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Abetrack The synthesis of N-benzenesulfonyl-N.O-isoprowlidene derivatives of (lR,2R,3S)-, 
(lS,2RfS!-, (lR,2R,3R> and (lS,2R3R>l~2-furyl>2-amino~~~l~~ols was a~~on@iahed by the 
addition of fmyllithium to the similarly protected D-threoninal and D-allothreonh~ai. prepared in four 
steps Erom tMmxxdne and ~allothtxonine. reqectively. The configuration integrity of a p-hydroxy-&- 
amino aldehydes as well as the structure and the stereochem&ry of resultant aminodiols derivatives was 
established by ‘H NMR spectroscopy and singlexqstal X-ray analysis. 

In recent years the increasing interest in the biological role of higher sugars (i.e. monosaccharides 

containing more then six carbon atoms in the chain) has stimulated numerous efforts to develop their 

stereoselective and stereocontrolled syntheses’. Among general routes to enantiomerically pure higher sugars 

an approach based on furan compounds’ offers attractive, not yet fully explored, possibiities. A prerequisite 
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for the success of this methodology is the availability of appropriate homochiral furan compounds. For the 

synthesis of 6-amino-6,8&leoxyoctoses 1, a family of higher sugars of which D-lincosamine (3) is an 

outstanding representative3, l-(2-furyl)-2-aminobutane-1,3-diols are required (Scheme 1). With the foregoing 

synthetic goal in mind we have examined addition of furyllithium to the N-benxenesulfonyl-N, O-isopropylidene 

derivatives of D-threonind (8) and D-~othreonind (13) which resulted in the formation of four 

diasteroisomeric l-(2-furyl)-2-aminobutane-13-dials 2 with (lR,2R,3S), (1&2R,3s), (lR,2R,3R) and (1&2R,3R) 

configurations4. A preliminary report of this work has been already published5. In the present paper we 

disclose the full details of the synthesis and stereochemistry of the N-benxenesulfonyl-N,O-isopropylidene 

derivatives of the above four aminobutanediols 2. 
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Synthesis of aldehydes 8 and 13 

RESULTS and DISCUSSION 

N-Benz.enesulfonyl-N,O-isopropylidene-D-thmoninal (8) and the corresponding D-~othreonind (13) 

were obtained following known procedures? as shown in Scheme 2. 
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Thus D-threonine (4) and D-~othreonine (9) were treated with thionyl chloride in methanol solution’ and the 

resulting esters 5 and 10, respectively, IV-acylated with benzenesulfonyl chloride to give the corresponding 

amide-s 6 and 11. After protecting the amid0 and hydroxy groups as the N,O-isopropylidene derivative, the 

methoxycarbonyl group of esters 7 and 12 was reduced with diisobutylaluminum hydride (DIBAL-H) to give 

N,O-protected D-threoninal 8 and D-allothreoninal 13 in 55% overall yield (cakulated on the starting 

p-hydroxy-a-amino acids 4 and 9). Aldehydes 8 and 13 are stable, crystalline (13) solids which have been 

stored for months in refrigerator without noticeable (IH NMR, HPLC) decomposition or loss of configuration 

integrity. 

Scheme 3 
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Aa%ion of fkyUithium 

Cycloaddition and rmcieophik addition to the catbonyl group of variously protected a-amino aIdehydes 

have been extensively studied*. From these studies it has transpired that by the judicious choice of protecting 

groups and reaction conditions desired syn or anti addition can be reahxed with high selectivity. Less 

information has been accumukted on the nucleophihc addition to the bhydroxy-a-aminoakiehydes and none 

of the reported examples referred to their N,O-cyclic derivatives. Reaction of furyIIithium with ahiehydes 8 

and 13 gave with good to excellent yield (78 - 90%), in each case, the pairs of alcohols: 14.15 and 16.17, 

respectively (Scheme 3). The product ratios, as measured by HPLC analysis. varied considerably. depending 

on the reaction conditions. However, formation of only two products demonstrated the con@uration stability 

of aldehydes 8 and 13 in the course of the C-C bond formation. 

