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one or two reaction steps

The appropriately substituted@-tosy! derivative 1), easily prepared from 1,@-isopropylidenea.-b-
xylofuranose, serves as a useful precursor for the preparation of highly condensed cyclic carbohydrates.
The synthesis involves a first cyclization of thedstosyl sugar derivativd to a highly reactive cyclic
enamine, which subsequently undergoes the nucleophilic attack of a bifunctional reagen},X (G

regio- and stereospecific way. Finally, a spontaneous cyclization step allows the formation of a
stereochemically defined extra ring, fused to the sugar backbone. The functionalization and size of this
ring can be varied by the proper choice of the bifunctional reagent. X-ray diffraction analysis and intensive
NMR studies with one of these carbohydrates were performed to highlight the strained nature of these
compounds.

Introduction of carbohydrates as scaffolds to mimic particular peptide folds

. there has been a growing interest in these compounds as tools
Carbohydrates are natural products of great interest, due tof, {he drug-discovery proce&sviore recently, solutiorf-and

their widespread occurrence, structural diversity, well-defined solid-phase libraridshave been generated by using carbohy-

stereochemistry, and high functional (mostly hydroxyl) group gateq and carbohydrate-derived scaffolds as molecular templates

density. These properties make this class of compoundsy, gisplay pharmacophoric groups in well-defined spatial
particularly attractive as chiral scaffolds for the synthesis of orientations.

naturally occurring as well as carbohydrateand non- A potential disadvant inth licati f harid
carbohydrate bioactive compount$.After the successful use potential disadvantage in the appiication of monosaccharide
scaffolds may be their propensity, depending on the nature and
" Instituto de Qumica Malica (CSIC) spatial ori_entation of the_substituents, to adopt more than one
*Centro de Qumica Orgaica “Manuel Lora Tamayo” (CSIC). conformation. One possible method for the reduction of mo-

§ Universidade da Cofian lecular flexibility is the introduction of a second or even further
(1) (@) Hanessian, S. Ifotal Synthesis of Natural ProductEhe* Chiron”
approach;Organic Chemistry Series; Pergamon: Oxford, UK, 1983; Vol.

3. (b) For a review see: Nicolau, K. C.; Mitchell, H.AIngew. ChemiInt. (3) Nicolau, K. C.; Truijillo, J. I.; Chibale, KTetrahedronl997 53, 8751.

Ed. 2001, 40, 1576. (4) Gruner, S. A. W.; Locardi, E.; Lohof, E.; Kessler, Bhem. Re.
(2) (a) Sears, P.; Mitchell, H. Angew. ChemInt. Ed.1999 38, 2300. 2002 102, 491.

(b) Cipolla, L.; Peri, F.; Ferla, B. L.; Redaelli, C.; Nicotra, €urr. Org. (5) Chakraborty, T. K.; Srinivasu, P.; Tapadar, S.; Mohan, Bl.kChem.
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SCHEME 1. Reaction of Cyclic Enamine 2 with Amino
Acids
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rings fused to the sugar backbone. Toward this aim, synthesis
of extra fused ring sugar derivatives from a simple synthon with
a high degree of chemo-, regio-, and stereoselectivity has bee

a major challenge to organic chemists over the y#ars.

In an earlier work, we described the efficient transformation
of a simple carbohydrate (1Q-isopropylidenea-p-xylofura-
nose) into a high-added value synthetic scafb{@cheme 1}
The cyclic enamin@, obtained by cyclization of isopropylidene-
5-O-tosyl-o-p-ribofuranose {)** under basic non-nucleophilic

(DBU) conditions (Scheme 1), is an unstable compound that

n
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_ . OH
X = Nucleophile { NH,
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=
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2 n=1-5

FIGURE 1. Reaction of cyclic enamin2 with bifunctional reagents.

acid to the C-4position of the suga?2 to give the intermediate

I, followed by the spontaneous displacement of the ester group
of the amino acid by the NH of the pyrroline ring to form a
new five-membered ring fused to the sugar backbone (Scheme
1).

The present investigation aims to explore the reactivity of
the cyclic enamin@ with other classes of bifunctional reagents
[X(CH2)nZ] that contain a nucleophile (X OH, NH,) at one
end and a carboxylic ester € COOR) or a good leaving group
(Z = OSOR, halide) at the other, connected by an adequate
spacer (polymethylene chain containing one, two, three, or five
methylenes) (Figure 1).

Results

Chemistry. First, hydroxyalkyl esters (X= OH and Z=

has to be used immediately in the subsequent reaction withoutCOOR) were studied as bifunctional reagents (Scheme 2). Thus,

purification. Reaction o2 with nucleophiles (i.e., water, amines,
alcohols) afforded novel polycyclic sugar derivatives with rather
unusual molecular skeletons and skeletal diverdity.

A notable feature o2 is its reactivity with amino acids, which

afforded a novel type of highly condensed tetracyclic carbo-

hydrates of general formula (Scheme 1}! Formation of3

the reaction of2 with the commercially available methyl

2-hydroxyacetate, at 80C, afforded the pentacyclic sugar
derivative4 in 40% yield, reproducing the result obtained with
amino acids. In this case, compouhdnight be the intermediate

of the reaction.

Next, other hydroxyalkyl esters with longer polymethylene

could be explained by attack of the amino group of the amino chains were used to increase the size of the extra ring fused to

(6) (a) Nicolau, K. C.; Salvino, J. M.; Raynor, K.; Pietranico, S.; Reisine,
T.; Freidinger, R. M.; Hirschmann, R. PeptidesChemical Structure and
Biology, Marshall, G. R., Ed.; Escom: Leiden, The Netherlands, 1990; pp
881-884. (b) Hirschman, R.; Hynes, J., Jr.; Cichy-Knight, M. A.; van Rijn,

the sugar backbone. In this case, the required hydroxyalkyl esters
5—7 were not commercially available and should be prepared
as described in the literatut@. When the reaction of was
carried out with the freshly prepared hydroxyalkyl esters,1?

