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"ABSTRACT

Reactions of carbohydrate a-nitroepoxides with sodium

borohydride, catalytically activated hydrogen, dimethyl-

amine,

" ived.

sides
glycos

functi

nitromethane, and methylmagnesium lodide are descr-

A new route leading to formation of 2-deoxy glyco-
resulted from the reaction of 2,3-anhydro-3-nitro
ides with sodium borohydride. Loss of the nitro

on was a common feature. Thus, methyl 2,3-anhydro-

4,6-grbenzylidene-3-nitro-S—D-allopyranoside (§) and -3~

D-talopyranoside (9) rezcted readily with spodium boro-

hydrid

ively.

yliden

e to give methyl 4.6—Q-benzylidene-z-deoxy-B—D—

arabino- (16) and 3-D-lvxo-hexopyranosides (18), respect-

In the case of the epoxide §, methyl L,6-0-benz-

e—Z—Qfethyl-B-D-mannopyranoside (l?) wag found as

a minor product. Methyl 2,3-anhydro-4,6-Q:benzylidene—3—

nitro-a-D-talopyranoside (7)s found to be less reactive

toward

s sodium borohydride in comparison with its stereo-

isomers 6 and 9, furnished epimeric methyl L,6-0-benz-

yliden

side (

e-2-deoxy-a-D-xylo- (;2) and -a-D-lyxo-hexopyranc-

20). The 2,3-anhydro sugar stereoisomers having the

g.D-manno (5) and B-D-gulo (§) configuration were inert

toward

s thig reagent at room temperature (for steric




reasons) and decomposed upon heatiné. Also reactive
towards sodium borohydride was 5,6—anhydro-1;é-isopropyl—
i dene-6-nitro-a-D-glucofuranose (15), which furnished 5-
deoxy—l.2—isoproﬁ?&idene—g-D-EE;g-hgxofuranose (g}). In
cataly%%t hydrogen tions/%f the c-nitroepoxides, a cont-
rolling influence j>\¢ﬂg,nitro group was manifest,
leading regiospecifically to fission of the 'e-C-0 bond.
All the epoxides, including <hose inert towards borohyd- .
ride, were cleaved by catalytically activated hydrogen.
Dimethylamine reacted with the 2,3-anhydro glyco-
sides S and 6, as well as with 7 and 8, to give novel
products (2} and Qé. respectively) which arose by loss
of the nitro and anomeric methoxyl functions. The products
were derivatives of 1,2-unsaturated 3-uloses bearing a
dimethylamino substituent at C- 2 and carryiﬁg a second
molecule of dimethylamine as an adduet to the 3-keto
group. The 5,6-anhydro sugar ;; furnished with dimethyl-
amine, in a similar reaction, 2 5-dimethylamino derivative
of a hexodlaldo-l L;&,3-difuranose. N N
All the 2,3—epox1des investigated were found to e
ﬁnreactive «owards nitromethane in the presence of base
whereas the 5,6-anhydro Sugar i3 reacted to give S5-deoxy-
l,2-93isopropylidene-s-grnitromethylhexodialdo-l.4;6,3-
difuranose (36). ‘ -

The epoxides 5 and 6 reacted with methylmagnesium

~

jodide to give the 3-g—hethyl—jhﬁgmethylhydroxylamino

derivatives 37 and 2§. respectively. Similar reactions
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with compounds Z and 8 did not lead to identifiable
products.
Part IT

Glycosylation (methylation) of 1,2,3,4%,5-penta-0~
acetyl-5-thio-L-ido-hexopyranose (1) and the attempted
nitromethane condensation of éhe oxidation product of the

resulting methyl S-thio—B-L-idopyranoside (§) are described.
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Scheme 1%
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"PART L REACTIONS OF a-NITROEPOXIDES _ h

INTRODUCTION

Recent History

. The a-nitroepoxy (a-nitrooxirane) grouping was first
described, as a novel functionality in organic chemistry,

by Newman and'Angierl'2 some Six years ago. These invest-

jgators prepared a-nitroepoxides fyom nitroethylenes sub-
stituted by phenyl,‘ﬁethyl and cyclohexyl groups, and they
X studied some of the chemical transformations which may
oceur in this novel class of compounds. Independently and
beginning about the same time, Baer and Rank3_6 as well

as Nakagawa and his co-workers7 synthesized various carbo-
hydrate derivatives that ﬁossess an a-nitroepoxide funct-
jon although they did not report on the chemical behavior
of their products. At the outset of the present research

it could be anticipated on the basis of Newman and Angier's

limited data2 and from a general cons:.deraulon of organic ‘

group reactivity, that c-nitroepoxide derivatives of

sugars might undergo interesting reactions and prove to

be versatile intermediates for synthesis in the carbohyd-
rate field. It was therefore decided to explore some of
the possibilities of chemical transformation. offered by
these sugar derivatives that had just become avallzble.

As a background, the state of knowledge 1in the

chemistry of c-nitroepoxides existing at the time of




~
.
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commenceﬁent of this work will be reviewed in the -

folloxygg sections. NMention will also be made of some

vhotochemical studies on non-carbohydrate.gitro-epoxides

pu¥lished by Japanese authorss_while this‘research was

in prg%fess. Tn the meantime, the group of Nakagawgghas

~ . . . ) . ]
also~continued related investigations in carbohydrates;

theif preliminary communication disclosed results which

e

complement ours and will be evaluated in the relevant

sgctions of the Discussion.

Synthesis of c-nitroepoxides P g
-

g=-Nitroepoxides were obtainedl'2 from substituted

nitroethylenes (R = phenyl or cyclohexyl, R' = phenyl

or methyl) in yields of 67-91% by the action of alkaline,
15% hydfogen peroxide at 0°, employing methanol as the

‘solvent.

PN
RCH = CR'N02 —— RCH — CR'NO»

Tn the carbohydrate series, various methyl 4,60~
benzylidene-j-deoxy—B—nitro-ﬁex-24énopyranosides“’5
afforded 2,3-anhydro derivatives by the action of 30%
agueous hydrogen peroxide, employed in excess ethanol

as the solvent and in the presence of 2 small'amount of
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0 ~ | '
base “(pH 8-9). Reaction timeé were 0.5-1.5h at room
temperature and‘y1eld§ ranged from 75-89%. The unsat-
urated n1trogl§23§:deé having the a-D-grythro (1), B-D-
‘erythro (2) and a-D-inreo (3) configurations furnished
single epoxide stereolsomers having the a—D—ggggg (5),

g-D-allo (&) and a-D- talo (7) configurations, respect-

ively. Stereoselectlvéty w§f less Drbnounced in the

§-D-threo olefin (4) which gave & 5:1 mixture of the 7 .
§-D-gulo (8) and g-D-talo (9) enoxldes. in any event, 2

epoxidation occurs nreferentlally from the side of the

ring oprosite to the glycosidic methoxyl group (Scheme I). . ;

A second approach to 2.,—anhydro -3-nitro sugars !

of the type just mentioned departs from saturated 3- .
nitro sugars, which can readily be converted into gem-
‘inal 3-halo-3-nitro derivatives by the action of sodium
hypochlorite, sodium hypobromite, or h—bromoacetamldeé.
provided these halonitro derivatives possess an anti-
periplanar orientation of the halogen atom and the hy&r— ‘
exyl (or acetoxyl*) group at the neighbouring C-2,
facile conversion into a-nitroepoxiaes is brought about
by base. Using the halogen derivatives 11, 12 ang 13,
respeﬁtively, this approach made compounds 5 and ?-

available in an alternative way and also furnished the

# 2-0-Acetyl derivative may be used, in which case
gaponification occurs in the process.

hY

/
!
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B-D-manno isomer (lgf. (Scheme 1).

