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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
reactiong, lead to the chiral diepoxides 4 and 7 and tec the chiral
diaziridines 2 and 13 precursors of enantiomerically pure a-hy-
droxy and a¢—amino aldehydes or acids.

Enantlomerically pure oa-hydroxyvaldehydes or aclids and
Od—-aminoaldehydes or acids are key intermediates for the synthesis of
biclogically active compounds a3 arachidonic acid metabolites,
peptides analogues. These intermediates can be obtained1'2 from a
unique, inexpensive, chiral, naturally occurring comp -
ound, D-mannitol, according to the following scheme:
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Each molecule of D-mannitol leads, via diepoxides or

dlaziridines, without “wastage of rcarbong", to two molecules
of highly functional ised enantiomericailly pure compound.
Indeed, the molecule of D-mannitol has a twofold axis of
aymmetry. If this symmetry is preserved during chemical
transformations and conseguently, if there s a control of the
configuration of asymmetric carbons, then Co and Cg will have
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identical absclute configurations and the cleavage of the 03—04 bond
will lead to two identlcal, chiral molecules.

We describe In this paper the syntheses of dlepoxides and
diazirldlnes.
Syntheses of dlasterecisomerlc dlepoxldes 4 and 2 <(Scheme II>.
Diepoxides, 1,2:5,6-~-dlanhydro-32,4-0-lsopropyl idene-D-mannlitol 4 and
-L-iditol Z, were known>2:P_ we have gimpllfled and improved their
synthesesac. Yields for 4 and 7, wlth respect to D-mannltol, are
regpectlvely 40% and 38%.
D-mannltol is flrst transformed Iinto 3,4-0-liscopropyl ldene-
D-mannitol 24 which ls tosylated (Z—»3).
In baslic medlum, ditosylate 3 undergoes intramclecular SN2
reactlon, leading to diepoxide 4, with retention of configuration at
C, and Cg. Attack of 3 at €; and Cg by variocus nucleophiles
(Ns',CN_....) Is an easy way to prepare interesting compounds as the
diazide 8 precursor of the dlaziridines 2 and 13. Accesg to the
diepoxide 7 is achleved by transformations of 2: dlbenzoylatlons
(R2——e 50, ditosy]ation5 (§—»E), transesterlflcation-cyclisation
(g —» 7). Experimental conditicons, which were ugsed for the
preparation of 5§ and &, minimise polybenzoylation and benzoyl group
migrations,
Durlng the last step, transesterlification of the benzoate of &
liberates primary alkoexldes and the concomitant lntramolecular SHZ2
reaction occurs with inversion of configuration at Cs and Cg.
Nucleophillc copening of the dlastereclscmerlc diepoxides 4 and 7 and
cleavage of the Cg

C4 bond, leads to enantiomerically pure
a—hydroxyaldehydesl. We used thls strategy to prepare starting
materials for a synthesis of leukotriene (+)—LTB45.

Svntheses of diagtereolgomeric diazlridines 2 and 13 (scheme III>
Diaziridines,(25,3R,4R,5571,2:5,6-dlimino-3,4-0-!sopropyllidene-3,4-
hexanediol 2 and (2R,3R,4R,5R) diasterecisomer 13 are obtained with
100% and 60% vylelds respectively, from dlazldodiol 8, prepared with
S0% vield from D-mann!tol.

Ring clogure of 8 by trlphenylphosphlne7 occurgs with Inversion of
conflguration at C; and Cg and leads to dlazirldine 2 quantitatively
after heating for 20h at 105°C in ftoluene. Diaziridine 13 is formed
by the following transformations of 8: dimesylation(8—»11>, dibro-
mation{(lji—»12>, reduction-cycllisation (12—=13>. SN2 reactions by
bromide ions (MgBrz)a on the dimesylate 11 involve the inverslions of
configuratlon at C, and CS' A gecond inversion at the same centers
occurs during the reduction of 12 by lithlum aluminium hydride and
concomitant cycllsatlon9 into diaziridine 13. The N-unsubstituted
crude dlazlridines 2 and 13 are transformed lnto the HN-protected
diaziridines 10 a,b,c¢ and 14 a.,b,c respectively <a:Y=CH2Ph;
b:Y¥Y=COOCHyPh ; c:¥=Ts).
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Nuclecophlilic opening of these dlazirldines depends on the nature of
the N-protecting graup. N-Toayldlaziridines are easily
gymmetrically opened at low temperature, without catalyst, by
organocuprates, and are good educts for the synthesls of @g-amlno
acids 2,

