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Abstract: A general and convenient synthesis of carbohydra@dhalogs by addition of malonates to glycals is
described. The method is applicable to glycals derived from hexoses and pentoses and is characterized by easily
available precursors. The reactions are mediated by manganese(lll) or cerium(lV) and pieceégtmediarily
generated malonyl radicals. All additions exhibit a very high degree of regioselectivity, since @dbyrahched

sugars were obtained. This result can be best rationalized by favorable orbital interactions between the SOMO of
the malonyl radical and the HOMO of the double bond. Variation of the steric demand of the malonate or the glycal
allows the stereoselectivities to be increased up 88%. Highest selectivities were obtained with@iacetylp-

galactal and d-acetylb-arabinal, where the attack occurs exclusively from one face of the carbohydrate. For all
cerium(lV)-mediated reactions, methyl glycosides are formed as main products-89%3 yield, which can be
isolated in analytically pure form on a gram scale. Strong evidence was found for a ligand transfer rather than
electron transfer during the formation of carbohydrate 1-nitrates, which sheds light on the mechanism of transition-
metal-mediated radical reactions. In terms of starting materials, stereoselectivities, and yields, the herein described
method for the synthesis of carbohydrat€-analogs is superior to literature known procedures.

Introduction tions, cycloaddition§, epoxidations, the addition of hetero-
) . atoms? and acid-induced rearrangeméraee the most important
C-Branched sugars are of current interest in carbohydrate ;a5ctions. FurthermoreC-glycosides can be conveniently
chemistry. During the last 20 years, many methods have beensynthesized from glycak. However, the direc€-functional-

developed for the synthesis Gfglycosides in which a carbon  jzai0n of the 2-position of glycals was unexplored until very
atom substitutes the glycosidic oxygerHowever,C-function- recently.

alizations at other positions of the sugar ring require many steps
or the use of toxic tin and mercury compourfdgderein we
present a practical and general protocol for the synthesigGf 2-
analogs of carbohydrates, which is notable for easily available
starting materials, high yields, and good stereoselectivities.

We chose glycals as ideal substrates for this purpose, since (6) Recent examples: (a) Henry, K. J.; Fraser-Reid[@rahedron Lett.

these chiral building blocks can be prepared on a multigram \1/99}? 36, 8J9081_8904d (b%\ATin}mgrs,A C. M.;BLeeUV\SenFiurgR. dM. A
: erneljen, J. ., van der arel, . A.; van boom, J. trahedron:
scale and are known to serve as precursors for a broad varletyAsyrnmetr 1996 7, 49-52. (c) Hoberg, J. O.: Claffey, D. Tetrahedron
of optically active product8. Among the various transforma- | ett. 1996 37, 2533-2536. (d) Capozzi, G.; Dios, A.; Franck, R. W.; Geer,
A.; Marzabi, C.; Menichetti, S.; Nativi, C.; Tamarez, Mngew. Chem.,

® Abstract published irAdvance ACS AbstractSeptember 15, 1997. Int. Ed. Engl. 1996 35, 777-779. (e) Chmielewski, M.; Kaluzza, Z.;

During the course of our investigations on manganese(lll)-
mediated radical reaction$we revealed the first application
of this methodology in carbohydrate chemisttyThus, addition
of dimethyl malonateZa) to tri-O-acetylp-glucal (La) proceeds

(1) Undergraduate research participant, Spring 1997. Furman, B.J. Chem. Soc., Chem. Commuad®896 2689-2696.

(2) (@) Hanessian, S.; Pernet, A. Bdv. Carbohydr. Chem. Biochem. (7) (@) Halcomb, R. L.; Danishefsky, S.J.Am. Chem. So4989 111,
1976 33, 111-188. (b) Postema, M. H. Dletrahedronl992 48, 8545— 6661-6666. (b) Patch, R. J.; Chen, H.; Pandit, CJROrg. Chem1997,
8599. (c) Levy, D. E.; Tang, CThe Chemistry of C-GlycosideRerga- 62, 1543-1546. (c) Seeberger, P. H.; Beebe, X.; Sukenick, G. D.;
mon: Oxford, 1995. (d) Postema, M. H. B-Glycoside synthesi€RC Pochapsky, S.; Danishefsky, S.Ahgew. Chem., Int. Ed. Engl997, 36,
Press: London, 1995. (e) Beau, J.-M.; Gallaghef,@p. Curr. Chem1997, 491-493.

187, 1-54. (f) Nicotra, F.Top. Curr. Chem1997, 187, 55—83. (8) (a) lgarashi, K.; Honma, T. Org. Chem197Q 35, 617-620. (b)

(3) (a) Hall, R. H.; Bischofberger, K.; Brink, A. J.; de Villiers, O. G.; Lemieux, R. U.; Ratcliffe, R. MCan. J. Chem1979 57, 1244-1251. (c)
Jordaan, AJ. Chem. Soc., Perkin Trans.1D79 781-786. (b) Schmidt, Bellucci, G.; Chiappe, C.; D’Andrea, F.; Lo Moro, Getrahedron1997,
R. R.; Kast, J.Tetrahedron Lett1986 27, 40074010. (c) Fraser-Reid, 53, 3417-3424.

B.; Magdzinski, L.; Molino, B. F.; Mootoo, D. Rl. Org. Chem1987, 52, (9) (a) Ferrier, R. J.; Prasad, N. Chem. Soc. @969 581-586. (b)
4495-4504. (d) Lawrence, A. J.; Pavey, J. B. J.; Cosstick, R.; O'Neil, I. Inaba, K.; Matsumura, S.; Yoshikawa, Ghem. Lett1991, 485-488. (c)
A. J. Org. Chem.1996 61, 9213-9222. (e) Dondoni, A.; Kniezo, L.; Fraser-Reid, BAcc. Chem. Red996 29, 57—66.
Martinkova, M.; Imrich, JChem. Eur. J1997, 3, 424-430. (f) Sinay, P. (10) Levy, D. E.; Tang, CThe Chemistry of C-GlycosideBergamon:
Pure Appl. Chem1997, 69, 459-463. Oxford, 1995; pp 155173.

(4) (a) Giese, B.; Goritez-Gomie, J. A.; Witzel, T.Angew. Chem., Int. (11) (a) Linker, U.; Kersten, B.; Linker, Tletrahedron995 51, 9917

Ed. Engl.1984 23, 69-70. (b) Giese, B.; Ghainger, K.Tetrahedron Lett. 9926. (b) Linker, T.; Kersten, B.; Linker, U.; Peters, K.; Peters, E.-M.; von
1984 25, 2743-2764. (c) Jung, M. E.; Choe, S. W. Tletrahedron Lett. Schnering, H.-G.Synlett 1996 468-470. Reviews of transition-metal-

1993 34, 6247-6250. mediated radical reactions: (a) Melikyan, G.$nthesid4993 833-850.

(5) Reviews: (a) Ferrier, R. Adv. Carbohydr. Chem. Biocherhi969 (b) Igbal, J.; Bhatia, B.; Nayyar, N. KChem. Re. 1994 94, 519-564. (c)
24, 199-266. (b) Lichtenthaler, F. W. IModern Synthetic Methods 1992 Dalko, P. I. Tetrahedron1995 51, 7579-7653. (d) Snider, B. BChem.
Scheffold, R., Ed.; VCH: Weinheim, 1992; pp 27#376. (c) Bols, M. Rev. 1996 96, 339-363. (e) Melikyan, G. GOrg. React1996 49, 427—
Carbohydrate Building Blockswiley: New York, 1996; pp 49-53. (d) 675. (f) Linker, T.J. Prakt. Chem. Chem. 71997, 339, 488-492.
Danishefsky, S. J.; Bilodeau, M. Angew. Chem., Int. Ed. Endl996 35, (12) Linker, T.; Hartmann, K.; Sommermann, T.; Scheutzow, D.;
1380-1419. Ruckdeschel, EAngew. Chem., Int. Ed. Engl996 35, 1730-1732.
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Table 1. Addition of Malonates2 to Glycals1

o ROC, COR Ao o
—— A g
Ao~ 9) COsR method AcOX T OR' ACOX——0 AcO-X;
- . o A0S N
CO,R conv. > 97% COR RO,C” \.ONO2
ROC OoR' OAc 2C Co,R
1 2 R  method® dr a:B° R 3 (%)° 3 (%)° 4 (%)° 5 (%)°
AcO
AcO o 2a Me 79:21 Ac gluco-3a (52)d manno-3a (14)° (10)f -
AcO 2> 2 iPr 84:16 Ac  gluco3b (57)9 manno-3b (1) a1y ;
1a
AcO
ACO o 2a Me 85:15 Me gluco-3a (62) manno-3a (14) - gluco-5a (16)
AcO =" 2b iPr 91: 9 Me  gluco3b (68) manno-3b (8) ; gluco-5b (16)
1a
AcO OAc
o 2a Me >98: 2 Me galacto-3a (78) - - galacto-5a (8)
AcO / 2b  iPr >98: 2 Me galacto-3b (73) - - galacto-5b (17)
1b
AcO o 2a  Me B 93: 7 Me  xyio-3a(81) lyxo-3a (6) - -
AC?D 2b  i-Pr B 87:13 Me  xyio-3b (75) lyxo-3b (11) - -
c
AcO 0 2a Me B <2:98 Me  arabino-3a (89) - - -
14 N . :
2b  iPr B <2:98 Me  arabino-3b (87) - - -

>
(]
o]

aMethod A; 2-4 equiv of Mn(OAc}-2H,0, HOAc, 95°C; method B; 3-6 equiv of CAN, MeOH, (°C. ? Diastereomeric ratiosd( related to
attack of malonyl radicals) determined By NMR analysis of the crude product (600 MHz)Yield of isolated product after column chromatography.
dof = 16:84.¢a:f = 71:29.7 af = 10:90.9 ;3 = 8:92." a;f >97:3." ;8 = 7:93.1 a: = 5:95.k ;3 = 3:97.' :;f = 92:8.