Reactions of a-nitroepoxides

A brief description-.of reactions caf;ied out by
Newman and Angier2 and Saito and co-worggpés on some
e-nitroepoxides is given in the paragraphs that followe
Roman numerals will be useé for this review_while Arabic
numerals will be reserved for the carbohydrate derivat—l
ives.

Action of nucleophiles: The nucleophiles engaged for the

investigation included sodium phenoxide, éodium thio-
phenolate, dimethylamine, and lithium aluminum hydride.
The reactions of the nitroepoxide I to give the products
II-V are shown:
0
n
Ph - CHi - C - CH
) 3
SPh
I1I

!
. PhSNa
|
i 0_ NO 0
1 - 3 1 SN S 2 " 1
PhCH,-CH-Ciy ATt Pn - CH - C _PnONa _ oy - cH-C-CHj
. . 0Ph
Cn.3 _ ‘P
v I i1
(CHB)ZNH

0
i

Ph~ Ci - C - CH
N(CH3)

v




~ They proceeded by a common path involving SNZ attack

by a given nucleophile“frbm the rear of the oxiréne ring,

at the carbon atom in B position to the nitro group,

leading to loss of nitrite ion. In “the case of lithium

aluminum hydride, the intermediate ketone was reduced

further toTZlcohol in the presence of excess reagent.
2

Action of acids:

+
0 HO .
5F5 snochot” 2 Ho8% enoci-cl
\ \011'3 Ciq
1 -
0 0 I VI
}l it
Ph-%:‘.{-u-c::i3 + Pn-t'l:ﬂ_-c—c-t3 _
1iX X
O 0 0 0+ .
P 1"‘ b P : (13 CcH ?1 d? 9
-+ ,h—C.—x—C—Cn3 + Ph-C-C1- .-1.3 Ph—(lZH-C-CHB E_‘h—CH—C-—CHj _
viI Xz 0-5047 ‘
. )
o VIII VII :
Pnoo
+ CH-C-CHgy
Ph
X111
00
t o
Ph-C-C-CHB
VIiiia (




Action of dilute aqueous sulfuric acid.on I led
to the expected l-phenyl-l-hydroxyacetohe VII along
with a small amount of 1ts oxidation product, the di-
ketone.VIIIa (ratio 3:l). Mechanistically, this reaction
does not differ much from the reaction with nucleo-
philes described above. Here, protonation of the oxi=
rane oxygen to furnish the intermediate ion VI is
followed by nucleophilic opening of the ring by water,
leading to the hydroxyketoge VII upon deq%;ration.

The diketone VIIIa could originate b& a R-elimination
in&coﬁpound VIiII which cculd have arisen by.nucleo-
philic opening of the protonated epoxide VI by hydrogen
sulfate anion.

A more complex.reaction was encountered with
voron trifluoride etherate in dry benzene.-The formation
of compound IX was particularly interesting and has been

‘suggestedz to come abéut by recombination of enol and
nitronium ion, formed as 2 result of lewis acid-cataly-

ved decomposition of the a-nitroepoxide, &s shown below:

BFB;Qt,/CHB ?BFB .
Ph-CH—? Ph—CH=C-CH3 + NOo
+¥=0
-0 .
OBF
9 —BEB ‘ [ ré o

Ph—?H—C-CHB Ph-?ﬂ-g—0n3

NO» : NO»

IX




Other components of the mixture can be rationalized to
'arise fyom nucleophilic attéck by fluoride ion (compd. X);
water during work-up (compounds VII and XI); or from
electrobhilic attack on the benzene solvent {compound
XII). In the case of water as the nucleophile, the
initially formed major product VII underwent tautomeriz-

ation in order to give corpound XI.

33
0 +F” A N0, +H0 9
PhogH-0-CHy ———gr  PR-GR-Cl " o= Ph-CH-C-CH5
T p (-NOp) Ciy (-HNOp) .
—
X | - VII T S

, [—

.8 1 o
Ph-CH—C-CHB Ph-C=C-CH3
\ | L
0
Ph_ -1l __
/CH-C—ChB
h

X1t




y When the starting materlal was the epoxide Ia, 1in

whlch the methyl group of the epoxide I is replaced by

a phenyl group, compoundg XIII, XIV and XV were the only

products.
/O\ _NO2 0 :io 2
Fh CH—C\\ —_— Ph- C{-C FPh + Ph- CH-C-Ph
- <
Ia o XIII - v
Ph_ 1
+ CH-C-Ph
Ph”
XV
Action of reducing agents:
O Ko,  Pt0p/Hz HO N0
Ph-g‘-:.-C\ Ph- Ch-C'n-CnB +
CHg Ethylacetate VI .
I
nO NOn
Ph CH-' -un3
\ XVII
N
2inc in 75% hﬂg COZ
2aq. CHoCOp Ph-CH-C-Chj
XVII

Catalytic hydrogenation of I with platinum dioxide

in ethylacetate under pressure for 15min led to cleavage

N -
\
.y
p—— N

\



of the a-C-0 bond, furnishing as a primary product the
nitro alcohol XVI, a large part of which was reduced

further to give the oxime XVII. A major différence. in

comparison wi The nucleophilic TE=ellons treated

earliep? is the mode of oxirane ring cleavage. whereas
nuéleophiles attack the §-C-0 bond with.ultimate expul-
sion of the nitro function, catalytic hydrégenation gives
prefersnxh& a-C-0 bond cleavage with retention of the
nitrogenous function. A similar behaviour was observed
when zinc dust in 75% aqueous acetic acid was employed
as the reducing agent, which gave the oxime XVII as the

exclusive product.

Photochemical reactions:

Japanese wori{ers8 investigated photochemical react-
jons of (l,2-epoxy—2-nitropropyl)BEQggﬁéﬂﬁl) andﬁz.a'-
epoxy-a-nitrobibenzyl”(Iaj:iA.marked solvent dependence
was observed. Reaction of 1 with methanol, which occurred
slowly: iﬁ\the dark, was accelerated by irradiation and
gave thgf;ethoxy ketone XVIII. In 2—propanol.‘no€reaction
took S{ace in the dark, but ipradiation gave the isopropoXy
keton; ¥¥T together with the oximes XXIT and XVII. In
pure ether, XVII was the exclusive product while mixtures
of the two solvents led to the formation of varying
proportions of 2ll three products. Compound Ia reacted

readily, in the'absence of light,with.methanol to give

benzoin methyl ether (XIX) whereas jyrradiation in ether

*properly named 1-nitro-1,2~diphenyloxirane

/
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produced a complex mixture from which, however, benzoin
oxime @xxlﬂcou%d be isolated. In 2-propanol, Ia also gave

f‘—a—cﬁﬂ%&ex—mxffhre and no individual products could be

jdentified. When tfbutyl‘alcohol. acetone, benzene, Or

\ ) ) .
n-hexane were used ng media, little or no reaction took

place with both I and Ia.

