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(Recewed January 22nd, 1970) 

ABSTRACT 

The 5,6-dltosyl esters of I,3 2,4-dl-O-ethyhdene- and 1,3 2,4-dl-O-benzyhdene- 
D-glucztol readily underwent selective displacement of the termmal ester groups by 
azzde amons, and the resultmg 6-azldo-S-toluene-p-sulphonates were converted mto 
the appropriate 5,6-eplmmes by the actzon of lithium alummzum hydnde The rmg- 
opemng reactions of 1.3 2,4-d~-O-benzyl~dene-5,6-dzdeoxy-5,6-ep~m~no-~-~d~tol and 
some of its N-acyl derlvatlves have been studied, mainly with chloride and azlde 
anions Predommant, if not exclusive, attack occurs at the terminal posltlon of the 
eplmme ring to give products having the L-zdo configuratzon 

INTRODUCTION 

A variety of eplmme derivatives of carbohydrates have been prepared m which 
the eplmme rmg IS either fused to a pyranoslde rrng’-‘I, a furanoslde rmg”-‘4, or 
to an acyclic portion of the molecule1 5 I6 One method employed for the preparation 
of such eplmmes mvolves the treatment of tzc-truns-benzamldo-sulphonates with 
either llthmm alummmm hydnde or other basic reagents3-6 However, a drawback 
of this method IS the competing formatlon of oxazolme derivatives, particularly where 
free rotation of the benzoyl group about the carbon-mtrogen bond 1s posszble3. A 
more-general method of eplmme synthesis utlhses vzc-truns-azldo-sulphonates as 
substrates, which, when reduced under basic condltlons, afford the correspondmg 
eplmme m high yield The ongmal reagent used for this transformation was hydrazme- 
Raney mcke12, but thus has the disadvantage that the first-formed epmune may 
undergo reductive rupture of the ring, and hence the success of this method depends 
upon the activity of the catalyst l3 This troublesome side reactlon 1s avoided by the 
use of hthmm alummmm hydride Good yields of eplmmes, which are not affected 
by the reagent13* I4 16, are usually obtained We have now utlhsed this latter method 
for the preparation of some epunmo derivatives of aldltols 

RESULTS AND DISCUSSION 

1,3 2,CDlacetals of D-glucltol, m wbch the 5,6-hydroxyl groups are free, are 
prepared readily from the aldltol and were used as starting materials for the prepara- 

*Present address Chester Beatty Research Instttute, Royal Cancer Hospital, Fulham Road, London 
S W 3, Great Bntam 
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tton of the correspondmg 5,6-eplmmes (11 and 12) Imtlally, we employed the 1,3 2,4 
dl-0-ethyhdene derlvatlve 1, because it was really transformed mto the 5-0-acetyl 
6-sulphonate 2 by selective monotosylation followed by acetylatlonl’. Treatment o 
2 with avde anions m N,N-dlmethylformanude gave the 5-0-acetyl-6-azlde 3, whrcl 
was usually contammated wrth small amounts of the 6-azrdo-5-sulphonate 7 Tiu 
impurity obvrously arose from small amounts of the 5,6-drsulphonate 6 which con 
tammated 2 The structure of 7 was demonstrated by an unequrvocal synthesis fron 
the 5-0-ace@-6-azrde 3 by 0-deacetylatron to grve 4, followed by tosylatron. Th 
correspondmg, syrupy 5-CLmesyl denvattve 5 was also prepared from 4 and wa 
readily converted mto 5,6-dldeoxy-5,6-eplmmo-1,3 2,4-dl-O-ethyhdene-L-l&to1 (11 
by the actlon of htbmm alummmm hydride 

1 R=Me, R= H R-%oH 
ZR=Me. R=Ac.R*=OTs 
3R=Me, R=Ac,R*=N~ 
4R=Me,R’=H,Rw=N3 
5R=Mp R’r-~~.d= r.l- ._...~ .__ 
6 R=Me , R’= Ts, R== OTs 
7 R=Me R’= Ts , R’= N-, 
8 R=Ph , R’= Ts , R’= QTs 
9 R=Ph, R’= Ts , R’=N3 
lOR=Ph, R’= Ts , R’= NHBz 

02H 
l-l 

0 

R -4 
H 4L-L H 

H H 

H 
it 

11 R=Me,R=H 
12 R=Ph, R=H 
13 R=P~ , R=Ac 
14R=Ph I R=Br 
15 =Ph , R’=MS 

Ph 

16R=Ac, R=CI 
17 R=Bz, R=CI 
16R=H , R’=CI 
19 R=H , R’=Nj 
20R=Ac, d=N3 
21 R=H , R’=NH, 
22 R=Bz, R’= NHBz 
23 R=Ms. R=Ci 
24R=Ms,R=H 
25 R=Ms, @=OMe 
26 R=Ms, R =OH 
27 R=Bz, R=Nz 

