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Nucleosides: A Re-Introduction

Baran GM 1

Focus this GM: Radical chemistry of sugars (especially at the anomeric carbon) to synthesize C-nucleosides.

Some N and C-nucleosides
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A. Adenosine - a natural N-nucleoside. B. Formycin A - a natural C-Nucleoside (congener of A). C. Inosine - a
natural N-nucleoside. D. Formycin B - a natural C-Nucleoside (congener of C) E. Tiazofurin - a non-natural
(synthetic) C-nucleoside (has anti-tumor activity).

Some Features of C-Nucleosides I
- the C-C bond is much less resistant to chemical and enzymatic . ’ h(;
degradation. ' HO 07
- C-glycosides are stable pharmacophores and yield novel enzyme I o
inhibitors. | w
- More conformationally stable - no anomeric effect !
- Effective HIV, anti-viral, and anti-bacterial treatments . OH OH
Some Other Nucleoside Classes:
HO\* |-|2 HO @
C o /
F
OH OH OH F
Carbocyclic nucleosides Fluorinated nucleosides:
(carbanucleosides): - small steric size,
- CH, prevents chemical and the enzymatic high electronegativity,
hydrolytic cleavage of the glycosidic bond carbon-fluorine bond sensitivity.
- CH, imparts lipophilicity - a benefit - positive effect on drug clearance
for oral uptake penetration and metabolism

*3,4,and 6 membered
rings not shown

J. Org. Chem. 2001, 66, 4852-4858
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Anomeric Radical(s) Preferred Conformations (H-Abstractions)

Axially orientated anomeric radicals.

OBn
o] OH(CH,0)H,
BnB?\O NO, K,COj3, MeOH pyr./Ac,0O (2:1)=
BnO rt, 3h 0C
OBn OBn
n-BusSnH, AIBN
o . (o]
BnO (dropwise 1-2h)= BnO
BnO OA Benzene, A BnO
BnO N02 ¢ BnO OAc
a:p=85:15 only observed product
 Separate and Subject:
OBn
(o}
BnO _
Bn;%/\
BnO o, 9A° n-BusSnH, OBn
AIBN ~ BnO
OBn BnO
o BnO H OAc
BnO
BnO NO,
same result: only
BnO OAc - observed product
EMO Theory:
BnO stabilizing effect is
BnO due to interaction of
BnO the SOMO with the
. BnO OAc LUMO of the
via neighboring C-O bond.

*conclusion - glycosyl radicals prefer an axial anomeric configuration

substituent effect?

n OBn

BnO OBn
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BnO
BnO
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OBn

BnO
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BnO
BnO NO,
OAc

n-Bus;SnH, BnO
ABBN __, Bpo -©
BnO
H OAc

only observed product

What about the O atom?

OAc
NO,

n-BusSnH,

OAc
AIBN H

)(m[mz
OAc

> 87
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13 OAc

change in selectivity

But For 5 Membered furanoses - Sterics and stereoelectronics play a

role
TrO NO,
ol
OXO OAc
TrO OAc
w

<

TrO

n-Bu3SnH, o H
AIBN §<\
90% O_ _O —OAc

OAc

n-BuzSnH, TrO
_—
H

87% S
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*Both do not give same result as in pyranose

Hel. Chim. Acta 66, 7 (1983) Nr. 219
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Radical C-Glycosidations with Nitroglycosides
o i SnBugj o
e red
o o m | > “
"\_-CN /\ “"\\__CN + TBDMSO™ % tBDMSO” Y "0
: 0 o
o fo) BU3SHH !
X 55% |
! Conditions Yield (%) a:p
Photochemical 87 92:8
: cat. BugSnOTf 95 1:99
BnO BnO | Stereochemical result based upon method of radical generation.
BnO BU SnH BnO !
3 : - photochemical favors * anomer while chemical methods favors 3
BnO No2 AIBN \/CN ;
_________________________________ 45/
Radical C-Glycosidations with Glycosidic BnO \H/\SnBus BnO
Methylthiocarbonates ' BnO ., BnO a:f=1:1
)BZ Cone OBZ COzMe OBZ i
o oTsme | o O .S_ _SMe '----- __'_'?‘_’_s_‘_e_’_e_?‘f*_‘?!']'_"_?'_'E’f‘?f_e_’_e_’l‘?‘? ___________________________________
s CO,Me CO,Me + \([)]/ Siegaochemistry of A and B dependent on PG Used
§ 5 BusSnH, & & § 5 aomeml A ¢ AcO
AIBN o= WOAc
>< >< >< ! o \/\SnBuc,
10% . BnO >
62% ’ . "'Bno Br  ABN
For furanose - stereochemistry dependent upon R : N 0 B:a = >20:1
| o]
: o cl 93%
cl cl
o b 5 6 ' B. Cl - flipping after deprotection
: SePh
: OH X
R Conditions Y|eld(%) o:p : 0 X" snBug BzO 0
Photochemical complex mixture : > BZW
CH,OCH,Ph cat. BuzSnOTf 80 1:99 I o__ 0O AIBN OBz
. . I B~ then deproctection
Photochemical 79 40:60 . ] a:B: =1:99
TBDMS . . and BzCl, DMAP
cat. BusSnOTf 91 59:41 | Ph 61%

