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Abstract-Specific activations or protections of the hydroxyl groups 

of 3-4-0-isopropylidene-D-mannitol 2 followed by intramolecular SN2 

reactions, lead to the chiral diepoxides 9 and 1 and to the chiral 
diaziridines 2 and 2 precursors of enantiomerically pure a-hy- 

droxy and u-amino aldehydes or acids. 

Enantiomerically pure a-hydroxyaldehydes or acids and 

a-aminoaldehydes or acids are key intermediates for the synthesis of 

biologically active compounds as arachidonic acid metabolites. 

peptides analogues. These intermediates can be obtainedlS2 from a 

unique, inexpensive, chiral, naturally occurring comp- 

ound, D-mannitol, according to the following scheme: 

CHO COOH 

Nu Nu 

COOH 

2 O r  2 

(5) Nu 

A I 0 , N H  

Y = Protecting group 

Each molecule of D-mannitol leads, via diepoxides or 

diaziridines, without "wastage of carbons", to two molecules 

of highly functionaiised enantiomerically pure compound. 

Indeed, the molecule of D-mannitoi haa a twofold axis of 

symmetry. If this symmetry is preserved during chemical 

transformations and consequently, if there is a control of the 

Configuration of asymetric carbons, then C2 and C5 will have 
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identical absolute conflguratlons and the cleavage of the C3-C4 bond 

will lead to &Q ldentlcal, chlral molecules. 

We describe in thls paper the syntheses of diepoxides and 

diazirldlnes. 

Ic dle~o- 4 and Z (Scheme 11). 
Dlepoxldes. 1.2:5.6-dianhydro-3.4-0-lsopropy1ldene-D-mannltol 4 and 
-L-ldltol 1, were known3avb. We have slmpllfled and improved their 
syntheses3c. Yields for 4 and Z, wlth respect to D-mannltol, are 

respectively 40% and 38%. 

D-mannltol is flrst transformed lnto 3.4-0-lsopropylldene- 

D-mannltol z4 which is tosylated (2-9). 
In baslc medlum, dltosylate 9 undergoes Intramolecular SN2 

reactlon, leadlng to dlepoxlde 4, with retention of configuration at 
C2 and Cg. Attack of 3 at C1 and C6 by various nucleophlles 

<N3-.CN-. ... > 1s an easy way to prepare interesting compounds as the 

diazide Q precursor of the diazirldlnes 2 and U. Access to the 
dlepoxlde Z is achleved by transformations of 2: d1benzoy1atlon5 

(2-5). ditosy1atlon5 (5-6). transesterlficatlon-cyclisatlon 

<C---C 2 ) .  Experimental condi t Ions, which were used for the 

preparatlon of 5 and 8,  mlnimise polybenzoylatlon and benzoyl group 

migrations. 

During the last step, transesterlfication of the benzoate of 6 
liberates primary alkoxldes and the concomitant Intramolecular SN2 

reaction occurs wlth lnverslon of conflguration at C2 and C5. 

Nucleophillc openlng of the dlastereolsomerlc dlepoxldes 4 and 1 and 
cleavage of the C3-C4 bond, leads to enantiomerlcally pure 

a-hydroxyaldehydesl. We used thls strategy to prepare starting 

materlals for a synthesis of leukotrlene < + > - L T B ~ ~ .  

Svntheses of dlastereoi-ric dl- 9 and l3 (scheme 111) 
Diazlr!dlnes.<2S.3RDiazlr!dlnes.o1.2:5.6-dllmln4R,5S>1,2:5,6-dlImino-3.4-O-lsopropylldene-3,4- 

hexanedlol 2 and <2R.3R.4RS5R> dfastereoisomer a are obtained wlth 
100% and 60% yields respectively, from dlazldodiol 8 ,  prepared wlth 
505 yield from D-mannltol. 

