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Abstract: The conformational preferences for 2,3-O-isopropylidene-a-L-sorbopyranose 
derivatives 3-6 were determined by using lH NMR data and empirical force field calculations. 
Proton NMR studies of 3-6 indicate that a twist-boat (or skew) conformation (3So) prevails over 
possible chair forms for each compound. Force-field calculations (MM2, MNDO. AMl) on a 
model 2,3-0-isopropylidene-a-L-sorbopyranose system (18) indicate that the 3So conformation 
is among the low-energy structures. X-Ray crystallographic analysis of a-L-sorbopyranose 
sulfamate 3, a compound with potent anticonvulsant activity, demonstrates that the 3So skew 
conformation is manifested in the solid state, as well. 

Molecules with saturated six-membered rings that exist primarily in a twist-boat (or skew) conformation, 

as opposed to a chair conformation, are rare. In the absence of rigid constraints, such as covalent bonds in 

twistane, twist-boat conformations prevail only when certain steric and/or electronic factors combine to tip the 

balance of energetics away from chair forms. The factors most commonly encountered have been: torsional 

strain induced by ring fusion(s),1 unfavorable 13diaxial interactions,2 intramolecular hydrogen bonding.3 the 

presence of second-row heteroatomsP and the anomeric effect.5 In this context, we have found an unusually 

strong preference for a skew (3So) conformation in L-sorbopyranose sugar derivatives. 

Topiramate (1). an important antiepileptic drug that was discovered in our laboratory, adopts a skew 

conformation (%o) for the tetrahydropyran ring in solution and in the solid state.6 This skew conformation is 

presumably favored over the possible chair conformations because of the two five-membered rings that are 

cis-fused onto the central pyranose ring. 6s We have also suggested that such a skew conformation may be 

critical for the potent anticonvulsant activity of topiramate. Q In further studies with topiramate analogues, we 

had occasion to synthesize and biologically test some compounds with the 4,5-isopropylidene ring missing, 

such as 27 and 3. Although 2 is virtually devoid of anticonvulsant activity, 3 and related sorbopyranoses (4-6) 
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are about equipotent with topiramate. 8 This surprising observation appeared to be inexplicable at first, until 

we considered the conformations of these molecules. Indeed, 2 favors a chair conformation (5C2),9 whereas 3 

favors a skew conformation (3So), which is heretofore unknown for the sorbopyranose system, albeit nicely 

consistent with our structural hypothesis for topiramate’s bioactivity. In this paper, we report on our investi- 

gation into the conformational pqerties of 2,3-0-isopropylidene-a-L-sorbopyranoses 3-6. 

4 5 6 

RESULTS AND DISCUSSION 

Synthetic Chemistry. No 2.3-0-alkylidenesorbopyranose derivatives have yet been isolated from the 

direct ketalization of L-sorbose; only 1,2- and 1,3-0-isopropylidene-a-L-sorbopyranoses were obtained along 

with assorted sorbofuranoses .3110 In sharp contrast, closely related 2,3-0-isopropylidene+-D-fructopyranose 

derivatives, which only differ from the a-L-sorbopyranose system by stereoinversion at Cs, are easily pre- 

~ared.~~ To date, there has heen only one qort of an a-L-sorbopyranose system with a cis 2,3-0-alkylidene 

ring fusion, namely compound 7, which was first prepared by Martin et al.11 Accordingly, low temperature 

reaction of a-Dfructopyranosel2 8 with sulfuryl chloride afforded intermediate tis-chlorosulfate 9, which was 

subsequently reacted with methanolic sodium bicarbonate to yield 7 (Scheme 1). We reacted 7 with sulfamoyl 

chloride to provide novel sulfamate 4 along with a small amount of his-sulfamate 5. which was inseparable 

from 4. A sample enriched in his-sulfamate 5 was obtained by using a large excess of sulfamoyl chloride. 

sQa2 

CHCl3, Pyr 
-78 to -65 ‘C! 

6h 

+ 
DMF, 5 ‘C 

Scheme 1 
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Iodo thiocarbonate 3 was synthesized from diol l@ (Scheme 2). Thus, reaction of 10 with l,l’-thio- 

carbonyldiimidazole~~ furnished cyclic thiocarbonate 11, which was reacted witb methyl iodide14 to provide 3 

and carbonate 12. Carbonate 12 presumably resulted from the reaction of the intermediate S-methylthio- 

carbonate salt (not shown) with adventitious water. The identity of 12 was confirmed through independent 

synthesis by the reaction of dial 10 with 1.1’~carbonyldiimidazole. 

