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Summary: The structure of kifunensine (1) isolated from 
an actinomycete as an immunomodulator has been de- 
termined on the basis of chemical and physical evidence 
and X-ray crystal analysis. 

Sir: Glycosidase inhibitors have recently attracted con- 
siderable attention, because they are useful for investi- 
gating the structure-function relationships of glyco- 
proteins. The latter play an important role in many bio- 
chemical processes including carbohydrate metabolic 
disorders,' viral infectivity,2 cancer meta~tasis ,~ and im- 
mune response! In the course of our screening program 
for immunologically active substances, kifunensine was 
isolated as a new immunomodulator6 with a-mannosidase 
inhibitory activitp from an actinomycete, Kitasatosporia 
kifunense No. 9482. Herein we report the structure elu- 
cidation of this natural product as 1 on the basis of 
chemical and physical evidence and X-ray crystal analysis. 
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Kifunensine (1) was isolated as colorless prisms:' Ca- 
HI2N2O8 (FABMS, m/z  233 (M + H). Anal. Calcd for 
C8HI2N2O6: C, 41.38; H, 5.21; N, 12.06. Found C, 40.94; 
H, 5.07; N 11.78); mp >280 "C; [ a ] ~  +58" (c  0.1, H20); IR 
(KBr) 1740,1727, 1710 cm-'. 

NMR spectrum (D20) showed one methylene 
(6 62.7 (t, C-9)), five methines (6 73.9 (d, C-8),73.8 (d, C-7), 
71.8 (d, C-6), 66.0 (d, C-8a), 61.3 (d, C-5)), and two car- 
bonyls (6 164.2 (8, C-2 or C-3), 162.8 (8, C-3 or C-2)). The 
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Imanaka, H. J.  Antibiot. 1987,40,612. Kifunensine had been tentatively 
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(6) An a-mannosidase inhibitory activity: ICm 1.2 X lo4 M against 
a-mannoeidase (Jack bean). Details will be reported in due course. 

(7) A repeated experiment for isolation of kifunensine provided a 
sample in a higher state of purity, and the physical data reported in the 
original paper (mp 120-136 "C dec, [ a ] ~  +33" (c  0.1, H20)) should be 
corrected to those in the text. 
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chemical shifts of the methylene (C-9) and three (C-8, C-7, 
and C-6) of the five methine carbons suggest that they bear 
hydroxy groups. The corresponding methylene and 
methine protons in the 'H NMR spectrum (D20) were 
observed at  6 4.02 (dd, J = 12,9.5 Hz, 9-Ha), 3.86 (dd, J 
= 12,4.5 Hz, 9-Hb), 3.72 (dd, J = 9 ,3  Hz, 8-H), 4.11 (dd, 
J = 3.5,3 Hz, 7-H), 4.20 (dd, J = 3.5,l Hz, 6-H), 4.41 (ddd, 
J = 9.5, 4.5, 1 Hz, 5-H), and 5.12 (d, J = 9 Hz, 8a-H), 
respectively. The 2D INADEQUATE experimenta (D20- 
NaOD) revealed C-C couplings between the carbons 
bonded directly to each other, clarifying the serial linkages 
of these carbons as shown in partial structure a and b. 
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Treatment of 1 with 2,2-dimethoxypropane in the 

presence of p-TsOH in DMF (room temperature, 15 h) 
gave diacetonide 2 (mp 275-278 "C dec; FABMS, m / z  313 
(M + H); 82%), whose 'H.NMR spectrum (CDC13)6 
showed, in addition to the methylene and methine protons 
(6 4.67 (dd, J = 12, 5 Hz, 9-Ha), 3.80 (dd, J = 12, 10 Hz, 

7-H), 4.23 (dd, J = 11,8 Hz, 6-H), 4.91 (d, J = 8 Hz, 8a-H), 
and 3.59 (ddd, J = 11, 10, 5 Hz, 5-H)), an exchangable 
amide proton at  6 9.00 (br s, 1-HI. In the 'H-'H COSY 
spectrum (CDCl,), a cross-peak was observed between this 
amide NH and the C-8a proton, indicating the bonding of 
the amide N to C-8a and thereby leading to partial 
structure c. The two acetonide bonds between C-9/C-6 
and C-7/C-8 are postulated on the assumption that they 
are five- or six-membered rings. A reasonable cyclization 
of this partial structure c through the remaining one ni- 
trogen atom (N-4) finally leads to 2 for the full structure 
of the diacetonide and hence 1 for that of kifimensine itself 
(without stereochemistry). 

