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Palladium-Mediated Intramolecular Aryl
Amination on Furanose Derivatives: An
Expedient Approach to the Synthesis of Chiral
Benzoxazocine Derivatives and Tricyclic
Nucleosides

the presence of a Pd(0) catalysing-closing metathesfspr
Pd(0)-induced ring cyclizatiohThe above methodologies either
require a relatively lengthy sequence of reactions or furnish low
yields of the reaction products. As a part of our research program
related to the synthesis of benzannulated medium-ring éthers
or amines$ we planned to synthesize eight-membered rings
bearing both oxygen and nitrogen atoms because of their
expected useful biological activiti@dnterest in the use of the
easily accessible carbohydrates from the chiral pool for the
synthesis of optically active heterocycles has also been growing
rapidly 19 In a continuation of our interest in the carbohydrate-
based synthesis of medium-ring heterocycles, we felt that the
use of the chiron approadh,along with the application of
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SCHEME 1.

Diisopropylidene
glucofuranose

1a-f, X =Br/ |

Construction of O-Bromo/lodo Benzylated Sugar Amines 2af2

NHR
1
R AN
2 "0
R 9) "o/’*

2a-f, X =Br/ |

aReagents and conditions: (i) 70% AcOH (v/v), it, overnight; (i) aq NalkdeOH, rt, 45 min; (i) RNH (1.2 equiv), anhydrous Ci€lp, MS (4 A),

rt, 12 h, N; (iv) NaBH,4, dry MeOH, rt, 3 h.

intramolecular C-N ring closure between aromatic bromides
or iodides and an aliphatic amine, offers a better and more

convenient alternative to the synthesis of benzoxazocine deriva-

tives in optically pure form.

Over the past few years much effort has gone into developing
palladium-catalyzed aryl-amination chemist?yThe initial work
by Hartwig and Louié* and Buchwald and Wolfé® focused
on the intermolecular amination of aryl bromides or iodides to
give substituted anilines. More recently, this aryl-amination
chemistry has undergone optimization, particularly with the
development of new ligand systedfsand an intramolecular
version has been utilized for the synthesis of heterocyclic
compoundg>

In this paper, we describe a facile conversiorpajlucose
to tricyclic sugar-annulated benzoxazocine derivatives in chiral
form. Cleavage of the sugar ring of these tricyclic derivatives
provides a convenient route for entry into chiral, functionalized
benzoxazocines.

The possibility of converting the intermediate furanose
derivatives to nucleoside analogues is an added attraction.
should be mentioned that the design of conformationally

restricted nucleosides as monomers in oligonucleotide analogues

and as potent antiviral agehishas attracted considerable
attention recently. Anticipating better biological activities,
nucleosides with bi- and tricyclic carbohydrate moiéfiéghave
been synthesized to restrict the conformational flexibility of the
nucleoside into conformers, which are ideal for nucleic acid

(12) For reviews of palladium-catalyzed aminations, see: (a) Wolfe, J.
P.; Wagaw. S.; Marcoux, J.-F.; Buchwald, SAcc. Chem. Re4998 31,
805-818. (b) Hartwig, J. FAngew Chem., Int. Ed1998 37, 2046-2067.

(c) Yang, B. H.; Buchwald, S. LJ. Organomet. Chenl999 576, 125~
146. (d) Muci, A. R.; Buchwald, S. L. Practical Palladium Catalysts for
C—N and C-0 bond Formation. Ii€ross-Coupling Reaction: A Practical
Guide Miyaura, N., Ed.; Topics in Current Chemistry Ser. 219; Springer-
Verlag: New York, 2002; pp 1322009. (e) Barluenga, J.; ValdeC.Chem.
Commun 2005 4891-4901.
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S0c.1998 120, 7369-7370. (d) Hartwig, J. F Kawatsura, M.; Hauck, S.
I.; Shaughnessy, K. H.; Alcazar-Roman, L. M. Org. Chem.1999 64,
5575-5580. (e) Wolfe, J. P.; Tomori, H.; Sadighi, J. P.; Yin, J.; Buchwald,
S. L.J. Org. Chem200Q 65, 1158-1174. (f) Lee, S.; Hartwig, J..H.
Org. Chem.2001, 66, 3402-3415. (g) Charles, M. D.; Schultz, P.;
Buchwald, S. L.Org. Lett 2005 7, 3965-3968.