R. D.; Sprengeler, P. A.: Spoors, P. G.; Schakespeare, W. C.; Pietronico-Only the tricyclic derivatives8—10 (40—70% yield) were

Cole, S.; Barbosa, J.; Liu, J.; Yao, W.; Rohrer, S.; Smith, A. B.JIMed.
Chem 1998 41, 1382. (c) Hirschman, R.; Wenquing, Y.; Cascieri, M.;
Strader, C. D.; Maecheler, L.; Cichy-Knight, M. A.; Hynes, J., Jr.; van
Rijn, R. D.; Sprengeler, P.; Smith, A. B., Ul Med. Chem1996 39, 2441.
(d) Hirshmann, R.; Nicolau, K. C.; Pietranico, S.; Leahy, E. M.; Salvino,

observed indicating that in these cases the key intramolecular
cyclization did not occur (Scheme 2). These experimental

findings show that in the intramolecular attack of the ester

moiety by the NH of the pyrrolidine ring, the formation of a

J.; Arison, B.; Cichy, M. A.; Spoors, P. G.; Shakespeare, W. C.; Sprengeler, fiye-membered extra ring is much more favorable than the

P. A.; Hamley, P.; Smith, A. B., lll; Reisine, T.; Raynor, K.; Maecheler,
L.; Donadson, C.; Vale, W.; Freidinger, R. M.; Cascieri, M. R.; Strader, C.
D. J. Am. Chem. S0d.993 115 12550.

(7) Meutermans, W.; Le, G. T.; Becker, Bled. Chem. Med2006 1,
1164.

(8) (@) Dinh, T. Q.; Smith, C. D.; Du, X.; Armstrong, W. Med. Chem
1998 41, 981. (b) Moitessier, N.; Dufour, S.; Chretien, F.; Thiery, J. P.;
Maigret, B.; Chapleur, YBioorg. Med. Chem2001, 9, 511.

(9) (8) Wunberg, T.; Kallus, C.; Opatz, T.; Henke, S.; Schmidt, W.; Kunz,
H. Angew. Chenil 998 110, 2620;Angew. ChemInt. Ed.1998 37, 2503.

(b) Timmer, M. S. M.; Verdoes, M.; Sliedregt, L. A. J. M.; van der Marel,
G. A.; van Boom, J. H.; Overkleeft, H. S. Org. Chem2003 68, 9406.

(10) (@) Gruner, S. A. W.; Locardi, E.; Lohof, E.; Kessler, Ghem.
Rev. 2002 102, 491. For selected recent examples, see: (b) Bastida,
Hidalgo, A.; Chiara, J. L.; Torrado, M.; Corzana, Fr&€eCamdillas, J.
M.; Groves, P.; GafarJunceda, E.; Goniez, C.; Jimi@ez-Barbero, J,;
Asensio, J. LJ. Am. Chem. So@006 128 100. (c) Cipolla, L.; Forni, E.;
Jimenez-Barbero, J.; Nicotra, Ehem. Eur. J2002 8, 3976. (d) Sinou,
D.; Bedjeguelal, KJ. Carbohydr. Chem2001, 20, 335. (e) Hirschman,
R.; Ducry, L.; Smith, A. B., ll1J. Org. Chem200Q 65, 8307. (f) Banerjee,
S.; Ghosh, SJ. Org. Chem2003 68, 3981. (g) Tripathi, S; Singha, K;
Achari, B; Mandal, S. BTetrahedron2004 4959.

(11) Cordeiro, A.; Quesada, E.; Bonache, M. C.; Velaez, S.; Cama-
rasa, M. J.; San-Hig, A. J. Org. Chem200§ 71, 7224.
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formation of six-membered or larger rings.

We reasoned that perhaps basic reaction conditions could be
employed to induce the cyclization needed to create the extra
cyclic ring system. However, this was not the case, since
treatment oB (used as model compound) under different basic
conditions (KkCO;, C5,COs) at 80°C only afforded, after long
reaction times, compountil (55% yield) in which opening of
the spirosultone ring was observed (Scheme 2).

Next, other reagents containing a hydroxyl group=>OH)
at one end and a good leaving group£2SGR) at the other
were studied. In this case, the required monotosyl alcohols were
not commercially available and should be prepared by tosylation
of the corresponding alkyl diol and separation of the mono-
and ditosyl derivatives. To avoid tedious intermediate prepara-
tion and purifications we decided to postpone the tosylation

(12) Hollowood, C. J.; Yamanoi, S.; Ley, S. \Qrg. Biomol. Chem.
2003 1, 1664.
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SCHEME 2. Synthesis of Carbohydrates 4 and 811

i) DBU (2 eq) O OH
CH4CN, 80 °C
gl
3< 10 min H3CO 5eq
0) ii) ACOH (pH 5-6) CH4CN, 80 °C
3h
2
o)
)L(*OH CH3CN, 80 °C
HaCO n 3h
57 5eq

i HN . only for 8
Haco)LH/no % 0 K,COj3 (1 €q) H.CO N\ (6]
4 O > “y
oo 7 days lo) HgC—“S:\ o)
8; n=2 (70%) 0
9; n=3 (40%) )
10; n=5 (50%) 11 (55%)

SCHEME 3. Synthesis of Carbohydrates 1214

Br/\/\OH
" 5eq
A -
# CH5CN, 80 °C
3h
12 (55%
14 (52%) 2 (69%)
OH TsCl
Br Y\ Method Py, 120 °C
5eq Method A
CH4CN, 80 °C B

3h

13 Method A: 35%
Method B: 55%

activation until the attack of one of the hydroxyl groups of the was obtained as compared to the corresponding result with the

diol at the C-4 position of2 was completed. tosyl intermediatdll (55% versus 35%). In addition, the new
To test this strategy the starting mater2alvas treated with route obviates the need for the tosylation step, facilitating

1,2-ethanediol at 80C (Scheme 3). In this reaction compound considerably the preparation b8. Similarly, 2 was reacted with

12 was isolated in 55% yield. Our aim was to conv&ztinto bromopropanol leading to the cyclic sugar derivative(52%

the corresponding tosyl intermediaié, which subsequently  yie|d) in which a new fused 6-membered ring was formed
should be used in the cyclization reaction. Interestingly, this (gcheme 3).

approach enables the direct synthesid8{35%) in which a . ull h ith
new five-membered ring with a GHN bond instead of the Having successiully generated carbohydrates with an oxygen-

CO-N bond present i was formed. In this case, tosylation ated fused ring, we next decided tc_) prepare compo_unds_whgrein
and also the desired cyclization were carried out simultaneously the 0xygen was replaced by a nitrogen atom. With this aim,
in a single operation reaction of2 with bromoethyl and bromopropylamine &XNH-
Following with our study, we decided to carry out the reaction and Z= Br) hydrobromides was investigated (Scheme 4). In
of 2 with bromoalkyl alcohols that incorporate at one end Br this case, the reaction was carried out in the presence of
as a good leaving group instead of OO Thus, reaction of  triethylamine to liberate the attacking amino group in the
the sugar derivativ@ with commercially available bromoethanol reagent. As was observed with bromoalkyl alcohols, attack of
afforded13 (Scheme 3). In this later case, a better yieldL.8f the amino group of the bromoethylamine to the ‘Gadsition

