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D-mannitol-derived his-Gridlnea arc attr~c~ivt‘ building blocks, precursors of derivatives possessing a 

broad range of physiological properties, such as cnantiopure diamino dials, highly functionalized 

polyhydroxylated piperidinca 01 2,S-disuhsntuied pyrrolidines (scheme1 ). 
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Scheme 1 

The symmctt-ic 31;tni111~1dt0l\ ~<lnst~ 11, 111~ i’<~ri’ ttnt1 (11 ;I ~I:I\\ ol HIV- I proteinase inhibitors which have 

hccn designed. haxd on ~hc aymm~~~c d~spo\~iion (>I 11~~ LW~UK .~Lt-ttcmt-e1~2. and first synthesized starting from 

amino acids2. A&idinc ht+clpcnin, ~1 ~~l‘t’crs ;I I‘lcsthlc .tnJ ~nanlio~clectivc hynlhesis ot‘a range of symmetric 

inhihitnrs which is not litnltcd to ;imino acid dcr~v& >tth>titttcnl.\3. 

Natural and synlhelic n~~ogcn analoguc~ 01’ carbohydrates have potential as chemotherapeutic agents. 

Both highly oxygenated pipcrlrlinc\ (a/~pyr~nc~s) and pyrrolidinc\ (a/al’uranoscs) helong to an important family 

of glycosidases and ~l~~osyI~ran~~cr,lsc~ inhihltoi-.\. pt-Itnat-tly l’or ~ht’ N-linked oligosaccharide processing 

enzymes”. 
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Our initial studies referred IO the synthesis of 3,4-di-O-isopropylidene-D-mannitol-derived bis-aSdines 

and the study of their reactivity towards various nucleophiles6. Opening of both aziridine rings provided access to 

a variety of C’2 symmetric diamino diols. while nuclcophilic opening followed by intramolecular cyclization led 

to differently substituted polyhydroxylated pipcridincs. 

Recently we have reported the nucleophilic ring-opening of iv-substituted 3,4-di-0-benzyl bis-aziridines 

1, which show a conformationally flexible backbone. Nucleophilic opening followed by intramolecular 

cyclization enables the preparation of 3,4-dihydroxylated pyrrolidines of D-gluco configuration, substituted at C- 

2 and C-5 with two different functional groups, nucleophilic ring closure by nitrogen occurring preferentially 

onto the secondary carbon of the aziridine ring in a favorable 5-e.xo-heterocyclization7. 

Optically active cis-2,Sdisuhstituted pyrrolidine derivatives carrying two different functional groups have 
attracted interest since there are many natural products such as ant venom alkaloids, with this structure*. They are 

also useful as building block in the synthesis of biologically active compounds; a 5-substituted-2- 

formylpyrrolidine for example, is the key ring fragment rcyuired for the synthesis of unnatural Quinocarcin, a 

novel antitumor antibiotic’). 

Considering the versatility of reactivity of C2 symmetric bis-aziridines, and their potentiality as 

precursors, in a one step procedure, of a wide range ofcis-2.Sdisuhstituted pyrrolidines, we have carried out the 

preparation of 1 as its N-Boc (la) and N-Chz (lb) derivatives, and of two new from D-mannitol-derived bis- 

aziridines: the (2R,2’R)-(1.2.ethan-diyl) his-aziridine 2 and the (2R,2’R,E)-(1.2.ethen-diyl) bis-aziridine 3 via 

the three-step procedure we had previously devclopcd5. 

1 was synthesized starting from 3.4-di-O-henryl-D-mannitol 410, while (2S,3E,5S)-1,2,5,6- 
tetrahydroxy-hex-3-ene 5, prepared from D-manni toll I was the common precursor of 2 and 3 (scheme 2). 

la: Y=G02r-Bu lb: Y=C02CH2Ph 

Scheme 2 

The transformation of each terminal 1 &diol into the NH-aziridine ring involves, selective sulfonylation at 
the primary hydroxy group, sodium azide substitution of the primary ditosylate, and triphenylphosphine 
promoted reductive aminocyclization of the resulting a-azido alcohol. In order to form a bis-aziridine these 

different reaction steps are bound to take place independantly at both extremities of the symmetric tetrol. 
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The selectivity of tosylation at the primary oxygcns of C2 symmetric 1,2,5,6-D-mannitol-derived tetrols is 

subordinate to the steric hindrance at C-2 and C-5. Whereas 3,4-di-0isopropylidene-D-mannitol is 1,6- 
ditosylated in 80% yield by conventionnal manners (TsCI. pyridine, 0°C). 3,4-di-O-benzyl-D-mannitol 4 

provides the corresponding 1,6ditosylate 6 in only 48% yield after puriiication7. This lowering of the yield is 

probably partly due to the flexibility of the carhon backhonr which allows the formation of secondary cyclization 

products. 

The tosylation of (.S.S)- I ,2,5,6-hcxanetetrol 7 into the l,&ditosylate 9 had not be carried through till 

now, although the reaction of 7 with tosylchloridc had hccn reported 12.13. When the reaction was followed by 

alkaline treatment, the crude ditosylatc provided the corresponding his-epoxide in 58% yieldl3. Selective 

activation of the primary hydroxyl groups even using the more bulky I-naphtalenesulfonyl chloride provided the 
1,6-di-O-naphtalenesulfonyl derivative III only 32% yield”“. 