,cH2osa~2 Q HOa* 
o Me 

Ho”* & 

10 
Me 

l,l’-thiocarbonyl- 

diimidazole 
* 

Me1 (20 equiv) 
1.2~dimethoxyethane 
(sealed tube), 90 T 

12 (23%) 3 (74%) 

Scheme 2 

Dibromo derivative 6 was synthesized from iodo thiocarbonate 3 (Scheme 3). Thus, reduction of 3 with 

zinc dust furnished intermediate alkene 13, which was reacted with bromine to afford 6, along with a small 

amount of the related f5-Dtagatopyranose. 14 (6/14 = 4.4:1). Attempts to prepare alkene 13 by heating cyclic 

d&carbonate 11 in (MeO)3p or (EtO)3P were unsuccessful, although (i-p10)3P gave a trace amount of 13.15 

a. H20 

3- 
EtOH, A 

(6795) 

Br2 
- Br 

cHzCl2 
-78 “C 

13 6 (54%) 

+ 

Scheme 3 

Conformational Studies. The 2,3-O-isopropylidene-B-pfructopyranose system is known to prefer the 

unusual 5C2 chair conformation, 15~16 rather than the more commonly ptefertzd %Ts conformation, 16, which 

is stabilized by the anomeric effect.gb F’resumably, the torsional strain introduced by a 2,3-O-isopropylidene 
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ring that is &-fused overrides the stabilization afforded through the anomeric effect. By analogy, it is not 

unreasonable to expect the closely related 2,3-0-isopropylidene-a-L-sorbopyranose system to prefer the SC2 

conformation. However, it became apparent from lH NMR vicinal coupling constants that the tetrahydro- 

pyran ring of 7 does not exist predominantly in either possible chair conformation, nor in a mixtme thereof. 

By contrast, from a small proton-proton coupling constant in 17 (JM = 2.9 Hz), a diacetylated derivative of 7, 

Martin et al.” inferred a preference for the chair conformation: “these compounds adopt the unusual SC2 con- 

formation; however. according tn the other coupling-constant values, the true conformation probably deviates 

from the ideal chair to a flattened chair, as in the case of 2.3~O-isopropylidene-S-D-fructopyranose” (viz. 15). 

Given the conflicting interpretations, we sought to explore this carbohydrate system in mote detail. 

15 (5cd 16 <2Cs> 17 18 

As a prelude to interpreting vicinal proton-proton coupling constants for the 2,3-O-isopropylidene-a-L- 

sorbopyranose system, we performed a molecular modeling study to determine the probable low-energy 

conformers, as well as their corresponding coupling constants. One would like to examine all possible 

conformations, within reason, and obtain relative energies. Since the curmnt molecular mechanics force fields 

are limited in their application to carbohydrates when comparing relative conformational energies.17 we took a 

conservative approach by employing three different force fields. 

a:X=OMe;Y=CFa 
b: X = MeSC(O)O, Y = OSOJWa 

23 t4s2> 

Figure 1. Low energy conformations of 2,3-0-isopropylidene-a-L-sorbopyranose derivatives. 
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In theory, the total number of possible distinct pyrauose ring conformations for this system is 26: 2 

chairs, 6 skews, 6 boats, and 12 half-chairs. 16 To facilitate energy minimization, structure 18 was chosen as a 

simplified approximation of iodo derivative 3. wherein the sulfamate moiety is transformed to a trifluom- 

methyl group and the thiocarbouate ester is represented by a methoxy group. These changes eliminated four 

rotatable bonds from inconsequential substiuuents and were more compatible with the force fields in USC.~* A 

total of 252 starting conformations for 18 were generated using the systematic SRARCH routine in SYBW19 

each of which were minimized with IvlAXIMIN2.~ Since MAXlMIN2 is not parametrixed for the anomeric 

effect, which typically is worth l-2 kcal/mol,21 we selected structures that covered a broad energy range to 

insure that conformations were not dropped from consideration because of this limitation. Therefore, those 

structures within 12 kcal/mol of the minimum energy conformation were selected and sorted into five distinct 

families (out of a possible 26). These families included the 2Cs (Ma) and %J2 (2011) chair conformers, as well 

as the 3So @la), OS3 (22a). and 4S2 (23a) skew forms (Figure 1). The lowest energy ftnxus of Ma-23~ were 

re-minimized separately with MM2,~ MlIDO.3 and AM123 to incorporate the anomeric effect and to obtain 

independent results (Table 1). 

Comparison of the relative energies for conformations 19a-23a (Table 1) leads to several important 

observations. (1) All three force fields rank the OS3 conformer (22a) as among the least stable and therefore it 

may be eliminated from further consideration as a possible low energy form. Vicinal proton-proton coupling 

values (vide i@-u) safely remove this conformer from consideration, as well. (2) There is enough variability 

in the relative rankings between the force fields to justify consideration of all the remaining conformers (i.e., 

Ma-21a and 23a) as possible low energy forms. For example, MM2 ranked the SC2 conformation (20a) as the 

most stable conformer, whereas AM1 ranked it fifth. (3) Although these empirical force fields axe limited for 

comparing low energy conformations of carbohydrates, they are useful for eliminating higher energy 

structures from consideration. In the present example, a total of 26 possible pyranose starting conformations 

was trimmed to four. (4) Each force field ranked the 3So conformer (21a) as the second most stable one and, 

significantly, as the most stable skew conformation. 

