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The efficient synthesis of the iminoalditols derivatives 1 and 2 (nojirimycin a-C-glycosides) has been achieved in 10 steps from commercially
available 2,3;4,6-di-O-isopropylidene-o-L-sorbofuranose in an overall yield of 23-27%.

Owing to their remarkable biological activities, iminosugars

effects in therapeutic applications. Therefore, despite a large

form undoubtedly the most important and attractive class of amount of synthetic effort in this aréahere is still a need
carbohydrate mimics reported so far. As potent glycosidase for an efficient methodology to iminosug@rglycosides of

and glycosyltransferaddnhibitors, they promise a new

predictable configuration from simple precursors to facilitate

generation of carbohydrate-based therapeutics for the controkhe discovery of more selective inhibitors. To achieve this
of various diseases including diabetes, cancer, and viralchallenging goal and as part of our continuing studies on

infection! The main drawback associated with the use of
such “azasugars” is their lack of selectivity as or
B-glycosidase inhibitors, which may lead to detrimental side

(1) (a) Stltz, A. EIminosugars as Glycosidase Inhibitors: Nojirimycin
and Beyond; Wiley-VCH: Weinheim, 1999. (b) Winchester, B.; Fleet, G.
W. J. Glycobiology1992,2, 199—-210.

(2) (a) Kim, Y. J.; Ichikawa, M.; Ichikawa, YJ. Am. Chem. S0d.999,
121, 5829-5830. (b) Qiao, L.; Murray, B. W.; Shimazaki, M.; Schultz, J.;
Wong, C. H.J. Am. Chem. S0d.996,118, 7653—7662. (c) Jefferies, I.;
Bowen, B. R.Bioorg. Med. Chem. Letl997,7, 1171—-1174. (d) Platt, F.
M.; Reinkensmeier, G.; Dwek, R. A.; Butters, T. .. Biol. Chem 1997,
272, 19365—19372. (e) Platt, F. M.; Neises, G. R.; Dwek, R. A.; Bultters,
T. D. J. Biol. Chem.1994,269, 8362—8365.

(3) (a) Liotta, L. J.; Lee, J.; Ganem, Betrahedron1991,47, 2433—
2447. (b) Johnson, C. R.; Golebiowski, A.; Sundram, H.; Miller, M. W_;
Dwaihy, R. L.Tetrahedron Lett1997 653-654. (c) Johns, B. A.; Johnson,
C. R. Tetrahedron Lett1998,39, 749—752 and references cited therein.
(d) Fuchss, T.; Streicher, H.; Schmidt, R.lRebigs Ann./Recl1997, 1315~
1321. (e) Fuchss, T.; Schmidt, R. Rynthesi2000, 259—264. (f) Zhu,
Y.-H.; Vogel, P.J. Org. Chem1999, 64, 666—669 and references cited
therein. (g) Cipolla, L.; Lay, L.; Nicotra, F.; Pangrazio, C.; Panza, L.
Tetrahedron1995,51, 4679—4690.

10.1021/0l0062493 CCC: $19.00
Published on Web 08/24/2000

© 2000 American Chemical Society

azaglycoside mimicéwe have designed a flexible synthetic
strategy for the preparation of various types of piperidinoses
C-substituted at C-1.

In this paper, we wish to report our preliminary results
concerning the stereocontrolled synthesis of thé-C-
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substituted-1-deoxynojirimycia and 2 and analogues. As || NG

outlined in Scheme 1, our retrosynthetic analysis takes Scheme 2

Scheme 1
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o s OH aReagents and conditions: (a) NaH (2 eq.), BnBr (1.8 eq.), THF,
\> (_Z- /"""'(_Z‘-O quant. (b) acetone, H,S0, / H,0, 96%. (c) TrCl (1.4 eq.), pyridine,
)r - 9 O)( 40°C, 93%. (d) NaH (2 eq.), BnBr (1.8 eq.), THF, 95%. (e) HBI/ACOH,
«k»o 10°C, 96%. (f) PCC (1.8 eq.), molecular sieves, CH,Cl,, 85%. (g)
BnNH, (1.1 eq.), molecular sieves, 0°C, quant.