Scheme 1 described by Helferich® First attempts to obtain higher
AcO stereoselectivities were performed by addition of the sterically
A?&c’) . <C°2Me 2.5 equiv. Mn(OAc); - 2 H,0 more demanding diisopropyl malonatgbj to tri-O-acetylo-
¢ = COo,Me KOAc, HOAc, 95 °C glucal 1a) in the presence of manganese(lll) acetate dihydrate
1a 2a (method A, Table 1). Indeed, tligucamannoratio was slightly
increased from 79:21 to 84:16, but again the unsaturated
AcO MeO,C_ CO,Me  AcO carbohydratet was formed in 11% yield. The product ratios
ACAOC@OAC . Aﬁgoif I.o +Aco‘§;o\‘ were determined by 600 MH# NMR spectroscopy directly
COM AcO OAc N on the crude reaction mixture after evaporation of the solvent.
Me0:C 2ve OAc The rearranged productscould be easily removed by column
gluco-3a manno-3a 4 . . .
chromatography, but a complete separation of the diastereomeric
66% 10% C-analogs3b was not possible. However, the configuration of
(@:B=16:84) 79:21 (a:p=71:29) (a:p=10:90) the addition products was unequivocally established by the

assignment of all coupling constants of the ring protons by
with very high regioselectivity to afford th€-analogs3a in means of 1D TOCSY NMR spectroscolfy.Furthermore, the
66% yield (Scheme 1). However, four diastereomers are formed main productg-gluco-3a andj-gluco-3b, derived from addition
with only moderate selectivity. Furthermore, the unsaturated of malonate to tri-O-acetylb-glucal (L&) in the presence of
carbohydrated result from an acid-catalyzed Ferrier rearrange- manganese(lll) acetate dihydrate (method A), could be finally
men? under the drastic reaction conditions. isolated in analytically pure form by crystallization.

Herein we describe a new methodology to remarkably
. " o AcO AcO
increase the stereoselectivities of the additions and to suppress AcO Q AcO 0
the undesired Ferrier rearrangement. Furthermore, for the first AcO OAc AcO OAc
time the transition-metal-mediated addition of malon&tess
extended to tr©@-acetylp-galactal (b) and glycalslc and1d
derived from pentoses. Finally, mechanistic details will be
presented to rationalize the regio- and stereoselectivities of the
reactions.

MeQ,C~ COxMe FPro,c~ ~CO2FPr

B-gluco-3a B-gluco-3b

To overcome the problem of acid-catalyzed Ferrier re-
arrangements, milder reaction conditions were next employed.

(13) (a) Helferich, B.; Mulcahy, E. N.; Ziegler, Lhem. Ber1954 87,
234-235. (b) Helferich, B.; Gindy, MChem. Ber1954 87, 1488-1491.
. (14) a) Kessler, H.; Oschkinat, H.; Griesinger, C.; Bermel, MMagn.
Glycalsla—d were synthesized from-glucosep-galactose,  ges 1986 70, 106-133. (b) Ginther, H. NMR-Spekiroskopje3rd ed.;
D-xylose, and-arabinose, respectively, according to the method Thieme: Stuttgart, 1992; pp 37876.

Results
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Scheme 2
OAc AcO _OAc
AcO 0 0
AcO OMe AcO OMe
RO,C” "COzR RO,c” “CO2R
gluco-3 galacto-3
aaR=Me Jjp=86HzJy3=11.6Hz Jy2=8.8Hz Jp3=123Hz
b: R=/-Pr J1,2 =8.6 Hz; J2'3 =11.6 Hz J1,2 =8.8Hz J2’3 =123 Hz
AcO 0 o OMe
AcO
c OMe CO,R
CO2R OAc
RO,C 2 AcO CO.R
xylo-3 ribo-3
aaR=Me J;,=7.8HzJ;3=108Hz J12=8.6Hz Jy3=11.9Hz
b: R = i-Pr J1'2 =7.6 Hz; nga =104 Hz J1‘2 =8.6 Hz; J2'3 =119 Hz

Ceric(IV) ammonium nitrate (CAN) turned out to be the reagent
of choice (method B), since radical generation from CH-acidic

substrates takes place even in methanol at low temperatures.

Thus, the addition of malonat@sto tri-O-acetylp-glucal (La)
afforded the G-C bond-formation product8 and 5 highly
regioselectively in 92% vyield without competing Ferrier re-

arrangement (Table 1). Furthermore, due to the lower reactionhave two equatorial substituents (Scheme 3).
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Scheme 3
RO,C_ CO,R OAc
AcO -0, - . ~0 OMe
AcO - COR
A CO,R
“c, iyxos OMe O 1c, xos 2
a:R=Me Jy3=7.2Hz;Jy3=387Hz
b: R=i-Pr J1_2 =7.0Hz; J2_3 =3.4Hz
Scheme 4
RO,C.
2
RO,C
Mn(lll Ce(lll
1D} ( )Acob/o AcOS——0
0 R
; RO,C , CO.R
Mn(l) Ce(lll)
RO,C
6 .
RO,C

of substituentd? An interesting example is provided by the
lyxo-configurated methyl glycoside® since both conformers
Due to the

temperature higher stereoselectivities were obtained with ceri-anomeric effect® the “C; conformation should be slightly

um(IV) than with manganese(lll). Again, the sterically more
hindered diisopropyl malonat@lf) favors the formation of the
gluco-configurated product8b and5b compared to dimethyl
malonate 2a). Finally, another advantage of the cerium(IV)-

favored. However, thd; , H—H coupling constants of 7-0

7.2 Hz indicate that the equilibrium is shifted toward fi@,
conformation, which documents the importance of the equatorial
orientation of the sterically demanding malonyl substituents.

mediated reactions is reflected in the easy separation of the For synthetic applications it is important that the major

nitratess from thegluco-configurated main products by column
chromatography.
Although the reactions with diisopropyl malona) provide

higher stereoselectivities than the analogous additions of di-

methyl malonate Za), mannoisomers3b are still formed as
side products by-attack to the glucala. To further increase

the selectivities and to elucidate the scope and limitations of

our method, other glycals were next tested. Thuftdeetyl-

p-galactal {b) was found to be an especially attractive substrate

for the cerium(lV)-mediated radical reactions, since tat

isomers could be detected with both malonates (Table 1).

Finally, we investigated for the first time additions of malonates
2to glycalslcandld derived from pentoses. Indeed, a smooth
reaction takes place at 0C in the presence of ceric(lV)

products3 and5 can be isolated by column chromatography or
simply by crystallization in analytically pure form on a gram
scale. Therefore, the herein presented methodology provides a
convenient and general route td22analogs of carbohydrates,
which in terms of steps and yield is superior to literature known
procedureg:*

Discussion

As shown in Table 1, all reactions of glycdlsvith malonates
2 afford exclusively 2€-branched carbohydrates, and no
addition to the 1-position is observed. These high regioselec-
tivities are interesting from the mechanistic point of view
(Scheme 4). In the first step, malonyl radicélare generated

ammonium nitrate (CAN), and the formation of rearrangement from malonate® and manganese(lll) (method A) or cerium(IV)

products4 was suppressed completely (Table 1). The&-2-

analogs3 were isolated in even higher yields compared to the

additions to glycalda and1b, since no nitrate$ are formed.
The configuration of all products was established by the

(method B) by an inner-sphere electron transterSuch
acceptor-substituted radicals are characterized by the low energy
of the SOMO and exhibit electrophilic characté®1® Thus,

the interaction with the HOMO of the double bond becomes

complete assignment of the coupling constants of the ring predominant, which has the largest coefficient at the 2-position

protons by 600 MHZH NMR spectroscopy. Furthermore, for
some methyl glycosides X-ray structures were obtai§eds
expected,gluco galactq and xylo isomers3 prefer the4C,
conformation, which is revealed by the lar@§ie andJ; s H—H
coupling constants (Scheme 2). On the other hand@e
conformation is favored for the-arabinoconfigurated products,

of glycals. This explains the highly regioselective addition of
malonates2 to afford the adduct radicalg and reveals the
importance of orbital interactions in radical reactions, since for
steric reasons, attack at the 1-position should be favored.
Furthermore, the transition-metal-mediated radical reactions
described herein represent typical examples oUampolung

which can be rationalized by the preferred equatorial orientation since the palladium-catalyzed addition gfdiketones and

(15) (a) Baciocchi, E.; Giese, B.; Farshchi, H.; Ruzziconi,JROrg.
Chem.199Q 55, 5688-5691. (b) Nair, V.; Mathew, Jl. Chem. Soc., Perkin
Trans. 11995 1881-1882. (c) D’'Annibale, A.; Pesce, A.; Resta, S;
Trogolo, C.Tetrahedron Lett1997 38, 1829-1832.

(16) (a) Peters, K.; Peters, E.-M.; Linker, T.; Sommermann,ZT.
Kristallogr. 1997, 212, 137-138. (b) Peters, K.; Peters, E.-M.; Linker, T.;
Sommermann, T., unpublished.

(17) Bushweller, C. H.Conformational Behaor of Six-Membered
Rings: Analysis, Dynamics and Stereoelectronic Effehtaristi, E., Ed.;
VCH: New York, 1995.

(18) Thatcher, G. R. JThe Anomeric Effect and Associated Stereo-
electronic EffectsACS Symposium Series 539, 1993.