J. Org. ChemVol. 72, No. 25, 2007 9715
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SCHEME 4. Synthesis of Carbohydrates 15 and 16

CH3CN, 80 °C
3h
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EtzN
CH3CN, 80°C
Br \/\/NH2 HBr

5eq

W

(0]

N

— (e
N

0 o=

H3C’ﬁ‘\o
(0]

16 (40%)

SCHEME 5. Synthesis of 4 by the Two-Step and Tandem Processes

i) DBU (2 eq)
CH;CN, 80 °C
10 min oy
N 0
if) AcOH 3
(pH 5-6) (0]
2
O OH
DBU (2 eq) and O}\ ,OH Tandem Two-step H3CO 5¢eq
M
€0 5eq CH4CN, 80 °C
CH3CN, 80°C 3h
3h

4 (85%)

OTN

4 (40%)

of 2 was followed by subsequent intramolecular cyclization enamine that is not sufficiently stable to be efficiently isolated.
yielding 15 (55%) with an extra five-membered ring. Thus, after 10 min of reaction, the intramolecular cyclization
On the other hand, when bromopropylamine was used asof 1 must be quenched by addition of acetic acid (pH adjusted
bifunctional reagent, compouri® (40%) was isolated. In this  to 5-6) and the residue (compou2d) left to react “in situ”,
case, opening of the spiro sultone moiety and formation of an in a second step, with the corresponding nucleophile. Although
extra six-membered ring was observed. FormatiohG¢ould these two consecutive steps were carried out under careful
be explained by the attack of the bromopropyl amine to the experimental conditions a variable amount of the dirb@
C-4 position of 2 to afford intermediateV/. The subsequent  (Scheme 5) was always recovered after workup decreasing the
opening of the spirosultone ring would give intermedigftie yield of the desired polycyclic sugars. In the particular case of
that undergoes an extra ring-closing step to diéeA similar the polycyclic sugar derivativé (Scheme 5), formation of the
result was observed in the reaction dfwith $-L-alanine!! dimer 17 makes the purification process highly difficult since
Opening of the spirosultone ring was not observed in the reactionthe retention factor of7 (R = 0.66) was similar to that shown
of 2 with bromoethylamine because the intramolecular cycliza- by 4 (Re = 0.71).
tion that led to a five-membered ring might occur earlier and  Formation of17 indicates that the cyclic enamiriz once
preferentially in the intermediat®/, which is finally locked formed, readily undergoes self-condensation via an intermo-
and does not proceed further. lecular attack between the NH and Cbsition of distinct
Synthesis of the Polycyclic Sugar Derivatives Based on a  molecules'! Therefore, in order to study whether it should be
Tandem Processlt is worth mentioning that the synthesis of possible to avoid the self-condensatior2aind to improve the
the compounds described so far were carried out in two yields of the final compounds we planned to carry out the
consecutive steps, starting from thHe®tosyl sugar derivative instantaneous trapping of the cyclic enamibas soon as it
1.11 The first step was the intramolecular cyclization1ét at was generated. With this aim, we decided to develop a tandem
80°C in the presence of DBU. This reaction afforded the cyclic procedure in which the cyclization of the tosyl derivativerias

9716 J. Org. Chem.Vol. 72, No. 25, 2007
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TABLE 1. Comparative Results between Sequential and Tandem Protocols

DBU (2 eq)

+  Nucleophile —_— Polycyclic sugar
CH4CN, 80 °C
3h
1
Two step Tandem
Entry Nucleophile Product® Yield (%" Yield. (%P
e 0 leld. (7
Q OH
1 4 40 85
MeO)\_/
2 Br—~—N 13 55 5
3 Br "oy 14 52 15
NH,HB
4 e 15 45 5
5 Bra_~_NH2 HBr 16 40 5
EtO O.
EtOH (solvent HoN / "Q
6 U =o "’o)( _ 97
d t St
and reagent) 5 o 18
HN Y Q
EtO > "0
7 EtOH (5-20 eq) g© o+ 68 85
oo
1911
HNO T Q
N DN "”O
8 CHy(CH,),NH, H,Cso 01~ 55 89
o
2011
HN 103
>_N . >"0
0z
9 (CHg),CHNH, H30-§¢OO‘/‘ 55 76
(e}
2111
(0]
:N At /"0
0z
10 (CHs).NH H3C_§’O O‘/\ 30 45
[¢]
2211
~N ZOI
CHyCHNH . >0
11 | H,C o 01 30 30
2311
(0]
Ox N {6}
MeO,C.__NH,HCI 0%
12 D HiC™™NLg” O 76 5
CHs g o
24
>0
0" o
13 H20 H3C'§\\ O+ 52 85
(6]
2511

a All reactions were conducted in a sealed tube at@®dor 3 h in thepresence of the appropriate nucleophilic reagent (5 equiv) and DBU (2 equiv) and
with acetonitrile as the solvent except fb8 (entry 6).P Isolated yields of chromatographically purified compounds.
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carried out in the presence of the attacking nucleophile. The
process is not obvious and only will be successful if the
nucleophilic reagent present in the media attacks once all of
the tosyl derivativel has been converted into the cyclic enamine
2. Only in this case, the competitive substitution of tHeOs
tosyl moiety and/or its elimination will be avoided.

The method was initially tested fet. Thus, reaction of 5
O-tosyl derivativel with 5 equiv of the commercially available
methyl 2-hydroxyacetate afforded the pentacyclic sugar deriva-
tive 4 with excellent yield (85%). In this case, the intramolecular
cyclization of 1, nucleophilic attack of the reagent, and

subsequent ring-closure proceed in a concerted fashion. In this

way, dimerization of the reactive cyclic enamidevas largely
avoided and only traces of dimé&7 were detected. Thus, the
tandem procedure allowed a significant improvement in the yield
of 4 (85% versus 40%).

With this result in our hands, we next examined the scope
and limitations of the tandem methodology using different types
of nucleophiles. The protocol was first studied with bifunctional
reagents. Next, we evaluated the tandem methodology for the
synthesis of bicyclic sugark9—25, previously obtained under
the two-step procedure as described in a previous péper.

Cordeiro et al.

FIGURE 2. (A) gHMBC NMR correlations and (B) relevant NOE
indicated by arrows.