The stereochemistry of 1 was deduced as follows. Ki- 
funensine (1) showed, in the 'H NMR spectrum, a large 
value (J = 9 Hz) for the vicinal coupling constant of 8-H 
and 8a-H, suggesting that these protons are in trans diaxial 
relationship. The vicinal coupling constant of 5-H and 6-H 
in 2 was also large (J  = 11 Hz), although, in 1, the corre- 
sponding coupling constant was small (J = 1 Hz). These 
facta suggest that, in 2,5-H and 6-H are trans diaxial. the 
conformation of 1 differs from that of 2, the corresponding 
protons being equatorial-equatorial in 1. The configura- 
tions of 7-H and 8-H in 1 are presumed, by considering 

9-Hb), 4.05 (dd, J = 8,8 Hz, 8-H), 4.36 (dd, J = 8,8 Hz, 

(8) Turner, D. L. J. Magn. Reson. 1982,49,175. 
(9) 13C NMR data of 2 6 (CDClJ 158.0 ( 8 ,  C-2 or C-3), 156.7 ( 8 ,  C-3 

or C-2), 48.3 (d, C-5). 70.2 (d, C-6). 75.9 (d. C-7). 79.6 (d. (2-8). 65.4 (d, 
C-8a), 61.3 (t, C-9). 
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mode using graphite-monochromated Mo Kor radiation (A 
= 0.71069 A). The structure was determined by the direct 
method (MULTAN 84) and successive block-diagonal lease 
squares and Fourier syntheses. Parameters were refined 
by using anisotropic temperature factors to R = 0.047 for 
1273 reflections used (F, 2 3a(FJ). A perspective drawing 
of the structure of 1 is given in Figure 1. The structure 
of kifunensine was thus defined to he 1 (relative configu- 
ration). The absolute stereochemistry of 1 was presumed, 
on the basis of its biological activity (or-mannosidase in- 
hibition), to be the D form.1° 

Kifunensine corresponds to a cyclic oxamide derivative 
of 1-amino-substituted mannojirimycin."J2 Because of 
its novel structure and interesting biological activity, ki- 
funensine represents a unique 1.5-iminopyranose and 
provides a new insight into the chemistry and biochemistry 
of this class of compounds. 

Supplementary Material Available: Details of the X-ray 
crystal analysis of 1 including tahlea of fractional coordinates, 
thermal parameters, bond lengths, and bond angles (5 pages). 
Ordering information is given on any current masthead page. 

Figure 1. Molecular structure of 1 by an ORTEP drawing. 

the fact that 1 showed inhibitory activity against a-man- 
nosidase? to be the same as those of mannose. The relative 
stereochemistry of kifunensine has thus been deduced to 
be as shown in 1. 

For the confirmation of the presumed structure and 
determination of its stereochemistry, a single-crystal X-ray 
analysis was undertaken using crystals of 1: monoclinic, 
space group P2,; unit cell a = 7.934 (Z), b = 6.634 (l), and 
c = 8.933 (3) A; fl = 101.59 (3)'; V = 460.6 (2) A3; 2 = 2, 
D, = 1.68 g ~ m - ~ .  Intensities were measured with 2O/o scan 

(10) Very recently, we have completed a synthesis of kifunensine from 
D-mannosmine. confirming ita absolute structure. Details will be re- 
ported in due  MU^. 

(11) Mannojimydn (nojirimydn B): Niwa, T.; Tsuruoka, T.; Goi, H.; 
Kcdams, Y.; Itoh, J.; Inoue, S.; Y-da, Y.; Niida, T.; Nobe, M.; Ogawa, 
Y. J.  Antibiot. 1984, 37, 1579. 

(12) For a review on 1,biminopyranoses and 1,4-iminafuranoses, see: 
Fleet, G. W. J. Spec. Publ. Royal Chem. Soc. 1988, No. 65,149. 
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Summary: The application of linked bis-tartrate esters Scheme I 
as ligands for the titanium-mediated asymmetric ep- 1 1 ~q IBuaNIIOH1 0 OH OH 0 
oxidation is studied in order to gain information about the Bnoq~~ B"O+0-(CH&0*OB" 

OH 0 0 OH 
2 0 5 w I-(CH*ln-I 

OH 0 DMF. SO'C 
structure of the active catalytic species. The results ob- 
tained argue against the sole intermediacy of monomeric 
titanium-tartrate in the parent system. 3 4, n = 3,51% 

Sir: Determination of the structure of the active species 5, n = 4.81% 

in any catalytic cycle is extremely difficult, The pmibility 6, n = 5. 84% 
of catalytic activity being derived solely from a minor 
species must he dealt with as as is possihle.l 
This paper details the synthesis of three linked bis-mrate 
ligands and their use in epoxidation reactions to gain in- 

served sense and degree of asymmetric epoxidation and 
kinetic resolution? However, one mechanistic possibility 

formation ahout the structure of the active catalytic-species 
in the titanium-mediated asymmetric epoxidation/kinetic 
resolution? 

The mechanism of the asymmetric epoxidation has been 
studied in detail in our laboratories." A broad range of 
experimental data suggest that the predominant (-90%) 
species in solution generated by the addition of 1 equiv 
of dialkyl tartrate LO a titanium alkoxide has a structure 
I ,  analogous to the solid-state structure of a related de- 
rivative4 (Figure l). Kinetic studies support the hy- 
pothesis of epoxidation by such a species, and a stereo- 
chemical model has been developed to rationalize the oh- 

'This paper is dedicated to Dr. Cunther Ohloff on the happy 
orraqion of hra 66th birthday. 

(1) Extensive studies of the rhodium-bisphosphine catslyzed asym- 
metric hydrogenation of ~-minoserylic aeid derivatives revealed that the 
major product (>EA:l) was derived from the minor (-9%) alkyl hydride 
intermediate (see: Hslpern, J. Science 1982,217, 401). 
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