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Abstracts: Concise synthesis of ravidosamine, the amino suge
constituent of ravidomycin and other antibiotics, has been achieve OMe
The key steps include (1) regioselective reduction of benzylider OO

acetal with DIBAL, and (2) stereoselective reduction of oxime tc

the corresponding amine by using samarium diiodide in th o o R
presence of methanol.

Me o Me O OH
Key words: ravidosamine, regioselectivity, boron trifluoride ether- R OM X NMe,

ate, stereoselectivity, samarium diiodide, amino sugar 2 ravidomyein (1)
(R = -CH=CHy, R’ = Ac)

deacetylravidomycin M
(R=-CHz, R'=H)

Amino sugars are involved as an important partial struc

ture of many antibiotics or cytotoxic natural products, an HO OH

play essential roles in their biological activitie¥here- Hm'\ﬂe ME?QZEH

fore, considerable attention has been focused on develc MeaN,, HoNMe:

ment of their efficient and highly stereoselective syntheti _ _ . .
p-ravidosamine L-ravidosamine (2)

methods

Ravidomycin (), an amino sugar antibiotics, exhibits
strong inhibitory effect on Gram positive microorganisms
and potent antitumor activify.We previously accom- : - - . .
plished the total synthesis &f albeit long synthetic se- glse(;v_edlu?dder_mlgd acidic conditions to give alcohod
guence remained to be improveRecently, we found a o ISolated yield.

viable protocol for theC-glycoside formation of a 3-azi- A shorter route from methyi-L-fucoside 8) to the inter-
do-3-deoxy sugar as the amino sugar surrogateich ~mediate was also opened by adopting the method origi-
will enable the improved synthesis bfHerein, we wish nated by Guo et &F Protection of 3,4-diol with

to describe an efficient entry to the constituent amirieenzylidene acetdiproduced a diastereomeric mixture
sugar, ravidosamine), and the corresponding azido dein 76% yield, and subsequent masking of the remaining
rivative. This amino sugar is included also in deacetyhydroxyl group as benzyl ether gave the isomeric acetals
ravidomycin M and komodoquinone AFigure 1). 8 (50%) and (48%), which were easily separable by sil-
Although the natural ravidosamine is-&eries sugar, ex- ica gel chromgtography (Scheme IZ). The str:ucture& of
ploratory studies were carried out by using Hsnantio- and9 were assigned b4 NMR nuclear Overhauser en-

mer, just because we sought for a synthesis starting fr&%ncement difference (NOED) experiments (Figure 2).
fucose, in which the-antipode is much cheaper than

Figurel

counterpart. Once an optimized synthetic pathway wi 1. MeC(OE)s,

established, it should be applied to theeries sequence OMe gff;g& OMe 1.7 “OEt PPTS
as well. e o rt,1h Me 97 ons CH,Cly, rt., 12 h
Methyl a-L-fucoside 8)® was converted to alcohdl in @\iOHmA e 2. BaO, MeOH
80% overall yield by the reported method (Scheme 1) HO CH,Cl, ¢ 4 rt,18h

The C(3) hydroxyl group id was temporarily protected 3 . gg;:cOH 96% (2 steps)
as an ethoxyethyl ether, and the acetate and benzoate | Loh

tecting groups were removed by barium oxide in meth: 80% (3 steps)

nol. After the resulting hydroxyl groups iB were

protected as benzyl ethers, the ethoxyethyl ether w OMe 1. NaH, BnBr, DMF OMe
r.t., 12 h (95%)
Me O OH—— Me O OBn
2. PPTS, MeOH
HoOFE rt., 12 h (98%) Bno°"
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OMe
Me7 207 o1 PhCH(OMe);, TSOH — \ia—7~0
MeCN, r.t., 18 h
OH o

