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The 2-bromobenzylidene group, designed as a novel protecting/radical-translocating (PRT) group, proved to be effective for an unusual 1,6-
hydrogen transfer reaction. Using this PRT group, 4-branched ribose derivatives were stereoselectively prepared.

Protecting/radical-translocating (PRT) grotipBow remote

functionalization of alcohols, amines, and amideBRT Scheme 1

groups should be easy to introduce and should function as X
normal protecting groups for alcohols and/or amines before YO
the radical reaction, at which point they should effectively Y‘X\/\;‘f Y,x\/\@g 1,5:HT @
generate a radical at the desired position via hydrogen transfer z major

(HT). After the radical reaction, they need to be easily re- ©/ @ Y’X\/\;f
moved. PRT groups have the distinct advantage of homo- X =0, NR ~JEHT

lytically cleaving an inactive C—H bont As shown in Y = CR,, CO, SiR, minor™ @
Scheme 1, benzene derivatives are often used as PRT groups, Z=Br|

since aromatic radicals generated from them are active
enough to abstract a hydrogen on an aliphatic carbon. few examples of radical 1,6-HT reactiohso report of a

PRT groups can generate a radical via homolytic cleavageprt group selectively abstracting a hydrogen at the position

of an inactive C-H bond (Scheme 1), in which the radical = 4 the oxygen or nitrogen in a 1,6-HT reaction has appeared
adjacent to the oxygen or nitrogen atom is selectively formed i, 1o |iterature. We describe here radical reactions with a

via a 1,5-hydrogen transfer procésalthough there are a 5 ) omonenzylidene group, designed as a novel PRT group
(1) Curran, D. P.; Kim, D.; Liu, H. T.: Shen, WI. Am. Chem. Soc.  fOr unusual 1,6-selective HT reactions.

198(3%, |1:10, 5900|—590f2|.3RT . Lk N Renaud If the initially generated aromatic radical intermediate
or examples o groups, see: Feray, L.; Kuznetsov, N.; Renaud, H _
P. Hydrogen Atom Abstraction. IRadicals in Organic SynthesiRenaud, could accommOda_te the StereoeleCt_romc prEference for 1,6
P.; Sibi, M. P., Eds.; Wiley-VCH: Weinheim, 2001; Vol. 2, pp 24578. hydrogen abstraction, where the radical orbital and thélC—
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bond of the hydrogen to be abstracted are linear or nearlyas precursors for4ranched nucleosides having considerable
linear, we concluded that the 1,6-HT reaction with a PRT biological importancé&? would be synthesized via radical
group would likely take place. Thus, we chose the 2-bro- C—C bond formation at the 4-position.

mobenzylidene group as a novel PRT group, thinking thatit  Thus, 1O-(3-fluorobenzoyl)-2,39-ende2-bromoben-
would be useful in protecting 1,2- or 1,3-diols similar to other zylidene-5-O-tert-butyl-diphenylsilyl (TBDPS)-a-ribose
benzylidene groups and the reactive aryl radical generated(4) was synthesized as the substrate for examining the 1,6-
from it could abstract a hydrogen on an aliphatic carbon. HT reaction (Scheme 3). Treatmentmfibose with 2-Br-

We anticipated that the regio- as well as stereoselective 1,6-

hydrogen abstraction might occur with the 2-bromoben-
zylidene PRT group, because the bromophenyl moiety

. . Scheme 3
seemed to be conformationally constrained as a result of the Ho o
rigid 1,3-d|oxc_> ring f_ormed from a diol and 2-bromoben- Ho\ o — WQ\OH TBDPSC, DMAP
zaldehyde or its equivalent. op TSOH. DM, t EtyN, CHoCly, tt
We decided to examine the potential of 2-bromoben- 42% Y 76%
HO OH 2-BrPh 2

zylidene group as a PRT group using ribose derivatives as

reaction substrates. Thus, ZBendebenzylidenea-b-ribose

1

derivativel was designed as a model substrate (Scheme 2). Tebpso—\ o PhyP,DIAD TBDPSO™\ O_ O
/\Q%H 3-F-PhCOH, o
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Treatment of the substrateinder reductive radical reaction
conditions, such as a BeBnH/AIBN system, would generate
the aryl radicall. The 1,5-HT, i.e., abstraction of a hydrogen
at the 2- or 3-position of the ribose by the aryl radical, would
be impossible as a result of the steric demand ofetieo-

benzylidene structure. Thus, we expected that, because of

the rigid ring system, the desired 1,6-HT might selectively
occur to generate the ribose 4-raditallf, by this method,
the ribose 4-radicalll could be effectively generated,