From the data in Table 1 it can be seen that the steric outcome of furyIIithium addition to ahiehydes 

8 and 13 is quite different. Whereas for threoninal 8 either syn (entry 1) or unti (entry 2) addition with 

satisfactory selectivity has been achieved without optimization, for aUothreoninaI 13 only syn addition has been 

performed with high selectivity (entry 3 and 4). 

The effect of the P-carbon configuration on the nucleophihc addition to the carbonyl group in @- 

hydroxy-a-amino ahlehydes has been noted befom9. However the observed difference in syrnunti selectivity 

between erythro and three ahlehydes was not as pronounced as in the case of aIdehyde.s 8 and 13. It appears 

Table 1. Addition of FuryIIithium to AIdehydes 8 and 13. 

Entry AIdehyde 
Reaction conditions 

Products Ratio” 
Yield* 

Solvent. Temp.(T) (%) 

1 8 ether, 0 -+ RT, ZnBr, 14:15 

2 8 ether, -70 14:15 

3 13 THF/ether, RT, ZnBr, 16:17 

4 13 glyme, -70 16:17 

5 13 THF/ether, -70 16:17 

6 13 ether, RT 16:17 

7 13 ether, RT, 18-crown-6 16:17 

8 13 hexane, -70 16:17 

9 13 hexane, RT 1617 

10 13 THF/hexane/ether, -70 16:17 

1486 78 

81:19 90 

6:94 5 

7:93 89 

3664 C 

26~74 C 

21:79 C 

35:65 C 

30:70 C 

55:45 85 

%Jefmhd by HFW analysis; %elds for isolated products; ‘Not de&mined. 
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that the N,O-cyclic protecting group has imposed the rigidity on the aldehyde carbon skeleton and as a result 

has introduced additional steric hindrance of the carbonyl group. Taking this effect into account our results 

can be rationalized in terms of chelation-controlled conformation A and Felkin-Anhlo conformation B (Scheme 

4). In the presence of a chelating agent (ZnBrJ threoninal8 has reacted predominantly in conformation A via 

addition to the less hindered re face leading to (lS,2&3S)-aminobutanediol15. Under non-chelating conditions 

conformation B predominates and undergoes G-attack to yield (lR,2R,3S)-aminobutenediol14. In the case of 

Scheme 4 

Zn2+ 

A 
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B 

allothreoninal 13 rotamer B, due to the presence of the N,O-isopropylidene moiety, has a steric interaction 

between methyl (C-4) and carbonyl group. Consequently even in the absence of a chelating cation 

conformation B is not favored and is in equilibrium with rotamer A. Therefor attack on the re or si face of 

the carbonyl group is equally probable, leading at best only to modest excess of anti addition (entry 10). On 

the other hand conditions for the syn selectivity have been worked out (entry 4). 

Reduction of ketones 23 and 24 

1-(2-Fury&2-aminobutane-13-dials 14, 15 and 17, as major reaction products, could be readily 

purified. Isolation of pure aminodio116, available only in the mixture (almost 1: 1) with its epimer 17, requited 

careful column chromatography. To avoid this inconvenience the inversion of configuration at C-l in alcohol 

17 was attempted. A Mitsunobu reaction” (dietyl azodicarboxylate-triphenylphosphine-benzoic acid) was 

unsuccessful. Another possible route to pure alcohol 16 involves the oxidation of alcohols 16 and 17 mixture 

and subsequent stereoselective reduction of the ketone 24. Oxidation of the mixtures of alcohols 14 and 15 

as well as 16 and 17 with Mn02 gave good yields of ketones 23 and 24. respectively. Reduction of ketone 

24 with several hydrides (LAH, DIBAL-H, L-Selectridea, NaBH,) at temperatures from -70°C to ambient failed 

to give satisfactory results. On the other hand reduction of ketone 23, which was of no preparative interest 

and was carried out only for comparison, proved to be stemoselective. Reaction with GSelectride gave 

alcohols 14 and 15 in the ratio 99:l (lithium ahuninnm hydride: 86:14). 
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Scheme 5 
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The structure of 1-(2-jkyl)-2-aminobutane-1,3-diok 

The gross structure of aminodiols 14, 15, 16 and 17 was confiied by their analytical and 

spectroscopic data (cf. Experimental). The configuration of their new stereogenic center at C- 1 was established 

using previous methodology’2 i.e. from the ‘H NMR coupling constants of the corresponding 1,3dioxanes. 