Conformation MM28 MNDOB AMla 

2C5 (1% 2.5 (42.1) 0.0 (-298.1) 0.0 (-320.8) 

5C2 (20a) 0.0 (39.6) 1.1 (-297.0) 3.9 (-316.9) 

3Su (21a) 0.7 (40.3) 0.3 (-297.8) 0.2 (-320.6) 

OS3 (22a) 5.2 (44.8) 2.9 (-295.2) 3.6 (-317.2) 

4S2 (23a) 3.8 (43.4) 1.3 (-296.8) 1.9 (-318.9) 

(a) Actual calculated value is in parentheses. 

Table 1. Relative energies for confoxmations of 18 (kcal/mol). 

The conformations of the model system 18 (19a-23a) were converted into low energy conformers of 3 

(19b-23b) by replacement of the sulfamate and thiocarbonate moieties, followed by re-minimization with just 



2464 M. J. COSTANZO er al. 

MNDO, since the MM2 and AM1 programs were not parameterlxed for these groups. Vicinal proton-proton 

coupling constants for conformations 19b-23b were then calculated by using the Altona modification2‘l of the 

Rat-plus equation (Table 2). It is apparent from these data that neither chair conformer alone, 19b or 20b. 

reasonably satisfies the observed couplings for 3 (lH NMR data discussed below). In addition, an equilibrium 

mixtute of chair conformers is unable to produce the observed couplings, primarily because the values for J45 

and J% would be much too divergent. 25 In comparing the other structures, 21b-23b, the coupling values for 

the 3Soconformer (21b) are closest to the observed values for 3, indicating that 21b is a principal contributor. 

Coupling constant values for 21b calculated from the 3So geometry of 3 in the solid state (vide infra) were 

employed in preference to those from the MNDO-derived geometry of 21b for conformer mixing. Thus. a 4: 1 

mixture of the %o and 2C5 conformers (21b/19b) provides a good fit of the calculated and observed coupling 

values, with the least accurate correlation occurring for J5k (Jcalc of 6.6 Hz vs. Job of 5.5 Hz). Although 

mixtures of the 3So conformer (21b) with either 22b or 23b could reproduce the observed couplings, the latter 

conformers were discounted because of the high relative energies for 22a and 23a (Table 1). 

Conformationa J34 J45 J56tl J56e 

2Cs (19b) 5.3 11.4 11.6 

5C2 (20b) 0.7 0.6 4.3 

3So (21b) 1.2 1.4 8.9 

3So (21b)b 2.1 1.2 11.1 

OS3 (22b) 6.0 7.5 8.5 

4S2 (23b) 8.3 11.7 8.7 

3so (2~b)/LCS<19b_~_=_4~___~~~.____________3_L2_____----_ 

Observed for 3d 3.1 2.9 10.3 

4.4 

1.0 

8.7 

7.2 

2.4 

9.1 

6.6 

5.5 

(a) Minimum energy conformers calculated with MNDO, unless noted otherwise. (b) Couplings cal- 

culated from tbe X-my crystal structure of 3. (c) Averaged by using the data for 2lb from the X-my 

structure of 3. (d) From 400-MHz 1H NMR spectrum recorded in CDC13 at 24 “C (k 0.2 Hz). 

Table 2. Calculated and observed vicinal proton-proton coupling constants (I-Ix) for 3. 

The 1H NMR spectrum of compound 3 is shown in Figure 2. One of the most diagnostic couplings in 

support of the predominance of the 3S30 conformer (21b) is the long-range “w” coupling% observed between 

H3 and H5 (4J35 = 0.9 Hz). Of the five structures depicted in Figure 1, only the SC2 and 3So conformations 

can manifest this long-range coupling. Further support for the predominance of the 3So conformation is 

provided by the NOE observed between the isopropylidene methyl group at 1.6 ppm and I&, (Figure 2), 

which would not exist in either of the chair forms (19b or 20b). 

We examined the *H NMR spectrum of 3 in several different solvent systems to see if there was any 

influence on conformer distribution (Table 3). The most striking feature of the data is how liffle the coupling 

constunts change despite the diversity of solvents, which indicates that the %o conformation, (21b) or a fairly 
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constant equilibrium mixture (i.e., ca. 4: 1) of the 3S&C5 conformations (21b/Hb), prevails. Moreover, in a 

variable temperature study in CD3OD (24 to -60 “C) the coupling constants again chauged only slightly, 

providing suppont for this viewpoint (Table 3). Given the unlikelihood that the skew/chair ratio for a mixture 

would remain invariant over such drastic changes in conditions, we suggest that skew conformer 21b strongly 

predominates. 

CD,OD 
/ 

C% \ 
\ / 

CH3 

l”~~r”“l”“r”“l”~‘l”“l”‘~l”‘~l”“l’~~ 
5.5 5.0 4.5 4.0 ix 3.0 2.5 2.0 1.5 

Figure 2. 400~MHz *H NMR spectrum of 3 recorded in CD3OD at 24 OC. 