(19) (a) Giese, BAngew. Chem., Int. Ed. Endl983 22, 753-764. (b)
Giese, B.Angew. Chem., Int. Ed. Engl985 24, 553-565.
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Scheme 5 Scheme 8
z
2 , cat. Pd(0), Pd(l), ACO OAc
Acob\/o) z> Ao QO oz 0
— \A«w( AcO .
60 - 80%
1 Z=COR, CO,R 8 z 7 RO,C  "COR
Scheme 6
YA CAN
h AcO) OAc CAN \
R (el;actron “;?::ger)
N t
AcO o) 0 ACO [o) ransfer)
AcO _— AcO _— _—
OAc OAc OAc
1a,c 1b AcO 1d AcO- AcO- AcO-
U o MeOH o o
AcO ® AcO OMe aco
_ ONO
Scheme 7 RO,C VO RO,C CO,R RO:C COLR
9 OR
ACO OAc 5
AcO -OAc ¢ HgOAc Finally, the formation of methyl glycosideésand nitrates
o Hg(OAc), ACO -0 is interesting from the mechanistic point of view. The adduct
AcO C radical 7 is readily oxidized by CAN to the catio®, which is
_— CHZOH
OMe trapped by the solvent to afford the methyl glycosRleThe

1b exclusive formation of-galactosides3-glucosides, and-man-
nosides3 can be rationalized by a neighboring group participa-
OAc tion of the malonyl substituent (Scheme 8). Such effects are

OAc
/CN AcO AcO | (
. o] CN not present in heteroatom additions to glycals, and, therefore,
* AcO - product mixtures resuft.

BuySnH Ao On the other hand, the nitratBsare exclusively obtained as
67% NC OMe OMe o-anomers and cannot be formet the intermediate. A
67:33 direct ligand transfer from CAN without participation of cations
malonates? to glycals 1 affords exclusivelyC-glycosides8 is more likely (Scheme 8), which would explain the high
(Scheme 5§¢:20 stereoselectivity, since carbohydrate radicals Tikare prefer-

Apart from the excellent regioselectivities, the addition of entially trapped from theo-face?! To further prove this
malonates to the 2-position exhibits a good to high degree of hypothesis, we conducted the additions in the presence of 10
stereoselectivity (Table 1). Due to the lower reaction temper- equiv of sodium nitrate. Indeed, no influence on the product
atures, cerium(lV)-mediated reactions (method B) are more distribution was observed. Thus, the previously postulated ionic
selective than the corresponding additions in the presence ofmechanism for the formation of nitratéscan be ruled out,
manganese(lll) acetate dihydrate (method A). The observedwhich is important for the mechanistic understanding of
preferred attack of malonyl radicaito the double bond of  transition-metal-mediated radical reactions. For the addition of
the glycals can be best rationalized by steric interactions. malonates in the presence of manganese(lll) acetate dihydrate,
Although the change from dimethyl malonale to diisopropy! a differentiation between electron and ligand transfer is not
malonate {b) only slightly alters thex: ratio, the substitution ~ possible, since trapping of the intermediary catiénby the
pattern of the glycald has a strong influence on the stereo- solvent acetic acid affords the same product.
selectivity. Thus, in all examined reactions the radicals add Interestingly, with the pentose derived glycatsand1d no
preferentially trans to the acetate group in the 3-position nitrates5 were obtained (Table 1). One explanation could be
(Scheme 6). Due to the similar substitution pattern ofOi-  the slower oxidation of the adduct radicglsico- andgalacto 7
acetylp-glucal (La) and di-O-acetylo-xylal (1¢), glucdmanno to the cation® compared to the correspondirglo andarabino
andxyla/lyxo mixtures were obtained in approximately the same isomers and, thus, a ligand transfer cannot compete. However,
ratios (Table 1). On the other hand, highest stereoselectivitiesno mechanistic rational for such a difference in the oxidation
were observed with ti®-acetylp-galactal Lb) and diO-acetyl- potentials exists in the literature. It is more likely thato-,
p-arabinal (d), since two ester groups shield the same face of lyxo-, and arabino-configurated nitratess are formed as
the carbohydrate. Furthermore, in both cases one substituenintermediates and are subsequently trapped by the solvent
is orientated pseudo axial, which results in severe steric methanobkia a §y2 reaction (Scheme 9). Indeed, small amounts
interactions with the malonyl radicaisand, thusgalacto and of the methyl glycosides-lyxo-3 and-arabino-3 were isolated,
arabino-configurated products are formed exclusively. The whereas the addition to t-acetylp-glucal (La) and tri-O-
herein described high selectivities are in accordance with acetylb-galactal {(b) proceeds exclusively 1,Rans selective
cycloaddition8 and epoxidatior’s of galactal and arabinal  (Table 1). Further evidence for this mechanistic hypothesis is
derivatives. However, the similar cerium(lV)-mediated azido- provided by the literature known reaction of carbohydrate
nitration of tri-O-acetylp-galactal (b) affords only a product  1-nitrates with nucleophiles like halid&s.This reaction opens
mixture8 Furthermore, compared to the tin-mediated synthesis up interesting prospects for the synthesis of useful glycosyl
of carbohydrate Z=-analogs (Scheme P which also proceeds  donors.
via radical intermediates, our method is superior in terms of ]
yield and stereoselectivity. Conclusion

(20) (a) Yougai, S.; Miwa, TJ. Chem. Soc. Chem. Comma883 68— The addition of malonates to glycals provides a general and
69. (b) RajanBabu, TJ. Org. Chem1985 50, 3642-3644. convenient entry to carbohydrateCanalogs. Our methodol-
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3,4,6-Tri-O-acetylD-glucal (1a), 3,4,6-TriO-acetyl-D-galactal (1b),
3,4-Di-O-acetyld-xylal (1c), and 3,4-DiO-acetyl-p-arabinal (1d).
Compoundsla—d were prepared by the method described by Helfe-
rich.'3 p-galactallb could not be crystallized from the crude product
mixture and was therefore purified by column chromatography
(petroleum ether/ethyl acetate %3 6:4) as well a>-xylal 1c and
p-arabinalld (petroleum ether/ethyl acetate 6:4), which in the original
procedure were purified by distillation.

General Procedure for Manganese(lll)-Mediated Additions. A
solution of glycalla (1.36 g, 5.0 mmol), malonat2 (50 mmol), and
potassium acetate (1.75 g, 18 mmol) in acetic acid (20 mL) was heated
to 90 °C under an argon atmosphere. At this temperature solid
manganese(lll) acetate dihydrate (2.68 g, 10 mmol, 2.0 equiv) was
added, and stirring was continued until the dark brown color of the
mixture changed to pale yellow. An additional amount of manga-

. licable to al Is derived f h d t nese(lll) acetate dihydrate (2.68 g, 10 mmol, 2.0 equiv) was added
0gy 1S applicable to glycals derived Irom Nexoses and pentoses, v 1| ¢ showed complete conversion of the starting material. After

and is characterized by easily available precursors. The cygjing to room temperature, a diluted solution of sodium thiosulfate
generation of malonyl radicals by ceric(IV) ammonium nitrate (300 mL) was added, and the mixture was extracted with dichloro-
(CAN) is superior to manganese(lll)-mediated additions in terms methane (4x 80 mL). The combined organic extracts were washed
of milder reaction conditions and yields. All reactions exhibit with saturated aqueous sodium hydrogencarbonate 80 mL) and
a very high degree of regioselectivity, since onlgzranched dried (NaSQy), and the solvent was evaporated. The excess of
sugars were obtained. This result can be best rationalized bymalonate was removed at 0.01 mbar. The crude product was purified
favorable orbital interactions between the SOMO of the malonyl PY column chromatography (petroleum ether/ethyl acetate).
radical and the HOMO of the double bond. General Procedure for Cerium(IV)-Mediated Additions. A
; ; solution of glycallab (1.36 g, 5.0 mmol) od.cd (1.00 g, 5.0 mmol

A moderqtg 'Influence of the malonic ester groups on the and malongté (50 mr$10I) ingmethanol ()10 mL)(Was gooled to°(I)
stereoselectivities was observed. On the other hand, the ; X )

o . under an argon atmosphere. At this temperature a solution of ceric(IV)
SUb?’t'tUt'pn patt_em of the glycal_s _s_trongly alters Fhe d'a?’tere_o' ammonium nitrate (36 equiv) in methanol (2640 mL) was added
meric ratios. High stereoselectivities were obtained with tri- gropwise over a period of-48 h until TLC showed complete conversion
O-acetylp-glucal and di©-acetylp-xylal. Furthermore, the  of the starting material. After stirring for 30 min at’C, an ice-cold
addition of malonates to the corresponding unsaturgédacto diluted solution of sodium thiosulfate (200 mL) was added, and the
andarabinoderivatives occurs exlusively from one face of the

mixture was extracted with dichloromethane {4 80 mL). The
carbohydrate. For all cerium(lV)-mediated reactions, methyl

combined organic extracts were dried ¢8&) and concentrated, and
glycosides are formed as main products ir-83% yield, which the excess of malonate was removed at 0.01 mbar. The crude product

can be isolated in analytically pure form on a gram scale. The Was pqr_ified by _column chromatography (petrole_um ether/ethyl acetate).
addition of malonates to t®-acetylo-glucal and triO-acetyl- Addition of Dimethyl Malonate (2a) to 3,4,6-Tri-O-acetyl-D-glucal

- . : 1a) in the Presence of Manganese(lll) Acetate Dihydrate Column
D-galactal affords nitrates as side products. Strong evidence!( oo 0
was found for a ligand transfer rather than electron transfer chromatography (PE/EA 7:3 5:5) afforded 350 mg (15%) gf-gluco

