1 H), 0.66 (dt, J = 8.4, 5.0 Hz, 1 H, 0.91 (ddd, J =
12.6, 8.8, 5.0 Hz, 1 H, 1.02 (m 1 H, 1.27 (s, 3 H, 1.50
(s, 3 H, 1.66 (m 1 H, 2.38 (m 2 H, 3.25 (ddd, J = 13.9,
7.1, 5.4 Hz, 1 H), 3.55 (dt, J = 13.9, 6.2 Hz, 1 H), 3.79 (s,
6 H, 4.59 (m 2 H, 5.02 (dd, J = 7.3, 55 Hz, 1 H, 6.17
(bs, 2 H, 6.86 (dd, J = 8.9, 2.1 Hz, 4 H), 7.14 (t, J = 5.4
Hz, 1 H, 7.36 (m 4 H, 7.76 (d, J = 2.2 Hz, 1 H, 7.77 (s, 1

H, 8.24 (s, 1 H, 854 ppm(d, J =2.2 Hz, 1 H: C NWR (75
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MHz, CDCl3): d = 9.0, 17.4, 20.3, 25.0, 27.4, 36.5, 43.7, 47.7,
55.4, 61.5, 83.4, 83.6, 106.4, 113.7 (2x), 114.9, 120.1,
120. 2, 122.0, 127.9, 129.4, 139.5, 142.8, 148.0, 149.3, 149.6,
152.5, 155.5, 160.7, 161.1 ppm IR (neat): n = 3421w, 3327br
w, 3103w, 1639m 1607m 1514m 1462m 1336m 1245s, 1206m
1172s, 1067m 1025m 1003m 949w, 863w, 829m 726m 648m cmi';
HR-MALDI -MS: mz: calcd for GgHioNyQ*™:  750.2882;  found:

750. 2868 [ MH *.

N ({(1R 2R)-2-[(3aR 4R, 6R, 6aS) - 6- (6- Am no- 9H purin-9-yl)-2, 2-
di met hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl ] cycl opropyl } net hyl ) - 2, 2- bi s[ 4- (et hoxy) phenyl ] - 6- (4-

nmet hyl phenyl ) - 1, 3- benzodi oxol e- 4- car boxam de ((-)-77).

Am de coupling of (-)-72 (50 ng, 0.14 mmol) with 28 (122 ng,
0.26 nmmol), wusing EDC HC (75 ng, 0.39 mol) and N
hydroxysuccinimde (40 ng, 0.34 mol) according to G F
yielded (-)-77 (60 ng, 52% as a colorless foam after
purification by CC (Si Q; CHC o/ MeOH 19:1). [a]p® = -1.7 (¢ =
1.0, CHA3); 'H NWR (300 MHz, CDCl3): d = 0.60 (dt, J = 8.3,
4.9 Hz, 1 H), 0.67 (dt, J = 8.3, 4.9 Hz, 1 H, 0.91 (m 1 H)),
1.04 (m 1 H, 1.28 (s, 3 H, 1.52 (s, 3 H, 1.68 (m 1 H),
2.38 (m 3 H), 3.29 (ddd, J = 13.9, 6.9, 5.5 H, 1 H), 3.55
(dt, J = 13.9, 6.2 H, 1 H, 3.79 (s, 6 H, 4.60 (m 2 H),
5.02 (dd, J = 7.2, 5.7 Hz, 1 H, 6.08 (bs, 2 H), 6.86 (d, J =
8.9 Hz, 4 H, 7.18 (m 3 H, 7.26 (t, J =55 Hz, 1 H), 7.42

(m 6 H, 7.76 (s, 1 H, 7.79 (d, J = 1.8 Hz, 1 H), 8.27 ppm
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(s, 1 H:; BCNWR (75 Mz, CDd3): d = 9.0, 17.6, 20.2, 21.1,
25.1, 27.5, 36.5, 43.4, 47.7, 55.3, 61.5, 83.5, 83.7, 110.2,
113.5, 113.7, 115.3, 118.8, 120.2, 120.5, 126.5, 128.0, 129.3,
130.9, 135.6, 136.8, 137.0, 139.5, 143.9, 147.7, 149.7, 152.5,
155.4, 160.3, 163.3 ppm IR (neat): n = 3421w, 3323br w,
2932w, 1634m 1609m 1513m 1466m 1416m 1372w, 1249s, 1206s,
1172s, 1025m 1004m 951w, 905w, 863w, 828s, 774w, 726m 647m
617m cm?; HR- VALDI -MS: m z: calcd for GCuHi7NeO":  795. 3501,

found: 795.3511 [MH ™.