HO 3 76% O\\LA 7
Ph

OMe OMe

NaH, BnBr MEWOBn Meﬁ&iosn
B +
t, d g
DMF, .t 18 h o\\ OA‘
“Ph “'H
H
8

50% 48%

Scheme 2
1
%iosn eﬁ#osn
2
H

Figure2 !H NMR studies of NOE (%) fo8 and9

As previously noted by Guo, the isomeédsnd9 showed

OMe

96%

Me
e
Me

BnO

94%
Ph

BF3 OEIZ CH20|2

O <C, 5 min;

then DIBAL, 0.5 h
85%

Ph
Scheme 3

OMe
MeﬁiOBn fast
(e}

Oﬁ""“"AIH(i-Bu)Z
“Ph
H

significant difference in the reactivity for reductive acets 8 (endo)

cleavage (Scheme 3).Endo-isomer 8 rapidly reacted
with diisobutylaluminum hydride (DIBAL, 3 equiv) in

OMe

Tg&ioan DIBAL, CH,Cl,
o&‘ 0C,05h

“ph 8

H

oM

WOBH DIBAL, CHCl Me@iosn +MeWosn
OO 0C,2h OH OBn

Q‘”"H 9

OMe

Me O OBn

H
BnOo

6

OMe OMe

HO
6 10
1.3 : 1

OMe
Me O OBn

BnOOH

Mewosn
OH

BnO

OMe

dichloromethane within 30 minutes, affording the desire Mew oBn _slow _ ?\i ﬁ
. . . O\ OBn +

product6 as single product in 96% yield. On the othe
hand, the corresponding reactioneab-isomer9 reacted
much slower under the same conditions, and two hot
was needed for the complete consumptio®,dafiving a
mixture of regioisomer$ and 10 (1.3:1). We reasoned

9)

(- Bu)zAIHQ H "AlH(i-Bu);

that the lower reactivity & was due to the presence of theéscheme 4
exo-phenyl group, retarding the coordination of DIBAL to

the acetal oxygen(s) (Scheme'&Y his issue was nicely
solved by using DIBAL in combination with BfOE®,.
Upon exposure oéxo-acetal9 with BF;-OEY (2 equiv)
for 5 minutes (0 °C, CkCl,), followed by the addition of

DIBAL (3 equiv), the reaction was complete within 0.£ O*‘,.
“Ph

hours to furnish the desired prodédas a single isomer in

85% yield.

Concerning this highly favorable result, a typical Curtin-
Hammett system was relevant (Scheme 5). Upon trei
ment with BR-OEt, the isomer8 and9 became quickly
equilibrated, although the ratio was only 2 However,
as a consequence of the rapid equilibrium and also the fye—7~o
that8 reacts with DIBAL much faster th&n(vide supra), S oBn
the entity that undergoes reductior8jsonly giving the
product6. The exo-isomer9 could serve as an in situ

9 (exo)
OMe
BF3-OEt,
Me Q oBn —
CHClp, 0 C
8
DIBAL Ky > ks
ky

OMe

BnO HO

6 10

source of the reactive isom@&rindeed, we can also use aschemes

mixture of8 and9 by prior treatment with BFOEY, fol-

lowed by exposure to DIBAL under the same conditions
to afford produc®, although the yield was less than ex-

pected (Scheme 6).
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OMe OMe  BF;.OEt,,
CH,Cl, OMe
Mewosn Meﬁiosn 0, 5 min
+ » Me O
(0] (e} OBn
O. O then DIBAL,
*l ﬁ 0.5h BnoCH
Ph H
H Ph 81%
8 9 6

Scheme 6

a
H~ I OMe OMe OMe
H NH,
Me™/ 207/ oan — ML/ ogn + M4/ oBn
NOH NH H
BnO

BnO 2 BnO
H—"b
12 13 14
Scheme 8

The stage was now set for introduction of the C(3) amirdaving limited success with metal hydrides, we turned
group, for which we took the strategy of the oxime reduour attention to the use of an electron transfer reagent.
tion. Oxidation of6 was achieved by using pyridinium When oximel2 was treated with zinc powder and glacial

dichromate (PDC) or preferablg-iodoxybenzoic acid
(IBX),** giving a better yield of keton&l, which was
converted to oximé2 (Scheme 7).