. . . . 3a, 1.18 g (51%) of a diastereomeric mixturegitico-3a (o.f = 16:
during the formation of these compounds, which sheds light 84) andmanne3a (o = 71:29), and 140 mg (10%) of rearranged

on the mechanism of transition-metal-mediated radical reactions. product4 (o:f = 10:90). Crystallization of the diastereomeric mixture
Experiments are currently in progress, to extend our meth- from ethanol gave thg-glucosides-gluco-3aas colorless needles, mp
odology to other CH-acidic radical precursors and to trap 139-141°C.
intermediary cations by various nucleophiles. Furthermore, the 1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
addition of malonates to glycals should open up interesting o-p-glucopyranose @-gluco-3a). TLC (petroleum ether/ethyl acetate
prospects for the synthesis Gfdisaccharides, since malonates 6:4) R 0.17. 'H NMR 6 1.99, 2.02, 2.05, 2.07 (48 H each, OAc),
and related CH-acidic substrates can be conveniently linked to3-03 (dddJ =11.6, 7.0, 3.2 Hz, 1 H, 2-H), 3.43 (d,= 7.0 Hz, 1 H,
the 1-position of various carbohydrafée? 7-H), 3.74, 3.75 (253 H each, OMe), 3.964.15 (m, 1 H, 5-H), 4.23
4.31 (m, 2 H, 6-H, 6H), 5.04 (t,J = 9.3 Hz, 1 H, 4-H), 5.51 (ddJ
=11.6, 9.3 Hz, 1 H, 3-H), 6.37 (d, = 3.2 Hz, 1 H, 1-H). 1°C NMR
6 20.6, 20.7, 20.8, 21.0 (4q, OAc), 42.8 (d, C-2), 50.4 (d, C-7), 52.9,
Solvents and commercially available chemicals were purified by 53.1 (2q, OMe), 62.1 (t, C-6), 69.0, 69.8, 70.5 (3d, C-3, C-4, C-5),
standard methods or used as purchased. TLC was performed ong1.5 (d, C-1), 167.4, 168.2, 168.3, 168.4, 169.7, 170.6 (6s, OAc,
aluminum sheets silica gel 6@k (Merck, Darmstadt). Silica gel (63 CO;Me).
200 um, Woelm, Erlangen) was used for column chromatography. 1,34 6-TetraO-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
Optical rotations were measured on a Perkin-Elmer 241 MC polari- g-p-glucopyranose g-gluco-3a). [0]2% = +9.5 (€ 1.53, CHC}). TLC
meter; melting points were measured on &BUSMP 20 apparatus  (petroleum ether/ethyl acetate 6R)0.12. *H NMR ¢ 1.99, 2.02, 2.05,
(uncorrected). IR spectra were recorded on a Perkin-Elmer 1600 FT- 2,07 (4s 3 H each, OAc), 2.77 (ddd,= 11.5, 9.2, 3.3 Hz, 1 H, 2-H),
IR spectrometer. NMR spectra were recorded on either a Bruker AM 352 (d,J = 3.3 Hz, 1 H, 7-H), 3.74, 3.75 (28 H each, OMe), 3.84
250 or DMX 600 with CDC{ as the solvent and internal standard. (ddd,J = 10.1, 4.3, 2.1 Hz, 1 H, 5-H), 4.05 (dd,= 12.5, 2.1 Hz, 1
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Experimental Section

Combustion analyses were carried out at the Microanalytical Division
of the Institute of Organic Chemistry, University of Giessen, Germany.

(21) (a) Giese, B.; Dupuis, Angew. Chem., Int. Ed. Engl983 22,
622-623. (b) Giese, BRadicals in Organic Synthesis: Formation of
Carbon-Carbon BondsPergamon Press: Oxford, 1986; pp-@b. (c)
Curran, D. P.; Porter, N. A.; Giese, Btereochemistry of Radical Reactipns
VCH: Weinheim, 1996; pp 132135.

(22) (a) Hanessian, S.; Pernet, A.Gan. J. Chem1974 52, 266-279.
(b) Allevi, P.; Anastasia, M.; Ciuffreda, P.; Fiecchi, A.; Scala,JAChem.
Soc., Chem. Commuh988 57—58. (c) Tenaglia, A.; Le Brazidec, J.-Y.
J. Chem. Soc., Chem. Comm896 1663-1664. (d) Csuk, R.; Schaade,
M.; Krieger, C.Tetrahedron1996 21, 6397-6408.

H, 6-H), 4.31 (ddJ = 12.5, 4.3 Hz, 1 H, BH), 5.02 (dd,J = 10.0,
9.0 Hz, 1 H, 4-H), 5.33 (dd) = 11.5, 9.0 Hz, 1 H, 3-H), 6.18 (d,=
9.2 Hz, 1 H, 1-H). 13C NMR 6 20.4, 20.5, 20.6, 20.7 (4q, OACc), 44.6
(d, C-2),47.5 (d, C-7), 52.6, 52.7 (2q, OMe), 61.7 (t, C-6), 69.1, 70.9,
72.4 (3d, C-3, C-4, C-5), 91.9 (d, C-1), 167.4, 168.1, 168.2, 169.8,
169.9, 170.6 (6s, OACO.Me). IR (KBr) » 3005, 2951, 1750, 1366,
1227. Anal. Calcd for @H26013 C, 49.35; H, 5.67. Found: C,
49.39; H, 5.35.
1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
a-D-mannopyranose {-manno-3a). TLC (petroleum ether/ethyl
acetate 5:5R 0.14. 'H NMR 6 2.02, 2.04, 2.05, 2.06 (48 H each,
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OAc), 3.15 (dddJ = 10.0, 4.9, 2.3 Hz, 1 H, 2-H), 3.72 (d,= 10.0
Hz, 1 H, 7-H), 3.74, 3.75 (253 H each, OMe), 3.90 (ddd, = 9.8,
4.7,2.5Hz, 1 H, 5-H), 4.08 (dd,= 12.4, 2.5 Hz, 1 H, 6-H), 4.21 (dd,
J=12.4,4.7 Hz, 1 H, BH), 5.35 (t,J = 9.5 Hz, 1 H, 4-H), 5.49 (dd,
J=195,4.9Hz, 1 H, 3-H), 6.11 (dl = 2.3 Hz, 1 H, 1-H). 13C NMR
0 20.6, 20.7, 20.9, 21.0 (4q, OAc), 41.5 (d, C-2), 48.9 (d, C-7), 52.8,
52.9 (2q, OMe), 61.6 (t, C-6), 65.4, 69.3, 70.3 (3d, C-3, C-4, C-5),
90.9 (d, C-1), 167.7, 168.0, 168.1, 168.4, 169.7, 170.5 (6s, OAc,
CO;Me).
1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
p-D-mannopyranose f-manno-3a). TLC (petroleum ether/ethyl
acetate 5:5R 0.13. 'H NMR ¢ 1.99, 2.02, 2.05, 2.07 (48 H each,
OAc), 3.33 (dddJ = 11.0, 4.4, 3.0 Hz, 1 H, 2-H), 3.68 (d,= 11.0
Hz, 1 H, 7-H), 3.73, 3.75 (288 H each, OMe), 4.254.41 (m, 3 H,
5-H, 6-H, 8-H), 5.18 (dd,J = 6.6, 4.4 Hz, 1 H, 3-H), 5.22 (ddl =
6.6, 6.1 Hz, 1 H, 4-H), 6.04 (d] = 3.0 Hz, 1 H, 1-H). 3C NMR 6
20.6, 20.7, 20.8, 20.9 (4q, OAc), 41.8 (d, C-2), 48.0 (d, C-7), 52.8,
52.9 (29, OMe), 62.5 (t, C-6), 65.3, 69.3, 69.6 (3d, C-3, C-4, C-5),
90.2 (d, C-1), 167.6, 168.0, 168.3, 168.4, 169.7, 170.5 (6s, OAc,
COzMe).
1,4,6-Tri-O-acetyl-1,5-anhydro-2,3-dideoxye.-p-erythro-hex-2-
enitol (a-4). TLC (petroleum ether/ethyl acetate 5/@)0.17. 'H NMR
0 2.06, 2.07, 2.08 (383 H each, OAc), 4.084.40 (m, 3 H, 5-H, 6-H,
6-H), 5.09-5.18 (m, 1 H, 4-H), 5.91 (ddd} = 10.6, 2.7, 0.9 Hz, 1 H,
3-H), 6.12 (dddJ = 10.5, 4.3, 1.2 Hz, 1 H, 2-H), 6.37 (dd,= 1.2,
0.8 Hz, 1 H, 1-H). *3C NMR ¢ 20.7, 20.9, 21.1(3q, OAc), 63.0 (d,
C-5), 63.1 (t, C-6), 73.0 (d, C-4), 87.3 (d, C-1), 126.2, 128.2 (2d, C-2,
C-3), 169.6, 170.1, 170.2 (3s, OAc).
1,4,6-Tri-O-acetyl-1,5-anhydro-2,3-dideoxy$-b-erythro-hex-2-
enitol (-4). TLC (petroleum ether/ethyl acetate 5/@)0.17. 'H NMR
0 2.06, 2.07, 2.08 (353 H each, OAc), 4.08 (ddd] = 9.5, 4.6, 2.8
Hz, 1 H, 5-H), 4.23 (dddj = 12.3, 4.6, 1.7 4, 2 H, 6-H, 6-H), 5.35
(ddd,J= 9.6, 3.3, 1.7 Hz, 1 H, 4-H), 5.84 (ddd= 10.2, 2.8, 2.0 Hz,
1H, 3-H), 6.02 (dJ = 10.1, 1 H, 2-H), 6.28 (dd) = 1.4, 1.2 Hz, 1
H, 1-H). ¥C NMR ¢ 20.7, 21.0 (2g, OAc), 62.5 (t, C-6), 64.5 (d,
C-5), 68.8 (d, C-4), 88.0 (d, C-1), 125.8, 130.5 (2d, C-2, C-3), 170.1,
170.7 (2s, OAc).

Addition of Diisopropyl Malonate (2b) to 3,4,6-Tri-O-acetylD-
glucal (1a) in the presence of Manganese(lll) Acetate Dihydrate.
Column chromatography (PE/EA 7:3 5:5) afforded 82 mg (6%) of
unreacted glucala, 302 mg (13%) of3-gluco-3b, 1.35 g (55%) of a
diastereomeric mixture @luco-3b (co;f = 18:82) ando-manne3b in
a 80:20 ratio, and 141 mg (11%) of rearranged produ(ct = 7:93).
Crystallization of the diastereomeric mixture from ethanol gave the
[-glucosides-gluco-3b as colorless needles, mp 16162 °C.

