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Hetero Diels—Alder (HDA) cycloaddition of chiral 1-p-tolylsulfinyl-1,3-pentadiene with benzyl nitrosoformate, under mild conditions, yields
2H-1,2-oxazine 3 with complete regioselectivity and z-facial diastereoselectivity. Sequential osmylation and protection of the resulting glycol
gives the oxazine 5 which is directly transformed into enantiomerically pure 1,4,5-trideoxy-1,4-imino-L-ribitol 8 by reduction under Pd/C.

Optically pure 1-sulfinyl-1,3-butadienes have proved to be result prompted us to investigate the usefulness of 1-sulfi-
efficient chiral dienes in asymmetric Dielé\lder reaction’ nyldienes in other asymmetric HDA reactighis this sense,
mainly due to their almost complete stereoselectivity control our interest in the synthesis of monosaccharides and related
and to the easy evolution of their adducts through a highly compoundsdrew our attention toward reactions with nitroso
stereocontrolled rearrangeménespite this, their use in  derivatives, because the adducts resulting from their reactions

asymmetric synthesis is strongly limited by their rather low with 1-sulfinyldienes could be properly transformed into

reactivity even with good dienophiles. Our group has recently

found that reactions of these dienes with heterodienophiles,

such as 4-methyl-1,2,4-triazoline-3,5-dione, evolve under
very mild conditions retaining the high stereoselecti¥ithis
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metric Diels-Alder reactions with nitrosodienophif@have

also been used. These cycloadditions have been extensively
studied by Streith et al. in both racerffiand optically active
series. Concerning these asymmetric cycloadditions, the best
results have been obtained with chiral nitroso dienopHités,
whereas chiral dienes have been scarcely used since moder-
ated asymmetric inductions are usually obseretihus,
starting from a chiraN-dienyl lactam, Streith has synthesized

a 3,4-dihydroxypyrroliding>2

Glycosidase inhibitors have a large number of interesting  With these precedents, our group has investigated the

potential applications including treatment of AIDS and
diabetes as well as tumor metastasis inhibitdrke interest

of the polyhydroxypyrrolidines derives from the fact that they
have been found to be potent inhibitors for many glycosi-
dased. Therefore, 5-methyl polyhydroxypyrrolidines with

reaction of [(SR]-(1E,3E)-1-p-tolylsulfinyl-1,3-pentadiene
1?6 with benzyl nitrosoformate2. The highly reactive
dienophile2 was prepared in situ, in the presence of chiral
dienel, by oxidation of theN-benzyloxycarbonyl hydrox-
amic acid with tetrabutylammonium periodate in CHb

structures similar to that depicted in Scheme 1 have beensolution?” Fortunately the reaction took place under very

recently proved to be efficient inhibitors ofL-fucosidasé:®

mild conditions (CHCl,, —78 to 0°C). After 2 h, the'H

The search for new methods for synthesizing these com-NMR spectrum of the crude reaction revealed the existence

pounds with modified structure and configuration is of
potential relevance.

of a 2:1 mixture of the B-1,2-oxazine3 and the unreacted
diene 1. The addition of new portions of BNIO, and

The synthesis of polyhydroxylated pyrrolidines has been hydroxamic acid until complete disappearance of diene

performed from naturally occurring chiral compounds (
arabinopyranosid®, p-xilose!* p-gulono lactoné? p-glu-
cose!® p-galactofuranosé&, andL-lixopyranosidé® as well
as enantiomer resolutihand asymmetric synthesis. Out-

allowed to obtain compound in 54% yield?®

No other diastereocisomers could be detected from the
crude reaction by NMR, thus suggesting that both regio-
selectivity and stereoselectivity of the reaction are very high

standing examples of the latter methodology mainly involve (Scheme 2).

the use of enantiomerically pure chiral precursors controlling

the formation of a new stereogenic center (fromroline}’
(R) and (S)-glutamic acitf,(+) and (—)-seriné? and (R)-
or (9-phenylglycinot9), but enzymatic catalysisand asym-
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Structurally significantH NMR parameters of compound
3 are depicted in Scheme 3. Vicinal coupling constagis
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formed into its acetonid&®? by treatment with DMP in
PTSA (rt, 12 h, 89%).