EXPERIMENTAL

Reactions were carried out under N, atmosphere. IR gpectra were measured with a
Perkin-Elmer 783 spectrophotometer.lﬂ—NMR spectra were recorded In CDCls on 250
MHz Bruker spectrometer (except otherwlse mentionned? and on EM 390 Varian
spectrometer.lsc—NMR gspectra were recorded In CDC13 on Bruker spectrometer.
Specific rotation were measured for A=5B9 nm at 20°C with a Perkin-Elmer 241
polarimeter,

1,2:3.4:5.6-Tri-0-isopropylidene-D-mannltol <1>.

A suspension of D-mannitol (125g9,687 mmol) In dry acetone (1,56 1) containing
sulphuric acid (96%,12.5ml> was stirred at room temperature for 24 h.
Neutralisation wilth an aqgueous solution of NH,0H (33%,44mi> and sodium
carbonate(7Bg) and evaporation gave a solld which was solubilised In ethanol and
recrystalllzed from acetone (75% yleld); mp 69°C (Lit. 68-70°Ci0, 7o°c Sby;
fe]+13.6°¢c 1.0,CH,ClL). (Llt. +12.5°CCoHgO0M 0, +13.8¢c 1.7, CHC15>50).

3.4-0-Igobropv) idene-D-mannltol (2).

The monoacetonide 2 was prepared from trlacetonide 1 (90g9,300mmol> by using
procedures described previously3'5b(78¥ yleld after recrystallization from
acetone); mp 90°C(Lit.86-87'C3,87°c50);[2]+19°¢c 0.97,pyridlne> (L1t.%P +18.7°¢c
1.52,pyridlnedl,

1.6-Di-0-togv]-3,4-0-isopropylidene-P-mannitel ¢3>.
The moncacetonide 2 (22.2g,100mmeoil? In pyridlne (320ml?) wag stirred at -5°C and
the toayl! chlorlide (2.05 eq.) was slowly added.The mixture was kept at 0°C for
3.75 h, then poured intc a cold mixture of hydrochlorlic acid (6N, 640ml> and
diethyl ether (300ml). The ether extract was washed with an aquecus solution of
sodium blcarbonate (3%,400ml}, dried (MgSO,4? and evaporated to a syrup which
was used without further purificatlion. An analytical sample can be obtained
after column chromatography (gilica gel;4:1 dichloromethane:ether),mp 86°C ;

[2] +24° (¢ 2.58,CHyCly); 'H-NMR(9OMHz):8-7.1¢m,8H):4.5-3.6(m, 10H);2.4(s,
6H>;1.25(s,6H).,

1.2:5.6-Dlanhvdro-3.4-0-iscpropyl idene-D-mannltol <4).

The crude dltosylate 3 (33.9g,63mmol> in methanol (400ml)> was stlrred with
anhydrous potassium carbonate (Seq.) for 2.50 h at 25°C. The mixture was diluted
wlth water and extracted with dlchlorocmethane.Washing of the extract with an
agueous solution of ammeonium chloride, drying (Mg504) and evapcration gave a
syrup after digstillation (70% overall yleld from 27
eby 569-71°C;ifa]-2.3°(c 2.8, CHCig (Lit%2 0°,CHC14); H-NMR:3.77¢m,2H,Hy) ;3.06¢(m,2
H,Hz>;2.78CABX,tH,J=5Hz,J=4.25Hz ,H;);2.66CABX ,1H,
J=bHz ,J=2.7Hz,H,>;1.38(s,6H,C(CHgIp).
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13c-NMR:109.8(s,C(CHyY5)377.9¢d,Cq2351.1¢d,Cp2544.7¢t,Cy),26.5 (q,C(CHzd).
SM(70ev>:171 (M=-15 100%);B5(33);B1(29);69(25);59(80>. Anal.Calcd.for CgHy404:
c, 58.0% ; H, 7.58. Found:C, 57.95 ; H, 7.78