Encyclopedia of Radicals in Chemistry, Biology and Materials (2012)
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General Scheme: _ Order of Reactivity:
Ar = C6H5, C6F5
= RCOOH, ArIX2 X = CF;CO, primary<secondary<tertiary
X \ R = alkyl, acyl, and
N ho orA CGHﬁ) R ribofuranosyl

Proposed Mechanism:

5 XL
X N
N = | ; +RC02HE N N
| ! oL +Arl !
’ R N pN - CF3COZ :
4 e

e h -- o
RCOz CF3002 M CF4CO, (19%) (50%)
1 >—< 2 -
3
A | O-C-R ~
ATIO-C-CFs),  AOL-R), ——= R+ CO, rl(0-G-R)z -
o) 0 o N
* The detailed reaction mechanism is still not clear because only a trace amount of iodobenzene was
recovered (<5%). o
RCOOH RCOOH/Base/C¢F5l(0,CCF;), time(h) Products (%) (91%)
R- (mmol)
) T
(_7/ 3/3/1 Base = lepidine I Other Observations
| Substrate  Conditions Product (%)
BnO i Oy _-OH _
o AN : 91
5/5/1 Base = lepidine 10 (o l3 3:7), A N
OBn OBn OBn OBn E
BnO BnO = 34 o) V
° 3/3/1 Base = lepidi © N (ccP = 4:6); N e
ase = lepidine 10 N | oH  ho \
OBn OBn OBn OBn CcOo,Me E
BnO E
© C 19 !
5/5/1 Base = methyl isonicotinate 19 (w:p=7:3)  *Reactions highly dependent on conditions
OBn OBn OBn OBn i

*Conditions: DCM/quartz cell/Argon/low pressure mercury lamp 0°C-r.t.

Tetrahedron Letters, Vol. 32. No.45. pp 6559-6562, 1991
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General Scheme: —
BnO BnO HON; /> BnO het
(0]
OH % ?mCOOH s’ (1.5eq.) COO N + 1/2 PySSpy
3 steps DCC (1.2 eq.) hv, ice-bath
OBn OBn OBn OBn THF OBn OBn 90-120 min. OBn OBn (30'60%)
with nucleoside sugars: : i id:
g | H,C00C from 2 tetrahydrofuryl carboxylic acid:
: H,COOC
74 74 : 74
BnO — HO — \ ' BnO _ \ Vi V Br N
(0] N H,, PdO o N ! (0] N \ \ |
cyclohexane | o N
OBn OBn OH OH : OBn OBn
45% (ou:p= 20:80) : 44% (o:p= 66:34) o
| 54% 58% 31%
s o 2 F
N / | \\S// \ .
N of ~ | o o N ; PN
BnO & s ! 3 Q—<\ | o N M
io?“ /f \e/ : N | g hig
hu ice-bath : 74 "\l 70, ' o]
OBn OBn 90-120 min. OBn OBn E — ? X tegafur
66% — . 959 (dr= 54:46) - - an anticancer prodrug

Mechanism (Part I):

»

I

+
N
H

' Mechanism (Part ll):

@ @h@ — "]

OCOR

S N R
)‘f\*ﬁ
Z>N
| +-CO, + R
+ eftc.