Q . 0
7\ /1\02 hv 1
Ph-CH-C\ ——— Ph-Ci-C-R
R or in dark L. ‘
DCﬂB ~
XViii R=CH3
XIXx R=FPh
‘ XVII R=Ci,
| XX R=Ph
b N O o NO
0 q H NOH
hv ! i O“ i ? B

| 1
"Ph-!CH-C-c:-i3 + Ph-C-C-CH3 + Ph-CH=-C-Cdjy.
2-propanol OCH(CH3)2

I XII il

The authors explain the formation of alkoxyketones (XVvIIi,
¥I¥X, XXI) in terms of epoxide ring opening by attack of

oy

+he alcohol, with subsequent elimination of nitrous acid,

l bg analogy to the nucleophilic reactions mentioned in 2
|
|
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preceding section. It appears reasonable that the efficiency
of the reaction should decrease in the order methanol> 2-
propanol > t-butyl alcohol. As regards the formation of the
oxime XXII, they believe that the nitro epoxide undergoes

a 1,2-shift of the nitre group to give a nitro ketone

which is then photoreduced, with the solvent serving as

the hydrogen donor:

5. NOp hv HE N0y 10
/C—C/ /‘-C\ —p— Ph-C- -‘CHB
Fh” \Y “CH ROH Pr” % CHj L
0 3 0 NO,
. 5~
| e
hv{ H~-donor
. 1
S
Ph-C-C-Ci4 —_— Ph-C-C=CH
i C s 3
NOH . NO
XI1I
Two possible pathlways were considered for the formation of ‘

the oximes XVII and XX:

5 NO B H NO A

>c-c] 2 ~¢-¢{  ——  Ph-C-C-R

Ph \0/ R Ph \0/ R. ) 4o H

I, R=CHj _

Ia, R=FPh

A ‘ i

< NIO0H A Nod

~c-c — Ph-¢-€-R —
Pn” N R 0xH ,
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Both path_ways. involve initial photoreduction of the nitro

‘group leading to a nydroxylamino epoxide (path A) and =

nitroso epoxide (path B), respectively. The former will Dde
tautomerized, and the latter first photoreduced further

and then tautomerized, to give the observed products.

-

e
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RESULTS AND DISCUSSION

1t was decided to investigate reactions of carbohyd-
rate a-nitroepoxides with sodium borohydride, catalytically
activated hydrogen., dimethylamine, nitromethane. and -
a Grignard reagent. The substratesrto be used in these
studies were the five stereoisomeric methyl 2, 3=-anhydro-
L,6-0- benzvlidene-3-nitrohexopyranosides 5 - 2. which were
nrebared as described by 3Saer and- Rank“ :. In addition,
‘a new epoxide was synthesized for inclusion in the planned
series of experiments. It differs structurally from the
2, 3-anhydro derivatives Just mehtioned in that 1t possesses
a terminal aq-nitrooxirane grouping: 5,6-anhydro-1,2-1s0=
propylidene—é-?itro-a-D—glucofuranose (15), obtained in
6% yield by alkaline epoxidation of the knownlo nitro-
olefinic sugar”derivative (1), j-gfacetyl-E,é-dideoxy-
1,2-0-isopropylidene- 6-n1tro-a-D—§x__-hex-5-enofuranose.
The configuration of the new chiral centre C-5 in 135 was
revealed by chemical evidence 2s will be shown in a sub-.
sequent paragraph,,but that at C-6 has not been ectablished.
CH NG,

i
CH _
o) HZOi
QAC

. !
1 o1—c
, CHy
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1. Reduction with Sodium Borohydride

It was fqund‘that three of the 2,3-anhydro sugars
examined as well as the 5,6-anhydro derivative reacted
smoothly with sodium borohydride in ethanolic solution
to give high yields of products resulting from reductive
denitration, whereas two of the 2,3-anhydro compounds
proved unreactive under the same conditions.

Thus, the §-D-allo epoxide § reacted completely
(according to thin layer chromatography) within S0min
at room-temperature. Two new crystalline products were
isolated in yields of 60 and 20%, respectively. Both were

free from nitrogen. The main product proved To be methyl

'4.6—beenzylidene—2-deoxy—B—D-arabino-hexopyranoside (&9).

Its n.m.T. spectrum (Fig 1a ) showed 2 one-proton octet
for each of the C-2 methylene protons, at T 7.80 (H-2e)
and 8.37 (¥-24), and although the signal for H-3 was not
resolved from other signals in the T 6.0-6.8 region, the
configuration at C-3 was indicated by the splitting .
pattern of these octets. Thus, the H-Za octet contained
large splittings only (8-10 Hz), reguiring an axial -3,
whereas the H-Ze octet as expected showed two small
splittings (2 and % Hz) due to vicinal coupling. The gem-
inal coupling J2a,2e W&S 10 ¥z, The structure of 16 was
firmly established DbY acid hydrolysis giving 2-deoXy-

D-arabinc-hexose, jdentified as 1its knownll crystalline

\

/
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_ The minor product isolated from the borohydride
reaction of & was revealed by its n.m.r. spectrum (Figib )
and microanalysis 1o contain an Q-ethyl group but no
deoxy function (ggthylene group). There was a J=-proton
triplet at T 8.86 and 2—p;oton quartet at T 6.26, with
6z splittings, which indicated this substituent. The
anomeric.proton gave an apparent singlet (J1,2="04z2: at
T5.48), on account of which an equatorial H-2 had to be
postulated. Therefore the product was assigned the
structure of methyl 4,6—Q—benzylidene-z-grethyl-B-D-

mannopyranoside (17).
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Japanese worker59 have carried out a similar reduc-
tive denitration of § using 1ithium aluminum hydride in
tetrahydrofuran (2h at room temperature). They obtained
the 2-deoxy glycoside 16 in non-crystalline form and
characterized it as a crystaliine~3-g-acetyl derivative.

Reduction of the §-D-talo epoxide 2 by sodium boro-

Rydride was complete after 30min at room temperature.
alllne methyl &,6-0- venzylidene-2-deoXy- -f-D-1lyxo~-
;fnoside (18) was jsolated in 76% yield as the only
reaction product. Microanalysis and NemeTs spectrum were
in accord with the structure. The configurational assign-
ment was based on the splitting pattern of the H-3 signal
which eccurred as an octet at T 6.21. The signal contained,
in add;tion to small splittings attridutable to vicinal
couplings with equatorial H-l4 and H-2 protons, 2 large
splitting (12 Hz) which required #-3 %o be axial and
coupled with the axial H-2 proton. The signals for H-1
(a quartet with J1,22 < 12 and J1,2e = 2 Hz) and H-&
(a—triplet with J3,4 = Ji,5 =3 Heg) were also readily

discerﬁible and in agreement with formula ¥§.

Ph i

N 3

0

OCH

NG,
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Contrasting with the high reactivity of the epoxides
6 and 9, their a-D-talo stereoisomer 7 did not seem to
react under the same mild conditions. However, upon heat-
ing of the ethanolic solution to reflux for 50min in the
presence of an increased proportion of sodium vorohydride,
complete consumption of the epoxide and formation of two
produGUSWasobserved. The products were obtained in yields
of 40 and 50% and proved on‘khe basis of analysis, NeMsTe
spectra and physical_ponstants to be known 2-deoxy glyco-
.sides epimeric at Cc-3, i.e., mwethyl 4,6-0-benzylidene-2-
deoxy-&-D~Xylo- hexopyranoside (}9)12 and methyl &,6-0-

) . *
benzylidene-Z-deoxy-a-D-lvxo—hexopyrano51de (29)13.

o NaBH, N

1~
i
o
(o]

The 2,3-anhydro sugar stereoisomers having the a~D-

manno (5) and g-D-gulo (8) configurations were total%§§
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et

inert towards sodium borohydride at room temperatufe,
even when exposed to the reagent for up to 48 hours.
They reacted at reflux temperature but gave compiex mii-
tures of products which could not be unravelled. Attemp-
ted reductions with lithium aluminum hydride in ether at
ambient temperature failed likewise to give identifiable

products.