N({(1R 2R -2-[ (1R 2R, 3S, 4R) - 4- (6- Am no-9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] cycl opropyl } nmet hyl ) - 2, 3- di hydr oxy- 5-
nitrobenzam de ((+)-15).

Deprotection of (+)-76 (52 ng, 65 pmol) according to GP G
yielded (+)-15 (31 ng, 98% as a fluffy yellowi sh solid after
HPLC purification and |yophilization of product-containing

fractions. [a]p® = +35.8 (¢ = 0.79, CHsOH); 'H NWVR (300 Mz,

CD:OD): d = 0.65 (m 2 H), 1.02 (m 2 H, 1.50 (m 1 H, 1.97
(ddd, J = 13.3, 10.0, 7.6 Hz, 1 H, 2.56 (dt, J = 13.3, 8.6
Hz, 1 H), 3.17 (dd, J = 13.8, 8.2 Hz, 1 H), 3.46 (dd, J =
13.8, 5.7 Hz, 1 H), 4.03 (dd, J = 5.2, 2.9 Hz, 1 H), 4.68 (dd,
J =90, 52 Hz,, 1 H, 4.80 (dd, J = 18.7, 9.0 Hz, 1 H), 7.67
(d, J = 2.6, 1 H, 8.18 (d, J = 2.6 Hz, 1 H, 8.23 (s, 1 H,
8.30 ppm (s, 1 H; C NWR (75 Mz, CD;OD): d = 11.1, 18.8
23.3, 33.7, 44.6, 48.2, 62.6, 76.2, 76.6, 113.0, 115.4, 116.3,

120. 4, 140.4, 144.4, 146.0, 147.9, 150.2, 152.5, 155.9, 169.2
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ppm IR (neat): n = 3379%r w, 3094w, 1681s, 1511m 1471w,
1414w, 1329s, 1283m 1191s, 1134s, 1091m 1038w, 835m 799m
721m 643w cm?; HR- MALDI - MS: niz: calcd for GCuHuNGO™:

486.1732; found: 486.1723 [MH*.

N({(1R 2R -2-[ (1R 2R, 3S, 4R) - 4- (6- Am no-9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] cycl opropyl } met hyl ) - 4, 5- di hydr oxy-4' -

met hyl bi phenyl - 3- car boxam de ((+)-16).

Deprotection of (-)-77 (35 ng, 44 pnmol) according to GP G
yielded (+)-16 (21 ng, 90% as a fluffy white solid after HPLC
purification and | yophi li zation of pr oduct - cont ai ni ng

fractions. [a]p® = +41.3 (¢ = 0.67, CHsOH); 'H NWVR (300 Mz,

CD:OD): d = 0.66 (m 2 H), 1.03 (m 2 H, 1.48 (td, J = 9.0,

2.3 Hz, 1 H, 2.05 (ddd, J = 13.4, 9.9, 7.2 Hz, 1 H), 2.34 (s,

w

H, 2.60 (dt, J = 13.4, 9.0 Hz, 1 H, 3.16 (dd, J = 13.8,
8.8 Hz, 1 H), 3.47 (dd, J = 13.8, 5.4 Hz, 1 H), 4.03 (dd, J =
5.0, 2.3 Hz, 1 H), 4.68 (dd, J = 9.2, 5.0 Hz, 1 H), 4.80 (dd,
J =18.6, 9.2 Hz, 1 H, 7.12 (d, J = 8.0 Hz, 2 H), 7.13 (d, J
= 2.2 H, 1 H, 7.29 (d, J =80 Hz, 2 H, 7.34 (d, J = 2.2
Hz, 1 H, 8.09 (s, 1 H, 8.26 ppm (s, 1 H: ¥C NWR (75 M,
CD:OD): d = 11.4, 19.1, 21.1, 23.4, 33.7, 44.3, 48.1, 62.8,
76.2, 76.7, 116.6, 117.0, 117.6, 120.4, 127.0, 130.2, 132.8,
137.6, 138.2, 144.7, 145.0, 147.3, 149.0, 150.0, 151.9, 171.0
ppm IR (neat): n = 3318br w, 3173br w, 2985w, 1678s, 1597m

1546w, 1478w, 1411w, 1311w, 1195s, 1136s, 1073m 1042m 820m
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721m 644m cm?; HR- MALDI - MS: niz: calcd for GCougHsiNsG™:

531.2350; found: 531.2341 [ M.