The regioselective manipulation of hydroxyl grtrups via organotin derivatives has found large applications 

in the field of carbohydrates t4. and more recently 111 the one of acyclic polyols. Dibutylstannylene acetals deriving 
from acyclic primary-secondary diols have hecn shown to react with hoth alkylatingl5 and sulfonylating16 

reagents to give as a general rule higher regiosclectrvity for reaction at the primary oxygen than does direct 

reaction. 

In an alternative procedure for rcgiosclectivc tosylation of 7 we tested utilization of the organotin 

derivative 81sa easily available t’rtrm 7 (scheme 3). The bcn/ylation and the benzoylation of organotin derivative 

8 had been previously reported. Although the henzylatlon of 8 yielded the l,&dibenzyl ether in 60% yieldtsa, 

unexpectedly its benzoylation Icd to a mixture of I .h-dihenz.oyl, l$dihenzoyl and 1,2,6-tribenzoyl 
derivativest3b. 

In our hands the ohtention of‘ the tetrol 7 III cnantiopurc form proved delicate even following the 

improved procedure*5a.“, In the absence 01‘ intermediate purifications. Sequential Rh-A1203 catalyzed 

hydrogenation and hydrolysis I)!’ ~LII’C (2S.JE.5.S)- I .2:S.h-di-O-isopropylidene-3-hexenetetrol led to 7 together 

with about 30% of the meso diastcrcoisomer. The cpimcrixation occurs during the hydrogenation step. The rate 

of epimerization was determined hy t ‘C KMR spectrum analysis of the crude C2 symmetric tetrol 7 which 

shows three distinct undouhlcd signals. 

Nethertheless we have catricd out the tosylation ol‘8 and found tt to occur regioselectively at the primary 

oxygen& however the l.h-ditosylatc 9 was obtained in only moderate yield since its formation was accompanied 

by some cyclization into the tosylated pyran IO. 
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Starting from the ~ctrol 7, compound Y results from the regioselective bis-tosylation at the primary 

oxygens of the tin acetal, and the pyran 10 from the intramolecular displacement of the I-U-tosyl group by the 

oxygen at C-5, of the intermediate scrcondary tin alcoholate. 

ref 15a 
Bu,SnO. toluene 
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* 

6u,Sn’ 0 0, 
SnBu 2 

I 

u- 

I 
(yl’~. 0 

T&I, Bu,NI. PC. 2 h 
w 
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t = 20°C; 9:lO = 82:18 

t=50°c; 9:lO = 0:lOO 

Scheme 3 

The reaction of 8 with to>ylchlor-idc and tctrahutylammonium iodide, in conditions where cyclization 

products are minimized (conccntrat~on up IO 0.2 moi dn-3. 20°C). affords a X2:18 mixture of the 1,Gditosylate 9 

and of the tosylated pyran 10 with a rate ol‘convcrsion of X0%. When the tosylation of 8 is carried out at 5O”C, 
the pyran 10 is the only product (11. the reaction. 

Both prohlcms ofepimcri/ation and of competitive cycfization were overcome by the use of the ethylenic 

tctrol 5 for the preparation of Y. Sequential sulfonylation. through stannylidene activation of the ethylenic tetrol 

5, and reduction of the resulting cthylenic ditosyl;ltc yielded the ditosylate Y (scheme 4). 

12 

l3u2SnO 
Toluene - 
reflux,8h 

1. TsCI, 2O”C, 8h 
2. HzO, dioxane 

83% 

L 

TsO 

‘1 
Hz, PdlC, EIOH, 2O”C, 5h 

w Hd”-’ ,,dH 

100% 
7 

OTs 
9 

Scheme 4 
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We show here that tosylation of the partially rigid hexitol 5 is regioselective at the primary hydroxy 
groups and leads to enantiopure (S,S~-1.6-bis-paratolulnesulfonyloxy-2,5-hexanediol 9 in 83% yield after 

hydrogenation of the intermediate (2S,.?E,SS)- 1.6-di-paratoluenesulfonyloxy-2,5-dihydroxy-hex-3~ne 12. This 

way proved all the more convenient for the ohtention of the ditosylate 9 as there was no epimerization in the 

hydrogenation step. 
Selective tosylation of the two primary hydroxy groups of the ethylenic tetrol5 was achieved through the 

preparation of the organotin derivative 11. 5 was retluxed for 8h in toluene with dibutyltinoxide, with azeotropic 

removal of water, then tosylchloride was added, and the solution stirred at 2O’C for 8h. Hydrolysis of the 

mixture afforded the I.6ditosylate 12 in 83%’ yield; 12 could be quantitatively and without epimerization 

hydrogenated into the ditosylatc 9 using Pd on charcoal as catalyst. 

Sodium azide substitution of the 1,6-ditosylates 9. 12, and 6, effected at 70°C during 5 hours resulted in 

formation of the corresponding diazidodiols 13. 14. and 15. in respectively 85, 71 and 73% yields (scheme 5). 

Starting from 6 we could not prevent the formation 01‘ 12%’ of the pyran 16 besides 15, which results 
from the competitive attack of a secondary hydroxyl group onto a primary O-sulfonylated carbon; however such 

cyclization was not observed starting from the conl’~~lln~~tic~nnally flexible ditosylate 9. 

NaN 3, DMF. 70°C NH pr 
85% 

OTs 

,oOH 
NaN 3, DMF, 70°C 

w 
71% 

12 ‘OTs 

HO“” 

NaN3, DMF, 70°C 

6 15 73% 16 : 12% 

Scheme 5 

When reacted with triphcnylphosphine. the conformationally tlexible diazidodiols 13 and 15 led to a 

mixture of the corresponding N-H his-aziridincs and rctrasuhstituted furans (scheme 6). Both derivatives were 

isolated as their N-protected form. 

