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Abstract -- By utilizing a reductive one-step elimination reaction
of an acetoxyl residue at B-position of the nitro group in cyclitols,
a synthesis of the ketocyclitel triacetate (éég), which was already
converted to (-)=shikimic acid (;é) and (=)=-quinic acid {17), from
D-mannose {4) and a conversion from N-acetyl-D-glucosamine (18) to
2~deoxystreptamine pentaacetate (33) have been accomplished.

During the course of chemical transformation studies on carbohydrates leading
to cyclitols, we have found two convenient methods in which the oxidative decarbo-
xylation reaction is the key step; i.e. i) lead tetraacetate oxidationlJ and ii)
anodic oxiﬁationz)both followed by alkaline treatment. By virtue of these methods,
the short~step conversions from triterpene-oligoglycosides to aminocyclitcl-cligo-
glycosides and from sugars to cyclitols were effected. The transformation from
N-acetyl-D-glucosamine to streptamine hexaacetate was also accomplished.3'4)

All of these conversion pathways include the nitrocyclitol intermediates,
During the examination of the chemical behavior of these nitrocyclitol derivatives,
we have found that an acetoxyl residue at B-position of the nitro group is reduc-
tively eliminated by NaBH, treatment. This communication is a report on a synthe-
sis of the ketocyclitol triacetate (}ég), the key intermediate for the synthesis
of (-)-shikimic acid (1§) and (-)-quinic acid (17), from D-mannose (4) via the
nitrocyelitols {lg) and a synthesis of 2-deoxystreptamine pentaacetate (22) from
N-acetyl-D-glucosamine (18} via the nitroaminocyclitol derivative (19). Both

syntheses include the present reductive elimination reaction with NaBH, .

It is known that various functions may be introduced to o and B positions of
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5}

6)

the nitro group in aliphatic nitro compounds and nitro carbohydrates through

the nitro-olefin intermediates. In nitrocyclitols, the hydroxyl and acetoxyl

residues at B-position of the nitro group are readily replaced by nucleophilic

7.8)

functions. It was also reported that the elimination of the B-acetoxyl resi-

9)

due in nitro-sugars was effected stepwige via the nitrxo-olefin intermediate. We

have now found that NaBH, reduction effects the one-step elimination of the B-ace-

toxyl residue of the nitro group in nitrocyclitols.

10) ) with NaBH

q
in EtOH at room temperaturell} for 1.5 h furnished‘two bisdeacetoxylated products,

Treatment Of.i’ which was synthesized from D~glucuronic acid,l

2 (30%} and 2’(46%). The ir spectrum (CHC13) of ﬁ: C9H 0 N,lz) shows the pre-

17
servation of the nitro residue (1552, 1377 cm_l), while the 1H nmr Spectrum (CDle
exhibits signals ascribable to three methoxyl groups at 63.45 (6H, s) and &3.60
(3H, s), a proton geminal to the nitro residue at 64.32 (1H, t.t, J= 4, 12 Hz,l-H),
and two methylene groups at 61.79% (2H, d.d.d, J= 12, 12, 12 Hz, 20-H, 6a-H) and
§2.58 (2, d.d.d, J= 4, 4, 12 Hz, 2BR-H, 6B-H). These spectral properties have
defined the structure‘% having all equatorial substituents. The structure of‘g,
C9H1705N' has been elucidated by comparison of the physicochemical properties ({(ir,

1 13)

me, "H nmr} with those of 2. 3 is the C-1 configurational isomer of 2. Thus,

the one-step reductive elimination of the B8,f'-acetoxyl groups of the nitro group
in };has been accomplished.

Next, we applied the reductive elimination reaction to a synthesis of the
ketocyclitol triacetate (;Eg) from D-mannose (ﬁ). {=)-Shikimic acid (%E) and (-)-

guinic acid (lj) are important biosynthetic precursors of many natural products

4)

and their chemical syntheses were reported several times.1 However, to the

best of our knowledge, a synthesis from D-arabincse is a sole example of a synthe-

sis of optically active shikimic acid (1§) and quinic acid (17),'") in which 15a

was the intermediate.

Methyl 2,3,4-tri-O-benzyl-o-D-mannosiduronic acid (2), which was prepared

1)

from D-mannose (4) via EJ E, l, and 8, was subjected to Pb(OAc)4 oxidation to

furnish a mixture of 10 and 11. Nitromethane treatment of the mixture in MeCNa-
MeOHl'z) yielded a nitrocyclitol mixture (Lg), which, without further separation,
wag acetylated with ACZO—BF3 etherate to furnish the acetates (;33). NaBH4 re-
duction of ;Es in EtOH yielded two bisdeacetoxylated products, ;3(27%) and ;3(41%).