To a stirred solution of monoacetconide 2 (15g,67.6 mmol) and pyridine (275 ml)
in dichloromethane (275 ml) was dropwise added a scolution of benzoyt! chloride
(Z2eq.’ in dichlorocmethane <15 ml> at -8B0°C. The reaction mixture was stirred at
-80°C for 4 h and slowly warmed to 0°C. The mixture wag poured into a cold
hydrochloric acid solution (6N,550 ml> and extracted with dichleoromethane.
Washing of the extract with an aqueous solution of sodium bicarbonate (3%,100
ml), drying (MgSO,? and evaporation gave a syrup which was used without further
purification. An analytical sample can be obtained by recrystaliization from
ether-hexane(1/13, mp 94°C; [a]+25.3* (c 1.48,pyridine) (Lit.%® mp 94°C; o +24.1°
(c 1.46,pyridine’)}; 1E-!—l\ll"!R(‘?Ot‘le):“E!.i—'r'.l(rn.i()H); 4.85-4.0(m,BH>;1.4¢(3,6H).

4-3)

To a stirred solution containing the c¢crude compound 5 (16.5 g,38 mmol),
triethylamine (2eq.> and dimethylaminopyridinel! ¢0.2eq.> in dichloromethane
(152 ml> was stlowly added tosyl chloride (2eq.) at 0°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 ml) and extracted with dichloromethane.
Washing of the extract with brine,drying (MgS04> and evaporation gave a gyrup
(25g) which was used wlthout further purification. An analytical sample can be
obtained after column chromatography (silica gel; 98:2 dichlioromethane:ether);
mp 95'C (Lit.96-97°C®2;99°c%0>; [a] +24.3'<c 3.0,CHCIZ) (Lit.+27.0°C¢ec 0.25,
CHC145>%28  ;427°(CHC15>5P); !H-NMRC(90MHz):8.05-7.15(m,18H,arom>; 5.05¢(m, 2H,Hs;
4,75-4.25 (m,6H,H,Hq); 2.3(s,6H,CHg-arom?; 1.4¢(s,6H, C(CHz)y).

1.2:5,6-Dianhvdro-3.4-0-isopropylidene-L-iditol ¢7).

Crude compound & (59.8 g,81 mmel) in dichloromethane (250 ml) and methanclt (300
ml) was stirred with anhydrous potassium carbonate (Seq.) for 2.50 h at 25°C.
The reaction mixture was then worked-up using the procedure previocusly described
(3—»4). A white solid waz obtained with 65% yleld from g, after column
chromatography {(silica gel; 1:4 ethyl acetate : dichloromethane) and recrystal-
lization from hexane; mp 71°C; [@]-17.5°Cc 1.0,CHzClg> (Lit.4P:mp
71-72°C; {a] -17.0°Cc 2.0,CHCIg>>; 1H-NMR(90HH2):3.?5(m.2H,H3); 3.05(m,2H,Hy);
2.B(ABX,1H,J=5Hz,J=4.GHz ,H,;> 2.65(ABX,1H,J=6 Hz, J=2.7Hz, H;.); 1.4¢s,6H,
C{CHg) )5 13¢c-NMR:110.4(s,C(CH)2Y;77.9(d,Cq)5 51.0(d,Cp);43.7(t,Cy)326.4
(q,C{CHzY5; SM(70eV>:171(M-16, 60%); 8G(25>; B3(22>; 69(22); S5¥(92>; 55¢100);
Anal.Caled. for CgHj,404: C, 58.05 ; H,7.58.Found: C, 57.91 ; H, 7.71.