[ (1R, 2S)-2-{(3aR 4R, 6S, 6aS) - 2, 2- Di net hyl - 6-

[ (phenyl met hyl ) oxy] t et rahydr o- 3aH-cycl opent a[ d] [ 1, 3] di oxol - 4-

yl }cycl opropyl ] met hanol ((-)-66).

Et,Zn (23 nL of a 1m solution in hexane) was slowy added to a
solution of DVE (2.4 g, 26.7 mol) in dry CHO, (17 nL) at -25
°C (internal tenperature), followed by CHl, (4.22 nL, 52.4
mol ). The mxture was stirred for 20 mn at -25 °C, before
being slowy transferred via cannula to a solution of (+)-64
(2.24 g, 8.2 mmol) and (-)-63 (1.40 g, 4.6 mmol) in dry CHd,
(14 m) at -30 °C, while maintaining the internal tenperature
between -30 °C and -25 °C. The mixture was stirred for 18 h
at 20 °C, then the reaction was quenched by addition of sat.
aq. NH, O solution and partitioned between HO and Et,O The
aq. phase was extracted with Et,O (2 x 100 nL), and the
conbi ned organic fractions were concentrated to ca. 200 nL. A
5M KOH solution (200 nlL) was added, and the biphasic m xture
was vigorously stirred for 6 h at 20 °C.  The org. phase was
washed with sat. ag. NaC solution, dried over MSQO, and
concentrated in vacuo. The diastereoisoneric excess was
determ ned by analytical HPLC (84%. CC (Si O; EtOAc/ hexane
1:2) using analytical HPLC to verify the purity of the product

fractions yielded (-)-66 (1.42 g, 97% as a colorless oil. tgr

= 11.9 mn; [a]p™® = -18.5 (¢ = 1.36, CHd3); H NVR (300 Mz,
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CDA3): d=0.40 (m 3 H), 0.8 (m 1 H, 1.33 (m 4 H), 1.50
(s, 3 H, 1.78 (dd, J = 12.0, 5.8 Hz, 1 H, 2.05 (m 1 H)),
3.39 (m 2 H, 390 (m 1 H), 4.40 (d, J = 5.3 H, 1 H, 4.64
(m 3 H, 7.33 ppm (m 5 H; C NWR (100 MHz, CDCl3): d =
10.0, 20.0, 21.2, 24.3, 26.3, 32.8, 45.8, 66.3, 71.7, 78.3,
84.5, 111.0, 127.8, 128.4, 128.5, 138.5 ppm IR (CHO3): n =

3007w, 2927m 2873w, 1455w, 1374m 1108m 1008m 909w Cm'l;
HR- MALDI - MVS; m z: calcd for CigHsNaQ,™: 341.1723; f ound:

341.1720 [ MNa] *.

[ (1S, 2S)-2-{(3aR 4R 6S, 6aS) - 2, 2- Di net hyl - 6-

[ (phenyl met hyl ) oxy] t et rahydr o- 3aH-cycl opent a[ d] [ 1, 3] di oxol - 4-

yl }cycl opropyl ] net hyl acetate ((-)-85).

Ac,0 (2.7 nmL, 28.3 mml) and DVAP (17 ng, 0.14 mmol) were added
to a solution of (-)-66 (900 ng, 2.83 mmol) in dry pyridine
(15 ). The mxture was stirred for 14 h at 20 °C and
subsequently partitioned between HO and Et OAc. The org. phase
was washed with sat. aq. KHCO; solution (2 x 50 nlL) and sat.
aq. NH,C solution (2 x 50 nL), before being dried over MSO,
and evaporated under reduce pressure. CC (Si O; EtQOAc/ hexane
1:2) yielded (-)-85 (830 ny, 81% as a colorless oil. [a]p® =
-23.1 (¢ = 0.59, CHO3); *H NWR (300 MHz, CDCl3): d = 0.44 (m
3 H, 0099 (m 1H, 1.33 (m 4 H), 1.49 (s, 1 H, 1.76 (dd, J
= 12.4, 5.9 Hz, 1 H, 2.03 (m 4 H, 3.76 (dd, J = 11.4, 7.7
Hz, 1 H, 3.90 (m 2 H), 4.36 (d, J = 5.6 Hz, 1 H, 4.60 (d, J