Rlng closure of Q by trlphenylphosphlne7 occurs wlth Inversion of 

conflguratlon at C2 and C5 and leads to dlazlrldine 2 quantitatively 
after heating for 20h at 105'C In toluene. Dlazlridine S Is formed 

by the followlng transformations of 8: dlmesylatlon<Q4L1), dibro- 
mationcll-=>. reduction-cyclisatlon 4 .  SN2 reactions by 

bromide ions <MgBr2>' on the dlmesylate 11 involve the inversions of 
conf iguration at C2 and Cg. A second Inversion at the same centers 

occurs during the reduction of 12 by llthlum alumlnlum hydrlde and 

concomltant cycl lsatlon9 into dlazlrldlne a. The N-unsubst ltuted 

crude diazlridlnes 2 and U are transformed lnto the N-protected 

dlazlridlnes lQ a,b,c and 19 a.b.C respectively <a:Y=CH2Ph; 

b:Y=COOCH2Ph ; c:Y=Ts>. 
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HO ::& LxkA+::% T:Ek d 

- & 

Ts 

1 - 2 - 3 - 4 - 

a )  Acetone, H SO ; 75% 
2 4 

b )  AcOH, H20, 40DC, 2.5 h ; 78% 820 
1 

C )  TsC1, p y r i d i n e ,  O'C, 3.75 h 

d )  CH30H, K CO , 2.5 h ; 70% from 2 
2 3 

e )  E) TsC1, C 6 H 5 COC1, Et3N, p y r i d i n e ,  DMAP, CH CH2C12, C1 -80eC, 4h H Z ~  OH & f ::k OTs & f& 
2 2 

8)  CH30H, K2C03 , 2.5 h ; 65% from Bz OBz 

5 - 6 - 7 - 

a)  NaN3, DMF, 70°C, 3h 

b) PPh3, toluene, 105'C, 20h 

c )  PhCH2Br, NEt3, THF, 201C, 15h, 70% 

d )  PhCH20COC1, Et3N, CH2C12,200C, 60% 

e )  I-KH, THF, 20'C 

TsO N3 

3 - 8 - 

2-TsC1, 20°C, 55% 

E) MsCl, p y ,  20°C, 24h 

g) MgBr2, CH2C1 -ether, 45'C, 20h 
2 

h) LiA1H4, TIIT, ?C'C, 6h 



Nucleophlllc opening o f  t h e s e  dlazirldines d e p e n d s  o n  t h e  nature o f  

t h e  N - p r o t e c t i n g  g r o u p .  N - T o s y l d l a z l r l d i n e s  a r e  e a s i l y  

s y m m e t r i c a l l y  o p e n e d  a t  low te m p e r a t u r e .  w i t h o u t  c a t a l y s t ,  b y  

organocuprates, a n d  a r e  g o o d  e d u c t s  f o r  t h e  s y n t h e s l s  o f  a-amlno 

a c i d s  2. 

EXPERIMENTAL 

Reactions were carried out under N2 atmosphere. IR spectra were measured with a 

Perkin-Elmer 783 spectrophotometer . lH-NMR spectra were recorded 1 n CDC1 on 250 

MHz Bruker spectrometer (except otherwise mentionned) and on EM 390 Varian 

s p e ~ t r o m e t e r . ~ ~ c - ~ M R  spectra were recorded in CDCi3 on Bruker spectrometer. 

Specific rotation were measured for A=589 nm at 20'C with a Perkin-Elmer 241 

polarimeter. 

(1,. 

A suspension of D-mannitol (125g.687 rmnol) in dry acetone (1.56 1 )  containing 

sulphuric acld (96%.12.5ml) was stirred at room temperature for 24 h. 

Neutralisation wlth an aqueous solution of NHqOH (33%.44m1) and sodium 

carbonate(78g) and evaporation gave a solid which was solubilised in ethanol and 

recrystallized from acetone (75% yield); mp 69.C (Lit. 68-70'c1°, 70'C 5b); 

[a]+13.6'(c 1.0,CH2C12). (Lit. + ~ ~ . ~ ' ( c ~ H ~ o H ) ~ ~ ,  t13.8tc 1.7, C H C I ~ ) ~ ~ ) .  

r o w 1  idene - D - m a n n U ~ l  ( 2 ) .  
The monoacetonlde 2 was prepared from trlacetonide 1 (90g.300moi) by using 

procedures described previous1 y3vSb<78% yield after recrystal l lzat ion from 

acetone); mp 90'C(Lit.86-87'~.~,87~c~~);[n]+19'(~ 0.97.pyridine)  i it.'^ +18.7'(c 
1.52,pyridlne)). 

rODviidene D rnanL&L - - (3). 