4-branched ribose derivatives, which are useful, for example,

(3) For examples of HT reactions, see: (a) Curran, D. P.; Kim, D.; Liu,
H. T.; Shen, WJ. Am. Chem. S0d.988,110, 5900—5902. (b) Lathbury,
D. C.; Parsons, P. J.; Pinta,J. Chem. Soc., Chem. Comma888, 81
82. (c) Wiedenfeld, D.; Breslow, R. Am. Chem. Sod 991,113, 8977—
8978. (d) Brown, C. D. S.; Simpkins, N. S.; Clinch, Ketrahedron Lett.
1993,34, 131—-132. (e) Bosch, E.; Bachi, M. D. Org. Chem1993,58,
5581—-5582. (f) Robertson, J.; Peplow, M. A.; Pillai,Tetrahedron Lett.
1996,37, 5825—5828. (g) Bertrand, M. P.; Crich, D.; Nouguier, R.; Samy,
R.; Stien, DJ. Org. Chem1996 61, 3588-3589. (h) Kittaka, A.; Asakura,
T.; Kuze, T.; Tanaka, H.; Yamada, N.; Nakamura, K.; Miyasakal. Drg.
Chem.1999,64, 7081—7093. (i) Chatgilialoglu, C.; Gimisis, T.; Spada, G.
P.Chem. Eur. J1999,5, 2866—2876. (j) Robertson, J.; Pillai, J.; Lush, R.
K. Chem. Soc. Rei2001,30, 94-103 and references therein.

(4) (a) Bosch, E.; Bachi, M. DJ. Org. Chem1993,58, 5581—5582.
(b) Baldwin, J. E.; Adlington, R. M.; Robertson, Tetrahedron1991,47,
6795—6812.
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PhCH(OEt) andp-TsOH in DMF at room temperature gave
the desiredendo-benzylidene produ@. After selective
protection of the 5-hydroxyl oR with a TBDPS group,
Mitsunobu reaction of the produtwith a PhP/diisopropyl
azodicarboxylate (DIAD)/3-F-PhC@8l system in CHCl,
gave highly stereoselectively theriboside4,” the substrate
for the radical reaction. Deuterium-labeling experiments of

Scheme 4
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4 with BusSnD were first investigated with the idea of
clarifying whether the desired 1,6-HT reaction had indeed

(5) (a) Giese, B.; Erdmann, P.; Schafer, T.; SchwitterSihthesi4994
1310-3112. (b) Hayakawa, H.; Kohgo, S.; Kitano, K.; Ashida, N.; Kodama,
E.; Mitsuya, H.; Ohrui, H.Antiviral Chem. Chemother2004, 15, 169—
187 and references therein.