An alternative route for the preparation of precursor 4 involved the 5,6-epoxtd 
28 which was formed by the actron of sodrum methoxlde on the 5-0-acetyl-6-sulphon 
ate r ’ 2 The epoxide undenvent termmal ring-openmg when treated wrth a mrxtur 
of sodmm aztde and ammomum chloride m 2-methoxyethanol to grve the 6-aude a 

(50% yreld) which was tdentlcal with the product prepared VIU dnect replacement 
The syntheses of the eplmme by erther of these routes was, however, marrec 

by contammatron of the 5-0-acetyl-6-sulphonate 2 wrth the 5,6-dmnphonate 6 ant 
by the farlure of the mtermedrary 6-audo-5-methanesulphonate 5 to crystalhse. Th 
highly crystallme nature of the 6-audo+sulphonate 7, ongmally Isolated as al 
rmpur&y m the 6-azrdo-5-acetate 3, suggested that thrs might be a more-convemen 
precursor of the eprmme 11 Accordmgly, the 5,6-drsulphonate 6 was prepared ant 
readrly underwent selective replacement of the pnmary sulphonate group by azrd 
to grve 7 m hrgh yreld Subsequent reductton of 7 with htluum alunnmum hydrrd 
afforded the 5,6-epmnne (43%) ca 32% overall yreld from I) The parallel sequent 
of reactrons (8*9*12) was also performed wrth I,3 2,&h-0-benzyhdene-D-glucrtol 
The drsulphonate l8 8 afforded the 6-azrdo-5-sulphonate 9 (95% yreld) which gavi 
the correspondmg epumne 12 m 70% yield. 
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The n m r. spectra of the eplmmes 11 and 12 were amenable to first-order 
analysis, and they conl%med the termmal nature of the eplmme rmg (Table I) The 
two spectra were very nmllar, but that from the dlethylrdene denvatlve I1 was better 
resolved, and the decouphng experiments performed on this compound confirmed the 
assignments (Fig 1) The three single-proton resonances at lughest field were asslgned 
to the C-H protons attached to the eplmme rmg, since previous work4 lg has shown 
that these protons are usually at a higher fieId (usually above 7 7) than most other 
nng protons These three resonances consisted of a pour of doublets at T 8 52 (J3 2 Hz) 

and 8 14 (J6 3 Hz) due to the C-6 protons, and a 1 12 2 1 1 sextet at 7 54 due to H-5 
Only one hmb of the doublet at z 8 52 could be observed, since It was overlapped 
with the methyl resonances of the ethyhdene groups, but the couplmg constant (3.2 Hz) 
could be found from the H-5 sextet Irradlatlon of the H-5 sextet collapsed the H-6 
doublets into smgIets, and a 1 1 1 1 quartet at z 6 89 (J 7 0 and 1 5 Hz) collapsed mto 
a broad smglet, showmg that this was the H-4 resonance Of the remammg resonances, 
a narrow 1 2 1 tnplet at z 6 41 and a narrow 1 3 3 1 quartet at 6 55 were asslgned to 
H-2 and H-3, and the pair of quartets at 5 87 (J 12 7 and 1 3 Hz) and 6 16 (J 12 7 
and 2 0 Hz) were obwously the Al3 portion of an ABX pattern and were assigned to 

the two protons at C-l The H-3 resonance was shown to be that at T 6 41 by lrradla- 

TABLE I 

P M R DATA FIRST-ORDER CHEMICAL SHIFTS (S VALUES) AND COUPLING COWXANTS (HZ) AT 100 MHz 

9a 10a 11a 12aJ' 15~ 17= 27d 

H-leq 
H-lax 
H-2 
H-3 

H-4 
H-S 

H-6kz;ona 

H-6& 
N-H 
ArCN 

Ph-Me 

JlnxJeq 

Jleq,? 
J laz 2 

J2,3 
J3,4 

J4 s 

J5,mns 

Jg 6dS 
Jslrarzs 6cfS 
JXH CH 

5 67qf 
5 86q 
6 06q 
6 25t 

4 89q 
4 93cm 

/ 

6 40cm 

- 
441s 
4 59s 
7 76s 

12 5 
15 
16 

-15 
18 
35 

-3 

~8 
- 
- 

5 68q 
5 87q 
6 26q 
5 88t 

- 

4 86cm 
- 

- 

3 35t 
4 40s 
4 58s 
7 73s 

12 5 
15 
18 

-20 
-26 
-50 
-50 
-70 
- 
-7 

5 87q 
6 16q 
6 55q 
6 41t 

6 89q 
7 54sex 
8 14d 

8 52d 
9 05s 

- 
- 
- 

12 7 
13 
20 
15 
15 
70 
63 
32 
0 
- 

5 57q 5 64q - 
5 9oq 595q - 
6 24q 629q - 
6 09t 61% - 
6 5lq 6 42q 5 69q 
7 #sex 6 88sex 5 50cm 
8 20d 7 32d - 