1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methylethoxycarbonyl))-
methyl]-o-p-glucopyranose @-gluco-3b). TLC (petroleum ether/ethyl
acetate 5:5R 0.62. 'H NMR 6 1.22-1.29 (m, 12 H, C@CH(CHy)»),
1.98, 2.02, 2.04, 2.05 (48 H each, OAc), 3.01 (ddd, = 11.3, 7.7,
3.3Hz, 1 H, 2-H), 3.33 (d) = 7.7 Hz, 1 H, 7-H), 3.974.18 (m, 1 H,
5-H), 4.25-4.33 (m, 2 H, 6-H, 6H), 5.04 (1,J = 9.3 Hz, 1 H, 4-H),
4.96-5.12 (m, 2 H, CGCH(CHj),), 5.50 (dd,J = 11.6, 9.3 Hz, 1 H,
3-H), 6.40 (d,J = 3.3 Hz, 1 H, 1-H). 13*C NMR ¢ 22.1, 22.2, 22.3,
22.4,23.2, 23.3, 23.4, 23.5 (8q, OAc, &IH(CH3),), 42.8 (d, C-2),
50.4 (d, C-7), 62.1 (t, C-6), 70.9, 71.0 (2d, &IH(CHs),), 69.0, 69.8,
70.5 (3d, C-3, C-4, C-5), 91.5 (d, C-1), 167.6, 168.1, 168.2, 168.4,
169.7, 170.6 (6s, OACCO,IPr).

1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methylethoxycarbonyl))-
methyl]-f-p-glucopyranose f-gluco-3b). [a]®% = + 22.6 € 0.98,
CHCl;). TLC (petroleum ether/ethyl acetate 5/&)0.61. *H NMR 6
1.23-1.27 (m, 12 H, CQCH(CHj3)), 1.99, 2.03, 2.05, 2.06 (4s, 3 H
each, OAc), 2.76 (dddl = 11.5, 9.2, 3.1 Hz, 1 H, 2-H), 3.42 (d,=
3.1 Hz, 1 H, 7-H), 3.83 (ddd] = 10.1, 4.5, 2.2 Hz, 1 H, 5-H), 4.06
(dd,J = 12.5, 2.2 Hz, 1 H, 6-H), 4.32 (ddl = 12.5, 4.5 Hz, 1 H,
6-H), 5.02 (dd,J = 10.1, 8.9 Hz, 1 H, 4-H), 5.035.12 (m, 2 H,
CO,CH(CHa),), 5.30 (dd,J = 11.5, 8.9 Hz, 1 H, 3-H), 6.19 (dl =
9.2 Hz, 1 H, 1-H). 3C NMR ¢ 22.1, 22.2, 22.3, 22.4, 23.2, 23.3, 23.4,
23.5 (8¢, OAc, CQCH(CH3),), 46.1, 50.1 (2d, C-2, C-7), 63.4 (t, C-6),
70.8, 70.9 (2d, CECH(CHg),), 71.2, 72.8, 74.2 (3d, C-3, C-4, C-5),
93.7 (d, C-1), 168.1, 168.9, 169.8, 171.3, 171.5, 172.3 (6s, OAc,
CO.iPr). IR (KBr) v 3032, 2984, 1747, 1370, 1242. Anal. Calcd for
Co3H34013 C, 53.28; H, 6.60. Found: C, 53.24; H, 6.29.

Linker and Sommermann

1,3,4,6-TetraO-acetyl-2-deoxy-2€-[(bis(methylethoxycarbonyl))-
methyl]-a-pD-mannopyranose §-manno-3b). TLC (petroleum ether/
ethyl acetate 5:5)R 0.59. 'H NMR ¢ 1.19-1.28 (m, 12 H,
CO,CH(CHj3),), 2.01, 2.04, 2.05, 2.07 (48 H each, OAc), 3.13 (ddd,
J=9.9,50,2.3Hz, 1H,2-H), 3.60 (d,=9.7 Hz, 1 H, 7-H), 3.97%
4.18 (m, 1 H, 5-H), 4.254.33 (m, 2 H, 6-H, 6H), 4.96-5.12 (m, 2
H, CO,CH(CHg)y), 5.35 (t,J = 9.5 Hz, 1 H, 4-H), 5.49 (ddj = 9.5,
5.0 Hz, 1 H, 3-H), 6.11 (dJ = 2.3 Hz, 1 H, 1-H). 13C NMR ¢ 20.6,
20.7, 20.8, 20.9 (4q, OAc), 23.2, 23.3, 23.4, 23.5 (49.,CIE(CH5),),
415, 48.9 (2d, C-2, C-7), 61.6 (t, C-6), 69.9, 70.0 (2d ,CI(CH),),
65.4, 69.3, 70.3 (3d, C-3, C-4, C-5), 90.9 (d, C-1), 167.7, 168.0, 168.1,
168.4, 169.7, 170.5 (6s, OAE0,iPr).

Addition of Dimethyl Malonate (2a) to 3,4,6-Tri-O-acetyl-D-glucal
(1a) in the Presence of Ceric(IV) Ammonium Nitrate. Column
chromatography (hexane/ethyl acetate #35:5) afforded 370 mg
(16%) of gluco-5a, 1.35 g (62%) ofgluco-3a, and 350 mg (16%) of
manne3a containing a small amount ajluco-3a as colorless oils.
Gluco-3a could be crystallized from ethanol as colorless crystals, mp
100-101°C.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2-[(bis(methoxycarbonyl))-
methyl]-#-p-glucopyranoside @luco-3a). [0]*% = —6.9 € 1.08,
CHCl3). TLC (petroleum ether/ethyl acetate 5/&)0.45. *H NMR 6
1.98,1.99, 2.06 (38 H each, OAc), 2.57 (ddd,= 11.6, 8.6, 3.6 Hz,

1 H, 2-H), 3.45 (s, 3 H, OMe), 3.57 (d,= 3.6 Hz, 1 H, 7-H), 3.69
(ddd, J = 10.0, 4.6, 2.4 Hz, 1 H, 5-H), 3.70, 3.73 (28 H each,
COMe), 4.10 (dd,J = 12.2, 2.4 Hz, 1 H, 6-H), 4.28 (dd, = 12.2,

4.6 Hz, 1 H, 6-H), 4.95 (d,J = 8.6 Hz, 1 H, 1-H), 4.98 (dd) = 10.0,

9.0 Hz, 1 H, 4-H), 5.27 (dd) = 11.6, 9.0 Hz, 1 H, 3-H).*C NMR

0 20.5, 20.6, 20.7 (3q, OAc), 46.3, 48.0 (2d, C-2, C-7), 52.4,52.5 (2q,
COMe), 57.5 (g, OMe), 62.2 (t, C-6), 69.8, 71.3, 71.6 (3d, C-3, C-4,
C-5), 101.6 (d, C-1), 168.2, 168.3, 169.7, 170.0, 170.7 (5s, OAc,
CO:Me). IR (KBr) v 3005, 2951, 1750, 1366, 1227. Anal. Calcd for
CigH260122 C, 49.77; H, 6.03. Found: C, 49.51; H, 5.92.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-a-p-mannopyranoside (anno-3b). TLC (petroleum ether/
ethyl acetate 5:5) 0.44. *H NMR ¢ 2.02, 2.08, 2.11 (383 H each,
OAc), 3.02 (dddJ = 10.1, 4.6, 2.1 Hz, 1 H, 2-H), 3.39 (s, 3 H, OMe),
3.67 (d,J = 10.1 Hz, 1 H, 7-H), 3.72, 3.76 (28 H each, CGMe),
3.92 (dddJ = 9.8, 5.6, 2.1 Hz, 1 H, 5-H), 4.11 (dd,= 12.1, 2.1 Hz,
1H, 6-H), 4.37 (ddJ=12.1, 5.6 Hz, 1 H, 6-H), 4.68 (d,= 2.1 Hz,
1H, 1-H), 5.26 (ddJ) = 9.8, 9.2 Hz, 1 H, 4-H), 5.46 (dd,= 9.2, 4.6
Hz, 1 H, 3-H). *C NMR ¢ 20.3, 20.5, 20.6 (3qg, OAc), 40.9, 48.9 (2d,
C-2, C-7),52.3,52.4 (29, CMe), 55.3 (q, OMe), 62.4 (t, C-6), 68.7,
69.6, 71.1 (3d, C-3, C-4, C-5), 99.3 (d, C-1), 168.1, 168.3, 169.6, 169.9,
170.3 (5s, OAcCO;Me).

3,4,6-Tri-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
1-O-nitro- a-p-glucose {luco-5a). [a]?% = +138.7 £ 0.86, CHCY).
TLC (petroleum ether/ethyl acetate 5/)0.47. 'H NMR ¢ 2.01, 2.03,
2.10 (35 3 H each, OAc), 3.09 (ddd,= 12.0, 6.1, 3.7 Hz, 1 H, 2-H),
3.58 (d,J=6.1Hz, 1 H, 7-H), 3.76, 3.78 (28 H each, CGMe), 4.08
(dd,J = 12.6, 2.2 Hz, 1 H, 6-H), 4.17 (ddd,= 10.3, 4.0, 2.2 Hz, 1
H, 5-H), 4.33 (ddJ = 12.6, 4.0 Hz, 1 H, BH), 5.07 (dd,J = 10.3,
9.3 Hz, 1 H, 4-H), 5.45 (ddJ = 12.0, 9.3 Hz, 1 H, 3-H), 6.70 (d,=
3.7 Hz, 1 H, 1-H). 13C NMR ¢ 20.4, 20.5, 20.6 (3¢, OAc), 42.1, 49.1
(2d, C-2, C-7), 53.0, 53.2 (2q, GMe), 61.3 (t, C-6), 68.9, 69.4, 70.3
(3d, C-3, C-4, C-5), 97.3 (d, C-1), 167.2, 167.4, 169.5, 169.7, 170.5
(5s, OAC,COMe). IR (CHCE) v 3005, 2951, 1750, 1366, 1227. Anal.
Calcd for GH23NOws: C, 43.88; H, 4.98; N, 3.01. Found: C, 44.12;
H, 5.14; N, 2.79.