The absolute configuration of compouBdvas unequivo-
cally assigned a$;,5,S,Rs by X-ray analysi& (Figure 1).
On the basis of this assignment the absolute configuration
of diol 4 and cycloadducB can be established.

The stereochemical course of the HDA reaction can be
explained by considering that the heterodienophile ap-
proaches to the less hindered face of diettee one that

(32) [354S5S6R-N-BencyloxycarbonyB,4,5,6-tetrahydre4,5-dihidroxy
3-methyt6-(p-tolylsulfony)-1,2-oxazine4: syrup, p]%% = —16.8 (c0.57,
CHCls); 'H NMR (CDCls) 6 1.31 (d, 3H,J = 7.3, (H3-C3), 2.43 (s, 3H,
CH3-CgHg), 2.85 and 3.78 (2s, each 1HH3C4, OH-C5) (exchangeable
with D20), 3.97 (dd, 1HJ = 2.7, 2.7,H-C4), 4.46—4.50 (m, 2HH-C5
and H-C3); 5.01-5.11 (m, 3H, PhCi and H-C6), 7.26—7.34 (m, 7H,
CeHs- and-CgH4-), 7.8 (system AABB', 2H, -CgH4-); 13C NMR (CDCh)

6 13.9 (CH-C3), 21.8 CH3-CeHg4-), 56.3 C3), 62.8'y 69.4C4, C5), 67.9

pseudoequatorial and pseudoaxial arrangements for H-3 andPhCHz-), 89.1 (36), 128.0, 128.2, 128.4, 129.1 y 129.7Gtarom), 132.8,

H-6, thus suggesting that the conformat®ris the favored

135.4, 145.9 (C-arom), 156.CE0). EM (m/q) (id, ie): 422 (100%, M-
1), 378 (84, GoH21NOsS"), 222 (37, GHgNOS™), 157 (19, GH/NO4™).

one. This conformational preference can be explained by [3545556R-N-Benzyloxycarbony,4,5,6-tetrahydro3-methy#4, 5-(di-

assuming the conjugation of the nitrogen with the alkoxy

carbonyl group. This fact determines that the interactions of (s,

methylmetilendioXy6-(p-tolylsulfony)-1,2-oxazine5: white solid;T; = 143
°C; [a]?% = +13.3°(c 0.62, CHC}); *H NMR (CDCl3) ¢ 1.35 and 1.36
each 3H, C(Ch),), 1.35 (d, 1HJ = 7.2, CH-C3), 2.43 (s, 3H, Cht

their oxygens with the almost eclipsed equatorial substituentsCsHa), 4.16 (dd, 1HJ) = 1.1, 5.0H-C4), 4.61 (cd, 1H)=1.1, 7.2 H-C3),

at C-3° shift the conformational equilibrium towar8,
displaying the methyl group in axial orientation, thus forcing
the p-tolylsulfinyl group to adopt an equatorial arrangement.
This would explain the low tendency of compoudtb give

the sulfoxide—sulfenate rearrangement (it requires the axia
arrangement of the sulfinyl group) in contrast with other
adducts derived from 1-sulfinyldienés.

Cis-dihydroxylation of adduc8, performed with catalytic
amounts of Os@in the presence of the-methylmorpholine
N-oxide, afforded dio#t (42%) as the only diastereoisomer,
along with a small amount af,-unsaturated lactanié As

4.74—4.81 (m, 2HH-C5, H-C6), 4.90, 5.00 (system AB, 2H] = 12.0,
PhCHx-), 7.19—7.34 (m, 7H, -€Hs and -GH4-), 7.83 (system AA'BB’,
2H, -CsH.-); 13C NMR (CDCh) 6 15.6 (CH-C3), 21.8 CH3-CeHa), 26.0
and 27.8 (C(CH)), 52.0 (C3), 66.7 and 74.904, C5), 68.1 (PhCH-),

90.7 (C6), 110.9C(CHa)y), 128.3, 128.4, 128.5, 129.3, 129.7G+arom),
133.4, 135.3, 145.5 (@rom), 155.4 (E&=0). EM (mq) (id, ie): 462 (100%,

I M + 1), 418 (64, GoH20NO7S*), 290 (21; GsH1/NOs™), 200 (20, GH14

NO4*), 171 (56, GH13NOs™), 156 (69, GHsSO:+). HMRS caled for GaHogs
NO;S 462.158649, found 462.157129.