Solventa J34 J45 J56a J56e J35 

QM313 3.1 2.9 10.3 5.5 0.9 

acetone-&j 3.4 2.8 10.5 6.7 0.9 

DMSG-& 3.1 3.1 10.3 6.8 0.7 

CD3OD 3.2 3.3 11.3 6.4 0.8 

CD30Db 3.1 2.4 10.6 7.3 --- 

(a) Recorded at 24 “c unless noted otbenvise. (b) Recorded at -60 “C: the long range J35 coupling was 

uzmso~tiatthi temperatnre. 

Table 3. Observed vicinal proton-proton coupling constants (2 0.2 Hz) for 3 in various solvents (400 MHz). 
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The vicinal proton-proton couplings of 2,3-0-isopropylidene-a-L-sorbopyranose derivatives 3-7 am 

collected in Table 4 for comparison. The couplings observed for these compounds, including the diagnostic 

long range J35 coupling, correlate well with the observed values for 3. indicating that the %o conformation is 

the prevalent conformer for this class of sorbose derivatives. 

Cmpd Solventa 534 545 J568 J56e J35 

3 acetone-& 2.7 2.4 11.0 5.9 0.7 

4 W3OD 2.5 1.9 9.3 7.0 0.8 

5 W3OD 3.2 3.3 11.3 6.4 0.8 

6 WC13 2.7 1.0 8.3 6.1 0.6 

7 W3OD 2.6 3.0 9.2 4.6 0.8 

a) Fkordedat24’C. 

Table 4. Observed 400-MHx vicinal proton-proton coupling constants for 3-7 (k 0.2 Hz). 

X-Ray Crystal Structure of 3. An orthorhombic crystal of 3 was subjected to an X-ray diffraction 

study, which corroborated its composition and stereochemistry. Additionally, we found that 3 adopts an 3So 

skew conformation (21b) in the solid state (Figure 3). The similar carbon-oxygen bond lengths at C2 indicate 

that the anomeric effect is indeed manifested in this structure, 27 which may partially explain the remarkable 

stability of the 3So conformation. The solid-state structme was used to derive vicinal coupling constants for 

the 3So structure 21b (Table 2). 

Cl6 

Flgure 3. Stereoview of a ball-and-stick model of the X-ray crystal structure of 3 
(0, carbon; 0, hydrogen; 0, iodine; 0. nitrogen; 8, oxygen; @, sulfur). 
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CONCLUSION 

Bis-acetals of ~-D-fructopyranoses3~~1~ and a-D-galactopyranoses28 adopt a skew conformation, pre- 

sumably because the usually mom stable chair conformations am disfavored by the “cis-anti-&” arrangement 

for the 5-6-5 ring system.68 Although removal of one of the acetal rings (45 ring) in the case of the g-D- 

fructopyranose system (e.g., 8) results in a preference for the SC2 chair conformation (U), this is not true for 

a-L-sorbopyranose derivatives. Through a combination of computational, NMR. and X-ray techniques. we 

found that certain L-sorbopyranose derivatives (3-6) exhibit a strong preference for the 350 skew conformation 

in solution, and that this conformation is also manifested in the solid-state for 3. Perhaps, the axial substituent 

at Cs in the a-L-sorbopyranose system destabilizes the SC2 chair form (20), thereby favoring the 350 skew 

conformation (21), which is stabilized by the anomeric effect. Presumably, the same torsional and steric 

factors that disfavor the %Zs chair conformation (16) in 2,3-O-isopropylidene-B_D-fiuctopyranoses also dis- 

favor this conformation (19) in 2,3-O-isopropyla-L-sorhopyranoses. 

The high level of anticonvulsant activity elicited by derivatives 3-6 is significant and may he related to 

the prevalence of the 3Su skew structure, by analogy with topiramate (I). In addition to the findings of our 

research.6 the biological relevance of pyranose skew conformations was recently implicated for an inhibitor of 

the regulatory enzyme glycogen phosphorylase, 2,6-anhydro-N-methyl-D-glycero-D-ido-heptonamide (24). a 

glucopyranose analogue that binds to glycogen phosphorylase in a skew conformation.29 

HO OH 

24 

EXPERIMENTAL SECTION 

General Methods. The X-my crystallography work on 3 was conducted by Crystalytics Co., Lincoln, 

NE. Elemental analysis was performed by Atlantic Microlab, Inc., Norcross, GA. TLC separations were con- 

ducted on 250-pm silica plates with visualization by iodine staining and by charring with EtOH/H$l04 (95:5). 