R-M

advantage of the chirality af-sorbose, which provides the The aldehyde5 was obtained from4 in 85% yield by
three stereogenic centers (C-2, C-3, and C-4) of our tdrget standard PCC oxidatiof.Finally, condensation ob with

and acts as an internal chiral auxiliary. It is noteworthy that 1.1 equiv of benzylamine in dichloromethane in the presence
L-sorbose has been used as the starting material for the firsbf molecular sieves (4 A} afforded quantitatively the imine
synthesis, as well as for some of the shortest syntheses, 0B, as judged by proton NMR spectroscopy.
1-deoxynojirimyci but not for the preparation of chain- Having in hand the key intermedia6 we first studied
extended analogues. The diastereoselective chain extensiothe diastereoselectivity of the addition of vinylmagnesium
of imine IV is the key step of our synthetic strategy for the bromide to the &N bond (Scheme 3} The resulting allylic
following two reasons: first, the careful choice of reaction
conditions can give access selectively to the two possible
epimers at C-6 inlll, i.e., the precursors of thex- or

p-epimers of imino-C-glycosidé. Second, at this stage, Scheme 3

structural diversity may be introduced at the “anomeric” OO
position by using the wide library of organometallic nucleo- a H ©
philes available. This point is particularly significant if one o BfN=— OBn
wants to explore the affinity of the aglycon binding site R OBn
within a range of glycosidases to increase the selectivity of OOO 7a R= vinyl
potential inhibitor$ The last steps of the synthetic plan 8a R= allyl
consisted in generating the final imino-sugauglycosidic BnN= 0OBn

structure () by way of the intramolecular reductive amination o8n

of the latent keto function of the chain-extended amino- 8

sorbofuranose derivative, a reaction that was expected to be

highly stereoselective and to give the desired epimer in the R OBn
p-series’ Finally, an orthogonal protecting group strategy 7b R= vinyl
was designed to facilitate the differentiation of the sugar 8b R=aly
hydroxyl groups, notably at C-3 (structube thus opening g o, 4% (e, 879 (Rl (o RGBS ¢ et
the way to oligosaccharide analogues or to other iminosugars 5:3;3652(593%118;):5;? TG, cem s, B (el
by controlled epimerisation of one of the OH group (see ’ ‘

Scheme 1).

This approach required an efficient and easy access to
multigram quantities of iminé. This key intermediate was
prepared from commercially available 2,3;4,6}isopro-
pylidene-ot-sorbofuranose in seven steps and 69% overall
yield (Scheme 2). Quantitative benzylation of the primary
alcohol, followed by selective deprotection of the six-
membered isopropylidene acetal under aqueous acidic condi-
tions, in the presence of acetone, gave the @iah 97%
yield? Benzylation of th_e secondary hydroxyl group was (10) Nicotra, F.; Panza, L.; Russo, G.; ZucchelliJLOrg. Chem1992
performed by the following three-step procedure: selective 57 21542158,
protection of the primary alcohol function & as a trityl (11) Feldman, K. S.; Mingo, P. A.; Hawkins, P. C. Beterocycles999
ether, benzylation of the secondary OH, and cleavage of theSl’(llzz)Sglgclﬁ,gé.Chem. Rev1998,98, 1407—-1438 and references cited
trityl group using a solution of HBr in glacial acetic acid.  therein.

amine was of particular interest owing to the various
synthetic possibilities offered by the transformation of the
C=C double bond at different stages of the synthesis. A
solution of theN-benzylimine6 in Et,O was added dropwise

to a cooled solution of 5 equiv of the Grignard reagent in
Et,O at 0°C. The reaction mixture was slowly warmed to

room temperature and stirred for 24 h. Proton NMR analysis

2972 Org. Lett., Vol. 2, No. 19, 2000



of the crude product after workup revealed the presence of | RN

a single diastereomer. The pure amifeewas obtained in Scheme 8
74% yield after purification by flash chromatography. The

addition of allylmagnesium bromide (4 equiv)&awas also HO. OBn‘OH , A2 Ogri\OAc
found to be highly diastereoselective and proceeded to give ;: 2. e 1@4\ R
8ain ayield of 87%. The absolute configuration of the newly R ’1 s R Nk 5 en
created stereocenter was unambiguously establishedRo be Pho Ph
at the stage of the cyclic produgt 9 R=vinyl 1 R=vinyl
The high stereoselectivity of the addition of the organo- 10 R=ally 2 Realyl
magnesium species to imirfecan be best rationalized by eagents (i”;’qj‘?&“j“i?,?ééi;fﬁofs'l’g';:%f QQS“Z;:E;
the chelated intermedia#!? involving as ligands the ring 40°C, 18h, 92.93%. T ’

oxygen atom of the sorbofuranose moiety and the nitrogen
atom of theN-benzylimine (Scheme 4). The propensity of

The relative configuration of the substituents in the
piperidine ring system was unambiguously established by
the 'H NMR spectra (COSY and NOESY) &fand10 and
of their respective acetatdsand?2,'® obtained in excellent
yield by acetylation using A© in pyridine at 40°C. As
shown by the dat&'” both compounds have a pseudo-
D-gluco configuration and adopt predominantly a chair
conformation in which all substituents are in equatorial