13 led to the highly reactive A’-Boc his-aziridine 2 in 30% yield and to the furan 17 in 12% yield. The 

modest yield in purified his-aliridine 2 is due to decomposition occurring in the course of the chromatographic 

purification. 
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Reductive aminocyclization of the diazidodiol 15 by triphenylphosphine led, after nitrogen protection to 

the N-Boc bis-aziridine la and N-Cbz bis-aziridine lb in respectively 53% and 47% yields. The N-BOC-2,5- 

diaminomethyl-3.4-dihydroxyfuran 18a was obtained in 17% yield. 

NY + 

13 X=H Y=Boc 2 30% 17 12% 

15 X=OBn 
Y=Boc la 53% 
Y=Cbz lb 47% 

18a 17% 
18b undetermined 

a) PhaP, PhCH3, 35”C, 2h. then 9OT, sh. 
b) (CO zWu)zO. EtaN,THF, 0°C to rt, 3h. or CICO,CH,Ph, Ei,N, CH2C12, 0°C to rt, 3h 

Scheme 6 

The structure of the furan 18a has been established hy tH and t?C NMR analysis. It presents the 

configuration of D-glucose. resulting of an inversion of configuration at C-2. 
The formation of the furans 17 and 18 could result from a competitive thermal decomposition, allowed 

by the flexibility of the carbon chain. of the intermediate oxaraphospholidine as depicted in the scheme 7. 

N3 N3 PhJP=N N=PP~-Q 

13: X=H; 15. X=OBn 

X p 

h YHNCH 1”” 0 ““C&J NHY 

Scheme 7 
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PPh3 reductive aminocyclization of the diazidodiol 14 led to the comsponding ethylenic bis-aziridine as 

single product, which was isolated as its N-tosylated derivative 3 in 13% yield. The low yield is due to 

degradations which go with the formation of the unstable NH ethylenic bis-aziridine in the course of the thermal 

decomposition of the oxazaphospholidine at 7O’C. 

CONCLUSION 

In summary we have developed an eliicicnt method for the selective 1,6 activation and functionalization of 

1,2,5,6-hexane and-hexenetetrols, in particular the synthesis of (2S,SS)-1.6.di-@-toluenesulfonyloxy)-2,5- 

hexanediol, useful precursor of C2 symmetric compounds has heen achieved in high yield. We have carried out 
the syntheses of new bis-aziridincs with a Ilexihle carbon hackhone and our efforts are now aimed, at the one- 

step preparation ofcis-2.S-disuhstitt~tcd pytrrolidine dcrivativc\. 

EXPERIMENTAL SECTION 

General methods 

Prior to use. tetrahydrol‘tuun (THF) and dicthylether (Et20) were distilled from sodium-benzophenone 

and dichloromethane (CH$Zlz) from P205. CH2Cl2 and ethyl acetate (A&Et) were filtered on K2C03 prior to 

use. tH NMR (25OMHz) and t3C NMR (62.9MHz) spectra were recorded in CDCI? (unless otherwise indicated) 
on a Btuker AM 250. Chemical shifts are reported in 6 (ppm) and coupling constants are given in Hertz. IR 

spectra were recorded on a Perkin Elmer 783 Infrared Spcctrophotometer. Specific rotations were measured on a 

Perkin Elmer 241C polarimcter with sodium (589 nm) OI- mercury (365 nm) lamps. Mass spectra were recorded 

in Service de Spectrometrie de Masse, Universitt’ Pierre et Marie Curie, Paris. All reactions were carried out 

under argon atmosphere. and WCIC monitored hy thin-layer chromatography with Merck 6OF-254 precoated silica 
(0.2 mm) on glass. Chromatography wa.s performed with Merck Kirsclgel 60 (200-500 pm) or 60H (5-40 pm). 

Spectroscopic (‘H and t3C NMR. MS) and/or analytical data were obtained using chromatographically 

homogeneous samples. 

1,2,5,6- Tetrahydroxy-herarle (7 1 

A solution of (2S.3E.5S)- I .2.S.h-tetl’ahydrt~xy- I ,2:5.6-di-O-isopropylidene-hex-3-ene (2g, 8.8 mmol) in 
ethanol (6Oml) was hydrogenated over 10% Rh-Al203 (2OOmg) at 1 atm. for l4h, as previously describedl5al7. 

After filtration and concentration. the residue (2g) was diluted in X0% aqueous trifluoracetic acid (20ml), stirred 

at 0°C for 3h, then concentrated i/r IJ~,LUO. The residual oil was diluted in methanol (200ml), applied to an 
Amberlite CG 400 column for neutralization and &ted with methanol, Concentration yielded crude tetrol 7 as an 
oil which slowly cristallized (I .3p, 97%) : mp X 1 ‘C; lo]11 - I6 (c 2. I I, CH?()H) (litttda : mp 84OC, [a]~ -24; 

litt17 : mp 93.94’C. [a]~ -24; 13C NMR (D20) 6: 31.2. 31.4 (2/l. C-3): 68.2, 68.3 (2/l, C-l); 74.4, 74.8 (2/l, 

C-2). 
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Tosylation of crude tetrol 7 through organ&in den’vative 8 

To a suspension of the crude teuol 7 (0. IO g, 0.67 mmol) in toluene (2Oml) was added BgSnO (0.41 g. 