e
0

:O
oCH, 257 _NO REACTION
NO,
3
oh NaBH,
e
0
0
0
0CH,
7g°  COMPLEX
NO
2 0 g4 MIXTURE

On the other hand, the cempound lé with its terminal
nitrooxirane structure was readily reduced within 15 min
at room temperature. pccording to t.l.Ces 2 single product
was formed, and this was isolated in crystalline condition
in 60% yield and recognized as the knownlu 5-deoxy-1,2-0-

isopropylideneec-D—Eglo—hexofuranose (21).

s
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Mechanistic and stereochemical considerations

The results of the borohvdride reactions just des-
cribed are in line with those obtained with lithium alum-
inum hydridez'g. The a-nitroepoxides are converted into
products pearing a hydroxyl group in o- and a deoxy
function in B-position. It is assumed that hydride ion
attacks the B-carbon atom from the rear of the oxirane
ring which resulis in opening of the ring and formation
of a carbonyl group in a-position with con;‘ jtant ex-
pulsion of 2 nitrite ion. TQe carbonyl group s?)engender—
ed is immediately reduced by&excess reagent to give 2

carbinol.
/”

/
>:0’);/ — \ (% ‘—""\‘ / — \¢" /
~ 0 * 8
e -
H NOy +NO§)

NO,

"
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In the case of the epoxide §, where the 2-0-ethyl
derivative 17 was a by-product, it is likely that ethox-
jde ion from the solvent entered into competition with
hydride ion in the ring opening step. The manno- config-
uration of 17 is in accord with this mechanism.

The strongfy electronegative nitro group evidently
governs the regioselectivity of nucleophilic attack on
the epoxide ring SO +hat the B-carbon appears to be the
favoured venue. This effect may reverse the regioselect-
ivity from what would be predicted in the absence of this
group:*Thus, where an epoxide ring occupies a terminal
position in a chain (as in 5.6—anhydro-1.Z—Q—isopropyl-
idene~g-D-glucofuranose, the non-nitro analog of ;;),
almost exclusive nucleophilic attack takes place at the
terminél carbon atom 15. whereas 15 was attacked at the
penultimate C-5. when an epoxide ring igs 2,3-fused o
a pyranoside ring which in Eyrn bears a cyclic L4,6-acetal
and is thereby rendered conformatiohally rigid (E£§§§:
fused acetals) or at least less flexible (cis-fused
acetals), then a nucleophilic reagent gives predominantly
one product, namely that which arises from diaxial ring
opening (Fdrst - Platiner rule)lé. That is to says, in
hydride reductions of non-nitro analogs of 2 —'2 the

e

hydride ion enters axially at ‘C-2 when the epoXy ring is

below the pyranose plane, but at C-3 when it is abovelb.

%5 gteric effect of the nitro group may also be operative.

]
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Now in those nitro derivatives which did give jdentifiable
products (§» 7 and ), attack occurred exclusively at C-2
regardless of?érientation of the epoxide ring. The First-
Plattner rule does not appear to hold. This does not
necessarily mean that in those cases where the rule is
seemingly violated (7 and‘g). the'ring opening occurs di-
equatorially (path a 1n the accompanying scheme ). It may
well occur diaxially (path b) through a transition state
involving chair inversion. Such inversion, not normaily
favoured in 4,6-0-benzylidene pyranosides, 1s possible in
the somewhat more flexible cis-fused acetals and may

perhaps become operative when reaction at C-3 in the

favoured conformation is blocked by electronic reasons.

Fh

o

NO2
Ph a
&:\0
0
TOH
NO2

0 PRODUCT )
o«
-0 |

0CH3
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The observation that c;nformationally rigid, trans-
fused‘benzylidene epoxide‘é was inert towards borohydride
could be taken to suppo_rt the above argument. There remain
the questions as.to why the reaction of‘g was more facile
.than that of 7. and why § was jnert even though it does
not require conformational inversion for diaxial ring
opening according to these considerations.

1t may be suggested that relative facility of
annroach of the nucleé‘n}le is a factor in these reactions.
Thus, backsxde approach at C-2 is unhindered ln strucfures
6 and 9. In compounds $ and 7, it likely is lnterfered
with by the neighbouring pseudoéxial'méthoxyl group, wn%ch
could contribdbute to their diminished reactivity. Incident-
ally, it is interesting to note that when Z did react
under forcing conditions, there was practically no stereo-
selectivity as far. as reductlon of the intermediary ©oXo )
sugar is concerned. Coz o—rabﬁaamounts of the two C-3 epi-
mers (19 and 20) were produced whereas single C—3_eplmers —
those havlng an equatorial hydroxyl group — arose fromlg
and'g. Regarding the 1ack of reactivity in § one is comp-
elled to attribute it to the only feature distinguishing
this compﬁund from its reactive isomer é. namely, the
axially oriented oxygen at (-4, Conceivably, this cond-

ition is unfavourable for parallel approach of the nucleo-

phile to C-2.

>

37




». catalvtic Hydrogenation

Judging from the work of Newman and Angierz.

essential difference between hydride reductionﬁgﬁ\a

nitroepoxides and their reduction by catalytically

activated hydrogen is the mode of fission of the

ytic cYeavage

ring., Catalytic hydrogenation causes homol

Zearbon

of the bond between the epoxy

to give, initially, c-nitro-g- dunds. The latter

reduction of the
ent, a2 nitrogenous function is

retaine <ast to what is observed in hydride react-

jons (see p20). It was therefore interesting 1o examine

how the various carbohydrate nitroepoxides would behave

in catalytic hydrogenation and whether, in the available

merss conflguratlonal effects might be discerned.

stereoliso

The 5,6-anhyd*ohexofuranose derivative 15 was
_hydrogenated in the presence of platinum catalyst in

ethanel at amblent temperature and pressure. In line with

the above generallzatlon and with experlence showing that

platinum +ends to catalyze reduction of nitro groups to

the amine stagel7, an amino alcohol was obtained. The

crystalline product was established to be 6-zmino-6-de-

oxy—l,2-g¢isopropylidene-u—D—glucofuranose (22) by con-

version into 1ts knownl8 N-acetyl derivative (22a). This

proved the D-gluco configuration of 15 which had not

previously been ascertained.




NHR
HO '
PN, ) 0
OH
0
b'*—CHa
CH3
‘L§ 2_2 R=H
Ve 22a R=Ac

Paliadium, 2 less powerful hydrogenation“catalyst

than platinum, has repeatedly been used to perform select-

ive saturation of the cérbon—carbon double bond in nitro-

olefihs with retention of the nitro grouplg. However, by
prolonged action the nitro group may slowly be attacked.
Thus, in nitrodlefinié glycosides which offer steric
hindrance to hydrogenatlon of the double bond, partial

reduction of the nltro group bvecame comnetltlve and led

) to the formatlon of large proportions of. ox;meszo.