= 12.3 Hz, 1 H), 4.61 (t, J =5.1 Hz, 1 H, 4.70 (d, J = 12.3
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Hz, 1 H, 7.32 ppm(m 5 H); C NWR (75 MHz, CDd3): d = 10. 2,
17.4, 20.6, 21.0, 24.2, 26.2, 32.7, 45.6, 67.9, 71.6, 78.2,
78.3, 84.3, 110.8, 127.5, 127.7, 128.3, 138.3, 171.0 ppm I R
(neat): n = 2985w, 2935w, 1735s, 1452w, 1369m 1235s, 1164w,
1114m 1029m 878w, 739w, 670w, 633w cm?; HR-El-M5: ml z:
calcd for GiHO™: 360.1932; found: 360.1935 [M™; el enental
analysis calcd (% for GCuHisGO (360.19): C 69.98, H 7.83;

found: C 69.78, H 8.01.

{(1S, 2S)-2-[(3aR 4R, 6S, 6aS) - 6- Hydr oxy- 2, 2-di net hyl t et r ahydr o-
3aH-cycl openta[d] [ 1, 3] di oxol -4-yl]cycl opropyl } nmet hyl Acet ate
((+)-86).

Pd/C (10% 75 ng) was added to a solution of (-)-85 (760 nmg,
2.11 mmol) in MeOH (20 nL), and the m xture was stirred for 14
h at 20 °C under a H, atnosphere. Filtration of the mxture
over Celite and concentration under reduced pressure provided
(+)-86 (350 ny, 61% as a colorless oil. [a]p® = +60.2 (c =
0.95, CHd3); *H NWR (300 MHz, CDCl3): d = 0.42 (m 3 H), 0.63
(m 1 H, 1.13 (m 1 H, 1.27 (s, 3 H, 1.44 (s, 3 H), 1.76
(m 2 H, 2.02 (s, 3 H, 2.35 (bs, 1 H, 3.86 (dd, J = 11.4,
7.7 Hz, 1 H, 3.93 (m 1 H), 3.98 (dd, J = 11.4, 6.9 Hz, 1 H),
4.43 (m 1 H, 4.53 ppm(m 1 H:; ®C NWR (75 Mz, CDO3): d =
7.5, 15.7, 18.6, 21.1, 24.0, 25.8, 33.0, 44.4, 68.4, 77.4,
77.5, 78.7, 109.8, 171.0 ppm IR (neat): n = 3501br w, 2988w,
2936w, 2835w, 1734s, 1371s, 1235s, 1208s, 1036s, 1143w, 1102w,

970w, 878m 826m 633w cm?; HR-El -MS: m z: calcd for CuHnG™
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270.1462; found: 270.1499 [MT; el enental analysis calcd (%

for CuuHoO® (270.15): C 62.20, H 8.20; found: C 62.33, H 8.21.

{(1S, 2S)-2-[(3aR 4R, 6R, 6aS) - 6- (6- Chl oro-9H purin-9-yl)-2, 2-

di et hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl ] cycl opropyl } net hyl Acetate ((-)-87).

Compound (+)-86 (300 ng, 1.11 mol), D AD (450 ng, 2.22 mol),
PPhs; (582 ngy, 2.22 mvol), and 6-chloropurine (260 ny, 1.66
mmol) in dry THF (10 nmL) were reacted according to GP H
Sol vent renoval under reduced pressure and CC (SiO;
Et OAc/ hexane 1:1) provided (-)-87 (175 ng, 39% as a colorless
f oam [a]o?® = -70.4 (¢ = 0.49, CHO,); 'H NMR (300 MHz,
CDCls): d = -0.12 (ddd, J = 12.7, 8.8, 5.0 Hz, 1 H), 0.29 (dt,
J =286, 50 H, 1 H, 0.38 (dt, J = 8.6, 5.0 Hz, 1 H), 1.04
(m 1 H, 1.35 (s, 3 H, 1.49 (s, 3 H, 2.11 (m 6 H, 3.44
(dd, J = 11.7, 8.1 Hz, 1 H), 3.87 (dd, J = 11.7, 6.3 Hz, 1 H),
4.77 (m 1 H, 517 (m 2 H, 814 (s, 1 H, 871 ppm(m 1
H: ¥C NWR (75 MHz, CDCl3): d = 9.0, 15.8, 16.4, 21.0, 23.6,
26.1, 37.0, 45.7, 65.7, 67.7, 80.7, 84.3, 110.3, 131.7, 146.4,
151.3, 151.7 (2x), 170.8 ppm IR (neat): n = 2945w, 1726s,
1593s, 1557s, 1496w, 1445w, 1368m 1342w, 1245s, 1202s, 1177m
1141m 1091w, 1069m 1047m 1028m 970w, 934s, 882s, 851s,
791m 767w, 694w, 668m 637s cnmi'; HR-MALDI -MS: mfz: calcd for
CioHosC NbOy*:  407.1481; found: 407.1480 [M + Na]™; el enent al
analysis calcd (% for CoHCO NO, (407.15): C 65.09, H5.70, N