(15) (a) Brain, C. T.; Brunton, S. Aletrahedron Lett2002 43, 1893
1895. (b) Yamada, K.; Kubo, T.; Tokuyama, H.; Fukuyama$inlet2002
231-234. (c) Zhu, Y.-M.; Kiryu, Y.; Katayama, Hletrahedron Lett2002
43, 3577-3580. (d) Evindar, G.; Batey, R. AOrg. Lett 2003 5, 133—
136. (e) Margolis, B. J.; Swidorski, J. J.; Rogers, BJNOrg. Chem2003
68, 644-647. (f) Brain, C. T.; Steer, J. T. Org. Chem2003 68, 6814~
6816.

(16) For reviews, see: (a) Kool, E. Them Rev. 1997, 97, 1473~
1488. (b) Herdewijn, PBiochim. Biophys. Actd999 1489 167—179. (c)
Leumann, C. JBioorg. Med Chem 2002 10, 841-854.
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TABLE 1. Preparations of Sugar Amines 2a-f

1af 2a-f
Entry Substrate R R, R, X Product Yield(%)
1a PhCH,- H H Br 2a 65
2 1b (CH,),CH- H H Br 2b 75
3 1c PhCH,- OCH, OCH, Br 2¢ 70
4 1d o O H H Br 2d 80
T
5 1le o CHz H OCH, Br 2e 85
AT
6 1f PhCH,- H H I 2f 67

recognition. Herein, we report the synthesis of a new tricyclic
nucleoside analogue in which the furanose ring is linearly cis
fused with a benzoxazocine moiety. The present communication
deals with the scope of the aryl-amination reaction on sugar
derivatives for developing functionalized chiral benzoxazocine

tyerivatives and tricyclic nucleosides incorporating an eight-

membered ring.

The starting material, 1,2:5,6-@-isopropylidene glucofura-
nose, was smoothly converted to the2-bromo/iodo benzylated
sugar aminesa—f, through the intermediat®-(2-bromo-
benzyl) glucofuranosided,a—e,’2 and O-(2-iodo-benzyl) glu-
cofuranosidelf. Selective removal of the 56-isopropylidene
moiety from the benzylated product&éa—f, was smoothly
effected with 70% aqueous HOAc at 26, and the resulting
diol on NalQ, oxidation, imine formation with aliphatic amines,
and subsequent NaBHeduction in MeOH afforded the desired
amines2a—f, in good yields (Scheme 1; Table 1). The spectral
data of 2a—f are in excellent agreement with the assigned
structures.

Our initial goal was to explore the synthesis of benzoxazo-
cine-annulated furanose derivativea—e from 2a—f through
Pd-catalyzed intramolecular cycloamination reactions in the
presence of bases and ligand&fter considering several
phosphine ligands, we chose to pursue the conditions reported
by Buchwald et al? Entry 1 of Table 2 clearly indicates that
the reaction under these conditions failed to provide the desired
compound,3a. We next applied other conditions reported in
the literaturé® (entry 2, Table 2) to effect intramolecular

(17) For the syntheses of bicyclic nucleosides, see: (a) Ravn, J.; Nielsen,
P. J. Chem Soc., Perkin Transl 2001, 985-993. (b) Thomasen, H.;
Meldgaard, M.; Freitag, M.; Wengel, J.; Petersen, M.; NielserClem
Commun 2002 1888-1889. (c) Freitag, M.; Thomasen, H.; Christensen,
N. K.; Petersen, M.; Nielsen, Hetrahedron2004 60, 3775-3786.

(18) For the syntheses of tricyclic nucleosides, see: (a) Nielsen, P.;
Petersen, M.; Jacobsen, J.J>Chem Soc, Perkin Trans 1 200Q 3706-
3713. (b) Ravn, J.; Thorup, N.; Nielsen, P Chem Soc, Perkin Trans1
2001, 1855-1861.