To this end aminodiols were treated with p-toluenesulfonic acid in acetone - 2,2dimetboxypropane (to avoid 

inadvertent removal of the isopropylidene group) solution. Oxazolidines 14, 15 and 16 were cleanly (TLC) 

rearranged into 1,3-dioxanes l&l9 and 20, respectively. Only the reaction of oxazolidine 17 resulted in the 

mixture comprising 13-dioxane 21 and oxazolidine 22, which were separated by flash chromatography 

(Scheme 3). 

For the 1,3-dioxanes 19 and u) with both substituents at C-4 and C-6 in equatorial positions the chair 

conformation v, and ‘Cz, respectively, can be predicted (Scheme 6). The two other 1,3-dioxanes, 18 and 21, 

which have 2,4- or 2,6-diaxial interactions, in either chair conformation should occur in conformational 

equilibria. Standard molecular mechanics calculations by MMX force field” indicated that the chair 

conformation with 4,6-diaxial interaction of two methyl groups are of high energy. On the other hand local 

minima have been found for conformations ‘C, and TB, in 1,3dioxane 18 and conformations ‘C, and TB, in 

1,3dioxane 21 (Scheme 6). 

Comparison of the experimental ‘H NMR coupling constants of compounds 18 and 19 as well as 20 

and 21 with those calculated for their respective conformations by the PC MODEL routineI (Table 2) 

permitted distinction of the epimers in each pair, thus demonstrating the configuration of the 1,3-dioxanes and 

at the same time proving the C-l configuration in the aminobutanediols 14,15,16 and 17 as shown in Scheme 

3. The values of J,,, and Jz3 in compounds 19 and 20 show their conformational preference as “c, and ‘G, 

respectively, whereas these values in compounds 18 and 21 confirm the occurrence of a conformational 

equilibrium between chair and twist-boat forms, (ca 1:l) (Scheme 6). 

Because 1$2-furyl)-2-aminobutane-1,3-diol 16 was intended as a substrate for the enantioselective 
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synthesis of D-lincosamine (3) its absolute configuration, as well as that of its epimer aminodiol 17, were 

unambiguously established by single crystal X-ray analyses. This confirmed the assignments based on the ‘H 

NMR as may be seen from the respective ORTEP drawings shown in Figure 1. Most important of all, the 

results of X-ray analysis rigorously excluded the possibility of epimerization at the C-2 in aldehyde 13 during 

the furyllithium addition, which in principal could have been overlooked on inspection of the ‘H NMR spectra. 

Scheme 6 
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It is apparent from Fig. 1 that the conformation of compounds 16 and 17 in the solid state is analogous. 

The spatial relationship of their oxaxolidme and furan rings is similar as testified by the dihedral angles 

01%C14-Cl-C2 and C3-C2-Cl-Cl4 (numbering as in A and B in Fig. 1 ) which in compound 16 are 42.9“ 

and 70.7” and in compound 17 37.8” and 78. l”, respectively. Consequently the intramolecular hydrogen bonds 

exhibited by the hydroxy group in both compounds are d&tent. Alcohol 16 shows hydrogen bonding with 

the oxygen atom of the oxaxolidine ring, Ol-H1....03 (distance 2.63 A, angle 148.83, whereas alcohol 17 

hydrogen bonds with the oxygen atom of the sulfonyl group, Ol-H1....012 (distance 1.94 A, angle 166.83. 

In 16 the hydroxyl hydrogen atom occupies statistically two positions Hla and Hlb with occupancy factors 

0.577 and 0.423 respectively (Fig.1 A). It may be inferred from the coupling constants (Ji2, values of 1.55 

Hz and 9.25 Hz respectively for compounds 16 and 17 that their stable conformations (spatial relation of furan 

and dioxolane moieties) in solution are close to those in crystal, presumably due to the imramolecular 
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hydrogen bonds. 

Table 2. Coupling Constants (Hz) in ‘H NMR Spectra of 

N-Benzenesulfonyl-l,3-O-isopropylidene-l-(2-furyl)-2-aminobutane1,3-diols 18 - 21. 