Chromatographic separations were carried out on a Waters Prep-500 HPLC equipped with two PrepPakQ 

cartridges (column: 47 x 300 mm; silica gel: 55-105 pm, 125 A) connected in series by using refractive index 

detection. Melting points were determined on a Thomas-Hoover apparatus calibrated with a set of melting 

point standards. Optical rotations were measured on a Perkin-Elmer 241 polarimeter. Inframd spectra were 

recorded on a Nicolet SX 60 spectrometer (s = strong, m = medium). NMR spectra were acquired on a Bruker 

AM-400 instrument. *H NMR spectra were obtained at 400.13 MHz (s = singlet; d = doublet; t = triplet; q = 

quartet; m = multiplet; br = broad; dist = distorted). *SC NMR spectra were obtained at 100.61 MHz; dis- 

tortionless enhancement by polarization transfer experiments with an editing pulse at 135” (DEPT-I 35) were 
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used to assign the carbon multiplicities. Chemical-ionization mass spectra (CI-MS) were recorded on a 

Finnigan 3300 mass spectrometer with ammonia as the reagent gas. Fast-atom-bombardment mass spectra 

(FAB-MS) were recorded on a VG 707OE high-resolution or Finnigan TSQ70B triplequadrupole mass 

spectrometer by using an argon beam at 7 kV and 2 mA of current in a tbioglycerol matrix. 

5-Deoxy-5-iodo-2~-O-(l-methylethylidene)-4-(m~ylthi~~yl)-a-L~~p~an~ Sulfamate 

(3). Compound 11 (14.0 g. 0.041 mol), methyl iodide (51.0 mL, 0.820 mol) and 1,Zdimethoxyethane (51 

mL) were combined in a pressure vessel and heated at 90 ‘C while stirring for 2.5 h. The reaction was 

filtered, the solvent was removed, and the residue was purified by chromatography (CH~Cl2/EtoAc, 91) to 

give 3 (14.59 g, 74%) and 12 (3.01 g, 23%). A sample of 3 was recrystallized from CH$!12/EtGAc to give a 

white crystalline solid; m.p. 135-136 ‘C, [a]~= +39.4 (c 1.00. MeOH). IR (KBr) vmax 3396 (m), 3265 (m) 

1714 (s), 1371 (s), 1191 (s), 1124 (s) cm- 1; lH NMR (CDC13) 6 1.43 (s, 3H, Me). 1.68 (s, 3H. Me), 2.40 (s, 

3H, SMe), 3.99 (dd, lH, J5& = 5.5 Hz. JW = 10.4 I-Ix, I-&&, 4.08 (dist dddd. lH, J35 = 0.9 Hz, J45 = 2.9 Hz, 

J5&= 10.3 Hz, Js&= 5.5 Hz, H5). 4.16 (dd, lH, J5h = 10.3 I-Ix, J6& = 10.4 Hz, &a), 4.25 (s, W, Hl and 

Ht), 4.30 (dd, lH, 5~ = 3.1 Hz, 535 = 0.9 Hz, Hj), 4.99 (br s. W, NHz), 5.72 (dd, lH, 5% = 3.1 Hz, 545 = 2.9 

Hz, Ha); l3C NMR (CDC13) 6 13.7 (Me), 15.6 (0. 25.6 (Me), 26.6 (Me), 64.3 (CH2). 70.1 (CH2). 74.0 

(CH), 75.6 (CH), 101.3 (C), 111.1 (C), 170.6 (C=G); FAB-MS: m/z: 484 &III)+. 506 (M+Na)+. Anal. Calcd 

forCtlH&NG&: C, 27.34; H. 3.75; N, 2.90; S, 13.27. Found: C, 27.49; H, 3.52; N. 2.84, S, 13.90. 

S-Chloro-5-deoxy-2~-O-(l-methylethylidene)-a-L-~~pyran~ Sulfamate (4). A solution of 79 

(3.00 g, 0.013 mol) in dry DMF (25 mL) was cooled to 5 ‘C while stirring under argon. Sulfamoyl chloride 

(2.33 g, 0.020 mol) was added and the reaction was stirred at 5 ‘C for 2.5 h, diluted with 100 mL of satd. 

NaCl. and extracted with three portions of ethyl acetate. The combined extracts were washed twice with satd. 

NaHCG3, dried (MgS04), filtered through diatomaceous earth, and concentrated at 40 ‘C. The residue was 

chromatographed (CH2@/EtGAc, 4: 1) and recrystallized from CH2Clfiexane (2:3) to give 1.38 g (35%) of 

white crystals, as a mixture of 4 (0.84 equiv) and 5 (0.16 equiv): mp 94-100 “C, [a]$ +7.7 (c 1.00, MeOH); 

IR (KBr) vmax 3476 (s), 3357 (s), 3253 (s), 1553 (m), 1461 (m). 1362 (s), 1208 (s) cm-l. Data for 4 in 

mixture: 1H NMR (CD30D) 6 1.40 (s, 3H, Me), 1.55 (s, 3H, Me), 3.87 (dd, lH, J56a = 11.0 Hz, Jw = 11.4 

Hz, I-&,), 3.87-3.95 (m, lH, Hg), 4.02 (dd, lH, J6ak = 11.4 I-Ix, J5ee = 7.0 Hz, I&.), 4.13 (ab q, 2H, Jll* = 

10.3 Hz, H1 and HI’), 4.18-4.25 (m, 2H, H3 and I-Q); 13C NMR (CD3OD) 26.2 (Me), 27.3 (Me), 56.3 (U-I), 

63.9 (CH2), 69.4 (CH2), 72.7 (CH), 77.7 (CH), 102.8 (C), 111.2 (C); CI-MS m/z 335 (M+NH4)+. Anal. Calcd 

for C9H&lNG$*O.16 C9Hl7ClN20&: C, 33.01; H, 4.96; N, 4.80; S, 10.99. Found: C. 33.15; H, 5.01; N, 

4.88; S, 10.94. 