8 45d 
9 17s 
434s 
4 34s 
- 
12 5 

-15 
-15 
-15 
-15 
-70 

60 
35 
0 
- 

7 74d - 
- I 72d 

444s 4 39s 
4 46s 4 42s 

- - 

125 - 
15 - 
18 - 

-20 - 
20 18 
73 80 
:i - - 

0 - 

- -7 

5 63q 
5 9oq 

-6 lcm 
5 82t 
SW 
5 08cm 

6 1Ocm 

1 80d 
422s 
432s 
- 
12 5 
14 
20 

N20 
l-7 
58 

- 
- 
- 

-8 

=In chloroform-d bAt 60 MHz =In methyl sulphoxlde-da at 75” % pyndme-ds QIS and trans applies 
only to the epumncs fs = singlet, d = doublet, t = tnplet, q = quartet, sex = sextet, cm = com- 
plex mukplet 
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t.xon at the H-4 resonance, wbch collapsed tlus tiplet into a narrow doublet, as well 
as collapsmg the H-5 sextet mto a quartet Hence, the quartet at T 6 55 was assigned 
to H-2 The H-6 resonance, which was partly obscured m the spectrum of the ethyl- 
idene denvatlve, was clearly observed m the spectrum of the benzyhdene compound 
as a doublet (..7 3 5 Hz) The notable feature about these spectra xs the lack of gemmal 
couphng between the H-6 protons Such an observation IS m hne with other work”, 
m which It has been shown that terrmnal epnnme rings possess very small (O-2 1 Hz) 
gemmal couplmg constants, and Paulsen and Stoye ls have reported a value of 1 Hz 
for a carbohydrate epumne 

$0 8’0 

FIN 1. Se&on of IO0 MHz n m r spectrum of 5 6-dldeoxy-5 Gepirmno-1,3 2,Pdx-O-ethyhdene-L’ 
ldltol (11) m chloroform-d showmg the results of decouplmg expenments 

The assignment of the mdlvldual C-l and C-6 protons was made as follows 
In a study of various 2-phenylazlndmes, Brows and bs co-workers” have found 

that Jcrs> Jtrons for vlcmal couphng across the avrldme rmg, so that the doublet at 
highest held (T 8 52) IS asslgned to H-6,,,, since it has the smallest sphttmg, and 
that at z 8 14 must be due to H-6,,, For the C-l protons, the equatorial proton 
H-leq would be desluelded to a greater extent than the axial proton H-lax by the 
adJacent O-2 which IS crs-axial to H-leq Hence, the lower-field resonance at t 5 87 
is asslgned to H-leq and that at 6 16 to H-!ax In agreement with this, one would 
expect the coup!mg constant between H-leq and H-2 [eq-eq) to be smaller than that 
between H-la-u and H-2 (ax-eq), this IS, m fact, observed, although the dflerence 
between the two couplmg constants 1s small (0 7 Hz) 

In the subsequent study of the reactions of eplmmes of tis type, the dlbenzyl- 
idene derivative 12 was used exclusively It was found that N-acylatlon could be 
acleved only dacldlc conditions or the presence of a nucleophdlc amon were avolded 
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Thus, the eplmme 12 was converted Into the AT-acetyl(l3) and N-benzoyl derlvalves 
(14) by treatment with the appropriate acid anhydrlde m ethanol or pyrldme However, 
the use of acid chlorides m pyrldme resulted m N-acylatlon and subsequent rupture 
of the eplmme nng by chloride ion to gve 5-acyiamldo-6-chloro denvatlves Treat- 
ment of 12 with benzoyl chloride or acetyl chloride m pyrldme at -0” or ambient 
temperatures afforded high yields of the 5-benzamldo-6-chloro- and 5-acetamldo-6- 
chloro denvatlves, 17 and 16. respectively, assummg nucleophlhc attack by chloride 
had occurred at the termmal position (see below). The lablhty of these epumnes to 
ring opemng m the presence of pyrlduuum chloride was shown by the fact that the 
free epimme 12 underwent ring openm, (J m the presence of pyrldmmm chloride at 

room temperature to give the 5-ammo-6-chloro denvatlve 18 in high yield, which was 
related to the products of acylatlon with acid chlorides by N-benzoylation and 
N-acetylation to give 17 and 16. respectively. The ammo-chloro derlvatlve 18 was readily 
converted back into the epunme by the action of either sodium methoxlde or Muum 
alummmm hydride It 1s of note that this method of eplmme formation 1s similar to 
the ongmal method used by Gabriel” for the preparation of “ethylemmmes” 