1.65 mmol) and the mixture was relluxed for Xh with azeotropic removal of water. The mixture containing the in 

situ generated tinacetal 8 was concentrated in WCNO to 4 ml, then BudN+I- (0.259g. 0.70 mmol) and TsCl 

(0.268 g, 1.40 mmol) were added. The resulting suspension was stirred for 3h at 20°C. then hydrolyzed by 

adding water (10ml) and dioxane (60ml) and stirring for 3h. After concentration and extraction with CH$3 

(3x50ml). the organic layer was washed with a IN Na2S203 aqueous solution in order to reduce the iodine 

formed in the course of the reaction. After removal of the solvent, the residue was purified by flash 

chromatography, eluting with 3:2 AcOEt / cyclohcxane. The ditosylates (0.205g, 67%) and the pyrans (27mg, 
15%) were separately collected as mixtures of dia,stcreoisomcrs. 

1,6-Di-p-rol~4en~su!fonvlo.xv-2.5-rlih\~~~~~~u\~-h~.xt~nt~ : tmp 120.126°C; 2: I mixture of diastereoisomers as 

expressed by relative intensity of the undouhled lTC NMR signals 6 : 20.7 (CH3); 28.8, 29.0 (2/l, C-3); 68.3, 

6X.6 (2/l, C-2); 74.0 (C-l); 127.Y, 130.0. 133.4, 145.0 (C zIrom); CIMS, m/z : 476 (M+NH4+, 55%); 459 
(M+H+, 10%). 

l-O-p-T~~luen~sulf~~n~l-2,6-anh!tl,~-l,2,.~.h-h~~-~~nrtrt~~ol.~. 

The crude previous organolin dcrivativc (0.0 mmol). in roluene (, IOml), was tosylated for 3h at 50°C as 

previously described. Flash chromatography ol‘fcrcd 144.X mg of the pyran 10 (cis isomer) and 55.8 mg of the 
trans isomer (78% total yield). 

cis isomer 10 : [a]~ -10; [al365 -30 (c, 1.10. CH2CIz); 1H NMR (500 MHz) 6: 1.44-1.53 (m, lH, H-3eq); 

1.62-1.75 (m, 2H, H-3ax. H-4ax); 1.90-2.00 (m, IH, H-4eq); 2.03 (d, lH, JoH,~ = 7.5 Hz, OH); 2.47 (s, 3H, 
CH3); 3.56 (dd, lH, J5,6ax = 1 Hz. J6ax.heq = I2 Hr. H-6ax); 3.62 (m. lH, 51,~ = 5 Hz, H-2); 3.78 (m, lH, H- 
5); 3.88 (ddd, 1R Js,6eq = J4ey,fjcq = 2 Hz. H-6cq); 4.02 (d, 2H, H-l, H-l’); t3C NMR (126 MHz; CDC13) 6: 

21.6 KH3); 21.7 (c-3); 2X.X (C-4); 64. I (C-S); 72.0 (C- 1); 72.4 (C-6); 74.9 (C-2); 127.9, 129.7, 132.9, 144.8 

K&d; CIMS, m/z : 304 (M+NH4+. 100% ); 2x7 (M+H+. 20%). 

Tram isomer : WCC; ‘H mp NMR (5(H) MHL) 6: 1.30- 1.40 2H, H-3ax, H-4ax); 1.47 (d, lH, JOH,5 = 4.7 (m, 

Hz, OH); 1.63-1.72 Cm, IA, H-3eq); 2.1 I (m, IH, H-4ry): 2.42 (s, 3H, CH3); 3.03 (dd, lH, J6ax,6eq = 10 HZ, 

H-hax); 3.46 (m. 1H. H-2); 3.63 (m. IH, J5,eZrx = J!.4;rx = I() Hz; J5,bq = J5,+ = 5 Hz; H-5); 3.93 (ddd, lH, 

J6ax.4eq = 2 Hz, H-6eq); 3.95 td. 2H. H-l, H-I’): 7.12, 7.76 (2d. 4H , J = 8 HZ, Harem); 13C NMR (126 MHZ; 

CDCl3) 6: 21.6 W-b); 26.4 (c-3); 32.0 (C-4): 65.7 (C-S); 71.6 (C-l); 72.4 (C-6); 74.2 (C-2); 127.9, 129.7, 

132.9. 144.8 (c,,,,); CIMS. m/j : 304 (M+NH4+, I()()%); 2X7 (M+H+, 20%). 

(2R,3E,SR)-l,6-Di-(p-toluer~esulf~nyloxy)-2,.~-dihydmxy-hex-3-ene (12) 

To a suspension of S1t (0.72g. 4.86mmol) in toluene (140ml) was added Bu2SnO (3.03 g, 12.2 mmol) 

and the mixture was refluxed for 8h with azeotropic removal of water. The mixture containing the in situ 
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generated tinacetal 11 was concentrated in \WW to 20 ml and TsCl (1 .X5g, Y.Xmmol) was added. The resulting 

suspension was stirred for Xh at 2O’C. then hydrolyzed by adding water (2Oml) and stirring for 15h. The mixture 
was extracted with CH2C12 (3xSOml). the organic layer was dried with MgS04 and then evaporated under 

reduced pressure. The crude product was purified by tlash chromatography, eluting with 3:2 AcOEt / 
cyclohexane to afford 12 as a white solid (I.X4g. X3%,) : mp YY”C; [@ID -7.5; [a]365 -33 (c 0.815, CHzC12); 

tH NMR 8: 2.24 (d, 2H, Jolt,? = 4.5 H/. OH). 2.44 (s. 6H. CHJ), 3.86 (dd, 2H, Jl,lr = 10 Hz, 51.2 = 7.5 Hz, 