5-Chloro-5-deoxy-2~-O-(l-methyie~ylidene)-4-sulfamoyl-a-L-~r~p~an~ Sulfamate (5). A 

solution of compound 79 (2.09 g, 0.0988 mol) in dry DMF (17 mL) was cooled to 5 ‘C while stirring under 

argon. Sulfamoyl chloride (4.05 g, 0.035 mol) was added and the maction was stirred at 5 “C for 18 h. The 

DMF was removed at 45 “C and the residue was dissolved in 200 mL of ethyl acetate. The solution was 

washed three times with satd. NaCl, twice with satd. NaHC03, dried (MgSO4). liltered through diatomaceous 

earth, and concentrated at 40 ‘C. The residue was purified by chromatography (CH2C12/EtOAc, 41) to yield 

1.20 g (36%) of white foam, as a mixture of 5 (0.67 equiv) and 4 (0.33 equiv): [a]D20 +20.4 (c 1.00, MeGH); 

IR (neat) vmax 3510 (m), 3370 (s), 3283 (s), 2994 (m), 1552 (m), 1459 (m), 1377 (s), 1185 (s) cm-l. Data for 

5 in mixture: )H NMR (CD30D) 6 1.41(s. 3H, Me), 1.59 (s, 3H, Me), 3.86 (dd, lH, J56a = 7.0 Hz, Jm = 9.3 
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Hz, Haa), 3.90-3.98 (dd, 1H,J~=7.0Hz,J~=9.3Hz,I&+),4.12(abq,2H.J~1’= 11.3I-kH1 andHI*). 

4.X-4.35 (m, lH, H5). 4.45 (dd, 1H. 3~ = 2.5 Hz, J35 = 0.8 HZ, H3). 5.02 (dd. 1 IX, JM = 2.5 Hz, J45 = 1.9 

Hz, H& 13C NMR (CD3OD) 6 25.8 (Me). 26.9 (Me), 52.9 (CH), 63.1 (CH2). 69.1 (CH2). 75.1 (CH), 78.4 

(CH), 102.6 (C), 112.1 (C); CI-MS m/z 414 (M+NIQ)+. Anal. Calcd for C9H17ClN20&*0.67 

C9H16ClNO7S: C, 29.60; H, 4.58; N, 6.14; S, 14.05. Found: C, 29.71; H, 4.74; N, 6.22; S, 14.21. 

4~-Dibromo-4~-di~yeoxy-2S-O-(l-methylethylidene~a-L-~~py~n~ Sulfamate (6). A solution 

of 13 (1.04 g, 0.0039 mol) in 12 mL of dry dichloromcthane was cooled to -78 ‘T. while sting under an 

argon atmosphere. Bromine (0.51 mL, 0.0098 mol) was added dropwise over 10 min and the reaction was 

stined at -78 “C for 1 h. quenched by the addition of cyclohexene (1 mL, 0.0098 mol), basitied with pyridine 

(0.8 mL, 0.0098 mol), warmed to 23 “C. and purified by chromatography (CH2Clz/EtOAc. 19: 1) to give 1.10 

g (67%) of a clear glass, as a mixture of 6 (0.81 equiv) and 14 (0.19 equiv) by lH NMR: [a]D25 +20.1 (c 

1.00, MeOH); IR (CHC13) vmax 1383 (s), 1185 (m), 1071 (s) cm -l. Data for 6 in mixture: ‘H NMR (CDC13) 6 

1.44 (s, 3H, Me), 1.66 (s, 3H, Me), 4.11 (dd, lH, Jsh = 8.3 Hz, J6a6e = 12.6 Hz, Hg), 4.20 (dd, lHJj6e= 6.1 

Hz, J6a6~ = 12.6 Hz, l&), 4.30-4.50 (m, 3H, Ht. HI,, and H5), 4.54 (dd, lH, J% = 2.7 Hz, J45 = 1.0 Hz, I-L& 

4.72 (dd, 1H. 3~ = 2.7 Hz, J35 = 0.63 Hz); most of the resonances of presumed 14 were obscured, except for a 

methyl group at 1.61 (s); l3C NMR (CD3OD) 6 26.0 (Me), 26.9 (Me), 42.9 (CH), 45.6 (U-i), 63.2 Q-W, 70.0 

(CH2). 76.1 (CH), 101.0 (C), 111.0 (C); presumed tagato isomer 14: 6 25.4 (Me), 26.8 (Me), 48.3 (CH), 49.9 

(CH). 67.4 (CH2), 67.4 (CH2), 78.2 (CH), 101.6 (C), 111.1 (C). Anal. Calcd for QH~sBQNO~S: C, 25.43; H, 

3.56; Br, 37.59; N, 3.29; S, 7.54. Found: C, 25.71; H, 3.61; Br, 37.49; N. 3.24, S, 7.61. 