The experimental results shown in Table 1 indicate that the
yield of the tandem protocol depends on the attacking nucleo-
phile. When alcohols, primary amines, water, and methyl
glycolate were used this method gave superior yields 888%)
than those of the sequential method (488%). Yields of both
methods are comparable when secondary amines were used.
Unfortunately, the tandem protocol with bromo alcohols.
bromoalkylamines, and amino acids proved to be challenging
and no bicyclic sugar derivatives were obtained in good yields.
We are currently developing alternative conditions for the
tandem process involving these reagents.

Comparative results between sequential and tandem protocols  siryctural Assignments. The structures of the novel poly-

are shown in Table 1.

Reaction ofl with bromoethanol and bromopropanol afforded
the polycyclic sugar derivativek3 and14 in very poor yields
(entries 2 and 3). Similarly, reaction with bromoethyl and
bromopropylamine hydrobromides only gave mixtures of com-
pounds from whicli5and16 were obtained in very low yields
(entries 4 and 5). In contrast with the results observed4for

(entry 1), in these cases the tandem protocol does not improve

the results observed in the sequential protocol.

Reaction of ethanol (used as the solvent and nucleophile) with
compoundl afforded the 5substituted derivativel8 (97%)
(entry 6) as a result of the competitive substitution of the 5
O-tosyl moiety by the alcohol, instead of the expected intramo-
lecular cyclization and nucleophilic attack. However, when only
5—20 equiv of ethanol were used, ti@substituted tricyclic
sugarl9' derivative was obtained with excellent yield (entry
7).

Next, the tandem reaction with primary amines (propyl- and

cyclic sugar derivatived, 8—11, and13—16 were assigned by
IH and 13C NMR spectroscopic analysis, using mono- and
bidimensional techniques (gHMB&and gHSQC% and by
comparison with those of the previously reported sugar deriva-
tives1! Figure 2 shows the correlations observed in the gHMBC
and NOE difference experiments carried out on compotind
as an example of a polycyclic sugar derivattbé®

In the gHMBC experiment (Figure 2A) compouddhowed
a long-range correlation between the H-5 protan8.67 ppm)
and the CO carbond(174.4 ppm) that is consistent with a
cyclized structure. Similarly, the gHMBC experiments of the
derivatives13—16 satisfactorily established information about
the presence of a new ring fused2o

NOE difference experiments carried out on compoudds
(Figure 2B) and13—16 showed that there is a correlation
between the methylene protons of the new five- or six-membered
ring and the sugar protons H-2 and H-5, indicating that all of
these protons were on the same upper side of the furanose ring

isopropylamine) was investigated. In both cases the correspond-2nd close proximity in space. This result confirms that the

ing tricyclic derivatives20'! and 21! were obtained in good
yields (89% and 76%, respectively) (entries 8 and 9).
The tandem protocol was also investigated with secondary

conjugate addition of the nucleophilic end of the reagent
proceeded with complete stereoselectivity onfHace of the
sugar-fused cyclic enamirieas was previously observed with

amines (dimethylamine and ethylmethylamine). In these cases,ther nucleophiles! Semiempirical calculations (using the
as was observed in the two-step sequence method, a |argé-|yperchem packad8 indicated that th&isomerll (intermedi-

amount of dimed. 7 was detected, caused probably by the higher ¢

ate in the formation oft, Scheme 2)E = —339.67 kcaimol™?)

basicity of the secondary amines used as reagents. For thidS More stable than its respectiv isomer € = —315.05

reason, the overall yields of the produ2@&! and23!! (entries
10 and 11) are similar in both methods. However, the tandem
protocol is experimentally much more convenient because it
simplifies the exhaustive control of the reaction conditions
employed for the intramolecular cyclization @fin the two-

step sequence method. On the other hand, when the tandemg

protocol was used with an amino acid such as the methyl ester
derivative ofL-alanine H-L-Ala-OMe. HCI], a complex mixture
of products was observed from which only compo@ddwvas
isolated in very low yield (entry 12).

Finally, the tandem protocol was examined with water. In
this case, lactan25!! was obtained in excellent yield (entry
13).

9718 J. Org. Chem.Vol. 72, No. 25, 2007

kcalmol™1) by 24.62 kcalmol=! in the gas phase.
Conformational Behavior of 4. With the aim to study
whether the conformational freedom of the furanose ring was

(13) Hurd, R. E.; John, B. KJ. Magn. Reson1991, 91, 1991.
(14) Kay, L. E.; Keifer, P.; Saarinen, T. Am. Chem. S0d.992 114
663.
(15) Assignments of NMR spectra follow standard carbohydrate nomen-
clature (i.e., the furanose skeleton numbereeb)land the spirosultone
skeleton was numbered-14' (see Figure 2A), even though the systematic
compound names of the polycyclic structures are given according to the
von Baeyer nomenclatufé.

(16) IUPAC nomenclature home page: http://www.chem.gmul.ac.uk/
iupac/.

(17)HyperChem, Release 5.1, Windows Molecular Modelling System;
HyperCube: Waterloo, Ontario, Canada, 1997.
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FIGURE 3. ORTEP molecular structure and ChemDraw 3D representatigh of

TABLE 2. Comparison of Vicinal Coupling Constants (in Hz) of 4 in Solution and Solid State

vicinal 3JHH 3JHH 3JHH 3JHH 3~]HH HH torsion 3JHH

protons CsDs CDCl; (CD3)2CO CDs0OD (CD3)2SO angle ¢, deg) calcd
H-1—H-2 3.7 3.7 3.7 35 4.0 —-2.2 6.8
H-4—H-5, 2.5 2.5 2.0 2.0 2.0 40.9 3.6
H-4—H-5, 0 0 0 0 0 —-81.2 0.1

a Calculated coupling constant from the torsional angledeg) measured in the solid state, using the equation developed by Adtona.