13, CyqH,g0gN, [a]gB -28.6° (CHC13); ir'(CCI4): 3087, 3067, 3032, 1542, 1375
em™'; 'H nmr (cDC1,): §3.53 (1K, d.d, J= 3, 8 Hz, 4-H), was converted to the

r

—210—



HETEROCYCLES, Vol

AcqO N02 1 N02
HB, ¢ NO,,
NaBH
0OAc LI Me°M5 HB +
(1
MeO EtOH Y MeC 4, MeO
OMe ‘ OMe
1 2 3
T P
(.r_nE, muco, scyllo)
5: rl=m, R2=CH20H
i) MeOH/AcCl
CH,OH o 2 6: Rl=fi, R°=CH,OTr
o ii) TrCl/pyr. ox A 2
iii) BnCl/NaH/DMF 7: Rl=Bn, R®=CH,OTr
oH HQ/ OH > 1 Norlrlo T 2
HO iv) 5%ag.H,S0 RO 8: R =Bn, R"=CH,0H
2504 oMe ~ 2
V) Cr03/aq.H,S0, 9: rl=Bn, R’=cooH
D-mannose (4)
AcOQ RO NO2
Pb (OAc) , oH i) CH,NO,/NaOMe-MeOH (65%)
9 > ; —> OBnBno /™ OR
-~ benzene BnONC o Y ii) Ac.0/BF.-ether (97%) BnO
2 3
OMe
;g (a-0Ac, 55%) _]:E : R=H
11 (R=OAc, 24%) l2a: R=AcC
el ——
1 1
NaBH 5 6 rt R
4 2 0
12a > R0 + 2
—— RZO £) 2 2 OR
4 RO
13(27%): RY=N0., R°=Bn 14(418%): R'=NO,, R*=Bn
— 2 2 A~ 2 5
13a : R"=NHAc, R"=Bn l4a : R =NHAc, R"=Bn
13b : R "=NHAc, R"=AcC 14b : R =NHAc, R =Ac
o] COOH OH
TiCly ref. 15) \ HOOC
13, 14 —————>
=~ OR RO OH HQ,
AcONH4 RO HO HO
15(72%): R=Bn 16 17
" — —~——
];3'3 : R=AcC

—211—
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N-acetylamino derivative {1l3a}, 029H3304N, [algs -53.8° (CHC13) by reduction over

Raney Ni 1-4'%) followed by acetylation. Debemzylation of 13a (H,/108 PA-C) fol-

lowed by acetylation gave 13b, C14H2107N. [alga -25.9° (CHC13); ir (CHCl3): 3440,
1738, 1665, 1501 cn™'; 'H nmr (CDCL,, 6): 1.93 (3H, s, eq. NHAC), 1.98, 2.00 (3H
each, both s, eq. OAc x 2), 2.09 (3H, s, ax. OAc), ) 4.86 (1H, d.d, J= 3.5, 10 Hz,
4-H), 5.22 (1H, d.d.d, J= 5, 10, 10 Hz, 5-H), 5.43 (lH, m, 3-H). Based on these
findings, the structure ;é has been substantiated. The structure 14, C27 29 5N,
[a]g8 -34.4° (CHCls), has been evidenced on the similar basis; i.e. the analysis
of physical properties of &ia, 029H3304N [a}g8 ~52.4° (CHC13) and the comparison
of physical data of 14b with those reported for ;52.18)

19)respectively yielded the same ben-

26 L ) -1
CyqHyg0,r lalg” =59.0° (CHCl): ir (€Cl,): 1719, 1495 cm™,

in 72% yield. Debenzylation followed by acetylation of 15 gave EEE which is iden-
20)

Treatment of 13 and ;3 with Ticla-NH40Ac

zyl-ketocyclitol (;é),

tical with the authentic sample synthesized from (-)}-quinic acid (;z) ags judged
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by ir. lH nmy, and [a]D comparisons. Since 15a was already converted to 16 and

17 as mentioned above;ls)

16 and 17 have now been formally synthesized from D-man-
nose (ﬁ:') . -

We next applied the reductive elimination reaction to a synthesis of 2-deoxy-
streptamine pentaacetate (;3) from N-acetyl-D-glucosamine (13). The nitroamino-

cyclitol derivative (}2),3) which was synthesized from N-acetyl-D-glucosamine in 7

steps in improved overall yield (20%),21) was quantitatively acetylated with Aczo-

BF3 etherate to give ;23.3) NaBH4 reduction of 19a in EtOH yielded a nitroamino-

cyclitol mixture (20, a~NO, ¢ B—N02= 2:3).22) On the other hand, acetylation of
23)

. ~ . : 28
19 with Ac,O-AcONa in THF furnished the monoacetate (19b), C,,H,q0gN,, [ﬂ]D

2
+45,0° (CHC13); ir (CHC13): 3550, 3430, 1739, 1676, 1563, 1451, 1370 cm-l, in 76%
yield. NaBH4 reduction of 19b in EtOH gave the monodeacetoxylated product (21,
C22H26°6N2'[“]ga +20.0° (CHCl,); ir (CHC1,): 3420, 1674, 1552, 1503, 1452, 1373
cm_l, in 63% yield. Successive treatment of E} {reduction of the nitro group, N-
acetylation, debenzylation, and O-acetylation) finally gave 2-deoxystreptamine
pentaacetate {gg), mp 322-323°, which is identical with the authentic sample by
mixed mp, ir, and TLC, in 55% yield from g&.

We are currently working on the further application of this one-step reduc-

tive elimination reaction to the synthesis of other types of cyclitol derivatives.
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