The monoacetonide 2 (22.2g.lOOmmol) In pyridine (32Oml) was stirred at' -5.C and 

the tosyl chloride (2.05 eq.) was slowly added.The mixture was kept at O'C for 

3.75 h. then poured into a cold mixture of hydrochloric acid (6N, 640ml) and 

diethyl ether (300ml). The ether extract was washed with an aqueous solution of 

sodium bicarbonate (3%.400mi), dried (MgS04) and evaporated to a syrup which 

was used without further purification. An analytical sample can be obtained 

after column chromatography (silica ge1;4:1 dichIoromethane:ether).mp 86'C ; 

[a] +24' tc 2.58.~~~~1~);~~-~~~(90~~z):8-7.l(m.8~);4.5-3.6~m,lOH~;2.4(~, 

6H);1.25ts.6H). 

1.2;5.6-Dlanhvdro - 3.4 - -  0 l s o ~ r o ~ v l  ldene - D - mannltol (4 ) .  
The crude dltosylate 9 (33.99.63mmoi) In methanol (40Oml) was stirred with 

anhydrous potassium carbonate (5eq.) for 2.50 h at 25'C. The mixture was dlluted 

wlth water and extracted wlth d1chioromethane.Washing of the extract with an 

aqueous solution of ammonium chlorlde. drying (MgS04) and evaporation gave a 

s y r u p  a f t e r  d i s t i l l a t i o n  ( 7 0 %  o v e r a l l  y i e l d  f r o m  2); 
ebo.569-71'~;[a]-2.3e(c 2.8, C H C I ~ ) ( L I ~ ~ ~  0 ' , ~ ~ ~ 1 ~ ) : ~ ~ - ~ ~ ~ : 3 . 7 7 ( m , 2 ~ , ~ ~ ) ; 3 . 0 6 t m . 2  

H . H ~ > ; 2 . 7 8 ~ A B X . l H , J = 5 H z H . H z ) i 2 . 7 8 o i 2 . 6 J = 4 . 2 5 H ~ , H 1 ~ ; 2 2 6 6 ~ A B X , l H ,  

J=5Hz.J=2.7Hz,Hl);l.38<s,6H.C(CH3)2). 
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1 6-Di-0-benzovl-3.4-0-iso~ro~viidene-D-mannito ( 5 ) .  
TO a stirred solution of monoacetonide 2 (15g.67.6 m o l )  and pyridine (275 mi) 
in dichloromethane (275 ml) was dropwise added a soiution of benzoyi chioride 

(2eq.) in dichloromethane (15 ml) at -80'C. The reaction mixture was stirred at 

-80.C for 4 h and slowly warmed to O'C. The mixture was poured into a cold 

hydrochloric acid solution (6N,550 ml) and extracted with dichloromethane. 

Washing of the extract with an aqueous soiution of sodium bicarbonate (3%,100 

ml), drying (MgS04) and evaporation gave a syrup which was used without further 

purification. An analytical sample can be obtained by recrystallization from 

ether-hexane(l/l), mp 94'C; [a]+25.3' ( c  1.48,pyridine)  it.^^ mp 94'C; +24.1m 

( C  1.46,pyridine)l; 1~-~~~(90~~z):8.1-7.1(m,10H); 4.85-4.0(m,8H);l.4(sfiH). 

- - -  - - - -  - - -  - - (6) 
TO a stirred solution containing the crude compound 5 (16.5 g.38 rmnol), 

triethyiamine (2eq.) and dimethyiamin~pyridine~~ (0.2eq.) in dichioromethane 

(152 mi) was slowly added tosyi chloride (2eq.) at O'C. The reaction mixture was 

then stirred at 0.C for 1 h and at 25'C for 24 h. The mixture was poured into a 

cold hydrochloric acid solution (3N, 30 mi) and extracted with dichioromethane. 

Washing of the extract with brine,drying (MgSO4) and evaporation gave a syrup 

(259) which was used without further purification. An analytical sample can be 

obtained after column chromatography (silica gel; 98:2 dich1oromethane:ether); 

mp 95.C ( ~ i t . 9 6 - 9 7 ' ~ ~ ~ ; 9 9 ' ~ ~ ~ ) ;  [*I +24.3'(c 3.0,CHCi3) (Lit.+27.0'(c 0.25, 

C H C I ~ ) ~ ~  ; + ~ ~ ' C C H C ~ ~ > ~ ~ ) ;  1~-~~~(90~~z):8.05-7.15(m,18H,arm); 5.05tm, 2H,H2; 

4.75-4.25 (m.6H,H1,H3); 2.3(s,6H,CH3-arom); 1.4(s,6H, C(CH3)2). 