OMe OMe
Meﬁiosn Meﬁ&iosn
OH o

PDC, CH,Cly, r.t., 24 h, 79%
or IBX, DMSO, r.t., 24 h, 96%

acetic acid at room temperattirer even at 100 °C, only
recovery of the starting material was observed (entry 4).
After some experimentation, we were pleased to find that
oxime 12 could be reduced in high stereoselectivity
(13:14 = 19:1) by using samarium diiodide and
methanol® in 78% vyield (entry 5).

BnO BnO OMe OMe
° e " Meﬁ&iosn 2 Smlz, MeOH MGWOBn
NOH NH
NH,OH-HCI, NaOAc MEWOBn BnO " BnO o
MeOH, r.t.,, 12 h
94% BnONOH 2 Smly
12
Scheme 7 favored i ldisfavored
OMe (|||)5m\NH§ OMe
However, initial attempts to reduce oxirtzwith hydride Me™/_ 29/ oen Me?é‘giom
reducing agents gave a poor stereoselectivity, giving tl NH
. - . . . O\ BnO
mixture of isomeric amine$3 and14 (Table 1, entries sma) .
1-3). The reduction with LiAljlgave the corresponding
aminesl3 and14 in moderate selectivity (entry 1). When jMEOH lMeOH
a bulky hydride reducing agent (e.g. Red-Al) was use OMe OMe
the axial approach became less favorable, presumably ¢ " o
to the hindrance by the C(1) methoxy group (Scheme ¢ ¢ [/ oBn ¢ [/ oBn
giving preferentially the undesired amité as a major Bno 2 BnO

product.

Tablel Reduction of Oximd2 with Hydride Reducing Agents
OMe OMe OMe

H NH»

Meﬁ&iOBn reag.e-nts MEP@OBn . MePQiOBn
BnONOH conditions BnONH2 BnOH

12 13 14
Entry Reagents Conditions Yield (%, rafio)
1 LiAIH 4 THF, 0 °C 72 (4:1)
2 Red-Al THF, 0°C 57 (1:2)
3 LiAIH 4, AICI, Et,0, 0 °C 63 (1:2)
4 Zn, HOAc r.t. to 100 °C o
5 Sml,, MeOH THF, r.t. 87 (>19:1)

aDetermined byH NMR.
b Recovery of the starting material.

13

14

Scheme9

Scheme 9 shows our rationale for this electron transfer re-
duction?’ The oxime is first reduced to imiri®, and its
further reduction generates the isomeric intermeditges
and17. Among these, equatorial disposition of the amino
substituent is preferred to avoid the unfavorable 1,3-diax-
ial interactions, and protonation by the coexisting MeOH
gives the desired amiri& as the major product.

Finally, primary amind.3 was converted to dimethylami-
no sugad8 by reductive dimethylation (Scheme 10). This
sugarl8 contained the required stereochemistry and func-
tionality of L-ravidosamine2).1® Azide 20 was also pre-
pared from aminé&3, when treated with triflyl azide and

a catalytic amount of cupric sulfat®Acetolysis of19
gave azide20, which is ready for use in the glycoside
formation.
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oM HCHO, OMe oH
NaBH3;CN
MeCN,
BnONHZ ONMe2 NMe,
13 18

rt.,24h Bn HO
91% L-ravidosamine (2)

g20; | TMNa, CuSO4, MeOH,
° | pyridine, CH,Cly, 1.t., 6 h

OMe
Ac,0, H,S0, OAc
Me o) — > Me 0
0Bn 0°C, 25 min Wan
B3 89% BnoN3
19 20
Scheme 10

©6)

)

®

9)
(10)

(11)

. o .(12
In conclusion, we have developed an efficient synthetlé )
route to ravidosamine derivatives. Total synthesis 0{13)
ravidomycin and the related natural products is now in

progress, and the results will be reported shortly.
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