ido— i i i t (8.
A sugpension of ditosylate 3 (23.0 g,43.5 mmol) and sodium azide (2 x 2 eq.) in
dry dimethylformamide (175 ml? was stirred at 70°C for 3 h. After dimethyi-
formamide evaporation, 100 m] of water were added to the residue which was then
extracted with methyiene chloride; the extract was dried (MgSO,) and evaporated
to a syrup (100% yield). An analytical sample can be obtained after flash
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chromatography (gilica gel; 90:10 dichloro methane:diethyl ether) ; Eﬂ+46'(c 2,
CHaCl5): 1H-NMR:3.90-3.70 (m,6H,HaHaOHY; 3.64, 3.45 (ABX,Jpp= 12.SHz, 4H, CHoNgds
1.36¢(s,6H, C(CHz)y); IR:leaasccm‘l; PN32100cm'1. Anal.caled.for CgHygNgOu: C,
39.70;H ,5.92;N, 30.87. Found: C, 39.72;H, 6.233N, 29.93.

(23,3R.,4R,58> 1,2:5,6-Diiming-3,4-0-jsopropylidenehexanediol(2).

A solutlon of dlazldodiol 8 (2.72 g, 10 mmo!l) and tripheny! phosphline ¢5.2 g, 20
mmol? in dry toluene {80 m!) was stirred at 40°C until nltrogen evoiution had
ceased. The mixture was then carried at 105'C and stirred 20 h under nitrogen.
After evaporation to dryness, tripheny] phosphlne oxide precipltated as a white
powder upon additlon of dlethyl ether (10 ml>. Filtratlon of PO(Ph)5z and
evaporation of ether afforded quantitatively a syrup of crude N-unsubstituted
aziridine 2 (containlng about 25% w/w of PO(Phl)z) which was protected without
further purlfication.

$25.3R.4R,55) 1.2:5.6-N-Benzvldlimino-3,4-0-isopropy] jdenehexanedioj ¢10a>.

To a mixture of benzyl bromide (2.1 ml,17.2 mmol? and trlethylamine (10 mt,72
mmol) was added at 0°C crude diaziridine 2 (1.75 g, 7 mmol> In anhydrous
tetrahydrofuran (25 ml). After stirring 15 h at room temperature,
tetranydrofuran was evaporated, anhydrous ether (S0 ml?)» was added and the
precipitated sclids filtered. The supernatant was concentrated in vacuc to
afford , after column chromatography (sillca gel; S0:%0 hexane:ethylacetate) a
gyrup (yleld:70%); [a]-45°¢c 1.0,CHxC1g>: lH-NMR: 7.30-7.20¢(m,10H,arom.);
3.55¢(m,2H,H3%; 3.41,3.30¢(AB,J=12.5Hz,4H, NCHy); 1.90¢d,Jy »=3.5Hz, 2H,Hjtrans) ;
1.57¢m,2H,H); 1.40(d.J1’2=6.3Hz,2H,chts); 1.34 (s,6H,C(CH3’5); Anal., Calcd.for
023H28N202: cC, 75.79; H, 7.74. Found: C, 75.51; H, 7.86,

{ bl : -N- i - —0Q-j

hexanedjol (10b>.

To a mixture of crude diaziridine 2 (S00 mg, 2 mmol) and trlethylamine (0. 7ml,
5 mmol) in dichloromethane (4 ml), benzylchlorocarbonate (0.7 ml, 5 mmol) was
added under nitrogen at 0°C. The mixture was stirred 4 h at 20°C, anhydrous
ether was added (15 ml)> and the precipitated soclids fitered. The supernatant was
concentrated in vacuc to afford the crude aziridine carbamate which crystallized
after flash chromatography (silica gel:; 2:1 hexane:ethyl acetate) in 60% vield;
mp lO4‘C:Dﬂ—64.6‘(c 1.0, CHuClo); lg-uMR: 7.25 {m,10H,arom.>; 5.06,5.01 (AB,
J=12Hz,4H,CH,Ph); 3.90(m,2H,Hz); 2.51 (m,2H,Hy>; 2.28 (d,J1’2=6.5Hz.2H.H1éis);
2.25¢d,Jy >=3.5Hz,2H,H; trans>; 1.26(s,6H.C(CHyd52; Anal.Calcd.for CogHogNnlg:
C, 66.34; H, 6.24; N, 6.19. Found: C, 66.25; H, 6.11; N, 6.18.