Conipound 
Experimental 
J I,2 J23 

Conformation 
Calculated 
J 1.2 J23 

18 5.49 3.52 
VT-18 1.11 1.50 
TB,-18 10.13 7.76 

19 1.98 1.52 2c,-19 1.92 1.93 

20 10.28 9.85 5c,-u) 10.30 9.69 

21 4.54 6.28 
5q21 5.06 9.80 
TB,-21 0.97 2.63 

A B 

Fig. 1. ORTEP drawings of 16 (A) and 17 (B) showing numbering of atoms. 

EXPEBlMBNTAL 

Melting points were determined on a Kofler hot-stage apparatus axI are uncorreckd. Boiling points refer to the air-bath 

temperature. ‘H NMFt specka were recorded in CDCl, on Broker MSL 300 or AM 500 spectrometers using TM3 as internal 

reference. In&a-red spectra were recorded with P&in Elmer FT IR, 1725X or Specord N-60 spectrophotometers. Optical rotations 

were measured with Fe&in Elmer 141 polarhneter. High resolution mass spectra (HRMS) were obtained on AMD 604 and Figao 

MAT 8200 mass spectrometers. HPLC was carried out on Shimadzo Liquid Chromatograph equipped with Beckman Ultrasphere 



SI 5 q c&mu. Column ~0~~~~ was carried out on Merck KieseAgel 60 (230400 Mesh), AU readions and 

c~rn~o~~c separatious were monitored in TLC am&y& performed on silica geJ 60 F= ~~~ paecoated layer. YWS are 

report& for~~~p~lypun?compllLdksolv~tsandreageatpwerepuritiedbeforeupepocadingtostnnderd~“. 

D-Threonine (4) ([ad + 27.0” (c 1, &O)) was of commercial origin (Aldrich); D-allothmonine (9) ([alo -9.03”. (c 5 H.@) 

was obtained loom D-&X&IX acco&ing to the Meramre pro&u&. 

X-Ray structure &rewninAon of 16 and 17 

Compounds 16 and 17 were crystallized from *-hexaim. inteasity data were collected on a KM4-diEracton~ter for 

compound 16 and on a F3 SIEMENS di~mrn~ for compouud 17. Dste cotleetion and procesing ~WUW&ZS are listed in Table 

3. The structures were solved with dii methods and refined by anisom@c tW-matrix least squares (C bonded H atoms 1.08 A 

from C in rigid groups with isotropic temperature factols) using SK!ZXTL program”. AI1 H atoms were identified in a difference 

Fourier synthesis. The geometrical calc&tions were can-ted out using CSf.P and PAR@’ programs. 

Methyl N~I+aIIot&won&& (11). 

To a snspension of ~~lo~n~e (9) ~~~~0~~ (20.0 g, 91 mmol) in methanol (200 n&f was added thionyi chloride 

(12.2 g, 103 mmol), dropwise, with stirring. Alter heating to retlux for 3 h solvents were removed in vacua and evapomtion repeat& 

with benzene (2x50 mL). To the glossy residue covered with C!H& (150 mL) tiethylaminc (31.6 g, 227 mmol) was added slowly 

with stirring followed by benzeneauifonyl chloride (16.42 g, 93 mmol). the mixture kept for 18 h at 2Dc and then poured on ice 

water, The solid (not soluble in w&z or CH$&j was filtered off, washed with CH$!l~ (150 mL) and abet organic solutions 

were washed successively with &mated NaHCO, solutioo, 5% hydrochloric acid, water and brine, dried (MgSO,), filtered and 

evaporated to give solid which recrystallized from ethyl acetate afforded 21.1 g (81%) of ester 11, m.p. 132”133”c, Iajo OD (c 1, 

MeOH), [al, -18.9’ (c 1, CHCl& R (CHCl,) v_ 3566,3337,1741,1352,1167 cm”. Am& Cal& for C,,H&O$: C, 48.34; H, 

5.53; N, 5.12%. Fouzd: C. 48.4% H, 5.70; N, 5.37%. 

Prepared according to the procedure described for 11. Recrysteltization &om ethyl acetate gave ester 6 (79.5%). m.p. 105- 

106°C. WI, +10.4” (c 1, MeOH), [al, +6.P (c 1, CHCI,). JR (CHCI,): v, 3360, 1743, 1348, 1166 cm”. Anal. Calcd. for 

C,,H,#O$: C, 48.34; H, 5.53; N, 5.12%. Found: C, 48.43; H, 5.54; N. 5.30%. 