(6) (a) Shuto, S.; Kanazaki, M.; Ichikawa, S.; Matsuda]JAOrg. Chem.
1997 62, 5676-5677. (b) Shuto, S.; Kanazaki, M.; Ichikawa, S.; Minakawa,
N.; Matsuda, AJ. Org. Chem1998 63, 746—754. (c) Ueno, Y.; Nagasawa,
Y.; Sugimoto, |.; Kojima, N.; Kanazaki, M.; Shuto, S.; Matsuda JAOrg.
Chem.1998 63, 1660-1667. (d) Sugimoto, |.; Shuto, S.; Mori, S.; Shigeta,
S.; Matsuda, ABioorg. Med. Chem. Let.999,9, 385—-388. (e) Kanazaki,
M.; Ueno, Y.; Shuto, S.; Matsuda, A. Am. Chem. So€000,122, 2422—
2432. (f) Yamamoto, Y.; Shuto, S.; Tamura, Y.; Kodama, T.; Hoshika, S.;
Ichikawa, S.; Ueno, Y.; Ohtsuka, E.; Komatsu, Y.; MatsudeBidchemistry
2004,43, 8690—8699 and references therein.
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occurred. When the substradg0.01 M) was heated in the reaction, the kinetically favored 5-exo-cyclized radi€al
presence of BssnD (3.0 equiv) and AIBN (0.6 equiv) in  formed from radicaB, was trapped when the concentration
benzene under reflux, the desired deuterium-labeled productsof BusSnH was high enough to give. At lower concentra-
at the 4-positiorba and5b’ were obtained in 66% yield in  tions of BuSnH and higher reaction temperatures, the radical
a 1:1.1 ratio, along with the compound deuterium-labeled at C rearranged into the more thermodynamically stable ring-
the phenyl moiety6 (11%) and the unlabeled reduction enlarged radicaD via a pentavalent-like silicon radical
product7 (2%). Thus, the desired 1,6-HT reaction did in transition stateX, which was then trapped with B8nH to
fact occur to generate the radical at the 4-position of the give F.&
ribose derivative. In this study, we planned to employ this temporary
In recent years, we have developed a regio- and aconnecting silicon tether in the intramolecular radicat©
stereoselective method for introducing C2-substituents at thebond formation at the ribose 4-position via the 1,6-HT

position § to the hydroxyl group in halohydrins or in
a-phenylselenoalkanolé using an intramolecular radical
cyclization reaction with a dimethyl- or a diphenylvinylsilyl

reaction with a 2-bromobenzylidene group. Consequently,
the 2,3-O-(2-bromobenzylidene)ribose derivat®evith a
diphenylvinylsilyl group at the 5-hydroxyl was designed as

group as a temporary connecting radical-acceptor tetherthe substrate, which was prepared fréivia 8, as shown in

(Scheme 5%:8° Thus, the selective introduction of both the
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1-hydroxyethyl and 2-hydroxyethyl groups can be achieved,
depending on the concentration of mH in the reaction
system, via a ®xo-cyclization intermediaté or a 6endo-
cyclization intermediat&, respectively, after oxidative ring
cleavage by treating the cyclization products under Tamao
oxidation conditiond® as shown in Scheme 5. In this

(7) Stereochemistries of the compounds were confirmed by NOE and/
or NOESY data: see Figure S1 in Supporting Information.

(8) (@) Sugimoto, I.; Shuto, S.; Matsuda, A. Org. Chem.1999, 64,
7153—7157. (b) Yahiro, Y.; Ichikawa, S.; Shuto, S.; Matsuda;TAtra-
hedron Lett.1999,40, 5527—5531. (c) Sugimoto, |.; Shuto, S.; Matsuda,
A. Synlett1999, 1766—1768. (d) Shuto, S.; Sugimoto, I.; MatsudaJ A.
Am. Chem. Soc2000, 122, 1343—1351. (e) Sukeda, M.; Ichikawa, S.;
Matsuda, A.; Shuto, SAngew. Chem., Int. E®2002,41, 4748—4750. (f)
Sukeda, M.; Ichikawa, S.; Matsuda, A.; ShutoJSOrg. Chem2003,68,
3465—3475.

(9) (&) Yahiro, Y.; Ichikawa, S.; Shuto, S.; Matsuda, Petrahedron
Lett 1999 40, 5527-5531. (b) Shuto, S.; Yahiro, Y.; Ichikawa, S.; Matsuda,
A. J. Org. Chem2000, 65, 5547—5557. (c) Terauchi, M.; Yabhiiro, Y.;
Abe, H.; Ichikawa, S.; Stephen, C.; Tovey, S. C.; Dedos, S. G.; Taylor, C.
W.; Potter, B. V. L.; Matsuda, A.; Shuto, $etrahedror2005,61, 7865—
7873. (d) Terauchi, M.; Matsuda, A.; Shuto, Betrahedron Lett2005,

46, 6555—6558.