(19) Wolfe, J. P.; Rennels, R. A.; Buchwald, S.Tetrahedron1996
52, 7525-7546.
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TABLE 2. Optimization of the Intramolecular Palladium Catalyzed Cycloamination Reaction

R! N o]
Pd Cat, Ligand, Base, Solvent, A ¥
2a-f » RZI:Q/\)MO
(0¥ "O
3a-e
entry substrate base catalyst ligand solvent product yield (%)
1 2a K2CO3 + KO-tBu Pd(PPB)4 no ligand toluene 3a nr2
2 2a KO-tBu Pd(OACc)» +BINAP toluene 3a 30
3 2a K2COs + KO-tBu Pad(dba} +BINAP DMF 3a 20°
4 2a K2COs + KO-tBu Pad(dba) +BINAP toluene 3a 75
5 2a K2COs + KO-tBu Pd(dba) +BINAP toluene 3a 50°
6 2a K2COs + KO-tBu Pd(dba} PhsP toluene 3a 5f
7 2b K2COs3 + KO-tBu Pad(dba) +BINAP toluene 3b 749
8 2c K2CO; + KO-tBu Pd(dbay +BINAP toluene 3c 68
9 2d CsCOs Pd(dbay +BINAP toluene 3d 659
10 2d K2COs3 + KO-tBu Pad(dba} +BINAP toluene 3d 7
11 2e K2COs + KO-tBu Pad(dba} +BINAP toluene 3e 700
12 2f CsCOs Pdx(dba) +BINAP toluene 3a 559

aReaction conditions: 10 mol % Pd(P$h no ligand, 2.0 equiv ECO;, 2.0 equiv KOtBu, toluene (10 mL/mmol substrate), 9C, 24 h, nr= no
reaction.? Reaction conditions: 2 mol % Pd(OAc} mol %+BINAP, 2.0 equiv KOtBu, toluene (10 mL/mmol substrate), 80, 24 h.¢ Reaction conditions:
10 mol % Pd(dba), 7 mol % +BINAP, 2.0 equiv KCQO;, 2.0 equiv KOtBu, DMF (10 mL/mmol substrate), 10%, 16 h.9 Reaction conditions: 10 mol
% Pdy(dba), 7 mol % +BINAP, 2.0 equiv KkCO3, 2.0 equiv KOtBu, toluene (10 mL/mmol substrate), 9C, 16 h.® Reaction conditions: 10 mol %
Pdy(dbay, 10 mol % +BINAP, 2.0 equiv KCOs, 2.0 equiv KOtBu, toluene (10 mL/mmol substrate), 9C, 18 h.f Reaction conditions: 10 mol %
Pdy(dba), 10 mol % PBP, 2.0 equiv KCOs, 2.0 equiv KOtBu, toluene (10 mL/mmol substrate), 9G, 24 h.9 Reaction conditions: 10 mol % Rdba},
7 mol % £BINAP, 5.0 equiv CgCQOs, toluene (10 mL/mmol substrate), 9C, 16 h.

SCHEME 2.

R
1 N—H
Pd,(dba); (10 mol%), + BINAP (7 mol%) R O
2a-e > R2 3a) "0
o] [ o

(K,CO3+KO-Bu) (2 equiv), Toluene, 90°

worked best as the base component. The use of a weak'base
like Cs,CO; (5 equiv) gave a slight lowering of the yield (entry

9, Table 2). However, this worked better when the iodo substrate
2f was used (entry 12, Table 2).