Methyl N-b- ~y~N,~~yHd~~~~ (12). 

To a prutially dissolved ll(20.1 g, 74 mmol) in benzene (250 mL) was added 2,3dii&oxypmpane (15.6 g, 250 mm011 

and p-toluen~lfonic acid (210 mg). The mixture was heated to gentle boiling and the solvent was slowly distilled off through a 

Vigreaux column. AtIer 1 h portions of 2,2di~~ox~op~e (6.78 g. 68 mmol) and ~~l~n~fo~c acid (100 mg) were added 

and heating was continued. After 4 h (150 mL of solvent was mmoved) the reaction was completed W), the mixture was diluted 

with ether (300 mL), washed with saturated NaHCq solution, water aud brims, dried (MgSO,) and evaporated. Ihe residue was 

crystallized from ether-hexaoe to give 20.7 g (90%) of 12, m.p. 73.5-75.OY, [al,, + 55.4’ (c 1, CHC!Q. 

IR(CHCl,) v, 1754,1736,1354 1163 cm-‘. ‘H NMR (500 MHz) S 7X3-7.86 (m, 2H, aromatic); 7.59-7.48 (m, 3Ii, aromatic); 4.37 

(apparent quintet 19 H-3); 4.30 (d, J, = 6.27 Hz, 1H. H-2); 3.50 (s.3H. OCIQ, 1.81 and 1.66 (2x.s. 2xCH, sC(CH&. 1.19 (d. 

3 = 6.25 Hz, 3H, A&). IR (CHCI,) v_: 1754, 1736,1350,1163 cm-‘. 



7620 B. SW et al. 

Table 3. Data Collection’ and Processing Parameters of Compounds 16 and 17. 

16 17 

Molecular formula 

Molecular weight 

C,J%,NJ’,S, CJ-LNI~S, 

351.42 351.42 

a= 7.721(l) A, a=SO.CP 
b=l1.587(1) A. B-_s.O" 
c=19.636(4) A, p90.00 

V=1756.6(4) A’, Z4 

Cell constant II= 7.864(2) A, a-90.0” 
b=l1.394(2) A, b=9O.0” 
c=l9.551(4) A, ps~0.0~ 

V=1751.7(6) A3. Z=4 

Density (calcd.) 

Space group 

Radiation 

1.332 gem” 

p212,2, 

Graphite-monochromated 
CuK& k1.54052 A 

1.329 gem-3 

P2,212, 

Graphite monochromated 
MoK& LO.71.069 A 

Absorption coefficient 

crystal size 

Scan type and speed 

18.3 cm” 

O.llxO.25xO.39 mm 

20,0.008 + 0.08 degs-’ 

2.0 cm” 

O.llxO.13~O.15 mm 

20,4.19 f 29.3 degmiri’ 

Scan range I 0.7” below Ka, 
I 

0.9" below Ku1 
to 0.7” above Ka, to 0.9” above Ku, 

Background counting The left and right 
backgrounds 
include the same number of 
outer profile points: s,=O.25*s 
where s is the total number of 
scan points 

Stationary counts for one-half 
of scan time at each end of 
scan 

Collection range 

Unique data measured 

h,k,1;20_=75” h,S1;20,,=55” 

1966 2318 

Observed data with 
IF,1 >40(1 F,t),n 

Number of variables, p 

l$=Z~F,~-~F,~/Z/Fd) 

Weighting scheme 

RIV 

S=&wfl F, I - I F, I )2/(n-~)]‘~ 

Residual extmma in final 
difference map 

1700 1636 

306 293 

0.0395 0.0457 

w=1l(d(F)+0.0021~) w=ll(d(F)+O.OOl3~) 

0.0430 0.05 11 

1.21 1.24 

+O. 14-0.30 eA’ +O.21-0.23 eA_’ 

*The tables containing full experimental data are deposited with Cambridge Cty.stallographic Data Center (CCDC). UK 
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Methyl N-buwacsllllonyl-iv,o~propyllden*D-- (7). 