(10) Tamao, K.; Ishida, N.; Tanaka, T.; Kumada, ®rganometallics

1983,2, 1694—1696.
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The radical reaction d was performed with BssnH (3.0
equiv)/AIBN (0.6 equiv) or BB (1.0 equiv), and the
products were obtained after Tamao oxidation. The results
are shown in Table 1. A mixture & (0.01 M), BySnH,

Table 1. Radical Reaction of the Substrate 9

1. radical
reaction
g 2 Tamaoox MOFBZ\MOFBZ /\Q\OFBZ
+ HO 0_0 +
I5h P I5h
yield, %®
entry method?® temp, °C 10 + 11 (ratio) 12
1 A 80 75 (2:1) 16
2 B 80 64 (1:3.9) trace
3 B 130 47 (only 11) 0
4 A rt 50 (only 10) 34

aMethod A: a mixture 0B (0.01 M) and BgSnH (3.0 equiv) was heated
with AIBN (0.6 equiv) under reflux (entry 1) or stirred with 4Bt (1.0 equiv)
at room temperature (entry 4) in benzene. Method B: to a solutidh of
(0.01 M) in benzene (entry 2) or chlorobenzene (entry 3) was added slowly
a solution of BySnH (3.0 equiv) and AIBN (0.6 equiv) in the same solvent.
blsolated yield.° The ratio was based on the isolated yields.

and AIBN was first heated in benzene under reflux. The
reaction gave the 4-branched produt@and 11 in 75%
yield in a 2:1 ratio, along with the reduction prodda& in
16% yield (entry 1). When a mixture of BBnH and AIBN
in benzene was added slowly to a solutiorddd.01 M) in
refluxing benzene, the 4-branched produdisand11 were
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obtained in 64% yield in a ratio of 1:3.9, and the reduction
productl2was formed in trace amounts (entry 2). A similar Scheme 7
reaction using the slow addition method at 13D with a-face attack Ph
chlorobenzene as a solvent gave the 4-branched prdaduct o—OFBz s’i\/ OFBs o
as the only isolated product in 47% yield. On the contrary, O; . o] ph///Lo,; (\ ';g’;‘r'gl
treatment oB at room temperature with B8nH using EB Ph-si—x O+H << o7 _3/,_[ -
as the initiator produced.0 in 50% vyield as the only Ph ZZ Ph frtace attack’ bh
4-branched product isolated, along with the reduction product
12 in 34% vyield. Ph—Sli Bh

In the 4-branched product® and11, the stereochemistry 4 ° thermodynamic ~_ Si ©
at the 4-position proved to be completely invertedn the OFBz control ,  PH 0 OFBz
other hand, the 4-stereochemistry of the reduction product o0 higher temp 0L
12was completely retained, suggesting thatvas produced Ph lower BugSnH conen it g,
by the direct reduction of the phenyl radical before the 1,6-
HT reaction occurred.

Access of the vinylsilyl moiety to the 4-radical from the
o-face seems to be hampered as a result of the steric OFBz P 0 OFBz
repulsion of the bulkyendobenzylidene group, and accord- 0 0 0.0
ingly, addition from thes-face would be preferred to form F%h 13 Bn 14
the exocyclized radicali highly stereoselectively, as
shown in Scheme 7. Under the kinetic conditions, i.e., higher

BusSnH concentration at a lower reaction temperature, the 1 6-HT reaction with the 2-bromobenzylidene group. Thus,

radicali was trapped with BisnH to form mainlyl3. Under  the 2-bromobenzylidene group has proved to be the first
the thermodynamic conditions, i.e., lowerdBaH concentra-  effective PRT group for the 1,6-HT reaction.

tion at a higher reaction temperature, the radicahrranged

into the ring-enlarged radicalto producel4. It is interesting Acknowledgment. We wish to acknowledge financial
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completely controlled throughout the reaction. This high and Technology, Japan for Scientific Research 17659027 and
stereoselectivity would be due to the steric demand of both 17390027.

the rigid benzylidene moiety and the intramoleculaeX®-
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