Addition of Diisopropyl Malonate (2b) to 3,4,6-Tri-O-acetyl-p-
glucal (1a) in the Presence of Ceric(IlV) Ammonium Nitrate.
Column chromatography (hexane/ethyl acetate#:3:5) afforded 331
mg (16%) ofgluco-5b and 1.97 g (76%) of a diastereomeric mixture
of compoundsgluco-3b and manne3b in a 89:11 ratio as colorless
oils. Crystallization of the diastereomeric mixture from ethanol gave
gluco-3b as colorless needles, mp-887 °C.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2€-[bis(methylethoxycarbon-
yl))methyl]- B-p-glucopyranoside @luco-3b). [0]?% = —7.4 ( 0.99,
CHCl3). TLC (petroleum ether/ethyl acetate 6R)0.46. *H NMR 6
1.19-1.29 (m, 12 H, 2 C@CH(CHz)), 1.97, 2.00, 2.05 (38 H each,
OAc), 2.52 (dddJ = 11.6, 8.6, 3.4 Hz, 1 H, 2-H), 3.45 (d,= 3.4
Hz, 1 H, 7-H), 3.47 (s, 3 H, OMe), 3.64 (ddd= 10.0, 4.7, 2.4 Hz,
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1 H, 5-H), 4.05 (ddJ = 12.2, 2.4 Hz, 1 H, 6-H), 4.25 (dd,= 12.2,

4.7 Hz, 1 H, 6-H), 5.05 (d,J = 8.6 Hz, 1 H, 1-H), 4.945.11 (m, 3

H, 4-H, 2 CQCH(CHs),), 5.18 (dd,J = 11.6, 9.0 Hz, 1 H, 3-H).°’C
NMR 6 22.2, 22.3, 22.4, 22.5, 23.0, 23.2, 23.4 (7q, OAc,.CB-
(CHs)), 47.7,50.4 (2d, C-2, C-7), 63.9 (t, C-6), 69.8, 69.9, 70.7, 71.1,
71.6 (5d, C-3, C-4, C-5, 2 COH(CHjz)), 103.6 (d, C-1), 168.9, 169.3,
171.4,171.5,172.4 (5s, OA€0,iPr). IR (KBr) v 2982, 2938, 1755,
1374, 1228. Anal. Calcd for £H340:2: C, 53.89; H, 6.98. Found:
C, 53.88; H, 6.68.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2€-[bis(methylethoxycarbon-
yl))methyl]- a-pD-mannopyranoside (anno-3b). TLC (petroleum
ether/ethyl acetate 6:4% 0.48. *H NMR 6 1.19-1.29 (m, 12 H,

2 CO,CH(CHa),), 1.97, 2.02, 2.03 (38 H each, OAc), 3.08 (ddd,=
10.2, 4.8, 2.3 Hz, 1 H, 2-H), 3.36 (s, 3 H, OMe), 3.46J¢; 10.2 Hz,
1 H, 7-H), 4.04 (dddJ = 10.4, 5.6, 3.1 Hz, 1 H, 5-H), 4.12 (dd,=
12.0, 5.6 Hz, 1 H, BH), 4.26 (dd,J = 12.0, 3.1 Hz, 1 H, 6-H), 4.72
(d,J=2.3Hz, 1 H, 1-H), 4.945.11 (m, 3 H, 4-H, 2 CECH(CH),),
5.45 (dd,J = 8.7, 4.8 Hz, 1 H, 3-H).*3C NMR ¢ 20.7, 20.8, 20.9,
21.0, 21.3, 21.4, 21.5 (79, OAc, GOH(CHjg),), 40.0, 50.0 (2d, C-2,
C-7), 61.4 (t, C-6), 67.2, 67.3, 69.7, 69.8, 70.4 (5d, C-3, C-4, C-5, 2
CO,CH(CHa),), 99.5 (d, C-1), 166.3, 166.5, 169.4, 169.6, 170.5 (5s,
OAc, CO,iPr).
3,4,6-Tri-O-acetyl-2-deoxy-2€-[bis(methylethoxycarbonyl))methyl]-
1-O-nitro- a-p-glucose {luco-5b). [a]*°, = +110.4 € 1.00, CHCY}).
TLC (petroleum ether/ethyl acetate 6:8)0.54. 'H NMR ¢ 1.18—
1.27 (m, 12 H, 2 C@CH(CH3)2), 1.98, 2.01, 2.09 (38 H each, OAc),
3.06 (dddJ = 11.9, 6.7, 3.7 Hz, 1 H, 2-H), 3.47 (d,= 6.7 Hz, 1 H,
7-H), 4.06 (ddJ = 12.5, 2.2 Hz, 1 H, 6-H), 4.14 (ddd,= 10.0, 4.0,
2.2 Hz, 1 H, 5-H), 4.31 (dd) = 12.5, 4.0 Hz, 1 H, BH), 4.94-5.10
(m, 3H, 4-H, 2 CQCH(CHa),), 5.40 (ddJ = 11.9, 9.5 Hz, 1 H, 3-H),
6.75 (d,J = 3.7 Hz, 1 H, 1-H). 13C NMR ¢ 20.7, 20.8, 20.9, 21.0,
21.1, 21.3, 21.8 (7q, OAc, GGH(CHs),), 42.1, 50.6 (2d, C-2, C-7),
61.8 (t, C-6), 65.3, 65.4 (2d, GOH(CHs),), 69.4, 70.3, 70.7 (3d, C-3,
C-4, C-5), 98.0 (d, C-1), 166.7, 167.2, 169.4, 169.8, 170.8 (5s, OAc,
CG,iPr). IR (Film)v 2985, 2934, 1748, 1670, 1374, 1233. Anal. Calcd
for C;1HaiNOws: C, 48.36; H, 5.99; N, 2.68. Found: C, 48.27; H,
5.86; N, 2.59.

Addition of Dimethyl Malonate (2a) to 3,4,6-Tri-O-acetyl-d-
galactal (1b) in the Presence of Ceric(lV) Ammonium Nitrate.
Column chromatography (hexane/ethyl acetate-7:3.5) afforded 1.73
g (79%) ofgalacto3a and 312 mg (16%) ofjalacto5a as colorless
oils.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-B-p-galactopyranoside ¢alacte3a). [a]*% = —4.4 (€ 1.17,
CHCl;). TLC (petroleum ether/ethyl acetate 5/®)0.46. *H NMR 6
1.98,2.02, 2.11 (38 H each, OAc), 2.80 (ddd,= 12.3, 8.8, 3.7 Hz,

1 H, 2-H), 3.47 (s, 3 H, OMe), 3.66 (d,= 3.7 Hz, 1 H, 7-H), 3.71,
3.72 (25 3 H each, C@Ve), 3.87 (dddJ = 7.3, 6.6, 1.0 Hz, 1 H,
5-H), 4.12 (ddJ = 11.2, 7.3 Hz, 1 H, 6-H), 4.17 (dd, = 11.2, 6.6
Hz, 1 H, 8-H), 4.85 (d,J=8.8 Hz, 1 H, 1-H), 5.12 (dd) = 12.3, 3.2
Hz, 1 H, 3-H), 5.27 (ddJ = 3.2, 1.0 Hz, 1 H, 4-H).13.C NMR ¢ 22.1,
22.3,22.4(3q, OAc), 43.5, 49.2 (2d, C-2, C-7), 54.0, 54.1 (2a,\BD
59.1 (q, OMe), 63.1 (t, C-6), 67.6, 71.2, 72.1 (3d, C-3, C-4, C-5), 103.5
(d, C-1), 170.0, 170.3, 171.3, 171.9, 172.0 (5s, O&Q;Me). IR
(CCl4) v 3038, 2955, 1748, 1437, 1244. Anal. Calcd faeteO12:
C, 49.77; H, 6.03. Found: C, 49.50; H, 6.04.
3,4,6-Tri-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))methyl]-
1-O-nitro- a-p-galactose @galacto5a). [a]*% = +58.7 € 1.00, CHCY).
TLC (petroleum ether/ethyl acetate 5/)0.51. *H NMR ¢ 1.98, 2.02,
2.12 (35 3 H each, OAc), 3.27 (ddd,= 12.5, 6.5, 3.8 Hz, 1 H, 2-H),
3.55(d,J=6.5Hz, 1 H, 7-H), 3.72, 3.74 (28 H each, CGMe), 3.80
(ddd,J=7.5,6.4,1.1 Hz, 1 H, 5-H), 4.08 (dd,= 11.2, 6.4 Hz, 1 H,
6-H), 4.17 (ddJ = 11.2, 7.5 Hz, 1 H, 6H), 5.28 (dd,J = 12.5, 3.2
Hz, 1 H, 3-H), 5.42 (ddJ = 3.2, 1.1 Hz, 1 H, 4-H), 6.70 (d] = 3.8
Hz, 1 H, 1-H). *C NMR 6 22.1, 22.2, 22.4 (3q, OAc), 39.0, 50.2 (2d,
C-2, C-7), 54.5, 54.8 (29, C®le), 62.9 (t, C-6), 67.6, 69.0, 70.6 (3d,
C-3, C-4, C-5), 99.8 (d, C-1), 169.1, 169.4, 170.9, 171.6, 172.1 (5s,
OAc, CO;Me). IR (CCl4)v 2958, 1748, 1659, 1437, 1229.

Addition of Diisopropyl Malonate (2b) to 3,4,6-Tri-O-acetyld-
galactal (1b) in the Presence of Ceric(IV) Ammonium Nitrate.
Column chromatography (hexane/ethyl acetate-7&4) afforded 2.22
g of a 79:21 mixture ofjalacte-3b (73%) andgalacte5b (17%) as a
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colorless oil. Crystallization from petroleum ether/ethyl acetate gave
galacte3b as colorless needles, mp 10910 °C.