The structure of the 5-benzamldo-6-chloro denvative 17, and hence the struc- 
tures of the ammo and acetamtdo derlvatlves 18 and 16, was proved m the followmg 
way The compound was converted Into an oxazolme derlvatlve (m p 181-183”, 

blD - 112”) by treatment with sodium acetate m bolhng 2-methouyethanol contammg 
5% of water If the benzamldo-chloro derlvatlve had been formed by attack at the 
secondary carbon atom, the oxazolme formed from this 5-chloro derlvatlve would 
have the structure 30, whereas the more plausible 6-chloro derivative would give a 
different oxazolme 29 An unequivocal synthesis of oxazolme 30 (m p 234-236”, 
[cY],, +75”) showed that It was not Identical with the oxazolme obtamed from the 
benzamldo-chloro derlvatlve, which must therefore, by lmphcatlon, be the 6-chloro 
derivative The oxazohne 30 was syntheslsed from the 6-audo-5-sulphonate 9, the 
immediate precursor of the eplmme 12 The azlde was hydrogenated and the product 
treated with benzolc anhydrlde to give the 6-benzamldo-5-sulphonate 10, which was 
then converted Into the oxazohne 30 by the action of sodium methoxlde m 95% 
2-methoxyethanol The non-terminal nature of the benzamldo group was also con- 
vmcmgly demonstrated by the p m r spectrum of 17, m which the resonance due to 

the amide proton was observed as a doublet at 7 1 72 (methyl sulphoxlde-d, at 75”) 
which collapsed to a singlet on n-radlatlon of the complex multiplet due to H-5 at T 5 50 
If the armde group had been at a terminal posltlon, It would have been coupled to 
two protons and would have appeared as a triplet For example, the n m r spectrum 
of the 6-benzamldo-Ssulphonate 10 showed the amide proton as d triplet at t 3 35 

(chloroform-d) 
The termmal rmg opening of rhe epmnne 12 by chloride Ion accords well with 

the observations that termmal epoxldes undergo predominant attack by nucleophlhc 
reagents at the terminal carbon atom” 

Nucleophhc ring-openmg of the eplmme 12 and Its N-acetyl denvative 13 
with azlde also afForded the telmnal azldo derrvatlves 19 and 20, respectively, the 
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reagent m this case was a mixture of sodmm azrde and ammomum chlonde m 
Z-methoxyethanol’ The two products were Inter-related by N-acetylatron of the 
azrdo-amme 19 w&h gave the acetamrdo-azrde 20 m hrgh yield These products were 
also mter-related v&h the chloro-ammes described above by the lsplacement of the 
termmal chloro substrtuent wrth azrde Thus, the amino-azrde 19 was formed m hrgh 
yreld when the chloro-amme 18 was treated with sodmm azrde m 2-methoxyethanol 
However, thrs latter reactron could not be rehed upon as proof of the termmal nature 
of the azido group, smce rmtral rmg closure of the chloro-amme 18 to the epnmne 12 
could have occurred, followed by rmg opening wrth azlde When the 5-acetamrdo- 
Gchloro-derrvative 16 was treated with sodmm aztde m the same way, an azrde was 
obtamed which was rdentrcal with that prepared by rmg openmg of the N-acetyl- 
eprmme 13 with avde It IS considered unhkely that mmal ring ciosure to the N-acetyl- 
eprmme could have occurred m thus case, because we have shown above that the 
reIated benzamrdo-chloro derrvatrve IS rmg closed to the oxazohne denvatrve rather 
than the eprmme, and these oxazohnes are resrstent to nucleophrhc rmg openmg under 
basic, or shghtly basic condrtions 23 The azldo amme 19 was reduced to the dramme 
21 which was charactensed as the dl-IV-benzoyl denvatrve 22 

Smularly, the eprrmne 12 underwent both mesylatron and rmg-opening by 
chloride Ion when treated with mesyl chlorrde m pyrrdme, to give the 6-chloro-5- 
methanesulphonanndo denvatrve 23, the structure of which was proved by its forma- 
tron from the 5-ammo-6-chloro derrvatrve 18 by mesylatron The N-mesyleplmme 
15 was formed with partrcular ease when 23 was subjected to mildly basic condrtrons, 
but rt was very sensrtrve to ring-opening by nucleophrhc reagents Thus greater 
reactrvrty of N-mesyleplmmes has been noted before’, and IS undoubtedly due to the 
greater electron-wrthdrawmg effect of the sulphonate group and the fact that, unlike 
N-acyl derivatives which are readrly hydrolysed under mildly basrc condrtrons3, the 
N-sulphonyl group 1s resrstant to removal and remams on the nitrogen to assist, by 
Its mductrve effect, the cleavage of the C-N bond The n m r spectrum of 15 was very 
srmdar to that of 12 (Table I) 