restricted by the presence of fused rings, we decided to studywas used as solvent. Figure 3 shows an ORTEP representation of
the solid and solution state structures for compodnd/hich 4 in the crystalline state that reveals that the ketal moiéty (
was chosen as an example of a polycyclic sugar derivative. Theand the three pentacyclic ring€,(D, E) were oriented toward
furanose conformation in solution was determined experimen- the - (C, D) and a-faces @, E) of the furanose moietyB)).
tally by NMR spectroscopic methods. In addition, an X-ray It is worth noting that the furanose ringB) adopts an
diffraction analysis was performed to establish whether in the envelope E-type) conformation with a phase angle of pseu-
crystalline state the furanose ring possesses the conformatiordorotationP = 36° consistent with a C4-exqf) conforma-
that corresponds to the majority one existing in solution. tion.2! The pyrrolidine ring C) adopts an envelope form with
(a) Structure of 4 in the Solution State. In solution, atoms C-4, C-3, C-9, and N-1 in a plane and the C-12 atom out
carbohydrates are usually found in a low-energy conformation, of this plane, oriented toward tlheface of the furanose. Sulfur
but there may be a lower proportion of other conformers. (S1) is the only out-of-plane atom in the sultone rif9) énd
Variable-temperaturtH NMR experiments have proved useful it was oriented toward thg-face of the furanose. Rings and
to detect mixtures of conformers in soluti&h2° For this reason, D adopt an almost planar form.
with the purpose of detecting a possible equilibrium between (c) Comparison of the Conformation of 4 in Solution and
different conformational states we recordétl NMR spectra Solid States.In solution, the observed coupling constatitss,
of 4 in solvents of different polarity (§Ds, CDCl, (CDs),CO, = 2.5 Hz and®J4 5o = 0 Hz in low and high polar solvents are
CD30D, and (CR),S0) at different temperatures. We found in agreement with those calculateéty(s, = 3.6 Hz and®J, g
small changes in the chemical shifts and coupling constants= 0.1 Hz) from the X-ray analysis with the equation developed
between the different solvents (Table 2) and/or the high- and by Altona (Table 2§2 Thus, it is apparent that the solid state
low-temperature spectra (data not shown). Consequently, the(crystal structure) conformation around the €&-5 bond is
situation could be explained as a dynamic equilibrium between retained in solution. However, th&l;, value observed in
two or more conformations that is shifted toward a major solution ¢J;» = 3.7 Hz) does not show concordance with that
conformer. As expected, the presence of one ketal moiety andcalculated §J; » = 6.8 Hz) from the torsional angle measured
three pentacyclic rings fused to the furanose decreases itsin the solid state (Table 2). So, th& » = 3.7 Hz value suggests
conformational mobility and for this reason the sugar conforma- that, in solution, there exists a gauetgauche disposition of
tion is nonsensitive toward the solvent polarity and temperature. H-1 and H-2 compatible with 2 conformation P = 18°) while
Similarly, small changes in the chemical shifts and coupling in the solid state disposition of H-1 and H-2 is compatible with
constants between different solvents and/or temperature spectra 4E conformation P = 36°).21
were observed for the novel polycyclic sugar derivati¢8s

16 (data not shown).
(b) Structure of 4 in the Solid State.Crystals of4, well-

Conclusions
We have reported a simple cyclization reaction between the

(18) Tarky, M.; Bolli, M.; Schweizer, B.; Leumann, GHely. Chim.
Acta 1993 76, 481.

(19) Tronchet, J. M. J.; Brenas, L.; Barbalat-Rey, FIZdd.; Geoffroy,
M. Nucleosides Nucleotidel998 17, 1019.

(20) Pineda Molas, M.; Matheu, M. |.; CastilpS Tetrahedron1999
55, 14649.

(21) (a) Altona, C.; Sundaralingam, M. Am. Chem. Sod 972 94,
8205. (b) Altona, C.; Sundaralingam, Ml.Am. Chem. So&973 95, 2333.
(c) Haasnoot, C. A. G.; de Leeuw, F. A. A. M.; Altona, Tetrahedron
1980 36, 2783.

(22) Altona, C.; Ippel, J. H.; Aldert, J. A.; Hoekzema, W.; Erkelens, C.;
Groesbeek, M.; Donders, L. AMagn. Reson. Cheni989 27, 564.
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that allows the preparation of enantiomerically pure polycyclic *H NMR [300 MHz, (CDs),CO] ¢ 1.31 (s, 3H), 1.48 (s, 3H), 2.61
sugar derivatives containing a new, stereochemically defined (t, 2H,J = 6.1 Hz), 3.12 (m, 1H), 3.47 (m, 1H), 3.64 (s, 3H), 3.66

extra fused ring. The functionalization and size of this ring

(m, 1H), 3.89 (s, 2H), 4.04 (m, 1H), 4.68 (dd, 18i= 1.5 Hz,J

depends on the adecuate choice of the attacking nucleophile= 4.9 H2), 4.79 (d, 1HJ = 3.5 Hz), 5.71 (d, 1H) = 3.5 Hz). 1°C

(X), leaving group (Z), and length of the chain connecting them.
The constrained structures, structural diversity, well-defined
stereochemistry, and dense functionalization of the condense

cyclic carbohydrates generated frédhmake these compounds

attractive as chiral scaffolds. In addition, we have developed a

NMR [100 MHz, (CD;),CO] 6 27.8 (CH), 28.3 (CH), 35.8 (CH),
51.9 (CH), 52.5 (CH), 56.6 (C), 60.7 (Ch), 79.9 (CH), 83.5 (CH),
9.7 (C), 101.1 (C), 108.6 (CH), 114.5 (C), 173.1 (CO). MSHES
z380.1 (M+ H)™. Anal. Calcd for G4H:NOgS: C, 44.32; H,
5.58; N, 3.69. Found: C, 44.24; H, 5.45; N, 3.78.
(1R,2R,6R,8R,11S)-10-Aza-4,4-dimethyl-13,13-dioxide-11-

tandem process that represents a new and efficient method formethoxycarbonylpropyloxy-3,5,7,14-tetraoxa-13-thiotetracyclo-
the synthesis of these and other types of polycyclic sugar [6.6.0.0-6.0']tetradecane (9).Following the general procedure
derivatives previously obtained under a two-step procedure. the cyclic enamin@!! was treated “in situ” with freshly prepared
Compared to the reported two-step method, the tandem proce-methyl 4-hydroxybutanoaté'? (0.13 g, 1.1 mmol). The residue
dure has the advantage that it does not require a carefulWas purified by CCTLC with hexane:ethyl acetate (1:4) to give

experimental control, is simple, and in general improves the
yields of the final products. The scope of the tandem methodol-

ogy depends on the attacking nucleophile.

The X-ray crystal structure of is also described, together
with a comparison of its conformation in solution with that in
the solid state. This conformational analysis revealed #hat

0.04 g (40%) 0P as a yellow syrup.d]?% +14.2 € 0.5, CHC}).
IH NMR [300 MHz, (CDs),CO] 6 1.31 (s, 3H), 1.49 (s, 3H), 1.85
(m, 2H), 2.39 (t, 2H,J = 7.3 Hz), 3.12 (m, 1H), 3.43 (m, 2H),
3.61 (s, 3H), 3.82 (m, 1H), 3.87 (s, 2H), 4.68 (dd, 1H+= 1.3
Hz), 4.88 (d, 1H,J = 3.3 Hz), 5.76 (d, 1H] = 3.3 Hz).13C NMR
[100 MHz, (CD;),CO] 6 26.3 (CH), 27.8 (CH;), 28.3 (CH;), 31.8
(CHy), 51.8 (CH), 52.3 (CH;), 56.5 (CH), 63.8 (CH), 79.9 (CH),

adopts, around the C-4 and C-5 bond, similar conformations in 83.5 (CH), 99.6 (C), 101.1 (C), 108.7 (CH), 114.5 (C), 174.6 (CO).
solid and solution states, while the conformation around the C-1 MS (ESt) m/z394.0 (M+ H)*. Anal. Calcd for GsH2sNOgS: C,

and C-2 bond shows slight differences.