H-l), 4.01 (dd, 2H, Jl*,z = 3 H/. H-l’): 4.3X (m. 2H. H-2); 5.74 (m, 2H. H-3); 7.34, 7.77 (2d, 8H, J = 8 HZ, 
H,,,,, ); l%Z NMR 6: 21.5 (CH3). 6Y.2 (C-2): 72.7 (C-l), 130.2 (C-3). 127.9, 129.9; 132.3, 145.1 (Cam,& 

Anal. calcd for C2nH240&: C, 52.62; H. 5.30. Found: C. 52.39: H. 5.21. 

(2S,SS)-l,6-Di-(p-toluenesulf~~nyloxy)-2,5-dih~droxy-hexar~e (9) 

A solution of 12 (2.X0:. 6 l?mmol) in crhanol ( I4Oml) was hydrogenated in the presence of Pd black 

(0.77g) at atmospheric prcxsurc !‘,)I- Sh .Af’tcr addition 01 DVIF ( IOmli to the mixture: and removal of the catalyst 

by filtration through cc~lit~. the t’ilrrutc W;I cv,~porat~~d 10 give. Y in quantitative yield (2,XOg). which was reacted 

without further purif‘icati~~n. FLI\I~ ch~.c~~natograplly ot’ pi ample. cluting with 3:2 AcOEt / cyclohexane gave 9 as 
white cristals: m p 124°C; [u/i) -2; [(x]Q,! -6 (( O.XYS, DMF), IH NMR 6: 1.40-1.65 (m. 4H, H-3, H-3’); 2.44 

(s, hH, CH3); 2.5X (d. 2H, JI,I~ 2 = 1.5 tl/. HO); 3.83 (m. 7H. H-2); 3.X7 (dd. 2H, J1,2 = 6.5 Hz, H-l); 3.97 
(dd, ZH, Jt,ts = Y.5 H/. JI ,’ = 3 HI. tl-I ). 7.13. 7.77 (ld. XH, J = X Hr. Ha,&; ‘jC NMR 6: 21.7 (CH3); 

2X.7 (C-3); 6Y.l (C-2), 73.f~ (C-1). 12X.0, 130.0, I32 5. 135.2 (Ca,.,,,,j. Anal. calcd for C20H260&: C, 

S2.39: F-l, 5.72. Found C‘, S I 00: H, 5.67 

(2R,SR)-l,6-Diazido-2,.i-~tihydroxy-hexnrre (13) 

Crude ditosylatc Y t2.XOg, 6.13mmol) di,sol\,cd In DMF (3Sml) was treated with sodium azide (3g, 
4hmmol). The reaction mlxturc was WI-I-~4 at 7(K !‘(I]- 4 h , then cvaporatcd to dryness. CH2Cl2 (SOml) and 

brine (IOml) wcrc added 10 the rtGduc. the quc’ous ph;~cc 113s cxtractcd with CH~CIL, Ux50ml). The organic 
layer was dried over MgSt 11, filtcrcd dnd cvap~~atcd. The residue ws purified hy tlash chromatography eluting 

with AcOWcyclohcxant 3.2 1~1 glvc 13 rl J cOlcllk55 till ( I .()lg, 85(/r frOm 12) 1 [@.]I) +1.5; [a]365 44.0 (C 

0.87, CH2CIz); ‘H NhqR ti. I.35 l.7S \m. 3H. H-3. tI-3’); 3.25 tm. 3H, Jt.2 = 7 HL, H-l, OH) 3.35 (dd, 2H, 
Jt,],= 12.5 H/, Jlt.2 = 4 HI, H-1’): 3.76 (111. 2H, H-2); 1 ‘c’ NhlR 6: 30.6 (C-3); 57.0 (C-l); 70.7 (C-2). Anal. 

calcd for ChHt~NhO~: C. 16 00. H. &(l3, U, 4 I .0X F-~rrmd (‘. 36. IO; H, 6.05; N. 41.08. 

(ZR,.~E,5R)-I,6-i~ia~ido- Z,.i-dihyrirory-hex-.~-elle 14 I 

Ditosylutc 12 ( I .S I?. : 3 imm~~l) jihscrlvcd in DillF ~2Oml) LV~\ treated with sodium azide (1.76g, 

27mmol) as described I~~I’ Y. Fl,~\h chr~m:uogrlcphq LT~U~III~ with .AcOEt./cyclohexane 1:l gave diazide 14 as an 
oil (0.46g, 7 I ‘Z ) : ‘H NMR F ? 2X I <. 2H. OH): 3 20 c&l. 2H. J1 ,‘= 12.5 Hz, Jt.2 = 7 Hz, H-l), 3.38 (dd, 

2H. Jt,,? = 4 HI, t-l-l’). 4 33 em, 2H. H-21: 5.77-S V! on. 2H. K.3’1. 14 is unstable and slowly decomposes 

cvc13 when st01-cd at -20 ‘i 
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Reaction of diazidodiol 13 with tripherzylphosphine 

A solution of diazidodiol 13 (27Omg, I .35mmol) and triphenylphosphine (708mg. 2.70mmol) in dry 
toluene (10ml) was stirred at 40°C until nitrogen evolution had ceased (3h). The mixture was then carried at 90°C 
and stirred for 8 h under argon. After evaporation to dryness the crude residue was protected without further 

purification. 