13. 77, found: C 56.15, H 5.83, N 13.48.
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{(1S, 2S)-2-[(3aR, 4R, 6R, 6aS) - 6- ( 6- Ani no- 9H puri n-9-yl ) -2, 2-

di et hyl t et r ahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol - 4-

yl ] cycl opropyl } met hanol ((-)-88).

A solution of (-)-87 (150 ng, 0.37 mmol) in MeOH (20 nm) was
saturated with NH; and stirred for 14 h at 20 °C. The m xture
was then cooled to O °C, resaturated with N+, and reacted
according to GP I. Solvent renoval and CC (Si G; CHO o/ MeCH
19:1) yielded (-)-88 (90 ngy, 71% as a colorless foam [a]p®°
= -19.2 (¢ = 0.74, CHA3); 'H NWR (300 MHz, CDO3): d = -0.19
(ddd, J = 12.7, 8.7, 4.9 Hz, 1 H), 0.25 (dt, J = 8.7, 4.9 Hz,
1 H, 0.36 (dt, J =8.7, 4.9 Hz, 1 H, 1.03 (m 1 H), 1.33 (s,
3 H, 1.47 (s, 3 H, 1.98 (m 3 H, 2.90 (dd, J = 10.9, 8.4
Hz, 1 H), 3.53 (dd, J = 10.9, 4.4 Hz, 1 H), 3.95 (bs, 1 H),
4.83 (m 1 H, 506 (m 2 H, 6.38 (bs, 2 H, 7.75 (s, 1 H)),
8.28 ppm (s, 1 H; ¥C NW (75 Mz, CDO3): d = 8.2, 15.9,
21.4, 23.7, 26.0, 36.5, 46.1, 64.0, 65.8, 80.3, 84.6, 110.3,
119.2, 140.7, 150.1, 153.1, 155.8 ppm IR (neat): n = 3331w,
3178w, 2988w, 1642s, 1598s, 1479m 1415w, 1373m 1331s, 1204s,
1166m 1042s, 910m 856s, 797m 728m 645s cm'; HR-MALDI - MS:

m z: calcd for C/HuNsGs*: 346.1874; found: 346.1880 [ MH .

9-{(3aS, 4R 6R, 6aR)-6-[ (1S, 2S) - 2- (Azi donet hyl ) cycl opr opyl ] - 2, 2-
di met hyl t et rahydr o- 3aH cycl opent a[ d] [ 1, 3] di oxol -4-yl }-9H

purin-6-amne ((-)-75).



43

Compound (-)-73 (70 ng, 0.2 mmol), D AD (103 ng, 0.51 mol),
PPh; (122 ng, 0.46 mmol), and (PhO,PON\s (128 ng, 0.46 mmol) in
THF (8 nL) were reacted according to GP C. Sol vent renoval
under reduced pressure and CC (CHC o/ MeOH 19:1) provided (-)-
75 (35 nmy, 47% as a colorless foam [a]p® = -58.9 (¢ = 0.51,
CHCl3); *H NWR (300 MHz, CDCl3): d = -0.14 (ddd, J = 12.4, 8.7,
5.0 Hz, 1 H), 0.29 (dt, J = 8.5, 5.2 Hz, 1 H, 0.41 (dt, J =
8.5, 5.2 Hz, 1 H, 0.96 (m 1 H), 1.33 (s, 3 H, 1.48 (s, 3
H, 2.09 (m 3 H), 2.80 (dd, J = 12.8, 7.3 Hz, 1 H), 2.93 (dd,
J = 12.8, 6.5 Hz, 1 H, 4.75 (m 1 H, 5.11 (m 2 H), 6.08
(bs, 2 H, 7.75 (s, 1 H, 8.29 ppm(s, 1 H:; ¥*C NWR (75 Mz,
CDCl3): d = 9.6, 15.8, 16.9, 23.8, 26.3, 36.9, 45.5, 54.8,
64.6, 80.7, 84.8, 110.1, 119.6, 140.9, 150.0, 152.7, 155.5
ppm IR (neat): n = 3320br w, 3168br w, 2985w, 2935w, 2090s,
1639s, 1594s, 1475m 1414w, 1371m 1329w, 1248m 1205s, 1168m
1043s, 977w, 910m 855m 798w, 767w, 729m 641m cm’; HR-