In view of this, it .was considered wor‘hwhlle to

investigate how the ‘pair of stereoisomeric epoxldesfg and

é,would behave ln valladlum-catalyzed hydrogenation. We

recall that with sodium borohydride the latter compound




reacted smoothly whereas the former was;inert. Now it was
found that both compounds underwent quantitative hydrogen-
olysis of the oxirane ring (between the g-carbon and oxygen
atoms according toféforementioned scheme) when hydrogenated
with palladiuﬁ on carbon in ethanol for 24 hours. Yet an
interesting differénce in the two reactions was seen,
which was due{to stability factors in the expected producis.
The B-D-allo epoxide 5 furni;hed the xnown2>~, and
expected, methyl 4,6—gybenzy1idene-j—deoxy—j-nitro-B-D-
glucopyranoside (2}), which was obtained crystalline in
90% yield and identified with an authentic sample. A minor
by-product, isolated in % yield, analyzed as Cyufippl O
which indicateﬁ }oss of one oxygen atom. The i.r. spectrum
(Fig- 3 ) lacked the strong, characteristic nitro band at

1 uhich

1550 cm7- but showed a weak band at 1570-1600 cx”
was attributed to 2 C=N vibration. Presumably the product
was methyl 4,b-grbenzylidene-3-deoxy43-oximino—B—D-;igg—
hexopyranoside (g}a). Its n.m.r. Spectrum (Fig-2 ) showed
a three-proton unresolved multiplet in the T 5.09-5.31
region, assignable to H-1l, H-2 and H-4 protons. Upon,
geuterium exchange, this multiplet was simplified as

a4 presult of removal of the H-2 coupling with 2-0H. The
region U 5.61-6.41 containing H-5, H-6e and H-&a remained

unchanged after deuterium exchange.
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The a-D-manno epoxide 2 gave almost quantitatively
a chromatographically‘homogeneous nydrogenation product,
20% of which could be crystallized. It was a nitro glyco-
side? and no oxime or other ty-product was sbserved 1in
this case. dowever, the product did not have the «-D-
altro configuration (g&) that was expected to arise by
a reaction pro%ﬁeding in stereochemical analogy 1o that
of 6. Rather, the produc% was identified (by means of
comparison with an authentic sample)} as the known22 a-D-

manno isomer 25. It mus+t be assumed that the Drimary

product was .in fact the unknown isomer g& in accordance

with the suggested mechanism, dut that it epimerized

" @guring the process 10 thermodynamically more stable a;.

It.is well:knownl7’23’2h that an axial nitro group on
pyranoside and inositol 'rings is associated with great
jnstability. Traces of base can be expected to promote
rapid epimerization to generate a more favoured, equat-

orizl nitro group. In order to prove the point, 2 was
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P

nydrogenated in the presence of 1 equivalent of hydro-

chloric acid which was to forestall any epimerization

of intermediary gg. and platinum was used to effect full
reduction to the amine, at which stage epimerization can
no longer occur. The conditions chosen caused.siiultaneous
de=0-benzylidenation, but this is not relevant to the
point in question. The product proved indeed to possess
the D-altro configuration. It was crystalline but very
?ygroscopic methyl 3-amino-3-deoxy-a-D-altropyranoside
nydrochloride (26) which was characterized as its knownzs,
crystalline tetraacetyl derivative 27.

(Concerning the intermediacy of 24, see also Note 1 on Pe. 71.)

L d

26 R=NH:Ll, RTH
27 R=NHAcy R=Ac
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The second of the 2, 3=-anhydro glycosides which

. could not be‘successfuliy reduced with sodium borohydride,
namely the B-D-gulo isomer 8, was also nydrogenated to
an amine by platinum catalysis in ethanol. No acid was
provided in this case since it was considered that the
nitro intermediate resulting here from oxirane ring
opening should nave an equatorially oriented nitro group
whiech will not be prone to epimerization. Under the cond-
itions employed, which 1nvolved a reaction time of 51 h
at ordinary temperature and pressure, the benzylidene
group was found to be largely retained. (A trace of by-
product detected in t.l.cCo might have been due to de-0-
benzylidenatlon) There Wwas 1solated over 90% of cryst-
alline, crude product, and 60% of purified material was 'é
obtained. Et was assumed to be methyl j-amino-i,6-0-
benzylidene-3-deoxy-s-D—galactopyrangside (28). Its n.meTe
spectrum (Fig- & ) cshowed a five-proion unresolved multi-
plet in the T 5.58-6.04 region, attributable probably to

H-l, H-2, H=l, #-6e and K-6a protons. A neat quartet at

T 720, containing one large and one small splitting was
/ assigned to H-3. The upfield shift of this E-3 signal
compared with those of other protons can be explained
in terms of thé lower electronegativity of nitrogen in
comparison with oxygell. In the spectrum of the N-acetyl

derivative 29 that was prepared from 28, no signal
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appeared in the same region, and H-3 probably resonated
at a lower field due to the deshielding effect of the
acetyl Eroub. Further structural proof of the compound

§§ was provided by acid debenzylidenation of the N-acetyl
derivative g? to g{;; known26 methyl 3-acetamido-3-deoxy-

g-D-galactopyranoside (29a).

ol
P ¥
Ph '&;\
0
N \
0
Ac~0
0 _jL__
’ 0
 ACHN
OCH3 OCH,
QOH
"2 ° 29
g 28 ‘ -
pd
OH
' CH AcOH
0
AcHN
QCH
OH 3
9a
—~—

Pinally, the c-D-talo epoxide 7 ( which had been
amenable to borohydride reduction but less readily so

than 6 and 9) was subjected to catalytic hydrogenation with

<

P
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platinum in methanol in the presence of acetic anhydride®.
The reaction did not proceed as well as had been hoped,

and a substantial part of the starting material was 1eftl
unreacted and had to be separated from the product by
column chromatogrﬁphy. A longer reaction time and increased
amount of catalyst effected no noticeatle change. Never-
theless, a crystalline reaction product could bde isolated
in 33% yield. Surprisingly., it was not an aminc sugar but
proved to be the knownzo methyl 4.6—g;benzylidene—3-deoxy—

3-nitro-a-D—taloﬁyranoside (29).

Ph .
lvo
0
<0 - Ptiv,
o -— -
Ac20
OCH3
A

s

# The acetic anhydride was added in the hope of +trapplng
the expected amine as?ﬁ-acetyl derivative, which coﬁld
facilitate its jgolation. Preliminary experiments using
no additien, oT providing #Cl in the medium, had not been

promising.




Stereochemicsal considerationsit- Catalytic hydrogenation
1

of epoxides differs gtereochemically from metal hydride

reduction in that the reductant attacks on the side of

the oxygen atom rather than from the opposite side of the

ring. It is assumed that’ the catalyét coordinates with

a lone electron pair of the oxXygen; then follows homolyt-
jc cleavage of one of the Cc-0 bonds. Which one, in the
case of asymmetrically substituted epoxide 7 The general-
ization has been,madel6 for Raney nickel-catalyzed hydro-
genations of non-nitro analogs of our 2,3-anhydro glyco-
sides that scission takes place so as to generate an
equatorial hydroxyl group. In other words, the Fﬁrstf

Plattner rule is not applicable., For example:

Ph
O .
0
G
N O nie ‘%O&
2 .
OCH3 Ok
0 OCH:a
=h 0
AN ° ;
Ph 0 Ni/H 0
O i HO -
CICH3
o,

in contrast to this, our nitro epoxides exclusively

suffered fission of the 0-C3 bond giving 2-hydroxy derivatives

—
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only; with the hydroxy group oriented equatorially.when
the epoxide ring was below (§ and 8), and axially when
it was abo;e (2 and Z). the plane of the sugar ring.
Obviously, the fission is directed by the nitro group.
Steric effects due to configuration at C-1 or‘P-b were
not manifest. One might aseribe the preferential mode

of ring opening to = weakening of the 0-Cj3 bond by the
electronegative character of the nitro group. As an
alternative hypothesis one might consider a sirong co-
ordination of the catalysi surface with the nitro oxygens
(in addition to the epoxy oxygen), which would =anchor"
the catalyst in the proximity of the O—C3(Eapd as shown
in the diagram below. For yebt ancther explanation see Note

1 on D. 71l.