The feasibility of synthesizing benzoxazocines and tricyclic
nucleoside analogues from the annulated sugar derivatives could
be realized using@a (Scheme 3). Thus3a was converted to
the functionalized benzoxazocing through a sequence of
reactions involving the removal of the 1(-isopropylidene
group with 4% HSO, (v/v) in CH3CN/H,O (3:1), NalQ
cleavage of the diol, NaBHreduction of the carbonyl group,
and acetylation. The formation ef was deduced from the
appearance of four methylene carbon signalé 9.2, 59.8,
63.8, and 77.3 in it43C NMR spectrum. As an application of
our methodology, a nucleobase could be successfully installed
on 3a by cleavage of the acetonide group, acetylation to form
the anomeric mixture of diacetat&s and reaction with 2,4-
bis(trimethylsilyloxy)uracil in the presence of TM®TTf in

Synthesis of cis-Fused Furobenzoxazocines

3a-e
68-77%
Pd,(dba)s (10 mol%), + BINAP (7 mol%)
2f > 3
(Cs,CO3) (5 equiv), Toluene, 90 °C 55%

cyclization, but this effected the transformation in only 30%
yield. However, application of the more recently disclosed
reagents [Pgdbay/=BINAP/KO-tBu + K,COs]'%¢ gave the
desired cyclic product8a—e in 68—77% yield (Scheme 2).

The assigned structures of the produgds-e were based on
spectroscopic data. The stereochemistries 885 4.30-4.45,

d, J = 3.0 Hz) and other protons were derived by a comparison CH3CN at room temperature. The presence in each case of two
. P 3! .
of the J values wnh those of similar products prepared bes. doublets a 5.65, 7.44 § = 8.1 Hz) and a broad singlet at
Because we did not encounter any example of an intra- g gg (olefin and NH protons of uracil, respectively) in fé
molecular cycloamination to prepare oxazocine rings and the N\ of 6 confirmed the presence of nucleobase in the product.
reported condition for benzazepine analogues did not efficiently 1,4 assignment of the structuevas further supported BY4—
provide access to the d_esired r_ing systems, we sought to explore; cosy results. Anchimeric assistance by the neighboring
further the scope of this reaction (Table 2). acetoxy group directs the incoming nucleobase tqptfiece?2
Evaluations of ligands and palladium sources showed that forming the nucleoside derivativé
the best conditions for the reaction were,(@a) as the In conclusion, it has been demonstrated that a Pd-catalyzed
palladium sourcesBINAP as the ligand, KGBu with Kz2CO3 intramolecular arylamination reaction can be applied to carbo-
as the base_, and toluene as the solvent. A stoichiometric ratIOhydrate_derived substrates to Synthesize tricyc“c furobenzox-
of catalyst/ligand [10 mol % R(tba)/7 mol % +BINAP] azocines. The key step in this synthesis exploits recent

should be used in all cases. The use of excess ||gand furnishe(hdvancements in the area of pa"adium Cata|ysts on sugar
a low vyield of the desired producBa (entry 5, Table 2).

Loadings of catalyst less than 10 mol % were also less effective.
A combination of KCGO; (2.0 equiv) and KOBu (2.0 equiv)

(21) Meyers, C.; Maes, B. U. W.; Loones, K. T. J.; Bal, G.; Lemjes.
L. F.; Dommisse, R. AJ. Org. Chem2004 69, 6010-6017.

(22) (a) Niedballa, U.; Vorbrggen, H.J. Org. Chem 1974 39, 3654
3660. (b) Vorbiggen, H.; Krolikewiez, K.; Bennua, Bzhem Ber. 1981,

(20) Beccalli, E. M.; Broggini, G.; Paladino, G.; Zoni, Tetrahedron
2005 61, 61—68.

114, 1234-1255. (c) Vorbiggen, H.; Hdle, G. Chem Ber. 1981 114
1256-1268.
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SCHEME 3.

|/Ph

N
w’\c i)-iv) )
<~ 3a
o —0ac

4

Ph
oy g
N o ‘ N o N
SPuTRey
O “0Ac
5

Conversion of 3a to Benzoxazocine Derivatives and a Modified Nucleoside

[e]
Ph
0 L
(o]
o[ o
6

Ac

aReagents and conditions: (i) 4%%$0, (v/v), acetonitrile/water (3:1), rt, 12 h; (ii) ag NaiOMeOH, rt, 45 min; (iii) NaBH, anhydrous MeOH, rt, 3
h; (iv) Ac0, pyridine, rt, 12 h, overall yield, 60%; (v) A©, pyridine, rt, 12 h, 90%; (vi) 2,4-bis-(trimethylsilyloxy)uracil, TM®Tf, anhydrous acetonitrile,

rt, 5 h, Np, 60%.