MALDI - MS: mz: calcd for C7HiNsG™: 371.1938; found: 371.1934

[ M.

9-{(3aS, 4R, 6R, 6aR) - 6-[ (1S, 2S) - 2- (Am nonet hyl ) cycl opr opyl ] - 2, 2-
di met hyl t et r ahydr o- 3aH-cycl openta[d] [ 1, 3] di oxol - 4-yl }-9H
purin-6-amne ((-)-74).

Compound (-)-75 (32 ng, 86 umol) and PPh; (68 ng, 0.36 mmol)
were dissolved in dioxane (4 nL) and reacted according to GP

E, Method A to yield (-)-74 (25 ng, 86% as a colorless foam

[a]p® = -24.0 (¢ = 0.69, CHA3); H NWR (300 MHz, CDCl3): d =
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-0.24 (ddd, J = 12.7, 8.8, 4.7 H, 1 H, 0.13 (dt, J = 8.4,
4.9 Hz, 1 H), 0.26 (dt, J = 8.4, 4.9 Hz, 1 H, 0.79 (m 1 H)),
1.34 (s, 3 H, 1.49 (s, 3 H, 1.75 (bs, 2 H, 2.09 (m 4 H),
2.41 (dd, J = 12.9, 6.0 Hz, 1 H, 4.77 (m 1 H), 509 (s, 2
H, 7.78 (s, 1 H, 8.31 ppm (s, 1 H: C NWR (75 MHz, CDd 3):
d=9.1, 15.5, 21.1, 23.7, 26.1, 36.9, 45.7, 45.8, 64.6, 80.6,

84.9, 110.1, 119.5, 141.1, 150.1, 152.8, 155.4 ppm | R

(neat): n = 3319w, 3170w, 2986w, 2931w, 2848w, 1737w, 1641s,
1595s, 1476m 1435w, 1414w, 1371m 1329w, 1301m 1251m 1205s,
1168m 1119w, 1045s, 976w, 908m 873m 855m 798w, 722s, 695s,
643m cm?; HR- VALDI - MS: mz: calcd for GCi7HsNeQ™: 345. 2034,

found: 345.2028 [MH ™.

N({(1S,29-2-[(1R 2R, 3S,4R)-4-(6- Am no-9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] cycl opropyl } met hyl ) - 2, 3- di hydr oxy- 5-
nitrobenzam de ((+)-17).

Am de coupling of (-)-74 (21 ng, 61 pnol) with 27 (39 ng, 91
pmol ), usi ng EDC. HCl (27 ng, 137 pnol ) and N-
hydr oxysuccinimde (14 ng, 119 pnol) according to GP F, and
deprotection of the product according to GP G yielded (+)-17
(4 nyg, 13%9 as a fluffy vyellowwsh solid after HPLC
purification and | yophi li zation of pr oduct - cont ai ni ng
fractions. [a]p?® = +33.2 (¢ = 0.37, (CD)2SO; 'H NWR (500
MHz, (CD;).SO: d = 0.19 (dt, J = 8.2, 4.7 Hz, 1 H, 0.24 (dt,
J =8.2, 47 H, 1 H, 031 (m 1 H, 0.41 (ddd, J = 12.9,