With the use of the same procednre as for 12, compound 7 was obtained (90%). m.p. 80.~80.5% [al, +125.3” (c 1. 

CHCl,). JR (CHCI,) v_. * 1740,1345,1150 cm’. ‘H NMR (300 MHx) 6 7.92-7.88 (m, 2H. aromatic); 7.60-7.51 (m. 3H, aromatic); 

4.32 (dq, J, = 7.40, J,, = 6.08 Hz, H-3); 3.95 (d. lH, H-2); 3.80 (s, 3H, OCH,); 1.62 and 1.54 (2x& 2;QHsC(CH&; 1.34 (d, 3H, - 

CH,). 

To a cold (-75°C) solution of ester 12 (19.43 g, 62 mmol) in dry toluene (150 mL) was added diisobutylahuniuum hydride 

(DIBAL-H) (11.02 g, 77.5 mmol) in toluene (55 mL) under argon. After stirring at -73°C for 1 h excess of hydride was quenched 

by addition of methanol (16 mL) and the mixture poured into 1M hydrochloric acid (250 mL). Water layer was extracted with ethyl 

acetate (3x150 mL), then the combined organic extracts were washed with water, brine, dried (MgSO,), filtered and evaporated. The 

residue was crystallized from ether-hexane to give 14.26 g (82%) of aldehyde 13, m.p. 110.5-l 11.5@C, [a], +66” (c 1, CHCl,). JR 

(Ccl,): v_ 3060,2810, 1731, 1353, 1157 cm-‘. ‘H NMR (500 MHZ) 6 9.43 (dd, J,2 = 4.53 Hx, J,, = 0.78 Hz, lH, H-l); 7.86 (m, 

2H, aromatic); 7.60 (m, lH, aromatic); 7.53 (m, 2H, aromatic); 4.30 (apparent quintetd, lH, H-3); 3.85 (dd, J, = 6.64 Hz, H-2); 

1.85 and 1.61 (2xs, ‘2&H, >C(CH,),); 1.23 (d. J,A =6.50Hx,3H,-CH,).Anal.Calcd.forC,&NO,S: C.55.11;H,6.06;S, 11.29%. 

Found: C, 55.58; H, 6.49; S, 1122%. 

N-B~Pnesulfonyl-NO-&opropyIIdene-D-- (8). 

With the use of the same procedure as for 13 aldehyde 8 was obtained (%). JR(CHCl,) v_ 1740,1340,1155 cm’. ‘H NIvlR 

(500 MHz) 8 9.61 (d, Jr2 = 4.50 Hz. lH, H-l); 7.82-7.79 (m, 2H, aromatic); 7.64-7.61 (m. lH, aromatic); 7.57-7.53 (III, 2H, 

aromatic); 4.24 (dq, I, = 8.28 Hz. lH, H-2); 1.69 and 1.51 (2~. 2x3H, >c(CH&; 1.28 (d, J,, = 6.02 Hz, 3H. CH,). Anal. Calad. 

for C,,H,,NO,S: C, 55.11; H. 6.05; N, 4.95; S. 11.29%. Found: C, 54.93; H. 5.90; N, 4.92; S, 11.37%. 

Addithm of fi@MUmm te aldehydu 8 and 13. Typhnl procedure. 

To a cold (-30°C) solution of furan (1.8 g. 27.5 mmol) in ether (10 mL) under argon the solution of butylJithium in ether 

(1.27 M, 4.8 mL, 6 mmol) was added. The reaction mixhne was allowed to teach room temperature, stirred for 1 h and cooled to 

0°C. Then ZuBr, (1.12 g. 5 mmol) was added at once and the mixture atIer reaching ambient temperature was stirred for 30 ruin 

and Cook! again to 0°C. The solution of aldehyde 8 (1.17 g. 4.1 mmol) in ether (20 nL) was added dropwise and the stirrh18 

continued at room temperature till completion of the reaction (TLC) (2 h). The reaction mixture was washed with saturated aqueous 

ammonium chloride solution, water, brine, dried (MgSO,) and evaporated. The oily residue was flash chromatographed affording 

amhmdiols 14 and 15. Yields and ratios of products obtained in partichtlar runs are collected in Table 1. 