- - . . 
1.2~5.6-Dianhvdro-3.4-0-iso~ro~vlidw L ldltoi (l). 
Crude compound 6 (59.8 g,81 m o l )  in dichioromethane (250 ml) and methanol (300 

mi) was stirred with anhydrous potassium carbonate (5eq.) for 2.50 h at 25'C. 

The reaction mixture was then worked-up using the procedure previously described 

(3-4). A white solid was obtained with 65% yield from 2. after column 

chromatography (silica gel; 1:4 ethyl acetate : dichloromethane) and recrystal- 

Iization from hexane; mp 71.C; [a]-17.5'Cc l.0.CHZC12) (Lit.4b:mp 

71-72'C; [o] -17.0'(c 2.0,CHC13)); 1 ~ - ~ ~ ~ ( 9 0 ~ ~ z ) : 3 . 7 5 t m . 2 ~ , ~ 3 ) ;  3.05(m,2H,H2); 

2.8(ABX.1H,J=5Hz,J=4.5Hz.Hl) 2.65(ABX,lH.J=5 Hz, J=2.7Hz, HI,); 1.4(s,6H, 

C(CH3)2); 13~-~~~:110.4ts,C(~~3)2);77.9(d,C3); 51.0(d,C2);43.7(t,C1)iZ6.4 

(q.C(CH3)2; SM(70eV):171(M-15, 60%); 85(25>; 83(22); 69(22); 59(92); 55(100); 

Anai.Calcd. for C9H1404: C. 58.05 ; H.7.58.Found: C, 57.91 ; H, 7.71. 

diazido-3 4-0-isoDroDvi idene - D - mann it01 ( 8 ) .  

A suspension of ditosylate 3 (23.0 g.43.5 mmoi) and sodium azide (2 x 2 eq.) in 

dry dimethyiformamide (175 mi) was stirred at 70.C for 3 h. After dimethyi- 

formamide evaporation, 100 mi of water were added to the residue which was then 

extracted with methylene chloride; the extract was dried (MgS04) and evaporated 

to a syrup (100% yield). An analytical sample can be obtained after flash 



chromatography (silica gel; 90:lO dlchloro methane:dlethyl ether) ; bl+46'tc 2, 

C H ~ C I  2) ; ~ H - N M R : ~ . ~ o - ~ .  70 tm.6H,H2H30H) ; 3.64, 3.45 (ABX,Ja~= l2.5Hz. 4H, CH2N3) ; 

l.36(s,6H. C(CH3)2) ; IR: vOH3350cm-l; ~ ~ ~ 2 1 0 0 c m - ~ .  Anal .calcd. for C9H16N604: C. 

39.70;H ,5.92;N, 30.87. Found: C, 39.72;H, 6.23;N, 29.93. 

(2S.3R.4R.5S) 1.2:5.6-Di~nlno . . .  . 
-3 4-0-iso~roDvlidenehexaneQL~L(2). 

A solution of dlazldodlol Q (2.72 g. 10 mmol) and trlphenyl phosphlne (5.2 g. 20 

mmol) in dry toluene (60 ml) was stirred at 40'C until nltrosen evolution had 

ceased. The mixture was then carried at 105.C and stirred 20 h under nitrogen. 

After evaporatlon to dryness, trlphenyl phosphlne oxide preclpltated as a whlte 

powder upon addltlon of diethyl ether (10 ml). Filtratlon of PO(Ph)3 and 

evaporation of ether afforded quantltatlvely a syrup of crude N-unsubstltuted 

aziridlne 2 tcontalnlng about 25% w/w of PO(Ph)3) which was protected without 

further purlflcatlon. 