BN H . .
re face i siface position except the allyl/vinyl group.
addition BF,  addition The intramolecular reductive amination of the alternate
A B 6-benzylamino-6-deoxy-sorbose derivativéb gave a labile

product, the configuration of which could not yet be

_the ring oxygen in furan9§e derivatives to act as a coo_rdmat- (16)Data for 9: H NMR (500 MHz, CDCH) 8 (ppm) 3.02 (dt, 1H,
ing Lewis base in additions of organometallic species t0 i, '='4.4, J;, = 8.8 Hz, H-5), 3.39 (dd, 1H),» = 4.9, J; 1 = 9.8 Hz,

5-aldehydepentofuranose derivatives is well documentéd. Hcll)4 ﬁ'ghgt'e,l'?_'éjfiz THJJs,A ~ 83.5 Hzé gf{) ?4.5‘% (g,715H(Jd: iﬁbz Hz,
i N ; AFBFN), 3. ) 45 = J4 3~ 6.0 HzZ, H-4), 5. ) 23=

To modlfly thg stereoselectivity of the reaction, we pen‘qrmeql 92,31 ~ 5 Hz, H-2), 3.77 (dd, 1THJsaco™ 10, Jons = 3.9 Hz, H-6a),
the addition in the presence of a monodentate Lewis acid3.82 (dd, 1HJsp,6a= 10.3,Jep5s = 4.9 Hz, H-6b), 4.00 (d, 1H] = 14.2
[BFs-ELO (5 equiv}* at —78 °C] with the goal of precom- ~ Hz NCHaHgPh), 4.46 (AB, 2H.J = 11.7 Hz, OCHPh), 4.83 (AB, 2HJ
. - ! ; . =117 Hz, OG,Ph), 5.19 (dd, 1HJgem= 1.9, Jyans = 17.1 Hz, CH=
plexing the imine and suppressing chelation effects. Addition cH,Hg), 5.45 (dd, 1HJgem= 1.9, Jis = 10.5 Hz, CH=CHaHg), 5.9 (dlt,

of vinylmagnesium bromide (4 equiv) at50 °C to 6 thus i?ﬁjléléHl)O'ljggnﬁm:AF:aw(éOz'JgCiSM:H 10&:50%1' (SCEi';(SHz)r777-0156;§-?0 (”)L
: - : : : 5); : z, : 3= 77. ppm
preactivated and warming up the reaction mixture—b0 52.98 (NCHPh), 59.78, 63.40 (C-1. 5), 70.14 (C-6), 71.59, 72.67 (C-2, 4),

°C afforded, after purification, the epimeric amirb with 73.44 ?nd )74.49 @ ?HZCGH%,) 83.53 (C-4), 122.39 (CH((:Hé), 126.9/—

; : ; ) ; 128.6 (Gyn), 131.19 (CH=CH)), 137.95, 138.85, 139.94 (3:0; MS m/z
the opposite cqnﬁguranon at C-6, as _expeqed according 10,600 [(M-+ )], Data for 1 TH NMR (500 MHz, CDCh)  (ppm) 1.86
the open transition state modet? depicted in Scheme 4. (s, 3H, OAc), 1.90 (s, 3H, OAc), 3.16 (dt, 1Hs6 = 3.9, Js4 = 9.8 Hz,

The addition of allyimagnesium bromide to the im&ander H-5), 3.51 (d, 2HJss = 3.9 Hz, 2 H-6), 3.59 (dd, 1H) 2= 5.4, J1.v =

" 8.8 Hz, H-1), 3.68 (d, 1H) = 14.2 Hz) and 4.08 (d, 1H) = 14.2 Hz
the same conditions gave, however, the expected produciag, NCHZp)h)’ 3.7é @, 1}41,]34: 3322)9,5 Hz, H_(3)' 4',?3 (d, 1H) :)

with a very low degree of stereoselectivity. 11.7 Hzg ang 4.28 Eg, 1H = 11.7 HZ))((AB,OOGC_!;izth;), 4658(gdd, 1H) =