(lR,2R,3S)-IV-B cazmsulronyl-N,~-~py~~-isopropyUaenc-l-(2ihryl utane-1,3did (14), 73% (Table 1, entry 2), R, 0.28 

(hexane:etyl acetate 7:3), m.p. MO-162°C (ethyl acetate&her), [a], -58.6” (C 0.5. CHCI,). JR (CHCI,) v_ 3384.1345. 1163, 1091 

cm-‘. ‘H NMR (300 MHz) 8 7.93-7.89 (m, 2H, aromatic); 7.68-7.52 (m, 3H, aromatic); 7.39 (m, lH, H-5 furan); 6.41 (m. lH, H-3 

furan); 6.39 (dd. J,, = 3.23, J,s = 1.82 Hz, lH, H-4 furan); 5.39 (m. lH, H-l); 4.30 (dq, J, = 7.50, J,, = 6.30 Hx, lH, H-3); 3.53 

kid, J,> = 2.5 Hz, 1H. H-2); 1.60 and 1.55 (2rs, 2r3H, >C(CH& 0.76 (d, 3H, -CH,). Anal. C&d. for C,&NO$: C, 58.10; H, 

6.03; N, 3.99; S, 9.11%. Found: C, 57.86; H. 6.18; N, 3.95; S. 9.02%. HRMS calcd. for C,&NOsS (M - CH,) 336.0906, found 

336.0906. 
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(hexane:ethyl acetate ?3), mp. 96.5-98°C (ether-hexane), [ah, +5O.P(c 1, CHCQ. JR (CJfCl,) v_ 3459.1344.1148 cm-‘. ‘H NMR 

(300 l@Iz) S 7.%7.91 (m, 2H, aromatic); 7.66-7.51 (III, 3H, aromatic); 7.43 (dd, J,, = 2.0, J, = 0.96 Hz, 1H. H-5 furan); 6.42 

(dd Jw = 3.50 Hz. IH, H-3 kau); 6.39 (dd, 1H. H-4 tiuau); 4.92 (dd, J,, = 8.24, J- = 4.10 Hz, lH, H-l); 4.37 (d. lH, OH); 4.08 

(qd Ja, = 6.1. Ju = 3.8 Hz. lH, H-3); 3.94 (dd. 19 H-2); 1.58 (2xs. XVI, >c(CH&; 0.82 (d. 3H, CH,). HRMS calcd. for 

C,,H,,NO$ (M’) 351.1135, found: 351.1140. 

(lR,2R,3R)-N-Be ~nyl-N,d-b-l~~~l~~ tmne-l$diol (la). 48% (Table 1. entry 10). R, 0.38 

@exane:ethtzmethylene chloride l&3:2, developed 4x). m.p. 81.5~82.YC (ether-hexane), [a], +40.5” (c 0.5. CHQ). IR (KBr) v,, 

3580,3470, 1365, 1160 cm”. ‘H NMR (500 MHz) 6 7.96-7.93 (m, 2H, aromatic); 7.64-7.60 (m. 1H. aromatic); 7.57-7.53 (m, 2H. 

aromatic); 7.41 (dd, J,> = 1.80, J,, = 0.70 Hz, 1H. H-5 &ran); 6.42 (m, 1H. H-3 furau); 6.40 (dd. JaA = 3.27 Hz, lH, H-4 huan); 

5.04 (bd. J,.w, = 9.34 Hz, 1H. H-1); 4.20 (d, lJI, OH); 4.06 (dd, J, = 5.94, J,, = 1.55 Hz, IH. H-2); 4.03 (apparent quinm lH, 

H-3); 1.47 and 1.35 (2xs, 2x3H, >c(CH&; 1.38 (d. JsA = 6.27 Hz, 3H, U-I,). Anal. Calcd. for C,&,NO$: C. 58.10; H, 6.03; N, 

3.99%. Found: C, 58.33; H, 6.11; N. 4.11%. HRMS calcd. for C,&NO$ (M-CH,) 336.09057, found: 336.09tMO. 