Experimental Section

45.79; H, 5.89; N, 3.56. Found: C, 45.87; H, 5.72; N, 3.71.
(1R,2R,6R,8R,11S)-10-Aza-4,4-dimethyl-13,13-dioxide-11-

methoxycarbonylpentyloxy-3,5,7,14-tetraoxa-13-thiotetracyclo-

[6.6.0.0-6.0'"Ytetradecane (10)Following the general procedure

The names of polycyclic furanoses in this section are given the cyclic enamin@!! was treated “in situ” with freshly prepared

according to the IUPAC recommendations for polycyclic com-
pounds (extension of the Von Baeyer systéftiowever, for easy

methyl 6-hydroxyhexanoaté'? (0.16 g, 1.1 mmol). The residue
was purified by CCTLC with hexane:ethyl acetate (1:4) to give

comparison, the assignments of the signals of the NMR spectra0.047 g (50%) ofl0as a yellow syrup.d]®% +36.7 (0.24, CHG).
follow standard carbohydrate numbering (i.e., the furanose skeleton*H NMR [300 MHz, (CD;),CO] 0 1.35 (s, 3H), 1.43 (s, 3H), 1.38

numbered *5). The spirosultone skeleton was numberéd4l
starting from the oxygen.

General Two-Step Procedure for the Synthesis of Sugars 4,
8—10, 12, and 13-16. To a solution of the %-tosyl derivative
111 (0.1 g, 0.22 mmol) in dry acetonitrile (2 mL) was added DBU

1.63 (m, 6H), 2.29 (t, 2HJ = 7.3 Hz), 3.12 (m, 1H), 3.133.51
(m, 2H), 3.59 (s, 3H), 3.81 (m, 3H), 3.87 (s, 2H), 4.69 (dd, IH,
= 5.1 Hz), 4.87 (d, 1HJ = 3.3 Hz), 5.75 (d, 1HJ = 3.3 Hz).13C
NMR [100 MHz, (CD;),CO] 8 24.3 (CH), 26.4 (CH), 27.5-28.1
(CHs), 30.9 (CH), 34.1 (CH), 41.3 (CH), 41.8 (CH), 55.8 (CH),

(0.067 mL, 0.44 mmol). The solution was heated in a sealed tube 63.8 (Ch), 78.4 (CH), 82.3 (CH), 99.4 (C), 101.8 (C), 108.1 (CH),

at 80°C for 10 min, then acetic acid was added until pH&and
the cyclic enaming,!! thus formed, was treated “in situ” with the

114.1 (C), 174.3 (CO). MS (E5 nV/z 422.0 (M + H)*. Anal.
Calcd for G/H,7/NOoS: C, 48.45; H, 6.46; N, 3.32. Found: C,

corresponding nucleophile (1.1 mmol). The solution was heated at 48.34; H, 6.58; N, 3.45.

80°C for 3 h. Solvent was evaporated and the residue was purified

by preparative CCTLC (centrifugal circular thin layer chromatog-

(1R,2R,6R,8R)-10-Aza-4,4-dimethyl-1-mesyloxy-11-
methoxycarbonylethoxy-3,5,7-trioxatricyclo[6.3.0.8-¢Jundec-10-

raphy). The chromatography eluent and vyield of the isolated ene (11).To a solution of8 (0.06 g, 0.16 mmol) in dry acetonitrile

products are indicated below for each reaction.
(1R,2R,6R,8R,149)-10-Aza-4,4-dimethyl-16,16-dioxide-11-o0xo0-
3,5,7,13,17-pentaoxa-16-thio-4,4-dimethylpentacyclo-
[9.6.0.¢6.0-14.019- 19 heptadecane (4).Following the general
procedure, the cyclic enamir2é! was treated “in situ” with methyl

(4 mL) was added dry ¥CO; (0.024 g, 0.17 mmol). The solution
was refluxed for 7 days. The mixture was filtered and the eluent
was concentrated. The residue was purified by CCTLC with hexane:
ethyl acetate (1:1) to give 0.03 g (55%) bf as a yellow syrup.
[a]?% +8.1 (¢ 0.25, CHC}). 'H NMR [300 MHz, (CD;),CO] 6

2-hydroxyacetate (0.09 g, 1.1 mmol). The residue was purified by 1.36 (s, 3H), 1.52 (s, 3H), 2.62 (t, 2H,= 6.9 Hz), 3.23 (s, 3H),