9.2, 4.7 Hz, 1 H), 1.90 (m 4 H), 2.43 (dt, J = 13.8, 4.8 Hz,
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1 H, 4.03 (t, J =23.7Hz, 1 H, 478 (dd, J = 9.6, 3.7 Hz, 1
H, 4.90 (t, J =9.6 Hz, 1 H, 7.67 (d, J = 2.3 Hz, 1 H), 8.29
(d, J = 2.4 H, 1 H, 832 (bs, 2 H, 839 (s, 1 H, 8.57 (s,
1 H, 9.03 ppm (t, J = 5.2 Hz, 1 H); BC NWR (125 MHz,
(CD:),S0: d = 8.8 17.0, 18.6, 36.3, 41.1, 41.7, 61.2, 69.8,
74.7, 111.7, 113.9, 114.3, 118.6, 138.0, 142.3, 146.8, 147.9,
149.8, 152.6, 156.4, 167.6 ppm IR (neat): n = 3095br m
1674s, 1512m 1475w, 1414w, 1332m 1196s, 1133s, 838w, 798w,
743w, 720m 641w cm’; HR-MALDI-MS: miz: calcd for CuHuNO™

486.1732; found: 486.1724 [MH*.

N-{3-[(1S, 2R, 3S, 4R) - 4- (6- Am no- 9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] propyl }-2, 3-di hydr oxy-5-ni t robenzam de
((-)-18).

Pd/C (25 ng, 10% was added to a solution of (+)-58 (25 ng,
75.7 pnol) in MeOH (3 L), and the m xture was stirred 14 h at
20°C under a H, atnopsphere. The catalyst was renoved by
filtration, and the filtrate was concentrated under reduced
pressure. The residue (12 ng) was redissolved in TFA/HO (2
m.,, 1:1) and the mxture stirred for 60 mn at 0 °C
Vol atiles were renoved under high vaccum at 20 °C, and the
resi due was redissolved in dry DV (2.5 nL). Catechol 53 (13
ng, 43 pnol) and EtsN (0.1 nL) were added to the solution, and
the mxture was stirred for 14 h at 20 °C Purification by
RP- HPLC (0.1% TFA in HQO CHCN) yielded (-)-18 (8 ng, 22% as a

fluffy vyellowish solid after [Iyophilization of product-
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containing fractions. [a]p?® = -17.7 (¢ = 0.26, (CHs).SO; 'H
NMR (500 MHz, (CD;),SO: d=1.36 (m 1 H), 1.55 (m 4 H), 1.83
(m 1 H, 2223 (m 1 H, 3.28 (m 2 H, 3.64 (m 1 H, 4.24
(t, J =6.0Hz, 1 H, 464 (m 1H, 7.63 (s, 1 H, 826 (s, 1
H, 836 (s, 1 H, 839 (bs, 2 H, 841 (s, 1 H, 9.20 ppm
(bs, 1 H; ¥C NWR (125 MHz, (CD).SO: d = 27.0, 31.3, 32.5,
40.4, 42.8, 60.1, 74.4, 74.6, 112.0, 114.1, 114.3, 118.8,
138. 3, 142.2, 147.0, 147.1, 149.0, 152.1, 156.4, 168.1 ppm
IR (neat): n = 3093br m 1681s, 1511m 1473m 1328s, 1195s,
1131s, 890w, 836w, 797w, 743w, 721m 641w cm?’; HR- MALDI - V5.

m z: calcd for GoHuNO*: 474.1732; found: 474.1742 [ MH ",

N-{3-[(1S, 2R, 3S, 4R) - 4- (6- Am no- 9H purin-9-yl)-2, 3-

di hydr oxycycl opentyl ] propyl } -4, 5-di hydr oxy-4' - net hyl bi phenyl -
3-carboxam de ((-)-19).

Pd/C (10% 10 ng) was added to a solution of (-)-14 (8 nm,
15.5 pnmol) in MeOH (2 nmL), and the m xture was stirred for 14
h at 20 °C under a H, atnosphere. Renobval of the catalyst by
filtration and concentration of the filtrate under reduced
pressure provided (-)-19 (3.6 ng, 45% as a colorless, fluffy
solid after HPLC purification and |yophilization of product-
containing fractions. [a]p?® = -6.6 (¢ = 0.46, CHOH); H NWR
(500 MHz, CD:OD): d=1.56 (m 1 H, 1.77 (m 3 H, 1.86 (m 1
H, 2.09 (m 1 H, 2.35 (s, 3 H), 2.49 (dt, J = 12.8, 7.9 Hz,
1 H, 3.45 (m 2 H, 3.90 (dd, J = 5.9, 4.0 Hz, 1 H), 4.49