The 6-chloro-5-methanesulphonamldo denvatrve 23, which IS the precursor of 
the iV-mesylepmune, underwent several replacement reactions under basic condmons 
which obvrously proceeded by way of the N-mesylepnnme 15 Thus, when the chloro 
derrvatrve was treated wrth hthmm almmmum hydnde, the 6-deoxy-5-methanesulphon- 
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armdo derivative 24 was obtamed, the structure of which was shown by the presence, 
m zts n m r spectrum, of a three-proton doublet at T 8 67 due to the termmal methyl 
group Furthermore, when the chloro derivative was heated with sodmm methoxxde, 
a methoxy denvatlve was formed, almost certamly the 6-methoxy derlvatlve 25 The 
actlon of sodmm acetate m aqueous 2-methoxyethanol afforded the 6-hydroxy 
analogue 26 m 94% yield 

EXPERIMENTAL 

Concentrations were carried out under dlmmlshed pressure Meltmg pomts 
were determined on a Kofler mlcroscope hot-stage and are uncorrected Optlcal 
rotations were measured to an accuracy of at least +O 002” with a Bend=-NPL 
Automatic Polarnneter, usmg a 0 2-dm tube at ~21”, and unless otherwise stated, 
chloroform solutions were used Thin-layer chromatography (t ! c ) was performed 
on microscope slides coated w& s&a gel (Whatman Chromedla SG41) and detection 
was with ethanohc sulphunc acid Column chromatography was performed on 
Slhca Gel MFC (Hopkm and Wllhams), lo-ml fractions being collected for examma- 
tion by t 1 c. Light petroleum was the fraction of b p 40-60”, and pyrldme was dried 
over sodrum hydroxide pellets Infrared spectra were determined on a Umcam SP200 
spectrometer, by usmg NUJOI mulls for solids, and were m agreement mth the struc- 
tures proposed 

5-0-Acetyl-6-azzdo-6-deoxy-I,3 2,4-dz-0-ethylzdene-mgIucztoZ (3) - A fIwture 
of 5-O-acetyl-1,3 2,4-dl-O-ethylldene-6-O-tosyl-D-gluclto117 2 (40 g) and sodium 
azlde (15 g) was added to bollmg N,N-dlmethylformarmde (80 ml), and the nurture 
was heated Lnder reflux for 10 mm, cooled, and treated urlth ether. After the removal 
of the preclpltated morgamc material, the solution was evaporated to a yellow syrup, 
which was dissolved m a httle ether and purdied by chromatography on slhca gel 
with 9 1 ether-light petroleum After the evaporation of the appropriate fractions, 
the crystallme residue was recrystalhsed from ether-hght petroleum to @ve 3 (14 5 g, 
52%) After a further recrystalhsatlon from the same solvent mixture, the product 
had m.p. 83-84”, [aID -28” (c 0 6, water) (Found C, 47 65, H, 6 55, N, 13 85 
C12H19N306 talc C, 47 85, H, 6 3, N, 13 9%) 

6-Azrdo-6-deoa~~-I,3 2,4-dz-0-ethylzdene-D-glucztol (4) - (a) Slightly impure 3 
(14 g) was dissolved 13 methanol (100 ml) and treated urlth 3~ methanohc sodmm 
methoxlde (17 ml) After 30 mm, a small amount of crystalline product {m p 126-127”, 

k% -34” (c 1 7)) was removed which was shown to be 6-azldo-6-deoxy-1,3 2,4-dr- 
0-ethyhdene-5-O-tosyl-D-glucltol (7) by comparison with an authentic sample (see 
below) The filtrate was neutrahsed with Amberhte IR-120(H+) resm and concentrated 
to a syrup which was extracted with ether (150 ml) Concentration of the extract 
afforded a crystalhne solid wluch was recrystalhsed from ether-hght petroleum to 
give the 6-aude 4 (8 25 g, 68%), m p 120-122”, [c&, -9” (c 0 9, water) (Found 
C,465,H,67,N,161 C10H17N305calc C,4635,H,655,N,162%) 

A further crop (1 5 g, 13%) was obtamed by evaporation of the mother hquors, 
followed by recrystalhsatlon 
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(b) 5,6-Anhydro-I,3 2,4-dl-O-ethyhdene-D-glucltoll’ 28 (0 3 g) was heated 
under reflux with sodium azide (0 2 g) and ammomum chloride (0 15 g) m 95% 
aqueous Z-methoxyethanol (2 ml) for 30 mm The mixture was then diluted with 
water and extracted three times with methylene chloride, and the dned (MgSO,) 
extracts were concentrated Two recrystalhsatrons ofthe residue from ether- light petro- 
leum gave the 6-aude 4 (0 18 g, 50%), m p 118-l 19”, [a],, - 8 1 o (c 1, water), which 
was ldentlcal (I r ) with the product from (a) 