CCTLC with hexane:ethyl acetate (1:1) to give 0.03 g (40%% of
as a white solid: mp 152154 °C. [a]?% +64.8 € 0.12, CHCY}).
IH NMR [500 MHz, (CD3),CO] 6 1.35 (s, 3H), 1.52 (s, 3H), 3.57
(dd, 1H,J = 2.0 Hz,J = 13.1 Hz), 4.05 (m, 2H), 4.18 (d, 1H,=
14.1 Hz), 4.37 (d, 1HJ = 13.5 Hz), 4.65 (d, 1HJ = 13.5 Hz),
4.77 (d, 1H,J = 2.1 Hz), 5.02 (d, 1HJ = 3.7 Hz), 5.87 (d, 1H,
H-1,J = 3.7 Hz).13C NMR [75 MHz, (CD;),CO] 6 26.7 (CH),
26.9 (CH), 48.6 (CH), 54.5 (CH), 69.3 (CH), 78.9 (CH), 82.4
(CH), 96.5 (C), 105.8 (C), 106.4 (CH), 114.2 (C), 174.4 (CO). MS
(ES+) miz 356.1 (M + Na)". Anal. Calcd for GoH1sNOgS: C,
43.24; H, 4.54; N, 4.20. Found: C, 43.35; H, 4.43; N, 4.52.
(1R,2R,6R,8R,11S5)-10-Aza-4,4-dimethyl-13,13-dioxide-11-
methoxycarbonylethoxy-3,5,7,14-tetraoxa-13-thiotetracyclo-
[6.6.0.G—6.0' Ytetradecane (8).Following the general procedure
the cyclic enamin®!! was treated “in situ” with freshly prepared
methyl 3-hydroxypropionat&'? (0.11 g, 1.1 mmol). The residue
was purified by CCTLC with hexane:ethyl acetate (1:1) to give
0.06 g (70%) oB as a yellow syrup.d]?% +51.7 € 0.35, CHCY}).
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3.37 (d, 1HJ = 11.4 Hz), 3.473.69 (m, 5H), 3.85 (dd, 1H] =
3.9 Hz,J=11.4 Hz), 4.81 (d, 1H) = 3.9 Hz), 4.83 (d, 1HJ) =
3.7 Hz), 5.81 (d, 1HJ = 3.7 Hz).13C NMR [75 MHz, (CD;),CO]
0 27.3 (CH), 27.6 (CH), 31.7 (CH), 39.8 (CH), 40.4 (CH), 51.9
(CHs), 52.3 (CH), 78.4 (CH), 82.2 (CH), 89.7 (C), 106.7 (CH),
114,4 (C), 167.3 (E&N), 172.2 (CO). MS (ES) m/iz402.0 (M+
Na)t. Anal. Calcd for GH2;NOgS: C, 44.32; H, 5.58; N, 3.69.
Found: C, 44.43 H, 5.68; N, 3.52.
(1R,2R,6R,8R,119)-10-Aza-4,4-dimethyl-13,13-dioxide-11-(2-
hydroxyethoxy)-3,5,7,14-tetraoxa-13-thiotetracyclo[6.6.0?F.0119)-
tetradecane (12).Following the general procedure the cyclic
enamine2!! was treated “in situ” with 1,2-ethanediol (0.07 g, 1.1
mmol). The residue was purified by CCTLC with ethyl acetate:
methanol (10:1) to give 0.04 g (55%) 4R as a yellow syrup.
[0]?% +2.62 € 0.9, CHC}). *H NMR [300 MHz, (CD;),CQ] 6
1.31 (s, 3H), 1.52 (s, 3H), 2.81 (br s, 1H), 3.12 (d, IH+ 11.5
Hz), 3.44-3.57 (m, 2H), 3.643.67 (m, 2H), 3.8%3.85 (m, 1H),
3.89 (s, 2H), 4.69 (d, 1H), 4.94 (d, 1d,= 3.3 Hz), 5.81 (d, 1H,
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J = 3.3 Hz).13C NMR [75 MHz, (CD;),CO] 6 27.9 (CH), 28.3
(CH3), 51.7 (CH), 57.2 (CH), 62.4 (CH), 67.1 (CH,), 80.1 (CH),
83.5 (CH), 99.8 (C), 101.2 (C), 108.7 (CH), 114.5 (C). MS {BS
m/z 338.1 (M+ H)*. Anal. Calcd for G,H;gNOgS: C, 42.72; H,
5.68; N, 4.15. Found: C, 42.65; H, 5.48; N, 4.32.
(1R,2R,6R,8R,145)-10-Aza-4,4-dimethyl-16,16-dioxide-3,5,7,-
13,17-pentaoxa-16-thiopentacyclo[9.6.0%205.01~14.010-14]-
heptadecane (13). Method ATo a solution ofl2 (0.032 g, 0.09
mmol) in dry pyridine (2 mL) was addgatoluensulfonyl chloride
(0.035 g, 0.18 mmol). The reaction mixture was refluxed for 2 h,
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Hz), 5.70 (d, 1HJ = 3.6 Hz).13C NMR [75 MHz, (CD;),CO] 6
27.0 (CHy), 27.5 (CH), 46.2 (CH), 55.7 (CH), 56.5 (CH), 56.9
(CHy), 80.6 (CH), 84.5 (CH), 94.5 (C), 100.3 (C), 107.2 (CH), 113.6
(C). MS (ESt) mv/z 319.1 (M + H)*. Anal. Calcd for
ClelgNonSZ C, 45.27; H, 5.70; N, 8.80. Found: C, 45.17; H,
5.94; N, 8.50.
(1R,2R,6R,8R,155)-10,14-Aza-4,4-dimethyl-1-mesyloxy-3,5,7-
trioxatetracyclo[7.6.0.0%6.019-19 pentadecane (16)Following the
general procedure the cyclic enamiéwas treated “in situ” with
3-bromopropylamine hydrobromide (0.24 g, 1.1 mmol) and tri-

and then solvent was evaporated and coevaporated with ethanokthylamine (0.06 mL, 0.44 mmol). The residue was purified by
and toluene. A solution of the residue in dichloromethane (15 mL) CCTLC with hexane:ethyl acetate (1:1) to give 0.03 g (40%)&®f

was washed with cdl1 N HCI (2 x 15 mL), a saturated solution
of NaHCG; (2 x 15 mL), and finally brine (2x 15 mL). The
organic layer was dried (N&8Q,), filtered, and evaporated to

as a yellow syrup.d]?% +22.6 € 1.7, CHCh). 'H NMR [300
MHz, (CD3),CO] 6 1.36, 1.53 (2s, 6H), 1.73 (m, 2H), 3.48.39
(m, 8H), 3.69 (dd, 1HJ = 3.4 Hz,J = 10.7 Hz), 4.72 (d, 1H) =

dryness. The residue was purified by flash column chromatography 3.4 Hz), 4.94 (d, 1H,) = 3.6 Hz), 5.81 (d, 1HJ = 3.6 Hz).13C

with hexane:ethyl acetate (2:1) to give 0.01 g (35%)18fas a
white solid: mp 13+133°C. [a]?% +65.26 € 1.0, CHCE). H
NMR [300 MHz, (CDy),CO] 6 1.35 (s, 3H), 1.51 (s, 3H), 3.12 (d,
1H, J = 13.6 Hz), 3.25 (m, 2H), 3.57 (dd, 1H,= 3.4 Hz,J =
13.6 Hz), 3.7 (s, 2H), 3.91 (m, 2H), 4.62 (d, 1H+= 3.4 Hz), 4.93
(d, 1H,J = 3.9 Hz), 5.74 (d, 1HJ = 3.9 Hz).23C NMR [75 MHz,
(CD3),CO] 8 27.7 (CH), 28.1 (CH), 55.1 (CH), 56.2 (CH), 58.9
(CHy), 68.3 (CH), 80.2 (CH), 84.1 (CH), 99.9 (C), 107.7 (CH),
109.4 (C), 114.7 (C). MS (ES) m'z320.1 (M+ H)*. Anal. Calcd
for C;oH17NO;S: C, 45.13; H, 5.37; N, 4.39. Found: C, 45.24; H,
5.28; N, 4.43.

