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cm-1, characteristic of a sulfone group, and the absence of 
bands in the region of 1045 10 cm-', characteristic of a 
sulfoxide group; (3) broad, intense bands at 1620-1650 
cm-', expected for C=C stretching absorptions; and (4) 
appropriate 'H NMR signals for Me, Et, t-Bu, and PhS02 
groups in the correct ratio. All such data accord with the 
presence, in each case, of a sulfonyl- and amino-substituted 
cyclobutadiene, such as 3; conversely, such data are not 
consistent with the presence of a 2-sulfmyl-4aminofuran 
such as 7 in the reaction product at this stage. 

Furthermore, by treating cyclobutadiene 3a with Fe(C- 
O)a or by exposing cyclobutadiene 3b to Mo(CO16, the 
corresponding complexes, 3a*Fe(C0)3 (9) and 3bM0(cO)~ 
(IO), were obtained. Both complexes displayed mass 
fragments for their cyclobutadiene subunits, 3a and 3b, 
in their mass spectra, had characteristic metal carbonyl 
bands in the 1&00-2000 cm-' region and sulfonyl bands at 
1140 f 10 and 1335 f 10 cm-l in their infrared spectra, 
and showed proton absorptions and splittings in their 'H 
NMR spectra only slightly shifted over those shown by 
uncomplexed 3a and 3b. 
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Finally, depending upon how soon 1 equiv of dimethyl 
acetylenedicarboxylate is added to cyclobutadiene 3a, 3b, 
or 3c after its formation from ynamine 2 and the appro- 
priate alkynyl sulfone la, lb, or lc, modest to good yields 
of the Diels-Alder adduct, lla, llb, and llc, were isolated 
(eq 2). These producta 1la-c displayed weak parent ions, 
as well as intense fragment ions at M+ - PhS02, in their 
mass spectra, infrared bands at 1150 and 1310 cm-' con- 
sistent with the presence of the sulfonyl group, and 'H 
NMR spectra appropriate for the expected substituents. 
In conclusion, we have adduced compelling evidence that 

ynamines and l-alkynyl sulfones combine initially with 

3n : R = M e  
3b : R = P h  

Jc : R=t-Bu  
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each other to provide metastable cyclobutadiene inter- 
mediates and that such cyclobutadienes can be chemically 
trapped, as metal complexes (9 and 10) or as Diels-Alder 
adducts (lla-c), in a potentially useful manner. In op- 
position to Himbert's contention (Scheme I), furans such 
as 7 are not formed directly from ynamines and alkynyl 
sulfones. Rather, at this point in our studies it appears 
that the initially formed cyclobutadiene eventually may 
isomerize to the furan 7 and, ultimately, to the enedione 
8.*l 
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(11) Himbert and m-workers repeated our reported interaction of 1. 
with 2 and found that they 'could confim moat of the 'H NMR data 
quoted" in our work.' However, they were unable to 'give a defmib 
statement about the structure of the adduct or the new compound formed 
from it on dietiliation". We have not actually isolated furam or enediona, 
of 7 and 8 from thin reaction either, but we do obeerve spectral 
changes in 3a, upon standing, that are consistent with ita isomerization 
into a furan like 7 the lH NMR spectrum shows two new singleta as 
'shadows" on the methyl peaks at 1.88 and 2.25 ppm and the triplet and 
the quartet at 0.95 and 3.1 ppm dieplay more complex splittinga; the neat 
IR spectrum begins to develop new bands, especially one or more ban& 
in the 1030-1045-cm-' region, ascribable to the sulfoxide group. 
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Summary: The synthesis of mannostatin A (l), a new 
inhibitor of glycoprotein processing, has been accomplished 
in stereocontrolled fashion starting from Dribonolactone, 
7 (-32% overall yield). 

Two unusual aminocyclopentanetriols containing sulfur 
have recently been isolated from Streptoverticillium 
uerticiltus var. quintum and found to competitively inhibit 
the a-mannoeidase from rat epididymus.' Dubbed man- 
nostatin A and B, they were reported to have the sulfide 
and sulfoxide structures 1 and 3, respectively, based on 'H 
NMR, 'gC NMR, and mass spectroscopy, and on crystal- 
lographic analysis of mannostatin B tetraacetate (4).2 
Further biological evaluation by Elbein et al. led to the 
discovery that 1 powerfully and selectively inhibited Golgi 
processing mannosidam II, and in cell culture altered viral 
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glycoprotein processing so as to cause an increase in hy- 
brid-type glycoproteins at the expense of complex type.8 
There is currently widespread interest in glycosidase in- 
hibitors not only as biochemical tools for probing the 
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Scheme I. Synthesis of Mannostatin A 
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mechanisms and structures associated with glycoprotein 
processing,' but also for their diverse biological activities 
and potential for clinical and other  application^.^^^ The 
structures of 1 and 3 are provocative in that they closely 
resemble neither the alkaloidal mannosidase I1 inhibitor 
swainsonine' nor the transition state leading to formation 
of the mannopyranosyl cation 6 (the enantiomer 5 actually 
maps better onto 6 than does 1 ) . s p 6  As a step toward un- 
derstanding the structural basis for its activity and se- 
lectivity, we report the stereocontrolled synthesis of 
mannostatin A (1) from D-ribonoladone (7) via the known 
cyclopentenol8 (Scheme I), and also the synthesis of the 
mannostatin A enantiomer 5 from the enantiomer of 8?*@ 

Reaction of the sodium salt of 8 with p-methoxybenzyl 
isothiocyanate followed by iodomethane gave the carbon- 
imidothioate 9,1° which was directly cyclized using iodine" 
to afford the oxazolidinone 10. The structure assignment 
for 10 rests upon the precedent of trans alkene addition 
for similar cyclizations1°J2 and is also consistent with IR 
and 'H NMR analy~is.'~ Ceric ammonium nitrate cleanly 
removed the N-p-methoxybenzyl group, and subsequent 
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displacement of the iodide of 11 using sodium methyl- 
mercaptide gave the methylthio derivative 12. The close 
similarity of the apparent proton coupling constants for 
the ring methines of 11 and 12 suggests that the dis- 
placement reaction has occurred with overall retention of 
configuration at C-1, perhaps as a result of participation 
by the oxazolidinone nitrogen."J2 Sequential removal of 
the protecting groups gave synthetic mannostatin A (1) as 
its hydrochloride ([(TID +5.4', c = 1, MeOH; compare 
natural 1eHC1 +5.9O). The structure was confirmed by 
matching the well-resolved 400-MHz 'H NMR and 50- 
MHz lSC NMR spectra in D20 solution with the reported 
values,2J4 and with the 'H NMR spectrum of natural 1- 
HCl. Acetylation of 1 gave the tetraacetate 2 (mp 119-120 
'C dec; [a]D +8.5', c = 0.9, CHCl,), which also proved 
identical with 2 derived from natural 1, according to ita 
melting point and 'H NMR spectrum in deuteriochloro- 
form? An identical route starting with the enantiomer of 
8 produced the mannostatin A enantiomer 5-HC1 with ["ID 
-6.0' (c = 0.5). 
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