Protection with di-tert-butyl-dicarboaate 

To a solution of the above residue (1.35mmol) and triethylamine (0.370m1, 2.70mmol) in THF (lOml), a 

solution of di-tert-butyl-dicarhonate (S7Omg, 2.7Ommol) in THF (15ml) was added under argon at O’C. After 3h 

stirring at 20°C, the solvent was evaporated and the residue diluted with ether and brine. The aqueous phase was 

extracted with ether. Solvent cvuporation and flash chromatography, eluting with AcOEt/cyclohexane/EQN 
3:7:0.01, yielded the his-az,iridine 2 as a solid (I 23mp, 30%,) and the furan 17 as an oil (52mg. 12%). 

Significant decomposition took place in the course ot’ the column chromatography. 

(2R,2’R)-(1,2-Efhnn-divl) his ( /-rr/.r-h,,rr,.r\,ci,,hcl,7\:ll-tr,.i,if~~ (2) : mp 7 I-73’C; v max (film): 1720 , 1320, 

1230; ‘H NMR 6: 1.3-1.5 (m, IXH. CH?); 1.5-1.X (m. 4H. CH2); 1.93 (d, 2H. 53.2 = 4 Hz, H-3); 2.26 (d, 2H, 

J3s.2 = 6 Hz, H-3’); 2.4X (m, 2H, H-2): ‘jC NMR 6: 27.9 (CHq); 29.5, 31.X (CH2, C-3); 37.2 (C-2); 80.9 

(c(CH3)3); 162.S (CO). HRMS calcd for C~~H~XN$>J (M+): 312.2049, found: 312.2050. 

(2R,5S~-2,5-Di-N-~ert-hwro.w~c~~~~hon~~lo~~~ir~or~~rth~~i-.?,4-tlih~rlr~~~~fir~~~n (17) : v  max (film): 3450, 3350, 1710, 

1170, 1090; lH NMR 6: 1.3-l-7 (m, 2OH. CHy. H-3); 1.X-2.0 (m. 2H. H-3’); 3.04 (m, 2H, CH;?N); 3.32 (m, 

2H, CH2N); 3.X5-4. I (m, 2H, H-2); 4.7-S.0 (tn. 2H, NH); 13C NMR 6: 2X.2 (C-3); 28.3 (CH3); 44.8 (CH2N); 

78.7 (C-2); 79.2 (c(CH3)>); 156.2 (CO); CIMS m/L: 331 (M+H+, 20%); Anal. calcd for C16H30N205: C, 

5X.16; H, 9.15; N.X.48. Found: C. SX.93; H. 9.21. N, X.34. 

(2R,2’R,E)-(1,2-Etherz-diyl) his (I-p-tolaerlesulJ’nyl)-aziridine (3) 

A solution of the divxidodiol 14 (9Xmg. O.Smmol) and triphenylphosphine (260mg, Immol) in dry 

toluene (4ml) was stirred 31 40°C t’or 211, then at 70°C for 7h. During the course of the reaction, tarrs where 

fonned. The solvent was cvapora~I and the crude Inixturc was losylated. 

A solution ol‘the ahovc crude Gridine III dry THF (3ml). is added to KH (41mg, lmmol) at 0°C under 

argon; after Ih stirring at (PC, a solution of TsCl (236mg, 13Xmmol) in THF (lml) is added and the resulting 

mixture is stirred for 4h at 20°C. hel‘ore quenching with H20 (Iml). After concentration, the residue was extracted 

with ether and the etheral layer dried over MgSO4. Solvent evaporation and flash chromatography eluting with 
AcOEt/cyclohexanc/Et?N 3:7:0.01. gave 3 (3Omg. 13%); 1H NMR (90MHz) 6: 2.1 (d, 2H, 51,~ = 5 Hz, H-3); 

2.4 (s, hH, CH3); 2.7 (d. 2H. Jl’,? = 7 H/. H-3’). 3.25 (m. 2H. H-2); 5.4-5.7 (m, 2H, HC=); 7.25, 7.75 (2d, 
XH, J= X Hz, Haron]); HRMS CLIICLI lor C‘?(#l~~N$)~S, (,M+): 31X.1021. found: 418.1022. 
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I,6-Di-O-p-toluenes~~l~~t~~~l-.Z,~-di-~-be~~~~~-~~-~~~~t~t~it~~l (6) 

To a solution of 3,4-di-O-hcn/yl-D-~n~l~~nir~~l 41” (X.X32. 24.S mmol) in pyridine (40 ml), a solution of 
tosyl chloride (X.77 g. 35 mrn~~l) 111 pyt-~dinc* (30 ml) VQ;~\ slowly adtlcd a~ O’C. The mixture was stirred for 10 h 

at 5°C. then poured into a cold mix~urc of hydrochl~~ric acid r6N. 200 ml) and diethylether (100 ml). The ether 

extract was washed with an ac~ucot~s .solulion ol‘ NaHCOq (3%. ISOml), dried (MgS04) and evaporated to a 
syrup. The crude product was purit‘icd hy tla\h ch~-c~~~~a~c~gl-aphy, clueing with 2:3 AcOEt / cyclohexane to afford 
6 as a white solid (7.88g 48’7 ) : 1n1p 102°C; [a]~) +17 (c 1.06; CH&Yl2); tH NMR 6: 2.41 (s, 6H, CH3); 2.79 