2gO-(l-MethyleLhylidene)-4~-O-thiocarbo Sulfamate (11). Compound 10 

(32.5 g, 0.109 mol) was combined with l,l’-thiocarbonyldiimide (47.3 g, 0.239 mol), dissolved in 500 tnL 

of THF, and stirred at 23 Y! for 6 h. The solvent was removed at 40 ‘C and the residue was dissolved in ethyl 

acetate. The solution was washed twice with 1 N HCl. three times with satd. NaHCQ, once with satd. NaCl, 

dried (MgSOd), filtered through diatomaceous earth, and concentrated at 40 “C to furnish 36.7 g of crude 11 

as a brown oil. This material was purified by chromatography (CH$%/EtOAc, 4:l) to provide 15.0 g (40%) 

of 11 as a white solid. A sample was recrystallized from anhydrous ethanol, m.p. 205-206 “C; [a]Dm -75.1 

(c 1.75, MeOH); IR (KBr) vmax 3351(m), 3244 (m), 1352 (s), 1274 (s), 1168 (s), 1070 (s) cm-l; tH NMR 

(DMSO-&) S 1.38 (s, 3H, Me), 1.52 (s, 3H, Me), 3.88 (d, IH, Jw = 10.3 Hz, I-&$, 3.95 (ab q, 2H, J110 = 14.3 

Hz, H1 and HIS), 4.02 (d, lH, Js6’= 10.3 I-k H6’). 4.54 (d, lH, J34 = 2.7 Hz, Hg), 5.35 (d, lH, 545 = 9.2 Hz, 

Hg), 5.55 (dd, 1H. JZQ = 2.7 Hz, J45 = 9.2 Hz, I-W. 7.3 (br s, 2H, NH2); CI-MS m/z 342 (MH)+. 359 

(M+NIQ)+. Anal. Calcd for C&II~NO&: C, 35.19; H, 4.43; N. 4.10; S, 18.78. Found: C, 35.40, I-I, 4.46; 

N, 4.06; S. 18.84. 

2~-O-(l-Methylethylidene)-4,5-O-carbonyI-B_D-fructopyranose Sulfamate (12). Compound 106a 

(4.02 g, 0.0134 mol) was combined with I,l’-carbonyldiimidazole (4.76 g. 0.0294 mol). dissolved in 60 mL of 

THF. and stirred at 23 “C for 18 h. The solvent was removed at 40 “C and the residue was purified by 

chromatography (CH$Z12/EtOAc, 19:l). The white foam was recrystallized from anhydrous ethanol to afford 

1.03 g (27%) of 12 as white crystals, m.p. 189-190 T; [a]$ -45.5 (c 0.48, MeOH); IR (KBr) vmax 3362 

(m), 3270 (m), 1796 (s), 1374 (s), 1193, (s) cm- l; tH NMR (DMSO-4) S 1.37 (s, 3H. Me), 1.52 (s, 3H, Me), 

3.89 (ab q, W, J11* = 14.5 Hz, H1 and HI*), 3.93 (ab q, 2H. J&l = 10.6 Hz, H,j and e), 4.49 (d, lH, JM = 2.7 

Hz, H3). 5.01 (d, lH, J45 = 8.9 Hz, H5), 5.26 (dd, 1H. J34 = 2.7 Hz, J45 = 8.9 Hz, b), 6.14 (br s, 2H. NH2); 
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1w NMR @MSO-&) 6 24.9 (Me), 25.9 (Me), 59.4 (CH2), 68.3 (CH2). 68.5 (CH), 69.5 (CH), 71.6 Q-I), 

100.7 (C!), 109.7 (C), 153.3 (GO); CI-MS mlz 32.6 @III)+, 343 (MiNII.+)‘. Anal. Calcd for Cl#It~NO#: C, 

36.92; H, 4.65; N, 4.31; S, 9.86. Found: C, 37.06; H, 4.61, N, 4.23; S, 9.92. 