(25.3R,4R.595) 1.2:5.6-N-Tosvidiimino-3.4-0-1soprovylidene hexanedial <(10g).

To a suspension of potassium hydride (200 mg, 5 mmol) in tetrahydrofuran (2 ml>
a solution of 2 (500 mg,2 mmol> in tetrahydrofuran (3 ml) was added under
nitrogen at 20°C. After 30 min, the weak gas evoiution had ceased and a solution
of teosyl chloride (950 mg,5 mmol? in tetrahydrofuran (4 mi> was slowly added at
0°C te the mixture, gas evolution occurred. After 3 h stirring at 20°C, water

— 546 —




HETEROCYCILES, Vol. 25, 1987

hydroivsis €3 ml>, dlichloromethane extractlon, evaporatlon of the solvent and
flash chromatography (=silica gel; 2:1 hexane:ethyl acetate} 10z was obtained as
white crystals in 55% yield; mp 60°C; [ﬂ]—24'(c 1.0, CHzClgzd; lg-NMR: 7.82
{d,J=8Hz,4H,arom.>; 7.35 (d,4H,arom); 3.81 (m,2H,Hy’; 2.76 (m,2H,Hz); 2.60
(d,J1’2=7Hz,2H.chis>; 2.45 (g,8H,CHg-Ph); 2.38 (d,J1.2=5Hz.2H,H1trans); 1.23
(s,BH, C(CHg¥3>. Anal.Caled. for CpgHogNoSz0g: C, 56.06; H, 5.73; N, 5.69.
Found: C, 55.88:; H, 5.85; N, 5.76,

4

115,
To a =solutlon of diazldogiol 8 (5.4 g, 20 mmol? in pyridine (64 m))>, mesy)
chioride (2.1 eq.) was slowly added at 0°C. The mixture was stirred 24 h at 20°C,
then poured inteo a cold mixture of hydrochioric acid (6N, 128 ml) and extracted
with dichloromethane. The extract was washed with a sclution of sodium
bicarbonate (3%,100 ml)>, dried (MgS0,4> and evaporated to afford after flash
chromatography (sllica gel; 95:5 dichlorcomethane:clethy]l ether) compound il as a
white solid in 95% yield :mp 91.5‘0:[a]+3.5° (¢ 1.U,CHZC]Z);iH—NMR(9OMz): 4.8
(m,2H,H33; 4.3 (m,2H,Hy>; 3.8,3.6 (AB, J=14Hz,4H,Hy>; 3.1 (s,6H,CHg3-3); 1.3
(s,6H,C(CHz>53; Anat.Caled. for C11H20N65208: C, 30.82; H, 4.65; N, 19.63.
Found: C, 30.71; H, 4.67; N, 19.26.

(25,35,45,55> 1.6-Dlazlde-2.5-dibromo-3,4-0-|sopropyl jdenehexanediol (127.
Dimesylate 11 (1.25 g, 3 mmol) in dichloromethane (7 ml) Is added on magnesium
bromide (24 mmol> prepared in diethy! ether (7 ml). The mixture is stirred 20 h
at 45°C, hydrolysed with water and extracted with dichloromethane to afford
after solvent evaporation and flash chromatography(sillca gel; 3:2
dichloromethane:hexane? compound 12 as an oi!l in 65% vyield; [a]+41‘(c
1.9,CH2012);1H—NMR: 4.2 (s,2H,Hy); 4.08 (t,2H,Hy); 3.78 (d.J1,2=14Hz,4H,H1);
1.48 (s,6H C(CHgz)z); Anal.Caled. for CoHy,0zNg: C, 27.16; H, 3.54; N, 21.1%;
Found: C, 27.55; H, 3.55; N, 20.03.

¢2R,3R,4R.5R> 1.2:5.6-Dllmino-3.4-0-iscpropyiidenehexanediol (};3>.