(33) Crystal structure analysis 6f(Cy3H27NO;S): orthorhombic, space
groupP212121;a = 8.776 (15)b = 15.118 (3),c = 17.358 (3) A,V =
2303.1 (7) B, Z = 4; pcaica = 1.366 mg/m. Crystals were obtained by
slow difussion of hexane into concentrated solutiof of Et,O at rt. Crystal
size: 0.26x 0.2 x 0.2 mn?. Theta range: 1.79 to 23.32%(Mo Ko mm™1)
= 0.19.T = 573 K. Reflections collected: 12752. Independent reflections:
3332 (Rt = 0.0505). Refinement method full-matrix least square$-én
Data/restraints/parameters 3332/0/293. Goodness-of-fit df? = 0.902.

can be seen, the sulfinyl group has been oxidized to sulfonerinal R indices [1>20(1)]: R1 = 0.0312, wR2= 0.0610. R indices (all

in this process (Scheme 4). The optical purity of diak
almost complete X98% ee), as established B NMR
studies of its R)- and (S)-di-MPTA estefd which revealed
that both HDA cycloaddition and dihydroxylation have
occurred with totalz-facial selectivity. Diol4 was trans-

(30) A small amount (18%) ofN-benzyloxycarbonyl 5-methylpyrrolin-
2(5H)-one was also isolated. Its formation froBncan be rationalized
according to a similar evolution to that described for Firl and Kresce for
other oxazine derivatives bearing electron-withdrawing groups at C-6, which
are transformed into pyrrolinone derivatives by treating with base (Firl, J.;
Kresce, GChem.Ber.1966,99, 3695. Defoin, A.; Geffroy, G.; Le Nouen,
D.; Spileers, D.; Streth, Helv. Chim.Acta 1988,71, 1642).

(31) (a) Dale, J. A.; Mosher, H. S. Am.Chem.Soc.1973,95, 512. (b)
Yamaguchi, S. IPAsymmetric Synthesis; Morrison, J. D., Ed.; Academic
Press: New York, 1983; Vol. 1, p 125.
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data) R1= 0.0462, wR2= 0.0656. Absolute structure parametel0.09-
(7). Largest diff. peak and hole: 0.106 and 0.1357€.

(34) ([2R,3S,4S]-N-Benzyloxycarbonyl-1,4,5-tridesoxy-1,4-imine-2,3-O-
isopropylidene-L-ribitol)8: syrup; [oF% = +36.6° (c 0.03, CHC}); H
NMR (CDCls, rt) 6 1.10 and 1.16 (2d, each 38l= 6.9, CH-C2 | and II),

1.30 (s, 6H, C(CH)2), 1.43 (s, 6H, C(CH)2), 3.45 (dd, 2HJ = 5.2, 12.9,
H.-C5), 3.84 and 3.91 (2d, each 1B= 12.9, H'-C5 | and Il), 4.19 and
4.24 (2c, each 1H] = 6.9, H.-C2 | and Il), 4.38 (d, 2H] = 5.8, H.-C3),
4.75 (dd, 2H,J = 5.2, 5.8, H.-C4), 5.10, 5.18 (sist. AB, 4H,= 12.3,
PhCH—), 7.30—7.37 (m, 10H, -gHs); 13C NMR(CDCE) 6 16.3 and 17.0
(CHs-C2 I and 1), 24.8 and 26.8 (C(Gf)), 50.7 and 50.9 (C5 | and ),
58.9 and 59.2 (C2 | and Il), 66.8 (Ph@H), 85.1 and 85.8 (C4, C3), 111.7
(C(CH)p), 127.7,127.9, 128.4 (HC-arom), 138.8 (C-arom), 155.4 and 157.5
(C=0). EM (m/q) (id, ie): 291 (12.76%, W), 276 (16.07, M— CH), 91
(100, GH7"). HRMS (EI) calcd for GgH21NO, 291.147058, found
291.146580. Restricted rotation around the®3,Bn bond determines that
the H NMR signals corresponding to Me-C2, H-C5, and H-C2 appear as
a serie of two sets of same intensity signals when the spectrum is registered
at temperature below 5TC.
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of the sulfonyl moiety with formation of an unstable
aminoaldehyde, cyclization to the corresponding pyrroline
derivative, and final reduction of the=€N have taken place

in only one synthetic step (Scheme 5).