4~-Dideory-~-(l-methyl~y~dene)-& SulfauMe (13). Compound 3 

(14.09 g, 0.029 mol), zinc dust (11.45 g, 0.175 mol), Hz0 (14 mL) and 95% ethanol (140 mL) were combined 

and heated at mflux with vigorous stirring for 2 h. After cooling to 23 “C, the reaction was filtezd through 

cliatomacwus earth and concentrated to give 15.5 g of a brown oil, which was purified via chromatography 

(CH$11/EtOAc. 9:l) to provide 13 (solvate with ethyl acetate). This material was dissolved in chloroform, 

washed twice with satd. NaCl, dried (MgSO4), filtered through diatomaceous earth, and concentrated to yield 

5.43 g (67%) of 13 (solvate with chloroform), as a golden oik (a]$5 -0.9 (c 1.13, MeOH); IB (neat) vmax 

3362 (s), 3272 (s), 1376 (s), 1184 (s) cm- l; 1H NME (C@g) 8 1.33 (s, 3H, Me), 1.42 (s, 3H, Me), 3.72 (dd, 

H-&&j= 1.8 Hx,Jw= 16.7Hx,H&4.02 (d, lH.5~ = 16.7 Hz, IQ), 4.10 (abq, W, Jll*= 10.8 Hz, Hl and 

Hl), 4.25 (d, lH, JM = 3.7 Hz, H3). 4.36 (br s. W, NH2). 5.36-5.48 (m, HI), 5.56-5.66 (m, 1H); 13C NMR 

(CDC13) 6 27.7 (Me), 27.8 (Me), 61.0 (CIW, 69.0 WI). 70.2 (CH2). 101.4 (C), 110.7 (C), 123.3 (CH), 130.4 

(CH); FAB-MS: m/z: 266 @fH)+, 288 (M+Na)+. Anal. Calcd for t&HIgNO&O.l CHC13: C, 39.11; H, 5.44, 

N, 5.00. Found C, 39.25; H, 5.31; N, 4.86. 

Computational Studies. The bicyclo14.3.0]nonane ring skeleton of 18, devoid of heteroatoms and 

substituents, was searched for possible conformations with the systematic SEARCH module in SYBYL.19 

The ring fusion bond was replaced by a constraint of 1.35- 1.75 A and a ring search with lO-degree increments 

on the resulting structures generated 252 initial conformations. These were reconstituted with the appropriate 

heteroatoms and substituents and minimized with MAXIMIN2.20 The height from the plane of the six 

pyranose atoms provided measurements which were used in hierarchical analysis to separate the conformers of 

18 into five families (19a-23a) that were within 12 k&m01 of the minimum energy conformation. 

1~ NMR Studies. Samples were dissolved in deuterated chloroform, methanol, dimethysulfoxide, 

benzene, or acetone at 2 mM. The deuterated solvent provided the field frequency lock and also served as an 

internal reference for the chemical shift scale, relative to tetramethylsilane. Spectra were acquired at 400.13 

MHz with a 5-mm broad band inverse probe at 24 “C by using a 9O-degree pulse-width of 8.8 us and a 2-s 

recycling delay with 16 transients. The spectra were subsequently processed on an ASPECT 3000 computer 

by using an exponential weighting function of 0.1 Hz and a sweep width of 3000 Hz over 32IC data points, 

giving a resolution of 0.2 Hz. Homodecoupling experiments were applied when the coupling constants could 

not be extracted directly from the spectrum. Temperatures in the variable temperature experiment were cali- 

brated by using 100% methanol. Nuclear Overhauser experiments (NOE) were used to determine the stemo- 

chemistry or confirm any ambiguous proton assignments and were acquired by using an irradiation time of 1.8 

s with 40 transients and processed by using the standard Bruker NMR software. 

X-Ray Crystd~ography of 3.30 Crystals of 3 (C1lHlsINC&, mw 483.3, colorless rectangular 

parallelpipeds from CH2Clfiexane; mp 137-139 “C) are orthorhombic (space group P212121 with u = 

6.682(2) A, b = 10.802(3) A, c = 24.817(5) A, a = p = y = 90.0", V = 1791(l) A3, and &dcd = 1.792 g cm-3 for 

Z = 4. The intensity data were collected from a single crystal on a computer-controlled Four-Circle Nicolet 

Autodiffractometer with the e-28 scan technique at 293 K in two shells with scattering angles ranging from 

3.0” < 28 < 55.W by using MO Ku radiation (L = 0.71073 A; graphite monochromator). Of a total of 2385 
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independent reflections collected, 2050 intensities greater than 3.00(I) were used The structure was solved by 

heavy-atom Patterson techniquea, locating the nonhydrogen atoms. Standard Lorentz and polarization 

corrections were applied to the data; the hydrogen atom positions were located. Structural refinement was 

accomplished by full-matrix least-squares methods with an anomalous dispcrsian corre&m for the iodine and 

sulfur atoms. Hydrogen atoms Hzza and Hzzb were located fiotn a difference Fourier synthesis and refined as 

independent isotropic atoms (Figure 3). The three methyl groups Clu, Ctl, and Cl& and their hydrogens. 

were refined as rigid rotors with spf-hybridized geometry and a C-H bond length of 0.95 A. The remaining 

hydrogen atoms were included in the structure factor calculations fmed at 1.2 times the equivalent isotropic 

thermal parameter of the carbon to which it was bonded. The final discrepancy factors, after four refinement 

cycles, were RI = 0.025 and R2 = 0.034. The correctness of the enantiomeric description was verifted in 

cycles of least-squares refinement in which the multiplier of AF” was varied. 
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