6-Azzdo-6-deoxy-I,3 2,4-dz-0-etlzylzdene-S-0-tosyi-mglncrtol(7) - (a) The 5,6- 
dltoluene-p-sulphonatel’ 6 (30 g) was added to a mixture of bollmg N,N-dlmethyl- 
formarmde (100 ml) and sodium avde (15 g) After being heated under reflux for 
5 mm, the mixture was cooled, and the addltlon of water afforded the crystalline 
ande 7 (19 4 g, 85%) which was washed well with water and methanol and dried, m p 
126-127 S’, [c&, -35” (~24) (Found C, 49 5; H, 5 9, N, 10 3, S, 7 65 C,,H,,N,O,S 
talc C, 49 4; H, 5 55; N, 10 15, S, 7 75%) 

(b) Tosyl chloride (3 g) was added to a solution of the 6-audo-5-hydroxy 
derlvatlve 4 (0 5 g) m pyrldme (10 ml) and the resultmg solution was kept overmght 
at room temperature The reactlon mixture was then poured mto water, and the 011 
which was first preclpltated crystalhsed upon seeding and scratchmg. Recrystalhsatlon 
from ethanol gave the azldo-sulphonate 7 (0 74 g, 93%), m p 127 5-128”, [LY]~ -32” 

Ic 2), which was identical (I r ) with the product from (a) 

.5,6-Dzdeoxp5,6-epznzzno-I,3 2,4-dz-0-ethylzdene-L-zdztoi (11) - (a) Mesyl 
chloride (0 5 ml) was added to a solutron of the 6-azldo-5-hydrouy derivative 4 (0 33 g) 
m dry pyrrdme (1 ml), and the solution was kept for 3 h at room temperature and 
then decomposed by the addltlon of water The mixture was processed VIC( chloro- 
form extraction m the usual way to give the syrupy sulphonate 5 

A solution of this syrup m dry ether (25 ml) was heated under refiux with 
htluum alummium hydride (0 4 g) for 20 mm The excess of hydride was then decom- 

posed by the addition of a saturated solution of Rochelle saIt, the mixture was diluted 
w,th chloroform and filtered, and the residue was extracted three times with bollmg 
chloroform The combined extracts and filtrate were concentrated to a crystalline 
solid, recrystalhsatlon of which from acetone-ether-hght petroleum afforded the 
epimme ll(0 117 g, 43%), m p_ 150-l 80”, [crlD -25” (c 0 5, water) Further recrystal- 

hsatlon of the eplmme falled to improve the m p 

(6) A solution of the 6-azldo-5-toluene-p-sulphonate 7 (8 g) in dry ether (200 ml) 

was heated under reflux with hthmm ahnmmum hydride (4 g) for 15 mm The reaction 
mixture was processed as In (a), and the resultmg white solid was recrystalhsed from 
chloroform-ether-light petroleum to give the product ll(1 78 g, 43%), m p 150-171 O, 
[rlD -25” (c 2, water), which was ldentlcal (I r ) with the product from (a) (Found 
C, 55.75, H, 8 2, N, 6 7 C, ,H,,NO,calc C, 55 8, H,7 9, N, 6 5%). ThewIde range 
m m p could not be Improved for this compound and appears to be a characteristic 
property 

6-A-zdo-1,3 2,4-dz-O-ben~ylzdezze-6-deo,uy-5-O-rosyl-~-g~ucztoi (9) - The 5,6- 
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dltoluene-p-sulphonatel’ 8 (5 g) was heated under reflux with so&urn avde (3 g) 
In 2-methoxyethanol (23 ml) and water (2 ml) for 1 h The azlde 9 (3 84 g, 95%) was 
precipitated by the addrtron of water and recrystalhsed from acetone-ether, m p 
142-145”, [s(]o -2 9” (c 1 3) (Found C, 60 4, H, 5 25, N, 7 75, S, 5 85 C7H2,N307S 
talc-C, 6035, H, 505, N, 78, S, 595%) 

I,3.2,4-D~-O-be~~=~I~dene-5,6-d~deoxy-5,6-epmrmo-~-~d~toZ (12) - (a) The aztdo- 
sulphonate 9 (10 g) was suspended m dry ether (250 ml) and heated under reflux with 
hthmm alummmm hydride (5 g) for 20 mm The reaction mixture was then processed 
m the usual way, and the product was recrystalhsed from chloroform-hght petroleum 
to give the eprmme 12 (1 93 g, 31%), m p 185-195” After two further recrystalhsa- 
trons, rt had m p 204-207” and [~]n f-23” (c 1 7) (Found C, 70 75, H, 6 25, N, 4 25 
GoHz1N04 talc C, 70 8, H, 6 2, N, 4 1%) 

A further crop (2 49 g, 39%) was obtamed by evaporatron of the mother liquors 
to dryness and recrystalhsatton of the residue 