: : L : 11.7 Hz) and 4.67 (d, 1H] =11.7 Hz) (AB, OGH,Ph), 5.05 (dd, 1HJ,3

The mtram_oleculgr reductive amm_at_lon of the_amlno- —0.8,0s1= 5.4 Hz, H-2), 5.12 (br d, TH}ne= 17.1 Hz, CH=CHHa).
sorbose hemiketal liberated upon acidic hydrolysis of the 5.14 (t, 1H,J,3 = J45 = 9.8 Hz, H-4), 5.36 (br d, 1HJss = 10.2 Hz,
i ; i i CH=CHaHg), 5.92 (ddd, 1HJ11' = 8.8, Jyans = 17.1, Jsis = 10.2 Hz,

isopropylidene group was ther.].mvesugayed. . . oy CHI=CH2), 7.15—7.35 (m, 15H, 3 gs); 1°C NMR (62.9|SI\/IH2, CDCY)
The best experimental conditions consisted in using 90% s (ppm) 21.05, 21.07 (2 OAc), 52.66 (NGPh), 57.91, 59.85 (C-1, 5),
aqueous CFCOOH at room temperature for 24%Hor the ?g-loi S(C(ga| 7%8)7, ﬁé%g (?228' 2)7, 7(%1)9, 17?4}6256((2(??)&@-033(7%33),

; ; ; - =Lh), U—lzc. H), - =CH), .99,
hydrolysis step, followed by evaporation of the reaction 13554 13972 (3 §), 169.79, 170.07 (2 OAC), MSn/z 5445 [(M +
mixture and treatment of the crude intermediates with H)*];[0]2% +18.5 € 1.2, CHCh). Data for 2: 'H NMR (500 MHz, CDC})

WY i ; ; ; ; o (ppm) 1.89 (s, 3H, OAc), 1.95 (s, 3H, OAc), 2.24 (m, 1H) and 2.37 (m,

NaBH@CI_\l (4 equiv) in glamal_acetlc acid for the r_e_duc_tlon 1H) (CHICH=CHp). 3.19 (m, 2H. H-5 and H-1). 3.58 (m. 201, H-6). 3.80
step. This sequence of reactions gave, after purification of (¢, 1H, J,, = J;, = 8.3 Hz, H-3), 3.96 (AB, 1H,) = 14.2 Hz, NCHPh),
the final product by flash chromatography, the expected 4-3131(?e:f)s(gCHgggﬂlh)é;-(gZ c(jd,l}_t']J= 111673HJZ) aﬂdl4563 (db 1HHl
. : : T . = 11. z y 4. rd, cis = 10.3,Jgem = 1. z, =
d_|astereomer|cally pure p|per|d_|no££and 10in mod_erate CHaHg), 4.99 (dd, 1HJgem = 1.5, Jyans = 17.1 Hz, CH=CHHg), 5.15
yield (48-49%) from the 6R) amino-sorbose derivativéa (dd, 1H,J,1=5.4,J3 = 8.8 Hz, H-2), 5.23 (t, 1H)s5~ 8.5,J33~ 8.5
; Hz, H-4), 5.62 (m, 1HJ = 6.8, 6.8, 10.3, 17.1 Hz, l€&=CH,), 7.10—
and8a, respectively (Scheme 5). 7.45 (m, 15H, 3 @Hs); 2°C NMR (62.9 MHz, CDC4) & (ppm) 21.17 (2

0Ac), 30.71 CH2CH=CHy), 52.64 (NCH,Ph), 55.85, 56.03 (C-1, 5), 69.59

(13) Inch, T. D.Adv. Carbohydr. Chem. Biocher972,27, 191—225 (C-6), 71.44, 71.84 (C-2, 4), 73.18, 74.22 (ZB,Ph), 78.65 (C-3), 116.11

and references cited therein. (CH=CH,), 126.00—128.5 (@), 136.10 CH=CH,), 138.05, 138.44,
(14) van Delft, F. L.; de Kort, M.; van der Marel, G. A.; van Boom, J.  140.12 (3 G), 169.97, 170.08 (2 OAc); MSm/z558.5 [(M+ H)']; []?%
H. J. Org. Chem1996,61, 1883—1885. +26 (c1, CHCEB).
(15) Nortey, S. O.; Wu, W.-N.; Maryanoff, B. Earbohydr. Res1997, (17) For example, in the case of the piperidifolcrucial NOE effects
304, 29-38. were observed between H-4nd H-5 and between H-and H-3.
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established. Further work on the epimé@sand8b, which reaction sequence proceeds in an overall yield of 28%.

should give access t-configured imino-C-glycosyl com-  This strategy is currently being extended to other types of

pounds is currently in progress. organometallic nucleophiles, and the piperidinose moiety is
In conclusion, the diastereoselective addition of organo- being modified with the goal of generating new types of

metallic reagents onto thesorbose-derived iminé, fol- glycosyltransferase inhibitors.

lowed by an internal reductive amination, provides a
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