Scheme 5
1. Hp,Pd/C
2. CICOsBn Q..
5 —° . >< E;N—Coan
5"
H,, PA/C tH
3
l EtOH, r.t. 8 (96%)
SOQTol _ ]
O/,' SOzTol
X D
O\“‘ NH o\\ NH2
CHj CHj
6 (72%) ¢ "
H,, Pd/C
l EtOH, rt. ><O” o]
Figure 1. Structure of5 in the crystal. o~ NH2
CH
o, ¢ s
| | | X O | g
supports the lone electron pair at sulfwith the sulfinyl o" X N
group in a strans arrangement with respect to C&E(2). CHa O
The same approach has also been suggested to explain the 7 — 8

results obtained in other 1-sulfinyl diene reactions with
dienophiles such akl-methylmaleimide and maleic anhy-
dride? or heterodienophiles as 4-methyl-1,2,4-triazoline-3,5-
dione? In these cases, electrostatic repulsion between the
f:arbonyl and. sul_flnyl oxygens in the trgnsmon structure was 4 ;ow a one-pot transformation &finto 8. Hydrogenolysis
invoked t?’ justify the .hlgher reactivity of the teans of 5 for 8 h at rt, followed by treatment with benzyl
conformation of the sulfinyl oxygen. However, t_he factthat .hioroformate in aqueous NaHGQ@O °C, 1 h), afforded
such a conformation was also required to explain the res“"sdihydroxypyrrolidine8 in 96% yield.

of the nitroso derivatives suggests it could be highly preferred In summary, we have reported the first asymmetric HDA
(or the most reactive one) for 1-sulfinyl dienes, regardless o, tion of 1-sulfinyldienes with acylnitroso derivatives.
of the possible interactions present in the transition structure yiane1 evolves with benzyl nitrosoformate under very mild

erltr|1 OtheL groups present ?]t. dienophiles and hetemd'en,?'conditions (contrasting with the low reactivity exhibited with
philes. The reasons for this preference are not eaSIyhomodienophiles) with complete regioselectivity and ste-

understandable. , , reoselectivity to afford enantiomerically purklZ,2-oxazine
Concerning the stereochemical course observed farishe 3. Dihydroxylation followed by hydrogenolysis of the

hydroxylation step, the attack of the reaggnt from the opposite N-benzyloxycarbonyl 6-sulfonyl-1,2-oxazine ring provides
face of the double bond to that containing the methyl and an easy new access to optically pure dihydroxypyrrolidines.
SOTol groups (see Scheme 4) must be clearly favored fromIn this paper we have applied this sequence to prepare

a steric point of view. compound. The use of different 1-sulfinyldienes, as well

The transformation of the 1,2-oxazi&nto pyrrolidine 5 the application of other dihydroxylation procedures, to
7 was performed with blin the presence of Pd/C as the  ,ain 4 variety of dihydroxypyrrolidines, are currently in
catalyst (rt, 1 h). Hydrogenolysis of the benzyl residue progress.

followed by decarboxylation of the resulting carbamic acid
W y Xy (g ! ! Acknowledgment. We thank the DGICYT (Grants PB98-

afforded 1,2-oxaziné, which can be isolated in 72% yield. . .
Subsequent reaction of this compound with the reducing 0078) aqd JC.YL (VAO7/00B) for f|nan.C|aI.support. We thank
Dr. Daniel Miguel for structural elucidation.

agent afforded directly pyrrolidiné. This can be explained
by assuming that hydrogenolysis of the-® bond, removal OL0063611

As dihydroxypyrrolidine? is difficult to purify (isolated
yield 23%), it was characterized as Nsbenzyloxycarbonyl
derivative8.3* Finally we have found reaction conditions that

3168 Org. Lett., Vol. 2, No. 20, 2000