A solutlon of compound 12 ¢1.79 g, 4.5 mmo!) In tetrahydrofuran {9 ml> |s added,
under nitrogen, at 0°C to a stirred suspension of lithium alumlnium hydride
(10 mmol> in tetrahydrofuran (? ml). Gas evolution occurs at 5°C, the mixture is
stirred 6 h at 20°C before hydrolysis with, water (0.4 ml>, 15% sodium hydroxlide
(0.4 ml!>» and water (1.2 ml> at 0°C. The organlc layer was filtered through a
celite pad and the salts were washed wlth diethyl ether. The solvents were
removed In vacuo, the crude HN-unsubstituted dlaziridine was obtalned
quantitatively as an oll and was protected wlthout purification. Transformatian
of crude 13 into 14a,l14b and l4¢ was performed followlng the same procedures as
described for 2.

(ZR.3R.4R.OR) 1.,2:5.6-N-Benzvldiimino~23,.4-0-isopropyv]idenehexanediel (i4ad
Syrup; [a]+54' {c I.O,CHZClz);lH-NMR: 7.33-7.25 (m,10H,arom.>; 3.50 m,2H,Hg);
3.67,3.20 (AB,J=13.5Hz, 4H,NCHz); 1.66 (d,Jy »=3.5Hz,2H, H traes); 1.60
(m,2H.H3>; 1.39 (s,6H,C(CHzlp); 1.34(d,J; »=6.5Hz, 2RH,Hjcis).
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(l4b>.

1H—NMR: 7.25 (m,10H,arom.>; 5.01 (5,4H,CH2Ph); 3.81 (m,ZH,H3): 2.63 (m,2H,H2):
2.31 (d,J1’2=6.5Hz,2H.H1cis); 2.20 (d,31'2=3‘5Hz,2H, Hytrans?; 1.3 «(s,6H,
C(CHz3>37.

3R. 4R i . . lol (l4c)
m.p.121°C.  [«] +42°Cc  2.1,CH,Clz);1H-NMR: 7.81 (d,J=8.5Hz,4H,arom.); 7.35
(d,4H,arom.>; 3.62 (m,2H,Hz>; 2.90(m,2H,H3);2.61 (d,Jl.2=?Hz,2H, Hyjecisd; 2.43
(s2,6H,CHa-Ph); 2.25 (d,Jy »=4.5Hz,2H,H trans); 1.21 (s,6H,C(CHz)3).

REFERENCES

i. Y.Le Merrer,A.Duré¢ault,C.Gravier,D.Languin, and J-C.Depezay .
Tetrahedron Lett.,1985,26,319.

2, A.Duréault,C.Greck, and J-C.Depezay, submitted for preliminary
publiication.

3., a> L.F.Wiggins,J,Chem.So¢.,1946,384.
b) L.Vargha, and E.Kasztreiner,Chem.Ber.,195%9,22,2506.
cl)It is not necessary to acetylate secondary alccheols to
transform ditosylate 3 into diepoxide 4.Experimental conditions
uged for the preparation of § (-80°C> minimlise polybenzoylatlon
and the product can be used without purification.Use of
CH430H-K,CO45 simplify experimental conditions for obtention of the
diepoxides 4 and 7.

4, L.F.Wiggins,J.Chem.So¢.,1946,13.

5. a)P.Brigl, and H.Gruner ,Ber .Ditsch.Chem,.Geg. ,1934,67,196%9
by>C.Morpain, and M.Tisgerand, J.Chem,Sog.:Perckin,Trapsl,
1979,1379.

6. Y.Le Merrer,C.Gravier,D.Micas-Langulin, and J-C.Depezay: presented
in "Société Frangalse de Chimie® organic division meeting, oral
communlcation, Paris, March 1986: submitted for preliminarcy
publication.

Y. Y.Ittah,Y.5asson,I.Shahak,S.Isaroom, and J.Blum,J.0crg.Chem.
1978,43,4271.

8, P.Place,M.L.Roumestant ,and J.Goré¢, Bull ,Sogc.Chim.France
1976,169.

9., J.N.Denlsa, and A.Xrief,Tetrahedron,1976,35,2901.

10.E.Fisher,Ber,Rtach.Chem,.Ces.,1895,28,1167.

11.C.K.Hwang,W.S.L! ,and X.C.Nicolaocu,Tetrahedron Lett.,1984,25,2295.

Received, 20th June, 1986

— 548 —