(25.3R.4L5S) 1.2.5.6 . - -  N B- - 3.4 - -  0 i s o ~ r o ~ v I l d e W a n e d  101 (llla). 
To a mixture of benzyl bromide (2.1 m1.17.2 m o i )  and trlethylamine (10 m1 .72 

mmol) was added at O'C crude dlazlrldlne 9 (1.75 g, 7 mmol) ln anhydrous 

tetrahydrofuran (25 ml). After stirring 15 h at room temperature. 

tetrahydrofuran was evaporated. anhydrous ether (50 ml) was added and the 

precipitated solids filtered. The supernatant was concentrated in vacuo to 

afford , after column chromatography csiiica gel; 50:50 hexane:ethylacetate) a 

syrup Cyield:70%); [el-45.C~ 1.0,CH2C12); 'H-NMR: 7.30-7.20(m,lOH.arom.); 

3.55(m,2H,H3); 3.41,3.30(AB,J=12.5Hz,4H, NCH2); 1.90(d,Ji,2=3.5Hz. 2H.Hltrans) ; 

1.57(m.2H.H2); 1.40(d.J1,2=6.3Hz.2H,H1~ls); 1.34 (S.~H.C(CH~)~I; Anal. Calcd.for 

C23H28N202: C. 75.79; H, 7.74. Found: C.  75.51; H. 7.86. 

1.2:5.6 - N - B e n z v l ~ i i n o - 3 . 4  - 0 - l s o ~ r o ~ y i l d e n a  ( 2S.3R.4R.5S) 

hexanediol(l.!2h). 
To a mlxture of crude diazlrldlne 2 (500 mg, 2 mol) and trlethylamlne (0.7ml. 

5 mmol) in dichloromethane (4 ml), benzylchlorocarbonate (0.7 ml, 5 mmol) was 

added under nitrogen at O'C. The mlxture was stirred 4 h at 20.C. anhydrous 

ether was added (15 ml) and the precipitated solids fltered. The supernatant was 

concentrated in vacuo to afford the crude azlridlne carbamate which crystallized 

after flash chromatography (silica gel; 2:l hexane:ethyl acetate) ln 60% yield; 

mp 104'C;[o]-64.6'(~ 1.0. CH2CI2); IH-NMR: 7.25 tm.lOH.arom.); 5.06.5.01 CAB. 

J=12Hz.4H,CH2Ph); 3.90Cm.2H,H3); 2.51 (m.2H,H2); 2.28 (d.J1,2=6.5Hz.2H,Hlcls); 

2.25(d,J1,2=3.5Hz.2H,H1 trans); ~.~~(S,~H.C(CH~)~); Anal.Calcd.for C25H28N206: 

C. 66.34; H. 6.24; N, 6.19. Found: C. 66.25; H. 6.11; N, 6.18. 

( ( : _ _  - - -  (&). 
. . 

To a suspension of potassium hydride (200 mg. 5 mmol) in tetrahydrofuran (2 ml) 

a solution of 9 (500 mg.2 mmol) in tetrahydrofuran (3 ml) was added under 

nitrogen at 20eC. After 30 mln, the weak gas evolution had ceased and a solution 

of tosyl chloride (950 mg,5 mmol) in tetrahydrofuran (4 ml) was slowly added at 

O'C to the mlxture, gas evolution occurred. After 3 h stirring at 20'C. water 
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hydrol~sls (3 mi), dichloromethane extractlon, evaporation of the solvent and 

flash chromatography (silica gel; 2:l hexane:ethyl acetate) D was obtained as 
white crystals in 55% yield; mp 60'C; [el-24'(c 1.0, CHZCIZ); 'H-NMR: 7.82 

(d.J=8Hz,4H,arom.); 7.35 (d.4H.arom); 3.81 (m.2H.H3); 2.76 (m.2H.H2); 2.60 

(d.J1,2=7Hz,2H.Hlcis); 2.45 (s.6H,CH3-Ph); 2.38 (d.J1,2=5Hz,2H,Hltrans); 1.23 

ts.6H, C(CH3)2). Anal.Calcd. for C23H28N2S206: C. 56.06; H, 5.73; N, 5.69. 

Found: C, 55.88; H, 5.85; N, 5.76. 