Methyl-3,4,6-tri- O-acetyl-2-deoxy-2€-[(bis(methylethoxycar-
bonyl))methyl]-#-p-galactopyranoside alacto3b). [0]?% = —17.3
(c 1.24, CHCY). TLC (petroleum ether/ethyl acetate 5)0.30.H
NMR ¢ 1.20-1.31 (m, 12 H, 2 C@CH(CHj3),), 1.96, 2.04, 2.13 (3s, 3
H each, OAc), 2.82 (ddd} = 12.3, 8.8, 3.5 Hz, 1 H, 2-H), 3.48 (s, 3
H, OMe), 3.60 (dJ = 3.5 Hz, 1 H, 7-H), 3.87 (ddd] = 7.0, 6.5, 1.0
Hz, 1 H, 5-H), 4.13 (ddJ = 11.2, 7.0 Hz, 1 H, 6-H), 4.18 (dd, =
11.2, 6.5 Hz, 1 H, BH), 4.83 (d,J = 8.8 Hz, 1 H, 1-H), 5.05 (dddd,
J=18.9, 12.6, 6.4, 2.2 Hz, 2 H, GOH(CHj),), 5.17 (dd,J = 12.3,
3.1 Hz, 1 H, 3-H), 5.31 (dd) = 3.1, 1.0 Hz, 1 H, 4-H).*3C NMR 6
20.8,21.1,21.8,21.9, 22.0, 22.0, 22.1 (7q, OAc.CB(CHs),), 42.0,
48.7 (2d, C-2, C-7), 57.8 (g, OMe), 62.0 (t, C-6), 66.6, 69.3, 69.7 (3d,
C-3, C-4, C-5), 70.2, 71.0 (2d, GOH(CHa),), 102.6 (d, C-1), 168.0,
168.1, 170.0, 170.7, 170.9 (5s, OAZD.iPr). IR (KBr) v 2985, 2938,
1732, 1664, 1467, 1376. Anal. Calcd fop,H340:2: C, 53.89; H,
6.98. Found: C, 53.88; H, 7.009.

3,4,6-Tri-O-acetyl-2-deoxy-2€-[(bis(methylethoxycarbonyl))-
methyl]-1-O-nitro- a-p-galactose galacto5b). TLC (petroleum ether/
ethyl acetate 5:5% 0.31. 'H NMR ¢ 1.20-1.31 (m, 12 H, 2C@CH-
(CHa)2), 1.96, 2.03, 2.14 (353 H each, OAc), 3.30 (ddd] = 12.0,
6.1, 3.7 Hz, 1 H, 2-H), 3.44 (d = 6.1 Hz, 1 H, 7-H), 4.0#4.14 (m,
3 H, 5-H; 6-H, 6-H), 5.05 (ddddJ = 18.9, 12.5, 6.4, 2.5 Hz, 2 H,
2CO,CH(CHj),), 5.32 (dd,J = 12.5, 2.9 Hz, 1 H, 3-H), 5.44 (dd,=
2.9,1.0 Hz, 1 H, 4-H), 6.74 (d] = 3.7 Hz, 1 H, 1-H). 3C NMR ¢
20.8,20.9, 21.0, 21.8, 21.9, 22.0, 22.1 (79, OAcCB(CHz),), 37.3,
50.1 (2d, C-2, C-7), 61.7 (t, C-6), 66.4, 68.1, 69.7, 70.0, 70.6 (5d, C-3,
C-4, C-5, 2 CQCH(CHs),), 98.9 (d, C-1), 166.9, 167.1, 169.7, 170.4,
170.7 (5s, OAcCO;iPr). IR (CCl4)v 2991, 2933, 1750, 1662, 1452,
1233.

Addition of Dimethyl Malonate (2a) to 3,4-Di-O-acetyl-D-xylal
(1c) in the Presence of Ceric(lV) Ammonium Nitrate. Column
chromatography (hexane/ethyl acetate #3:4) afforded 1.12 g of
pure 3-xylo-3a (61%), 75 mg ofa-lyxo-3a with traces off3-xylo-3a
(4%), and 443 mg of a mixture @Fxylo-3a, a-lyxo-3a, ando-xylo-3a
in a 65:17:18 (16%, 4%, 4%) ratio as colorless oils.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-B-xylopyranoside {#-xylo-3a). [a]*% = —24.4 € 0.90,
CHCIl3). TLC (petroleum ether/ethyl acetate 5/&)0.55. *H NMR 6
2.02, 2.03 (253 H each, OAc), 2.52 (ddd,= 10.8, 7.8, 4.5 Hz, 1 H,
2-H), 3.38 (ddJ = 11.8, 9.0 Hz, 1H, 5-H), 3.42 (s, 3 H, OMe), 3.59
(d,J=4.5Hz,1H, 6-H), 3.72, 3.74 (28 H each, CGMe), 4.08 (dd,

J =118, 5.3 Hz, 1 H, 5H), 4.86 (d,J = 7.8 Hz, 1 H, 1-H), 4.89
(ddd,J = 9.0, 8.3, 5.3 Hz, 1 H, 4-H), 5.22 (dd,= 10.8, 8.3 Hz, 1 H,
3-H). 3C NMR ¢ 21.0, 21.2 (2q, OAc), 45.8, 48.8 (2d, C-2, C-6),
52.8, 52.9 (29, CeMe), 57.5 (g, OMe), 62.7 (t, C-5), 70.8, 70.9 (2d,
C-3,C-4),102.0 (d, C-1), 168.7, 168.9, 170.3, 170.5 (4s, @&xMe).

IR (CHCI;) v 3038, 3015, 2955, 1754, 1437, 1371, 1160, 1048. Anal.
Calcd for GsH2:010: C, 49.72; H, 6.12. Found: C, 49.44; H, 6.22.
Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-

methyl]-p-lyxopyranoside (o-lyxo-3a). TLC (petroleum ether/ethyl
acetate 5:5R 0.39. *H NMR 6 2.05, 2.11 (2s3 H each, OAc), 2.96
(ddd,J = 9.3, 7.1, 3.5 Hz, 1 H, 2-H), 3.42 (s, 3 H, OMe), 3.50 {d,
=9.3Hz, 1 H, 6-H), 3.72, 3.74 (28 H each, CGMe), 3.84 (dd, J=
12.6, 2.2 Hz, 1 H, 5-H), 3.90 (dd,= 12.6, 3.3 Hz, 1 H, 5H), 4.59
(d,J=7.1Hz, 1 H, 1-H), 4.79 (ddd] = 5.0, 3.3, 2.2 Hz, 1 H, 4-H),
5.31 (dd,J = 5.0, 3.5 Hz, 1 H, 3-H).3C NMR ¢ 20.7, 21.0 (2q,
OAc), 41.4,50.0 (2d, C-2, C-6), 52.6, 52.8 (29, M), 56.7 (g, OMe),
62.6 (t, C-5), 66.8, 69.2 (2d, C-3, C-4), 100.7 (d, C-1), 166.2, 167.1,
167.9, 168.2 (4s, OACCO,Me).

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-a-p-xylopyranoside (@-xylo-3a). TLC (petroleum ether/ethyl
acetate 5:5% 0.56. *H NMR ¢ 1.96, 1.99 (2s3 H each, OAc), 2.74
(ddd,J = 10.9, 6.4, 3.0 Hz, 1 H, 2-H), 3.27 (s, 3 H, OMe), 3.514d,
= 6.4 Hz, 1 H, 6-H), 3.663.63 (m, 1 H, 5-H), 3.72, 3.74 (2s, 3 H
each, CGMe), 4.20-4.22 (m, 1 H, 5H), 4.96 (d, J= 3.0 Hz, 1 H,
1-H), 5.39-5.41 (m, 1 H, 4-H), 5.46 (dd] = 10.9, 9.3 Hz, 1 H, 3-H).
3C NMR 8 20.9, 21.0 (2q, OAc), 43.9, 50.0 (2d, C-2, C-6), 52.7,52.8
(29, COQMe), 55.3 (q, OMe), 58.9 (t, C-5), 66.9, 69.5 (2d, C-3, C-4),
98.8 (d, C-1), 167.9, 168.2, 169.8, 170.1 (4s, OBEMe).
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Addition of Diisopropyl Malonate (2b) to 3,4-Di-O-acetylD-xylal
(1c) in the Presence of Ceric(IlV) Ammonium Nitrate. Column
chromatography (hexane/ethyl acetate 8.5:2.3:3) afforded 1.19 g
of pureS-xylo-3b (57%), 142 mg ofx-lyxo-3b with traces ofa-xylo-
3b (7%), and 469 mg of a mixture @Fxylo-3b, a-lyxo-3b, ando-xylo-
3bin a 65:17:18 (16%, 4%, 2%) ratio as colorless oils.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methylethoxycar-
bonyl))methyl]-B-p-xylopyranoside {3-xylo-3b). [a]?% = —23.3 €
0.98, CHCY). TLC (petroleum ether/ethyl acetate 58)0.72. *H
NMR 6 1.20-1.27 (m, 12 H, 2 C@H(CHa)), 2.01, 2.03 (2s, 3 H
each, OAc), 2.51 (dddl = 10.4, 7.6, 4.7 Hz, 1 H, 2-H), 3.40 (s, 3 H,
OMe), 3.48 (dJ = 4.7 Hz, 1 H, 6-H), 4.07 (dd) = 11.6, 5.2 Hz, 1
H, 5-H), 4.88 (ddd,) = 9.0, 8.3, 5.2 Hz, 1 H, 4-H), 4.92 (d,= 7.6,

1 H, 1-H), 4.99-5.08 (m, 2 H, 2 CGQCH(CHa),), 5.02 (dd,J = 11.6,

9.0 Hz, 1 H, 5H), 5.16 (dd,J = 10.4, 8.3 Hz, 1 H, 3-H).13.C NMR
0211, 21.2, 21.3, 21.8, 22.0, 22.1 (6q, OAc, OBI(CH3),), 45.3,
49.7 (2d, C-2, C-6), 57.2 (q, OMe), 62.4 (t, C-5), 69.5, 69.8, 70.6,
70.9 (4d, C-3, C-4, 2 CLH(CHy),), 102.1 (d, C-1), 167.7, 168.0, 170.1,
170.5 (4s, OACCO,iPr). IR (CHCE) v 3023, 2985, 2938, 1744, 1457,
1375, 1232, 1209, 1102, 1051. Anal. Calcd fastzoO10: C, 54.54;