derivatives to form benzofused oxazocines. Overall, the bestwere washed successively with cold aqueous HCI (1% viv,3D

conditions for this reaction are Hdba)y as the catalyst,
+BINAP as the ligand, KGBu with K,CO; as the base, and

toluene as the solvent. The reaction worked on a variety of
D-glucose-derived substrates, as shown in Table 2, and can b
explored to synthesize tricyclic nucleoside analogues incorporat-
ing the oxazocine core. This simple protocol is capable of being

mL) and water (3x 50 mL) and then dried. The solvent was
evaporated under vacuum. The crude mass was purified by silica
gel flash chromatography to afford the diacetéts colorless oil:

é)verall yield, 60% (eluent, light petroleum/ethyl acetate)}®ps

168.43 € 1.1, CHCE). 'H NMR (CDCl;, 300 MHz): 6 1.87 (s,
3H), 2.04 (s, 3H), 3.04 (dd, 1K), = 13.7, 9.0 Hz), 3.20 (dd, 1H,
J=13.9, 5.2 Hz), 3.893.94 (m, 1H), 4.17 (d-like, 2H), 4.38 (d-

extended to many other carbohydrate-derived precursors, leadingike, 3H), 4.65 (d, 1H,J = 13.0 Hz), 4.95 (d, 1HJ = 13.0 Hz),

to a unity of structural types.

Experimental Section

General Procedure for the Cycloamination Reaction of 2a
and 2f. To a solution of amine€a (1 mmol) in dry toluene (10
mL/mmol substrate) were added bases #8D-(224 mg, 2 equiv)
and K,CO;[276 mg, 2 equiv; or GEO; (5 equiv) for2f (1 mmol)],
Pd-catalyst (10 mol %), anétBINAP (7 mol %), and the reaction
mixture was heated at S« for 16 h under an argon atmosphere.

7.00-7.41 (m, 9H).13C NMR (CDCk, 150 MHz) 6 20.7, 20.9,
59.2, 59.8, 63.8, 72.0, 77.3, 81.0, 120.1, 123.7, 127 %,128.6,
2x129.1,129.2,130.6, 134.7, 138.8, 154.5, 170.1, 170.8 IR
(liquid film): 1741, 1493, 1450, 1371, 1233, 1044 CmESIMS:
m/z 384 (MH"), 406 (MNa’). Anal. Calcd for GoH,sNOs: C,
68.91; H, 6.57; N, 3.65. Found: C, 68.70; H, 6.40; N, 3.45.
(2R,3R,3aS,11aR)-3-Acetoxy-10-benzyl-2-(2,4-dioxo-3,4-dihy-
dro-2H-pyrimidin-1-yl)-3,3a,5,10,11,11a-hexahydro-&-1,4-di-
oxa-10-aza-benzd]cyclopentale]cycloocten (6).2,4-Bis-(trime-
thylsilyloxy)uracil was prepared by refluxing a mixture of uracil

After the disappearance of the starting amine (TLC), the crude (336 mg, 3.0 mmol) and trimethyl silyl chloride (2 drops) dissolved
reaction mixture was passed through a silica bed and then extractedn hexamethyl disilazane (5 mL) under, Kor 10 h. The residue,

with CH,Cl, (4 x 25 mL). The organic layer was washed with

obtained after evaporation of the solvent in vacuum, was dissolved

water (4x 25 mL) and dried, and the solvent was evaporated under in dry CH;CN (5 mL) and added to a solution of diacetate
reduced pressure. The crude mass was purified by flash chroma-compounds (411 mg 1.0 mmol) in dry CECN (5 mL) and TMS-