Method B: Following the general procedure the cyclic enamine
21 was treated “in situ” with 2-bromoethanol (0.08 mL, 1.1 mmol).

The residue was purified by CCTLC with hexane:ethyl acetate (1:

1) to give 0.04 g (55%) of.3.
(1R,2R,6R,8R,149)-10-Aza-4,4-dimethyl-17,17-dioxide-3,5,7,-
14,18-pentaoxa-17-thiopentacyclo[9.6.0%205.01~14.010-14]-
octadecane (14).Following the general procedure the cyclic
enamine2'! was treated “in situ” with 3-bromopropanol (0.15 g,
1.1 mmol). The residue was purified by CCTLC with hexane:ethyl
acetate (1:1) to give 0.04 g (52%) b4 as a white solid: mp 138
140°C. [0]?% +28.8 £ 0.12, CHC}). *H NMR [400 MHz, (CDy),-
CO] 0 1.32 (s, 3H), 1.48 (s, 3H), 1.18 (m, 1H), 2.15 (m, 1H), 2.88
(m, 1H), 3.21 (dd, 1HJ = 3.1 Hz,J = 10.3 Hz), 3.34 (m, 1H),
3.43 (dd, 1H,J = 6.2 Hz,J = 10.3 Hz), 3.72 (d, 1HJ = 13.4
Hz), 3.85 (m, 1H), 4.04 (m, 1H), 4.17 (d, 18,= 13.4 Hz), 4.72
(dd, 1H,J = 3.1 Hz,J = 6.2 Hz), 4.78 (d, 1HJ = 3.5 Hz), 5.82
(d, 1H,J = 3.5 Hz).13C NMR [75 MHz, (CD;),CQO] 6 18.8 (CH),
26.7 (CH), 27.1 (CH), 40.9 (CH), 53.7 (CH), 56.2 (C-5), 65.1
(CHyp), 78.1 (CH), 81.2 (CH), 96.4 (C), 98.9 (C), 107.9 (CH), 113.5
(C). MS (ESF) mVz 334.1 (M + H)*. Anal. Calcd for GsHie
NO;S: C, 46.84; H, 5.74; N, 4.20. Found: C, 46.73; H, 5.64; N,
4.32.
(1R,2R,6R,8R,14S)-10,13-Diaza-4,4-dimethyl-16,16-dioxide-
3,5,7,17-tetraoxa-16-thio-4,4-dimethylpentacyclo-
[9.6.0.¢6.0-14.019- 19 heptadecane (15).Following the general
procedure the cyclic enaming!! was treated “in situ” with
2-bromoethylamine hydrobromide (0.24 g, 1.1 mmol) and triethy-
lamine (0.15 mL, 1.1 mmol). The residue was purified by CCTLC
with hexane:ethyl acetate (1:1) to give 0.03 g (45%)16fas a
yellow syrup.!H NMR [300 MHz, (CD;),CO] 6 1.31 (s, 3H), 1.47
(s, 3H), 2.82 (d, 1H) = 13.5 Hz), 2.89-3.14 (m, 4H), 3.43 (dd,
1H,J=3.1 Hz,J = 13.5 Hz), 3.60 (d, 1HJ = 13.5 Hz), 3.64 (d,
1H,J = 13.5 Hz), 4.55 (d, 1HJ = 3.1 Hz), 4.93 (d, 1H) = 3.6

NMR [75 MHz, (CD;),CO] 6 21.3 (CH), 28.3 (CH), 41.8 (CHy),
44.6 (CH), 45.2 (CH), 55.8 (Ch), 81.2 (CH), 83.2 (CH), 93.1
(C), 106.9 (CH), 125.2 (C), 155.7 €N). MS (ESt+) m/z 333.1
(M + H)*. Anal. Calcd for G3H0N206S: C, 46.98; H, 6.07; N,
8.43. Found: C, 47.24; H, 5.92; N, 8.33.
General Tandem Procedure for the Synthesis of Compounds
4, 13-16, and 18-25. To a solution of the 52-tosyl derivative
11 (0.1 g, 0.22 mmol) in dry acetonitrile (2 mL) was added
simultaneously DBU (0.067 mL, 0.44 mmol) and the corresponding
nucleophile (1.1 mmol). Triethylamine (1.1 mmol) was additionally
added for the synthesis of compourids 16, and24. The solution
was heated at 8TC for 3 h. Solvent was evaporated and the residue
was purified by CCTLC. The chromatography eluent has been
previously described in this (for compound&nd13—16) and in
a previous paper (for compound8—25).1! Yields of the isolated
products are indicated in Table 1 for each protocol.
5-O-Ethyl-1,2-O-isopropylidene-3-spiro-3-(4'-amino-1',2'-0x-
athiole-2,2'-dioxide)-a-bp-ribofuranose (18).To a solution of the
5-O-tosyl derivativel!! (0.1 g, 0.22 mmol) in ethanol (2 mL) was
added DBU (0.067 mL, 0.44 mmol). The solution was heated at
80 °C for 3 h. Solvent was evaporated and the residue was purified
by CCTLC with dichloromethane:methanol (10:1) to give 0.07 g
(97%) of 18 as a white syrup.d]?®; +40.7 € 0.25, CHC}). H
NMR [300 MHz, (CD;),CQO] 6 1.26 (t, 3H,J = 7.1 Hz), 1.34 (s,
3H), 1.51 (s, 3H), 3.55 (dd, 1HL = 1.5 Hz,J = 12.0 Hz,), 3.68
(dd, 1H,J = 1.5 Hz,J = 12.0 Hz), 4.01 (q, 2HJ = 7.1 Hz), 4.42
(dd, 1H,J = 3.4 Hz,J = 12.0 Hz), 4.68 (d, 1H) = 3.9 Hz), 4.86
(s, 1H), 5.00 (br s, 1H), 5.84 (d, 1H,= 3.9 Hz), 7.00 (br s, 1H).
13C NMR [100 MHz, (CDB),CO] 6 15.0 (CHy), 27.0 (CH), 27.2
(CHg), 51.5 (CH), 65.4 (CH), 80.7 (CH), 82.1 (CH), 82.3 (CH),
89.6 (C), 106.4 (CH), 113.5 (C), 161.8 (C). MS (Epnvz 322.1
(M + H)*. Anal. Calcd for G,H;gNO;S: C, 44.85; H, 5.96; N,
4.36. Found: C, 45.17; H, 6.08; N, 4.18.
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