(2R.3S.4S.5R~1.6-Dlazido-2.5-di-O-mesv1-3.4-0-lso~ro~v1idenehexanetetrol (U).  
TO a solution of diazidodioi Q (5.4 g, 20 mo l )  in pyridine (64 ml). rnesyl 

chloride (2.1 eq.) was slowly added at O'C. The mixture was stirred 24 h at 20.C. 

then poured into a cold mixture of hydrochloric acid (6N. 128 mi) and extracted 

with dichloromethane. The extract was washed with a solution of sodium 

bicarbonate (391,100 ml), dried (MgS04) and evaporated to afford after flash 

chromatography (silica gel; 95:5 d1chioromethane:dlethyl ether) compound LL as a 
white solid in 95% yield ;mp 91.5.C; [*]+3.5' tc 1 . 0 , C H 2 C 1 2 ) ; 1 ~ - ~ ~ ~ ( 9 ~ ~ z ) :  4.8 

(m,2H,H2); 4.3 tm,2H.H3); 3.8.3.6 (AB, J=14Hz,4H,H1); 3.1 ts,6H,CH3-S); 1.3 

(S,~H,C(CH~)~); Anal.Calcd. for Cl1HZoN6S2O8: C, 30.82; H, 4.65; N, 19.63. 

Found: C, 30.71; H. 4.67; N, 19.26. 

(25.35.45.5S) 1.6-Diazldo - 2.5 - dlbromo - 3.4 - -  0 I s o ~ r o ~ v I i d e ~ a n e d  ioL (12). 

Dimesylate 11 (1.25 g. 3 mol) In dichlorornethane (7 ml) is added on magnesium 
bromide (24 mol) prepared in dlethyi ether (7 mi). The mixture is stirred 20 h 

at 45.C. hydrolysed with water and extracted with dichloromethane to afford 

after solvent evaporation and flash chromatography(si 1 ica gel; 3:2 

dich1oromethane:hexane) compound 12 as an oil in 65% yield; [a] +41°(c 

~ . ~ . C H ~ C I ~ ) ; ~ H - N M R :  4.2 <s,2H,H3); 4 . 0 8  <t,2H,H2); 3.78 (d,JI,2=14Hz,4H,H1); 

1.48 (s.6H C(CH3)2); Anal.Calcd. for C9H1402N6: C. 27.16; H. 3.54; N, 21.11; 

Found: C, 27.55; H. 3.55; N. 20.03. 

( _283&4RR5R) 1 . 2 i L 6 - D W n o  - 3.4 - -  0 i s o ~ r o ~ v l l d e ~  (u). 
A solution of compound 12 (1.79 g, 4.5 mol) In tetrahydrofuran (9 ml) is added, 
under nitrogen, at O'C to a stirred suspension of lithium aluminium hydride 

(10 mol) In tetrahydrofuran (9 mi). Gas evolution occurs at 5'C, the mixture is 

stirred 6 h at 20'C before hydrolysis with. water (0.4 mi). 15% sodium hydroxide 

(0.4 ml) and water (1.2 ml) at O'C. The organic layer was filtered through a 

cellte pad and the salts were washed with dlethyl ether. The solvents were 

removed In vacua, the crude N-unsubstltuted diaziridlne was obtained 

quantitatively as an oil and was protected without purification. Transformation 

of crude l.3 Into and Mc was performed following the same procedures as 
described for 9. 

< < - - -  (148) 

Syrup; [n]+54' tc I.O,CH~CI~);~H-NPR: 7.33-7.25 (m,lOH.arom.); 3.50 (m,2H.H3); 

3.67.3.20 (AB.J=13.5Hz, 4H.NCH2); 1.66 (d,J1,2=3.5Hz.2H, Hltrans); 1.60 

(m.2H.H2); 1.39 ~S.~H,C<CH~)~); 1.34(d.J1,2=6.5Hz, 2H.Hlcis). 



. .  . 
(2R.3R.4R.SR) 1.2:5.6-N-Tosvidl~m~no-3.4-0-isODrODV1ldeneheXanediOl (14c) 
m.p.121'C. [a] t4Zn(c 2.1 , C H 2 C 1 2 ) ; 1 ~ - ~ ~ ~ :  7.81 (d,J=8.5Hz,4H,arom.); 7.35 

(d.4H.arom.); 3.62 (m,2H,H3); 2.90<m,2H,H2);2.61 (d.J1,2=7Hz.2H, Hlcis); 2.43 

ts,6H.CH3-Ph); 2.25 (d,Jl,2=4.5Hz.2H,Hltrans): 1.21 (S,~H,C(CH~)~). 
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