CATALYST

3, The Reaction with Dimethylamine

The next subject of study was to be the reactlon
of carbohydrate c-nitroepoxides with 2 nucleophilic,
electrically neutral bage. Dimethylamine was chosen

vecause the synthesis of dimethylamino sugars is of
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/
I,

considerable interest in the chemistry of antibiotics
components as exemplified by desosamine, rhodosamine, and
angolosamine27. As noted in the Introduction, simple - {’
nitroepoxides furnished dimethylamino ketones with the
reagent by way of ring opening at thezs-position followed
by elimination of nitrite ion from the a-position. It
turned out that carbohydrate a-nitroepo#ides react’
correspondingly in an initial phasé& but complications
ensue.

The 5,6-anhydro sugar 15 proved extremely reactive
towards aqueous, 25% dimethylamine in which it decomposes
immediately. The reaction (1 h at 25°) ‘was moderatedin a
medium diluted with ethanol, but even then it produced
tarry material that rendered isolation of a crystalline
product difficult. Eventually, crystals were obtained in
a yield of 10% anc were revealed by elemental analysis
+o correspond to the expected structure .of a S-deoxyf5-
dimethylamino-l,2-9—150prépylidene-hexodialdose 31.

; Aldehyde derivatives of this type may well be= s
expgéted to be quite sensitive, d this might account
Epé the low yig}d. There was hozcarbonyl band in the 1.r.

spectrum, which is reascnable as internal hemiacetalation

to give the 1,4%;6,3-difuranose 2%a should prevail.
Although the substance gave a single spot in taleCos it
was sHown by the Nem.T. spectrum (Fig S ) to contain at

least two components, in unegual proportions. At ‘lowest -
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field, there occurred two 4-Hz doublets (T #.01 and 4.12)
in an intensity ratio of about 1 : 2, which together integ-
rated to one proton andvdoubtless nepresented the anomeric
protons H-1l of two stereocisomers. A one-proton Signal :
centred at T 4.66 was assignable 1o H-2 but it appeared
to consist of two overlapping, unequal doublets rather
than a simple doublet*. Similarly there were two separate
signals attributable to H-5 of Iwo components, a very
narrow multiplet (T 6.98) and a distinet quartet (T7. 27).
thh an intensity ratio l:iZ. The sampe ratio was seen in
two singlets ([7.66 and 7. 60} of a combined six-proton

intensity., belonging to the dimethylamino groups. There

was no multiplicity observed in the higg}ield three-proton

singlefs of the isopropylidene group. e presencerof two
componenté in the product may be due to-

Ad \
or, perhaps more likely, epimerism at C-5

HO —

* In 1.Z-Q-isopropflidene—a-D—glucofuranose derivatives, .
H-2 usually gives‘a doublet due to coupling with H-1 only,

as coupling with H-3 tends to be close to zer028.
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L.’: T
The study of the 1nteract10n of the 2,3-anhydro glyCOSldeS

5. 6. 7 and 8 with dlmethylamlne furnished very interesting
results. The reactions were found to yield a novel type

of dimethylaminoketones which undoubtedly were primary
intermediates. The crystalliné products obtained in 50 -
98% yield were 1,5-anhydro-i, 6 O—benzylldene-2—deoxy—2 3-
bls(dlmethylamlno)—hex—l-enltnls (generally, glycal deriv-
atives). The formation of thnese hitherto unknown compounds
is explainable by the following sequence, using the example

of the product 2} generated from the g-D-allo epoxide S.

Ph”
oo P"’Vo
0

o
Z.
O
o

Ph/vo Ph%o
C.

H {CH3]2N SiQ,

f,’

33 — [CH3loNH- N(CHql, 32
“NiCHyly | - | 27

. Nucleophilic opening of the epoxide ring with ensulng
1oss of nitrite ion ig believed to lead to an intermediate

2_.dimethylamino-3-keto glycoside as previously discussed.
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N

This amino ketdﬁe dg§er the basic conditions of the medium
appears to suffer g-elimination of the anomeric methoxyl
group to gi‘e,%he unsaturated ketone, 1,5-anhydro=&,6-0-
benzylidene-z-éeoxy—z-dimethylamino-D-egxthro-hex-l—en-

. 3-ulose (2}). The la@ter forms an adduct with excess di;
methylémine, 5.e., the bis-dimethylamino comﬁoﬁnd'gg that
was isolated.

The unusual stability of'??“as an isolable, geminal
aminqwglcohol is remarkadle. The cégfiguration at C-3 has
not géé;;estabiished. However, it is likely that the struc-
ture is stabilizeé by internal hydrogen bonding between
the 3-0H and 2-N(CH3)2 groups, and molecular-models gﬁa
suggest a pseudoequatorial 3-0H group to be in a more ]
favourable position for such bonding than a pseudoaxial
one. The. presence of chelation is further supported by
the i.r. spectrum (in chloroform) showing a broad CK

peak at 3400 en~Ll. Also supporting our view could be the

observed failure of\§ﬁé compound to undergo noticeatle
deuterium exchange in NeDeTrs studies. This could be taken
to mean that the hydrogen bohding was strong enough to
prevent easy éxchange. If this reasoning 1is correct, the
compound as drawn in formula 22 would receive the config-
urational prefix D-arabino.

when a chloroform solution of 22 was passed through
a column of silica gel, dimethylamine was in part split

<
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off, and the ulose 32 was isolated crystalline in %40%
yield. _ ’

The most poteworthy feature of the réaction is the
loss of the glycosidic methoxyl group, with attendant
removal of asymmetry at C-l. In conformity with the mecha-
nistic scheme, the a-D-manno epoxide 5 reacted with di-
methylamine. although more slowly, to give the same prod1
“uet 33. (It falled to crystallize in this instance butl
was readily identified by its nem.T spectrum). The obserV—
ation that a-D—gly;oside‘g reacted more’ slowly (48 h at -
room températﬁre after brief initial heating) than the B-D-
glycoside § (75 min at room temperaturs) may be attributed
+o steric hindrance in 5 by the pseudoaxiai methoxyl
group in the required backside attack of the nucleop&ile
at C-2, or by the need for conformational inversion in the
transition state; cf. the discussion of .analogous boro-
hydride reactions.

Analogous treatment of the c-D-talo (Z) and B-D-

gulo (g) epoxides furnished the corresponding bis(dimethyl-
amino)glycal 2;. isolated crystalline in both cases. Again,
the a-glycoside reécted less readily than the g-glycoside.
The- former required 48 h at 60° for complete transformation
whereas. the latter, showing 2 réasonable rate already at
room temperature, was completely reacted in 5 min at 98 .

Like in the case of the isomer 22, the configuration at
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C-3 in 15 could not be determined. I?&depicted with a
pseudoequatorial hydroxyl 'group as in the accompanying
scheme, the con.xpa‘u’nd would possess the D-lyxo config-
uration, but the D-xylo configuration (having a pseudo-

axial hydroxyl group) canmot be discounted.

Ph
0
0
0
P
0Ck, % oh
_1 . 0 %
NO, g 0
NH
g (CHa)oNH [CHyINe :
Ph ———— 0 0
5(02 H »
C (CHI N
NiCH;1, NCHgh oo
0\~ 3
0
QGH,
NG,

1~

Attemnted conversion of 35 into the corresponding

3-ulose ?3 by passage through a silica gel column in



e e

_ bl -

analogy to the experiment with 33, did not succeed.

Nothing at all could be eluted with the chromatographic

solvent, ethylacetate-petroleum ether 2 5 3. Similarly,

when 2; was stirred for 48 h with a batch of silica gel

in the same solvent, it became irreversibly adsorbed.
The fiitrate was blank and remained so even upon washing
of the gel with & more polar solvent, methanol.