tography over silica gel to furnish the cyclized prodGet
(2R,3R,3aS,11aR)-10-Benzyl-2,3-isopropylidenedioxy-3,3a,5,-
10,11,11a-hexahydro-BR-furo[3,2-c][1,5]benzoxazocine (3a)Pale
yellow solid; mp 116°C; yield 75% (eluent, light petroleum/ethyl
acetate, 7:1);d]* +108.7 € 2.0, CHC}). *H NMR (CDCl;, 300
MHz): ¢ 1.26 (s, 3H), 1.29 (s, 3H), 3.14 (dd-like, 1H), 3.26 (dd,
J= 145, 5.2 Hz, 1H), 3.783.84 (m, 1H), 4.23 (d, 1H) = 13.1
Hz), 4.37 (d, 1H,J = 3.0 Hz), 4.44 (d, 1HJ = 13.2 Hz), 4.58
(d-like, 2H), 4.90 (d, 1H) = 12.9 Hz), 5.78 (d, 1HJ) = 3.6 Hz),
6.93-7.38 (M, 9H).13C NMR (CDCk, 75 MHz): ¢ 26.5, 26.8,

OTf (0.5 mL). The mixture was stirred at room temperature under
N, for 5 h. TLC showed the completion of the reaction. The solution
was neutralized with solid NaHGGand water (3 drops), and the
solvent was evaporated under vacuum. The gummy material was
extracted with CHGI(3 x 25 mL), and the organic part was washed
with brine solution (3x 25 mL), dried, and concentrated under
vacuum. The crude product was purified by flash chromatography
over neutral alumina to afforlas a sticky liquid (247 mg): vyield,
60% (eluent, light petroleum/ethyl acetate, 1:B)}%s +98.69 €

3.0, CHCE). *H NMR (CDCl;, 300 MHz): 6 2.12 (s, 3H), 3.3%

58.7,59.3, 77.8, 79.8, 85.2, 89.4, 105.0, 111.3, 119.1, 122.6, 127.3,3.35 (m, 2H), 3.65-3.69 (m, 1H), 4.27 (d, 1H] = 13.2 Hz), 4.36

2 x 128.4, 2x 128.8, 129.1, 130.7, 133.1, 139.2, 154.8.4Rx«
(KBr): 2922, 1749, 1492, 1240, 1078, 1010 cwEIMS: mVz 367
(M, 70%). Anal. Calcd for gH.sNO,: C, 71.91; H, 6.86; N,
3.81. Found: C, 71.73; H, 6.98; N, 3.65.
(3R,4R)-3-Acetoxy-4-acetoxymethyl-1-benzyl-1,3,4,6-tetrahy-
dro-2H-benzo[][1,5]oxazocine (4).Compound3a (1 mmol) was
dissolved in CHCN—H,0 (3:1) containing 4% kB0, and the
mixture was stirred at room temperature for 12 h. The acidic
solution was neutralized with solid NaHG@t 0 °C and filtered,

(d, 1H,J = 3.5 Hz), 4.48 (d, 1HJ = 13.2 Hz), 4.63 (d, 1HJ =

12.9 Hz), 5.01 (d-like, 2H), 5.65 (d, 1H,= 8.1 Hz), 5.90 (d, 1H,
J=2.2 Hz), 7.03-7.37 (m, 9H), 7.44 (d, 1H] = 8.1 Hz), 8.89 (s,
1H). 33C NMR (CDCk, 75 MHz): 6 20.6, 53.4, 58.8, 77.6, 81.1,
82.0,87.7,87.9,102.8, 119.5, 123.0, 127.%, 228.5, 2x 128.7,
129.4, 130.9, 132.9, 138.9, 140.2, 150.2, 154.3, 163.1, 169.4. IR
vmax (liquid film): 3206, 1749, 1692, 1601, 1455, 1377, 1227¢ém
ESIMS: m/z 464 (MH"), 486(MNa"). Anal. Calcd for GsHas
N3Og: C, 64.79; H, 5.44; N, 9.07. Found: C, 64.52; H, 5.23; N,

and the filtrate was evaporated in a vacuum. The residue was8.98.

extracted with ethyl acetate (6 25 mL), and the combined organic

layers were dried and concentrated under vacuum. The colorless Acknowledgment. We are grateful to Dr. B. Achari of our
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extracted with CHGI (6 x 25 mL). The combined organic layers
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