(b) A suspension of the 5-ammo-6-chloro derivative 18 (0 1 g) m methanol 
(5 ml) was heated under reflux with sodmm methoxrde (0 1 g) for 1 h The addrtlon 
of water to the mrxture afforded the eplmme (0 08 g, 89%) which was recrystalhsed 
from chloroform-ether, m p 190-195”, [cY],, +21” tc 1) After two more recrystalhsa- 
ttons, it had m p 197-200” and was tdenttcal (1 r) wrth the product from (a) 

(c) The 5-ammo-Gchloro derrvatrve 18 (0 05 g) was suspended m dry ether 
(3 ml) and heated under reflux with hthmm alummmm hydride (0 05 g) for 45 mm 
The mixture was processed m the usual way to grve the eprmme 12 (0 02 g, 

44%), m p 180-185” (from chloroform-hght petroleum), [aID +21 o (c 1 ) There wds 
msufficlent material to carry out extensive recrystalhsatrons but, despite the poor 
m p , Its 1 r spectrum was Identical wrth the previous two samples 

IV-Acyl derivatives were prepared m the usual way by treatment with the appro- 
priate acid anhydride m pyrrdme, followed by the addition of water The N-acetyl 
derivative 13 had m p 212-215” (from chloroform-ether) and [aJo - 8 6” (c I) (Found 
C, 694, H, 6 35, N, 3 55 C,,H,,NO, talc C, 69 3, H, 605, N, 3 65%) The 
PI-benzoyl derivative 14 had m p 219-222” (from chloroform-ether), [a],, + 36” (c 1) 
(Found C, 72 8, H, 5 55, N, 3 05 C,,HzsN05 talc C, 73 15; H, 5 65, N, 3 15%) 

5-Ammo-I,3 2,4-dr-O-benzylrdene~-cf~Ioro-5,6-d~deoxy-~-~d~toI (18) - The dl- 

benzyhdene-eplmme 12 (1 g) was suspended m pyndme (5 ml) and treated with 
pyrrdmmm chloride (1 g) for 3 h at room temperature and then treated with me-water 
The precrprtated chloro derivative was collected to grve 18 (0 77 g, 69%), m p 
196-197” (deeomp ), [aID t-28” (c 1) (Found C, 63 85, H, 5 95, N, 3 7 CZOHZ2C1N05 
talc C, 63 9; H, 5 85, N, 3 75%) Recrystalhsatron (chloroform-ether) lowered the 
m p [191-193” (decomp )], and rt IS madvrsable to SUbJeCt this compound to prolonged 

heating m solution because of its ease of ring closure to the eplmme, with the conse- 
quent lrberatron of hydrogen chlorrde 

5-Acetamzdo-1,3 2,4-dr-O-benzylrdene-6-cll~oro-5,6-dldeoxy-~-ldlto~ (16) - (a) 

To a stirred suspensron of the epn-nme 12 (1 g) m pyrrdme (10 ml) was added acetyl 
chronde (0 26 ml) In a dropwrse fashion The flask was cooled mxtrally, and, after 
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1 h, the add&on of water precipitated the N-acetyl denvatrve (1 06 g, 86%), m p 
218-220” It was recrystalhsed from chloroform-light petroleum to gave the analytical 
sample, m.p 220-221 5”, [c~]n +31 o (c 0 7, N,N-drmethylformanude) (Found C, 62 9, 
H, 5 9; N, 3 25 C&H2&1K05 talc C, 63 3; H, 5 5, N, 3 35%) 

(6> The same compound, prepared by acetylatron, m the usual way, of the 
amme 18 had m p 223-224” (from iV,N-drmethylformam~de-ethanol), [a],-, +30” 
(c 0 7, NJ%drmethylformamide) and was ldentrcal(1 r ) with the product from (a> 

5-Benzamzdo-1,3 2,4-dz-O-benzylzde?ze-6-c~zloro-5,6-dzdeoxy-~-zdzto~ (IT) - (a) 

The epmune 12 (0 5 g) was suspended m pyndme (10 ml) and treated wrth benzoyl 
chloride (0 35 ml) The solutton was kept for 16 h at below -5” and then treated with 
water to preclprtate the Wbenzoyl denvatrve 17 (0 63 g, 89O/,) After recrystalhsatron 
from N,N-drmethylformamide+thanol, it had m p 221-226”, [a]b +73” (c 0 5, 
N,N-drmethylformarmde) (Found C, 67 25, H, 5 6; N, 3 15 C,,H,,ClNO, talc 
C, 67 55, H, 5 4, N, 2 9%) 

(b) The N-benzoyl denvatrve, prepared m the usual way from the amme 18, 
had m p 215-220”, [ti]b +63” (c 0 3, N,N-dunethylformamrde), and was Identical 
(1 r ) wrth the product from (a) 