The structure of 33 followed from elemental analysis
and spectral data. The i.r. spectrum in Nujol (Fige )
exnibited a broad dand at 1640 cm -1 for C=C; a strong
band at 1560 v::m'l attributable probably to N-CHg vibrat-
jons, and a band at 1030 - 1130 cm'l for 'C-N vibrations.
Tts i.r. spectrum in chloroform showed a broad band at
3400 cm -1 for 0% (hvdroéen bonded) anda.strong absorption
at 1600 cm -1l for the C=C. The n.m.T. (60 Miz) (Fig8)
spectrum showed 2 large doublet (Jy,5 = 8 Hz) at(.ﬁ.zb
assignable to H-4; an unresolved four-proton multiplet
in theT 5.37 - 6.10 region attributable prod ply to H-5i
H-6a, H6e and 3-0H; a sharp singlet atTZZ.B?éior H-1
followed by the phenyl signal. Two singlets of six-proion
intensity each atT6.89 and 7.4l, respectively belong to
tne four methyl groups, of the dimethylamino groups.

The very low chemlcal shift (72.37) of the H-1 is
surprising. Normally, H-1 would be expected at a much

nigher field (in the 4.3-5.3 region) as a result of strong
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shielding due to a resonance effect between the double
bond and the lone pair of electrons on nitrogen of the

dimethylamino substituent. The observed low chemical shift

‘could be explained in terms of the chelation suggested

above., If the lone pair of electrons,.on nitrogen was
utilized for hydrogén—bonding. resonance effect would be
diminished. Furthermore., donation of its lone pair to
chelation would give the nitrogen atom a partial oosmtlve
character, which should lead %o a flow of electrons

away from C-1 towards the nitrogen. This developing
electron-withdrawing effect should reverse the normal

effect of the dimethylamino group on the chemical shift

of H-1l. Obviously, the extent of such deshielding will

depend much on the strength of the nydrogen-nitrogen
bond in question.

Since no recorded examples could be found of the
effect of a quaternary ammonium substituent on the
chemical shift of the a-proton in c,b-unsaturated ethers
(vinyl ethers), it was difficult to make any direct
comparison, but 2 rough calculation, using a p-sulfonyl
substituted a,B-unsaturated ether (shown below) as a
model indicated a chemical enift of 7.48 ppm for H-1
(the chemical shift 29 of the a-hydrogen of vinyl
ethers is 6.53 ppm; the -SOpR effectjo is 0.95 ppm;
therefore the resultant shift is 5.53 + 0.95 = 7.48 pom

in the & scale or 2.52 inT)s This means 2 difference
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of 0.15 ppm in comparison with our observed value of 2.37T.

5

Py &8-33 (Of' ‘t 67
.

SOZR H
g7LE
Tr—Q—acetyl- Z-nitmy -0 —glucal

A more concrete model, triﬁg-acetyl-z—nitro-D-

-

gluc:al)l showed a comparable, though lower chemical shift

et e

for H-1, reported atTl.67.
T™he i.r. spectrum of the 3-ulo$e 32 (Fig.g ) had carbon-
l 4 —
yl absorption at 1725 cm ". Its n.m.rr spectrum (Pig 10)

indicated the nresence of only one dlmethyla.mno group,

—
—

LY

resonating as a sharp EHX-—proton,51nglet at gg.gz. HI1 -
appeared as a sharp singlet at L3 03. This higher field
shift, compared with that of .1 in the hydroxy amine 33

(T2.37) agrées with absence of chelation in the 3-ulose,

the digethylamino group at C-2 now being free to particip-
ate in resonance with the double bond according to a in

the scheme depicted:

Hoo | , -—H

N@H§2
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This would account .for an upfleld shift of the H-1 31gnal
The fact that the shift was less te’//mlght have been .

exnected is possibly due to a narttal offsettlng of the

’ g

'_,__\Mshleldlng effect by a resqQnance contrlbutlon accordlng to

b. A rough calculation, based on Jackman scaleBo. taklng
the substituent coefficient of C=0 and‘:N(CHB)z to be 0.81
and -l.31, respectively, showed that the chemical shift of
"§i-1 in 32 should be equal to 6.53 * 0.81 - 1.31 =5, 6,03
" or T 3.97, ' -
The stfucture of the isdﬁE}ic bis(dimethylamino)
ac derivative 35 was sxmllarly Feduced from its analytical
and spectral data. Thus, the\m.r. spectrum in Nujol (F1g11)
howed bands at 3340 cm™l £or 0%, 1625 cm -1 for c=C,
1555 ont for N-CHy, and 1030 - 1140 cm™  for C-N vibrat-
jons. The n.mp.r. spectrum (F1g12) showed a sllghtly distor-
ted singlet at T 5.43 whichomust belong to H-1l. A five-
proton group of overlapping signals in theT 5. 67 - €.07
region was assumed to represent Elh. -5, H-6a, H-6e end
O while the four methyl groups of the dimethylamino
substituents gave two singlets of 31x-p:oton 1ntenslty
each at [ 6.90 and 7. ko, respectively. The observation that
H-1 in comuound 35 was much more shielded than that ln
' compound 33 is noteworthy. In light of the previous
discussion, which lnvoked chelation between fée 3-OH'
and 2-1\&1(0‘:{3)2 groups in 33 to explain the chemical shift -

of H-1, one would nave to conclude that such chelation is

absent in 35. The stab;lity of the geminal amino alcohol
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" structure,which is a fact neverthelesé.'could in this inst-

é;ce perhaps be due to ﬁydrogen bonding bet;een the 3-0H

group and the neighbouring acetal oxygen atom at C-&..

Contrastigg with the forggoing reactions of iﬁ@za-.

i . nitroepoxides with dimethylamine is:the_behaviour of.Q
towards ammonia that was studied berakagawa and'coworkersg.
These authors did not observe deglycosylation but obtained,
in 78% yield, 2 condegsafion product believed to have N
arisen from a primary amino _getone intermediate. Aromat- l
jzation of the condensed molgijif was attributed to air

oxidation,

<&

' ) -. 0

| Ph< ° OCH3 . ph

. 0 0

| \j . 0,N ‘0 0

- °3 Amino ketgne

L. Reaction with Nitromethane

Nucleophilic opening of oxirane rings by carbanions
should lead to pranched chain structures. Nitroalkane

anions (nitrpnates).are nown to easily Feact with carbonyl

.?
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compounds or activated alkenes to form C-C bonds, whereas

with alkyl halides they usually undergo O-alkylation:

+0 - - +,0 NC-CH=CHp

CHZ-_-N:O_._. Criz-N o —e NC- C’{z—CHg-CHZ-NOQ
Michael reaction
RI RCHO
» ) * N : . —— EN

+ OR .

CH —N
2 A% R—gH-CHzNoa

) OH '

Nitronic

ester _ ' Henry reaction

It was decided to examine how nitromethane would behave

in base-catalyzed reaction with our carbohydrate a-nitro-
epoxides. The results were"disappoipting in so far as none
-of 'the 2,3-anhydro compounds seemed to react, as evidenced
by t.l.c. and recovery of the startingbmaterial form_the

reaction mixtures. The medium employed was saturated barium

‘hydroxide solution (often used for Henry reactions) mixe

with smz1l amount of chlorofor? to dissolve the epoxides.
Ambient as well as elevated temperatures were tried.
°robably methanenitronate 1is just too weak a2 nucleophile
for facile epoxide opening, hence no reaction was observed.
Tnhe only successful experiment in this geries -
involved the terminal nitroepoxide l;. From ;ts reaction

)
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with nitromethane (26 h at room-femperature in methanolic-
aqueous barium hydroxide), a crystalline product was
isolated in 40% yield. From analytical and spectral data
the structure of a S-deoxy-l.Z-Q-isoﬁropylidene-S-Q—nitro-
methyl-hexodialdo-l}ug6,3-difuranose (;§5 was de&uced.