(d. 2H, Jrr(), 2 = 5 Hz . HO); 3.75 (J. 2t1, J-i.2 = 7 H/, H-ii: 4.00 (m. 2H, H-2); 4.09 (dd, 2H, Jt,ta = 16 Hz, 

51,~ = 10 Hz, H-l): 4.1X (dd. 2H. JI 2 = i H/. tl-I’]. 1.43. 1.53 (AR. 4H. J.&B = 12 Hz. OCHzPh); 7.13-7.74 

Cm. 1 WlrcllI~ ); 13C NMR 6: 21.6 (C’H?), 60.5 ((‘-2). 70.5 (C-1); 71.3, 73.9 (C-l, CHzPh); 128.0, 128.1, 

128.3, 128.5, 129.9 132.5. liO.0. 145.0 (c‘; ,,,),I, I Anal. LYIIUI 1‘~ CgHq&)l()S~: C, 60.88; H, 5.71. Found: C, 
60.7X; H, 5.72. 

Reaction of ditosylate 6 with sodium azide 

A suspension of ditosylate 6 (7.66 g, 11.4 mmol) and sodium azide (3g, 2x2eq.) in DMF (46ml) was 

stirred at 70°C for 5 h. DMF was removed in WKUO . water was added (40ml), and the residue extracted with 

CH2Cl2. The extract was dried (MgS04). evaporated to a syrup and purified by flash chromatography, eluting 

with 3:7 AcOEt / cyclohexane to afford 15 (3.43g. 73%) and 16 (0.54 g, 12%) as white solids. 

1,6-Diazido-I,6-dideoxy-3,4-di-O-bent~l-D-m~Jnnitol (15) : mp 44’C; [a]D +78 (c 1.36; CH2C12); ‘H NMR 6: 

3.26 (d, 2H, JHO,~ = 3 Hz, HO); 3.33 (dd, 2H. Jt,ls = 13 Hz, J1,2 = 5 Hz, H-l); 3.54 (dd, 2H, J1*,2 = 3 Hz, H- 

1’); 3.75 (d, 2H, 53,~ = 7 Hz, H-3); 4.05 (m. 2H. H-2); 4.52, 4.59 (AB, 4H, JAB = 14 Hz, CH2Ph) 7.27-7.40 
Cm, 10I-L Harm ); 1% NMR 6: 53.6 (C- 1); 7 I. I (C-2), 76.8 (C-3); 73.9 (cH2Ph); 128.5, 128.7 136.6 (Carom). 

Anal. calcd for C2&4N&4: C, 58.24; H. 5.86; N. 20.38. Found: C, 58;34; H, 5.91; N. 20.49. 

I-Azido-l-deoxy-2,6-anh~~dro-3,4-di-O-benz~~/-D-t~~u~~n;~o/ (16) : mp 90°C; [a]D +16.5 (c 1.04; CH2Cl2); v 

max (film): 3570, 3470. 2110, 1210, 1 110 cm-t; tH NMR 6: 2.56 (s, lH, OH); 3.2.5-3.55 (m, 4H, J2,3 = 9 Hz, 
H-l, H-l’, H-2, H-6ax); 3.60 (dd. IH. J3.4 = 9 HZ; J4.5 = 3 HZ, H-4); 3.68 (dd, lH, H-3); 4.01 (bs, lH, J5,heg 

= 2 Hz, H-5); 4.07 (dd, 1H. J6ax,heq = 12.5 Hz, H-he+ 4.60. 4.91 (2d, 2H. J = 12 Hz, OCH2Ph); 4.66, 4.74 

(AB, 2H, JAB = 12 Hz, OCH2Ph); 7.15-7.55 (m. lOH,,, ); ‘SC NMR 6: 51.7 (C-l); 66.7 (C-2); 69.2 (C-6); 

71.7, 75.3 KH2Ph); 75.2, 7X.9. 82.4 (C-3. C-4, C-S); 127.8, 128.0, 128.1, 128.5, 128.6 137.5, 137.9 

(Cam&. CIMS, m/z : 387 (M+NH4+, l(X)%); 342 (62%). Anal. calcd for C2oH23Ny04: C, 65.03; H, 6.28; N, 
11.37. Found: C, 64.92; H, 6.24; N, 11.46. 

Reaction of diazidodiol 1.5 with triphenylphosphine 

A solution of diazidodiol 15 (52Omg, 1.26mmol) and triphenylphosphine (662mg. 2.52mmol) in dry 

toluene @ml) was stirred at 4OT until nitrogen evolution had ceased. The mixture was then carried at 90°C and 
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stirred 8 h under argon. After evaporation to dryness the crude residue was protected without further purification. 
Flash chromatography of a sample. eluting with 67: 17: 18: 1 AcOEt / cyclokx~ne / MeOH I J&N provided NH- 

bis-aziridine 1 as an oil. 

(2s~‘s~-l(~R.2R)-I,2-Dibcnzylo*y-ethnn-diyll bis-aziridine (1) : ‘H NMR 6: 1.42 (d, 2H, J3,2 = 3 Hz, H-3); 

1.52 6% 2H, NW; 1.68 (d. 2H, J3’,2 = 6.5 Hz, H-3’); 2.32 (m, 2H, H-2); 3.19 (d, 2H, 53,~ = 5.5 Hz, 
ClIOBn); 4.66, 4.77 (AB, 4H, J = 12 Hz; C&Ph); 7.2-7.4 (m. lOHan&; JnC NMR 6: 20.99 (C-3); 30.62 (C- 

2); 72.64 (!i&Ph); 81.92 (GHOBn); 127.61, 127.79, 128.32. 138.37 (Car,). 