6-Benzamzdo-I,3 2,4-dz-0-benzyizdene-6-deoxy-5-0-tosyl-D_l (10) - The 
6-azrdo-5-toluene-p-sulphonate 9 (5 g) was dissolved m a mixture of ethanol (100 ml) 
and acetone (100 ml) and hydrogenated over Raney mckel T4 catalystZ1 (cca 6 g) at 
CLZ 4 atmos After 4 h, the catalyst was SItered off, and the solutron was treated with 
benzorc anhydride (2 5 g) for 2 5 h at room temperature before evaporatron to dryness 
The crystalhne mass was then recrystalhsed from ethanol-ether-light petroleum to 
grve the N-benzoyl denvative 10 (4 3 g, 75%), m p 138-142”, [alo -2 1” (c 1 3) 
(Found C, 66 75, H, 5 4, N, 2 4 C34H33NOsS talc C, 66 35, H, 5 35, N, 2 3%) 

Converszon of 10 znto 5-R-(2,4 3,5-dz-O-berz=ylrdezze-L-xylo-tetrahydro.~ybzztyl)-2- 

phenyloxazolzne (30) - The benzamrdo-sulphonate 10 (0 1 g) was heated under reflux 
wrth sodmm methoxlde (0 05 g) in 95% 2-methoxyethanol(4 ml) for 5 h. The addrtion 
of water gave a solid product which was recrystalhsed from ethanol to give the 
oxazolme (0 004 g, 6%), m p 216-219”, [a]n f75” (c 1 6) A further recrystalhsatron 
from ethanol gave the analytical sample having m p. 234-236” (Found C, 73 7, 
H,585,N,32 C2,H2sN05calc C,7315,H,565;N,315%). 

Conterszon of the Sbenzamzdod-chloro derzvatzte 17 znto 4-R-(2,4 3,5-dz-O- 

benzyZzdene-L-xylo-tetrahydroxybzztyZ)-2-phezzyZo~azoZzne (29) - Compound 17 
(0 1 g) was heated under reflux with sodmm acetate (0 1 g) m 95% 2-methoxyethanol 
(6 ml) for 4 h, when t 1 c mdrcated the presence of two components The addition of 
water to the reactron mixture gave a sohd whrch was purified on a column of s~hca 
gel by using 1.1 ether-light petroleum as solvent The faster-moving component was 
recrystalhsed from ethanol-ether to give a product (0 015 g), m p. 160-163”, v htch 
was not further charactensed The slower-movmg materral was recrystalhsed from 
ether to gave the oxazohne 29 (0 01 g, 1 1%), m p 177-178”, [~]n - 112” (c 0 $3 A 
further recrystalhsatron from ethyl acetate-ether afforded the analytical sample, m p 
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m p 220-221”, [aJD +42” (CO 2) (Found C, 60 0, H, 6 15; N, 3 25 C,,H,,NO$ talc 
C,601;H,595,N,335%) 

The n m.r spectrum contamed, mrer aha, a three-proton doublet at 7 S 67 
(.J 6 Hz) which confirmed the presence of the C-methyl group. 

1,3 2,4-DI-O-benzylrdene-5-deoxy-~-??~erl~an~s~~lphonam~do - 6- 0 -methyl-L- idI fol 

(25) - Compound 23 (0.1 g) was suspended m 0 5~5 sodmm methoxlde (9 ml) and 
heated under reflux for 30 mm, when a clear solution had been obtamed The reactlon 
rmxture was then concentrated to dryness and partitIoned between chloroform and 
water. The dried (MgSO,) orgamc layer was concentrated to yield a sohd, recrystalh- 
satlon of which from ethanol gave 25 (0 04 g, 40%), m p 181 5-182 5”, [aID +52” 

(c 0 3) (Found C, 59 0, H, 6 3, N, 3 05 C,,H,,NO,S talc C, 58 8, H, 6 0, N, 3 1%) 
The n m r spectrum of the product showed a 3-proton smglet at ‘F 6 66, con- 

firming the presence of a methoxyl group 
I,3 2,4-Dr-O-benzyi~de~~e-5-deox~-5-metlrarr~s~rIphoNantrdo-~-id~~oi (26) - The 

6-chloro-5-sulphonamIde 23 (0 1 g) was heated for 2 h under reff uxwlth sodmm acetate 
(0 1 g) III 90% aqueous 2-methoxyethanol (2 ml) The product 26 (0 09 g, 94%), 
which crystalllsed from the reaction mixture upon the addmon of water, had m p 
223-225”. Recrystalhsatlon from ethanoI gave the anaIytlca1 sample, m p 225-228”, 
[aID +39” (c 0 3) (Found C, 57 85; H, 6 0, N, 3 1 C21H25N07S talc C, 57 9, 
H, 5 75, N, 3 2%) 

The I r. spectrum showed, znter aha, peaks at 3560 and 3320 cm- ’ due to -NH 
and -OH stretchmg frequencies 
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