H, 7.23. Found: C, 54.61; H, 7.24.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[bis(methylethoxycarbonyl))-
methyl-a-p-lyxopyranoside (o-lyxo-3b). TLC (petroleum ether/ethyl
acetate 5:5R; 0.69. 'H NMR ¢ 1.20-1.26 (m, 12 H, 2C@CH(CHa),),
2.04, 2.10 (2s3 H each, OAc), 2.94 (ddd,= 7.0, 5.8, 3.4 Hz, 1 H,
2-H), 3.39 (d,J = 5.8 Hz, 1 H, 6-H), 3.40 (s, 3 H, OMe), 3.82 (d,
= 12.6, 3.0 Hz, 1 H, 5-H), 3.88 (ddd,= 12.6, 3.8 Hz, 1 H, 5H),
461 (d,J=7.0, 1 H, 1-H), 4.80 (ddd, & 9.0, 3.8, 3.0 Hz, 1 H, 4-H),
4.99-5.09 (M, 2 H, 2 CECH(CHs),), 5.34 (dd,J = 9.0, 3.4 Hz, 1 H,
3-H). 3C NMR 6 20.6, 20.9, 21.1, 21.3, 21.4, 21.5 (6q, OAc, £0
CH(CHs3),), 40.9, 50.7 (2d, C-2, C-6), 56.3 (g, OMe), 62.4 (t, C-5),
66.0, 69.0, 69.2, 69.3 (4d, C-3, C-4, 2€IH(CHs),), 100.7 (d, C-1),
167.0, 167.2, 169.0, 169.7 (4s, OAED,IPr).

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[bis(methylethoxycarbonyl))-
methyl]-a-p-xylopyranoside (@-xylo-3b). TLC (petroleum ether/ethyl
acetate 5:5[R: 0.72. *H NMR ¢ 1.20-1.27 (m, 12 H, 2 C@CH(CH3),),
1.95, 1.98 (2s3 H each, OAc), 2.72 (ddd,= 11.1, 6.9, 3.2 Hz, 1 H,
2-H), 3.26 (s, 3 H, OMe), 3.51 (d,= 6.9 Hz, 1 H, 6-H), 3.60 (dd)
=12.2, 9.1 Hz, 1 H, 5-H), 4.86 (d,= 3.2 Hz, 1 H, 1-H), 4.99-5.08
(m, 3 H, 4-H, 2 CQCH(CHjy),), 5.12 (dd,J = 12.2, 6.0 Hz, 1 H, 5
H), 5.46 (dd,J = 11.1, 9.5 Hz, 1 H, 3-H).23C NMR ¢ 20.7, 20.8,
21.5, 21.6, 21.8, 22.0 (6qg, OAc, GOH(CH3),), 43.5, 51.2 (2d, C-2,
C-6), 55.0 (q, OMe), 58.9 (t, C-5), 69.2, 69.6, 70.3, 70.6 (4d, C-3,
C-4, 2 CQCH(CHs),), 100.0 (d, C-1), 167.0, 167.4, 169.5, 170.1 (4s,
OAc, CO,iPr).

Addition of Dimethyl Malonate (2a) to 3,4-Di-O-acetyl-D-arabinal
(1d) in the Presence of Ceric(IV) Ammonium Nitrate. Column
chromatography (hexane/ethyl acetate #3:4) afforded 1.13 g of
pure a-arabino-3a (61%) and 503 mg of a mixture af-arabino-3a
and p-arabino-3a in a 75:25 (21%, 7%) ratio as colorless oils.
Crystallization from ethanol gave-arabino-3a as colorless needles,
mp 99-100 °C.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-a-p-arabinopyranoside (@-arabino-3a). [0]?% = —1.5
1.03, CHC}). TLC (petroleum ether/ethyl acetate 5&%)0.50. H
NMR 6 1.97, 2.12 (2s3 H each, OAc), 2.84 (ddd,= 11.9, 8.6, 3.9
Hz, 1 H, 2-H), 3.45 (s, 3 H, OMe), 3.64 (dd,= 13.3, 1.1 Hz, 5-H),
3.68 (d,J = 3.9 Hz, 6-H), 3.71, 3.72 (28 H each, C@Me), 4.01 (dd,
J=13.2,2.0Hz, 1 H, 5H), 4.73 (d,J = 8.6 Hz, 1 H, 1-H), 5.13 (dd,

Linker and Sommermann

J=11.9, 3.3 Hz, 1 H, 3-H), 5.17 (ddd, = 13.3, 2.0, 1.1 Hz, 1 H,
4-H). 3C NMR ¢ 20.9, 21.4 (2qg, OAc), 42.7, 48.2 (2d, C-2, C-6),
52.8, 52.9 (2q, CeMe), 57.8 (g, OMe), 64.7 (t, C-5), 67.5, 69.8 (2d,
C-3,C-4),102.5 (d, C-1), 168.9, 169.2, 170.1, 170.8 (4s, @&pMe).

IR (CHCI5) v 3012, 2965, 2848, 1750, 1439, 1374, 1298, 1236, 1132,
1093. Anal. Calcd for gH2,0:0: C, 49.72; H, 6.12. Found: C,
49.48; H, 6.02.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methoxycarbonyl))-
methyl]-g-p-arabinopyranoside (#-arabino-3a). TLC (petroleum
ether/ethyl acetate 5:% 0.52. *H NMR 6 1.95, 2.13 (2s3 H each,
OAc), 3.08 (dddJ = 11.9, 6.0, 3.2 Hz, 1 H, 2-H), 3.41 (s, 3 H, OMe),
3.68-3.70 (m, 1 H, 5-H), 3.72, 3.77 (28 H each, CGMe), 3.84 (d,
J=6.0Hz, 1 H, 6-H), 4.0%4.04 (m, 1 H, 5H), 4.90 (ddd,J = 10.8,
5.3, 3.0 Hz, 1 H, 4-H), 5.04 (d] = 3.2 Hz, 1 H, 1-H), 5.35 (dd] =
11.9, 3.0 Hz, 1 H, 3-H).23C NMR ¢ 20.6, 20.8 (29, OAc), 39.5, 49.7
(2d, C-2, C-6), 52.6, 52.7 (2q, GMe), 56.4 (q, OMe), 60.6 (t, C-5),
65.3, 67.9 (2d, C-3, C-4), 99.4 (d, C-1), 168.2, 168.8, 169.8, 170.0
(4s, OAc,CO:Me).

Addition of Diisopropyl Malonate (2b) to 3,4-Di-O-acetyl-p-
arabinal (1d) in the Presence of Ceric(IlV) Ammonium Nitrate.
Column chromatography (hexane/ethyl acetate 6:4) afforded 1.18 g of
pure a-arabino-3b (56%) and 644 mg of a mixture af-arabino-3b
andg-arabino-3b in a 77:23 (24%, 7%) ratio as colorless oils.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methylethoxycar-
bonyl))methyl]-a-p-arabinopyranoside (@-arabino-3b). [0]?% =
—11.1 € 0.98, CHC}). TLC (petroleum ether/ethyl acetate 51)
0.68. *H NMR ¢ 1.20-1.27 (m, 12 H, 2 C@H(CH3),), 1.97, 2.12
(2s, 3 H each, OAc), 2.85 (ddd,= 11.9, 8.6, 3.7 Hz, 1 H, 2-H), 3.46
(s, 3H, OMe), 3.59 (dJ = 3.7 Hz, 1 H, 6-H), 3.64 (dd] = 13.4, 1.0
Hz, 1 H, 5-H), 4.01 (ddJ = 13.4, 1.8 Hz, 1 H, 5H), 4.71 (d,J = 8.6,

1 H, 1-H), 5.06-5.08 (m, 2 H, 2 CGQCH(CHy),), 5.14 (dd,J = 11.9,

3.3 Hz, 1 H, 3-H), 5.18 (dddj = 3.3, 1.8, 1.0 Hz, 1 H, 4-H).1*C
NMR 6 20.8, 21.3, 21.6, 21.8, 21.9, 22.0 (6q, OAc, OBI(CHs),),
42.4, 48.9 (2d, C-2, C-6), 57.4 (g, OMe), 64.7 (t, C-5), 67.6, 69.2,
69.5, 69.9 (4d, C-3, C-4, 2 GOH(CHz),), 102.7 (d, C-1), 168.0, 168.1,
170.0, 170.8 (4s, OA€O,CH(CHg),). IR (CHCL) » 3031, 2984, 2938,
1746, 1459, 1376, 1234, 1181, 1103, 1023. Anal. Calcd for
CioH30010: C, 54.54; H, 7.23. Found: C, 54.78; H, 7.39.

Methyl-3,4-di-O-acetyl-2-deoxy-2€-[(bis(methylethoxycar-
bonyl))methyl]-#-p-arabinopyranoside {#-arabino-3b). TLC (pe-
troleum ether/ethyl acetate 5:8)0.70. *H NMR 6 1.22-1.30 (m, 12
H, 2 CO,CH(CHs),), 1.94, 2.12 (253 H each, OAc), 3.09 (ddd} =
12.0, 6.1, 3.0 Hz, 1 H, 2-H), 3.30 (s, 3 H, OMe), 3.38Jds 6.1 Hz,

1 H, 6-H), 3.93 (ddJ = 12.8, 2.0 Hz, 1 H, 5-H), 5.025.09 (m, 3 H,
5'-H, 2 CO,CH(CHg),), 5.26-5.28 (m, 1 H, 4-H), 5.29 (d] = 3.0 Hz,

1 H, 1-H), 5.40 (ddJ = 12.0, 3.2 Hz, 1 H, 3-H).23C NMR ¢ 20.3,
20.4,21.2,21.3, 21.4, 21.5 (6q, OAc, &H(CH3),), 39.0, 50.1 (2d,
C-2, C-6), 55.0 (g, OMe), 60.5 (t, C-5), 67.6, 68.0, 68.9, 69.0 (4d,
C-3, C-4, 2CQCH(CHg),), 99.7 (d, C-1), 167.1, 167.3, 169.4, 169.6
(4s, OAC,CO,CH(CH),).
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