VWbW-N- kxenezMoayl-N,,o’-wylidesn-l-(&m)-- tuw-l&did (17), 83% (Table 1, entry 4). R, 0.43 

(hexane:etha:methyleoe chloride 10:3:2, developed 4x). m.p. 12&121.W (hexaneether), [a), +75.4” (c 1, CHQ). JR (KBr) v,, 

3500, 1365, 1155 cm-‘. ‘H NMR (500 MHz) 6 7.%-7.94 (m. 2H. aromatic); 7.64-7.61 (m, 1H. aromatic); 7.58-7.54 (m. 2H, 

aromatic); 7.43 (dd, J,s = 1.82. J,> = 0.80 Hz, H-S than); 6.38 (dd, J3* = 3.25 Hz, lH, H-4 furan); 6.36 (m, lH, H-3 furan); 4.76 

(dd. J,l = 935, J,,, = 753 Hz, lH, H-l); 4.33 (dd, JU = 4.58 Hz, lH, H-2); 3.96 (d. lH, OH); 3.89 (qd, J,* - 6.61 Hz. lH, H-3); 

1.70 and 1.49 (2x1~ 2x3H, XXX,)& 0.96 (d, 3H, -CH&. Anal. Calcd. for C,,&,NO$: C. 58.10; H, 6.03; N, 3.99%. Found: C, 

5824; H. 6.12; N. 3.90%. 

Sy~~tl~esis of 1,3abxsaar 1% 19,20 and 21. Typical procedure. 

(lR,~,3s)-~-Ben~~~fonyl-N,O)-isopropylidene-l-(2-fiuyl)-2aminobutanel,3diol (14) (225 m& 0.64mmol) was dissolved in 

acetone (5 mL), 2.2dimethoxypropane (1 mL) and small crystal of p-tolueneaulfonic acid were added. The reaction mixture was 

stirred at ambient temperature for 15 h. After disappearance of the substrate (TLC, hexane - ethyl acetate 6:4) the reaction mixture 

was neutralized with two drops of triethylamine. solvents were evaporated, the residue dissolved in ether (20 mL). washed with 

water, brine, dried @@SO,). filtered and evaporated. Flash chromatography (hexane : ethyl acetate 713) of the oily residue afforded 

220 mg (98%) of dioxane 18. 

(lR,2R,X+N-Benzwdf onyl-1~J-o-l~~~l~~~u~l~~ (18), mp. 146.5-147.5”c, [a], -58.6” 

(c 0.5, CHCl,). IR (CHCI,) v_ 3387,1385,1345,1162 cm”. ‘H NMR (500 MHZ) 6 7.70 (dm, J = 8.5 Hz, 2H. aromatic); 7.48 (m, 

lH, aromatic); 7.39 (m, 2H. aromatic); 7.29 (dd, J,> = 1.82, J,> = 0.77 Hx, lH, H-5 furan); 6.22 (dd, J,” = 3.29 Hz, lH, H-4 furan); 

6.11 (bd, lH, H-3 iiuan); 5.10 (d, JNHz = 10.09 Hz, 19 NH); 4.47 (d, J,J = 5.49 Hz, lH, H-l); 4.35 (qd, J3+, = 6.44, JV = 3.54 Hz. 

lH, H-3); 3.89 (ddd, lH, H-3); 1.40 and 1.25 (2xs. 2~3H. >c(CH&; 1.18 (d, J,, = 6.45 Hz, 3H. -CH,). HRMS calcd. for 

C&&0$ @vi - CH,): 336.0906. Found: 336.0905. 

(lS~~~N-Be~~~~-l~-~pylk (19). m.p. 171.5-173oC. Call, -36.90” (c 

0.5, CHCI,). IR (CHCl,) v,, 3387, 1385, 1338, 1160, 1110 cm-‘. ‘H NMR (500 MHz) 6 7.62-87.59 (m, 2H, aromatic); 7.46-7.41 

(m, lH, aromatic); 7.37-7.32 (m, 2H. aromatic); 6.99 (m, l& H-5 fnran); 6.13 (dd, lH, H-3 fur@; 6.07 (dd. J,, = 3.27, J,> = 1.82 

Hz, lH, H-4 tkan); 5.09 (d, lH, NH); 5.08 (d, Jlf = 1.98 Hz, 1H. H-l); 4.19 (qd, J,, = 6.25, JU = 1.52 Hz, lH, H-3); 3.57 (dt, 
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