O — @@J

Tetrahedron Letters. Vol.32, No.28, pp 3377-3380 1991

Tetrahedron Letters,Vol.27,No.1 2,pp 1327-1330,1986
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Addition to Heterocycles (selectivity - 1)

Experiments with Acrylonitrile to determine general PG effects:

2

o
Dot
(B:a = 73:27)

*more shielding by the dioxolane
ring than alkyl at C-4

i 0
PhCO— o oCPh
ocPh T

(0]
attack at o face only

AcO 0 l

<

attack at 3 face only

AcO o) l

AcO AcO T
(B:a = 50:50)

Conformations of triacetylxylosyl system (observed in ESR spectrum)

OAc

AcO— (o) AcO o ¢
o AcO

OAc

OAc

o products favored

B products favored
Thus, B products are favored overall.

OAc ,

OAc oOAc

B products favored

OAc
AcO
AcO— o
X
X=0Ac, OMe, F

o and B products favored

OAc
AcO 0
AcO .
X

X=NHTos, D, C3H;
o, products favored

General Scheme:

(PhCOO),
>< o (1.5-2 eq.)
TFA (2 eq.)
P —
PhH, A
X=lor CHzl (or CH3CN)
(1-3 eq.)

He' o
N
4 \
=
64%

6%

"steric hindrance is clearly not
determining factor as A adds to
the most hindered position on
the heteroaromatic ring"

X o
.nO
but
SNH "0

no rxn —

Conclusions
-Reactivity is dependent on
cyclic structure.
QO -e'withdrawing and field effects
by 5 O atoms reduce
nucleophilic character of A & B

-Effect of O atoms (2 atoms in 3
position for A vs. 1 for B)
- effect is greater for A.

- A considered electrophilic.

Angew. Chern. Int. Ed. Engl. 28 (1989) 969-980

J. Org. Chem., Vol. 58, No. 4, 959-963. 1993
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Addition to Heterocycles (selectivity- 2)

Poraon + )
1y, o, h t
o @/’COOH
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Uf@

Heterocycle

Yield (%)
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I
we

ACN,ho(250nm)
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“
= \N 0
NS N
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*Protecting Groups control facial selectivity.

Yield (%)

70

20

22

Tet. Lett. 33, 49, pp. 7575-7578
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Summary 8

Methods to generate radicals at anomeric carbon:

(0) (o)
g X > %_7 °
RO RO
a) BuzSnH (Hg-hv or A)
X=NO,, |, Br, Cl, SeAr, SAr
b) BusSnSnBus; (Hg-hv)
X=NO,, |, Br, Cl, SeAr, SAr
c) (CoHs5)3B (air) or N-acetoxy-2-thiopyridone (W-hv)
X=TeAr
d) Ester of N-Hydroxy-2-thiopyridone (W-hv)
X=COOH
e) (Diacyloxyiodo)arenes (Hg-hv or A)
f) Hg-hv
X=COBu-t etc
g) W-hv
X=Co(dmgH),Py

*All of these methods require the use of tin and/or
photochemical conditions. Most require reflux in
benzene or acetonitrile.

Some side reactions:

1)The anomeric radical can be used to rearrange
neighboring goups to the anomeric carbon.

AcO AcO
o o
AcO
Ac&, — A%o&ﬁ

o

Ph
o
2) Arylation by solvent
o) Ph(COO),
>< TFA
—_—
o (o)

.-||IO PhH, A

I "”’o)(

Nature of the radical(s):

pyranosyl ring

AcO—, © AcO Y
AcO 0 ACO%
Aco&ﬁ ——=—"AcO
AcO AcO

axial o radical
more nucleophilic

(more nucleophilic (axial) o radical)

’ N
, N
N
’ . —
, p Cc
4 ’
’

.. , |
o— S ’
N !
N 1
. ,
A 1
.

equatorial o radical

furanosyl ring

AcO @ AcO O

o - (0]

AcO AcO AcO AcO

axial o radical

- equatorial o radical
more nucleophilic

—LUMO

S LUMO g
41—" SOMO%'
SOMO—— , , # HOMO

(Nucleophilic) +
(Electrophilic) +
‘N’ HOMO

*Usually anomer radicals are more nucleophilic than carboxylic radicals due to interactions
with the non-bonding electron pair on the ring O atom. Thus, the axial c—radical is more stable
and more nucleophilic than the corresponding equatorial c—radical.

*The anomer radical interacts by its high lying SOMO with the LUMO of an electron-poor
alkene or electron poor aromatics.

Encyclopedia of Radicals in Chemistry, Biology and Materials in 2012