Protection with di-tert-butyl-dicarbortate 
To a solution of the crude residue (297mmol) and triethylamine (0.83m1, 6.0mmol) in THF (45ml), a 

solution of di-rert-butyl-dicarhonate (1.X&. 6mmol) in THF (1Oml) was added under argon at 0°C. After 3h 

stirring at 20°C. the solvent was evaporated and the residue diluted with ether and brine. Evaporation of the ether 

and flash chromatography, yielded bis-aziridine la as an oil which slowly cristallized (0.826g. 53%) and furan 
18a as an oil (0.274g, 17%). 

~2S,2’S~-[(lR,2R)-I,2-Dibmzylo.ry-ethnn-diyll his (1 -tert-buto.xycarbonyl)-aziridine (la) : mp 65’C; [IX]D -100 

(C 1.59. WCM; V max (film): 1720. 1320, 1220 cm-t; lH NMR 6 1.45 (s, 18H, C(CH3)3); 1.81 (d, 2H, 53,~ 

= 4 HZ. H-3); 2.15 (d. 2H. J1v.z = 6.5 Hz, H-3’); 2.85 (m. 2H, H-2); 3.12 (d, 2H, J = 6 Hz, CBOBn); 4.73, 
4.89 (AR 4H, J = 16.5 Hz, C&Ph); 7.25-7.40 (m, 10H. Haron,); 13C NMR 6: 26.8 (C-3); 27.7 (CH3); 38.2 

(c-2); 71.6 (‘XH2Ph); 79.4 KHOBn); 81.3 (aCH3)3); 127.8, 128.1, 128.3, 137.9 (Carom.); 162.0 (CO). 

Anal. cakd for C3oH4oN206: C. 68.68; H. 7.68; N. 5.34. Found: C, 68.03; H, 7.79; N. 5.19. 

1,6-Dideoxy-1,6-di-(tert-b~~t~~.~.y~~~rb~~n,vl~~mino)-2,5-nnhyrlr~-3,4-rli-O-ben~yl-D-glucirol (18a) : [a]D +21.6 (c 

1.12. CHzC12); V max (film): 3450, 3360. 1710, lo90 cm-‘; ‘H NMR 6: 3.22-3.63 (m, 4H, H-1, H-l’, H-6, 

H-6’); 3.83 (d, JH, 52.3 = 2.5 Hz. H-3); 3.90 (d, 1H. 54.5 = 4 Hz, H-4); 3.96 (m, lH, H-2); 4.03 (ddd, lH, 

Js,~ = 7.5 Hz, J5,n’ = 4 Hz. H-5); 4.35, 4.56 (2d. 2H, J = I2 Hz, OCHzPh); 4.50 (m, 2H, OCH2Ph); 4.80 (m, 
1H, NH); 5.00 (m. 1H. NH); 7.20-7.45 (m, IOH, Haron,); 13C NMR 6: 28.4 (CH3); 40.1, 42.9 (C-l, C-6); 

71.5, 71.9 (OCW’h); 79.2 (C(CH3)3); 79.8. 82.X. 83.9 (C-2, C-3, C-4, C-5); 127.7, 128.0, 128.5, 128.6, 
137.4 (Carom). CIMS. m/z : 560 (M+NH4+. I()‘%); 543 (M+H+, IO%). Anal. calcd for C3oH42N207: C, 

66.40; H. 7.80; N, 5.16. Found: C, 66.29; H, 7.74; N. 5.03. 

Protection with benzylchloroformate 
To a mixture of the crude NH-his-aziridine 1 (1.26mmol) and triethylamine (0.45m1, 3.2mmol) in 

dichloromethane (lOml), benzylchloroformate (0.4Sml. 3.2mmol) was added under argon at O’C. The mixture 

was stirred 3 h at 2O’C. anhydrous ether was added (15 ml) and the precipitated solids filtered. The supematant 
was concentrated in vacun. flash chromatography eluting with lY:80:1 AcOEtkyclohexanelEt3N afforded lb as 

a white solid, (0.35 g, 47%). 
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(ZS.Z’S)-[(IR,ZR)-I ,2-Dihrn~~~lo.~~~-rrh~~n-~li~~l/ br.r (I -br~l;\lo.r~~~~~rbonyl)-a~iridir~e (lb) : mp 69’C; [a]~ 

-80.5 (C 1.01. CH2C12): v “12x (film): 1730. 1300. 12 I() cm- ‘; ‘H NMR 6 1.93 (d, 2H, J3,2 = 3.5 Hz, H-3); 

2.20 (d, 2H, J3c.2 = 6 Hz, H-3’); 2.93 (m, 2H. H-2); 3.1X (d. 2H, J = 5 Hz, CuOBn); 4.66, 4.85 (AB, 4H, 
JAB = 12 HZ, CJC&Ph); 5.10. 5.16 (AB. 4H. JAB = 8 Hr; COzC&Ph); 7.15-7.45 (m, 20H,,); t3C NMR 6 

27.5 (C-l); 38.3 (C-2); 6X.40 (OcHzPh): 72.1 (CO&H?Ph); 79.4 (CHOBn); 127.7, 128.2, 128.6, 135.6, 

137.8 K,,,, ); 162.9 (CO). Anal. calcd for CihH~6N206: C, 72.95; H, 6.12; N, 4.73. Found: C, 71.85; H, 
6.16; N. 4.61. 
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