(dd, J = 8.6, 6.0 Hz, 1 H), 4.86 (m 1 H, 7.20 (d, J = 2.1
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Hz, 1 H, 7.21 (d, J = 8.4 H, 2 H, 7.46 (d, J = 8.4 Hz, 2
H, 7.50 (d, J = 2.1 H, 1 H, 828 (s, 1 H, 837 ppm (s, 1
H; °C NWR (125 MHz, CD;OD): d = 21.1, 28.8, 32.8, 33.6, 40.4,
44.5, 62.8, 76.3 (2 x), 116.8, 117.0, 118.0, 120.5, 127.4,
130.4, 133.2, 137.8, 138.8, 144.6, 145.9, 147.6, 149.5, 150.6,
152.6, 171.5 ppm IR (neat): n = 3096br w, 1678s, 1594m
1549m 1477w, 1413w, 1315w, 1198s, 1133s, 895w, 819w, 798w,
722w, 641w cm?; HR-MALDI - MS:  mz: calcd for CorthoNeGs:

517.2205; found: 517.2214 [M .

N-{2-[ (1S, 2R, 3S, 4R) - 4- (6- Ami no- 9H- puri n-9-yl ) -2, 3-

di hydr oxycycl opentyl ] et hyl }-2, 3-di hydr oxy-5-ni trobenzam de
((+)-20).

PtO, (50 nmg, 0.22 mml) was added to a solution of (-)-90 (70
mg, 0.22 mol) in THFH AcOH (6 nlL, 1:2) and the mxture
stirred for 18 h at 20° C under a H, atnosphere. Fol | owi ng
filtration and evaporation of the solvents wunder reduced
pressure, the residue was treated with TFA/HO (3 nL, 1:1) for
1 hat 0 °C Vol atiles were renoved under high vacuum at 20
°C, and the residue was redissolved in dry DWW (3 nl).
Catechol 53 (73 ng, 0.24 mmol) and Et3N (0.3 nL) were added to
the solution, and the m xture was stirred for 14 h at 20 °C.
Purification by RP-HPLC (0.1% TFA in HQO CHCN) yielded (+)-20
(33 ng, 32% as a fluffy yellowsh solid after |yophilization

of product-containing fractions. [a]p?® = +1.1 (¢ = 0.87,

(CD:)SO; *H NWR (300 MHz, (CD:)SO: d = 1.68 (m 2 H), 1.94
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(m 2 H, 1.39 (dt, J = 12.7, 7.7 H, 1 H, 3.39 (m 2 H,
3.77 (dd, J = 5.9, 4.2 Hz, 1 H, 4.33 (dd, J =8.0, 5.9 Hz, 1
H, 4.73 (dt, J = 10.3, 8.0 Hz, 1 H, 7.71 (d, J = 2.5 Hz, 1
H, 836 (s, 1 H, 844 (d J =25 H, 1 H, 851 (s, 1 H),
9.32 ppm (t, J = 5.2 Hz, 1 H; C NW (75 MHz, (CD;)SO: d =
32.5, 33.4, 37.9, 40.7, 60.1, 74.5, 74.6, 111.9, 114.0, 114.2,
118.7, 138.1, 142.0, 146.8, 146.9, 148.8, 151.9, 156.2, 167.9
ppm IR (neat): n = 3097br w, 1678s, 1512m 1473w, 1416w,
1328s, 1195s, 1132s, 891w, 837w, 798w, 743w, 721w, 642w cmi’;
HR-MALDI -MS: mz: calcd for CioHNyO,":  560.1575; found:

460. 1567 [ MH *.
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Experinmental details of the in vitro assay

Enzyme preparations were preincubated for 15 mn at 37 °C with
i nhi bitor concentrations varying from 102 to 10° nol L' The
reaction was started by addition of substrate (benzene-1, 2-
diol, 0.025 nol L% and radiolabeled cofactor [H/[3H SAM
reaching a final substrate concentration of 2.5 mM and a fina

[*H] /[ ®H] SAM concentration of 183 pum After the vials had been
incubated in a water-bath at 37 °C for 15 mn, the reaction
was stopped by addition of acetic acid (5.7% containing
guai acol (0.1 g LY. | Go values were obtained by nonlinear
curve fit to a plot of enzymatic activity vs. logarithmc

i nhi bitor concentrati on.