The configuration at C-5 remained undetermined. From

a mechanism invelving backside attack one should expect
the product to have the L-ido configuration (barring a

secdnda:j epimerization which might well have occurred).

*? The i.r. spectrum of 36 (Fig13) exhibited bands at
3340 em™L for OH and 1560 en~t for NO, vibrations. The
NeMeTe spectfum showed a doublet (Ji,2 = % Hz) at T 3.71
which doubtless belonged to H-l. An unresolved narrow

multiplet (two protons in @nteqsity) appearing in the

e
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T&.72 -. 4.90 region could be assigx?éd to H-3 and H-%4.
The second doublet (J,z = 4 Hz) at T 5.28 -was assigned
to H-2 while an unresolved multiplet { four protons in
jntensity ) in the't 5,38 - 5.72 region probably could
account for H-9, CHp-NOz, and H-6, The 6-OH signal
appeared at T 7.02 as a doﬁblet (F = & Hz). The two
methyl groups of the isopropylidene function appeared
as two almost overlapping singlets at T 8.62 and 8.64.

5. Grignard Reéction

4 ) Ethylene oxide reacts with Grignard reagents to afford
chain-elqngated primary alcohols. Use of higher epoxides is

complicated by pearrangements and formation of nixtures.>”

,

Qsegjgﬂa R:?QK - R—CEe—fCEEOE “

. . Certain carbohydrate epoxides have been foundaaa’b’c to
give halogeno derivatives. EoT example, methyl 2,5—anhydro—4,6-

O-benzylidene-c(-D-allopyranoside reacted with methylmagnesiud

jodide to give methyl 4,6-been:y1idene-a-deoxy-5-iodo—er- P

s
glucopyranoside: . - ‘

)

0 OCH,4 0 OCH,




s | /

Alipﬁatic nitro compounds are known33 +o react with Grignard
reagents giving rise to various reduction products. When L
only one equivalent of organometallic compound is taken.-\ .

dialkyl nitronates are generally forﬁed in good yields.
Acidification of these does not release isolable dialkyl

nitronig meids but instead gives rise to dialkyl nitroxideé.

RoNO, With more than one equivalent of reagent, oxygen

removal may take place, usually to give hydroxylamines;

S

R
RMgT T l R,
R-NO» R-N-0 ——— R-N-0H “N=0
_OMgT . OH
2 Rigl dialkyl dialkyl dialkyl
nitronate nitronic nitroxide
1 : acid (not
isolable)
R-H\I-OH + ROH
R a
N,N-dimethyl~ 2
hydroxylamine A

b
s

Based on the above considerations, one jﬁdiciously:nay

expect that a molecule containing both nitro and epoxy

; functions can possibly lead to hydro;ylamine derivatives \'.
? when reacted with excess Grignard reagent. It therefore 4’
I appeared attractive to investigate the behaviour of carbo- |
hydrate a-nitroepoxides in the Grignard reaction. Treatment

of the a-D-manno &nd'B-D-E;lg derivatives (3 and 6) with

methyl magnesium ijdide in ethor resulied in complete

+ransformation, aceording to t.l.c. Crystalline reaction
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producis could be isolated in yields oféa—sbﬁ. The @-=D=
Egig'and-s-n—gg;g isomers (7 and 8) as well as the S,6-
anhydro éugar 15 reacted also, as in&icated by teleCer

but processmng of the reaction mixture presented difficul-
t+ies which could not be overcome, “and products could not
be isolated.

“The products obtainéd from é_and-é’were shown Dby
chemical analysis to have the composition CygH23N0g
(molecular weight 325.3. verified by the production of
molecular ion peaks in mass spectra). Clearly the nitrogen
atom was retained but the products contained one less
oxygen atom and two more carbon atomé than the starting
materials. The i.r. spectra showed hydroxyl bands in the
3400 cm -1 region and bands possibly attributable to C-N
vib¥§tion at 1220 - 1020 cm l. but they lacked the charact-
eristic nitro group. absorptions in the 1550 em™t region.
The n.m.f. spectra, to ve discussed in more detail below,
showed tﬁree methyl singlets with chemical shifts in
accord witﬁ 0-CH3» N-CHs and C-CHg groups. The data per-
mitted the products to be assigned the_constitution of
" methyl 4.éﬁg:benzylidene-B-deoxy-31grmethyl-3-(Eymethyl-
hydroxylamino)-hexopyranosides (37 and 38). Compound 37
(from j) possessed an axial hydroxyl group at C-2 whereas
compound 3§ (£rom €) possessed an equatorial one. The

configurations at the guaternary carbon C-3 could not e




deduced from available data.

) 0

o\

CHyMgl
OCH4

wn

NG

Ph e 0

OCH.,
-

NO 0

o
~

Although compoundszf and §§ gave reasonably good 100-Miz
n.m.r. spectra, we shall discuss here their more highly

resolved 250-Miz spectra which were optained by courtesy

of Dr. J._Defaye, Grenoble, France, to whom the author
expresses his thanks. | _

The spectrum of comnound 37 'in CDCly (Figuc) contained
+wo apparent 51nglets at‘t_s 34 and 5.82, taken %o represent
H-1 and H-2, respectively {(J3,2= 0 Hz). The very small
coupling indicated dieauatorialorientation&of these protons.
There was a sextet for H=5 (J5 e = 5 HZ» Jy,5 = = Js,6a = 10 Hz)
at T 5.45, followed by 2 quartet for H-6e (Jg ge = 5 Hz:



OCHs
N-CHs
: C-CH.
250 MMz
SOLVENT CDCly {
SWEEP WIDTH 3000 Hz CHs QCHy
Py )
PRCH .
H4  H-ge H‘l‘* .
I b‘l
- N
H-2 W@ o o
- \b
H[ 5 e
L | l [ | ; ! 2
20 30 40 5.0 6.0 70 8.0 %
Fig. 1t N .m.r.qspectrum of compound 37
DOH
250 MHz
SWEEP WIDTH 3000 Hz
SOLVENT DMSO-dg v
- .R ]
> I
2 |
- PhCH L
N=-OH He1
H-%, H-6€ \
, 2-0H 4 ' ‘:
” 5 Mig 1 ;
~ f \\5 < l\
!
| I I | ] | !
40 50 6.0 7.0 8.0 90
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J6a,6e = 10 Hz) at T 5.69. A doudblet (Jy, 5 = 10 Hz) at-

T 6.12 and triplet (Js5,6a ;\{Eiéi? = 10 Hz) were attributed
to H-4 and H-ba, resPecﬁively. ¥gnals in the T 4.20-4,46 .
region and at 4.70 presumably belonged to 2-0H‘and N--OH

as evidenced from deuterium exchange. In order to resolve
them. a similar nem.r. spectrum was fun in DMSO0-dg (FPigiib)e
Here N-OH appeared as a sharp singlet at't 3,44, and 2-0H
apneared as a doublet at T &4.52 with splitting caused DYy

H-Z which gave a doublet at 9 6,20 (JZ,OH = 5 Hz )s Both the
OH singlet and OH doublet disappeared on.deuterium exchange
while the H-2 doublet collapsed to & singlet. A decoupling
experiment involving K- substantiated the H-5 assignmeni.

~ Upon irradiation of H-%4, the sextet at ffgjggxﬁétame;a quart-
et (J5 gz = 10 Hz, JS e = 5 Hz)e Lastly, the three singletS'
“at T 6.49, 7. 20 and 8 68 represented the O- Cn3, N- Ch3 and :
g-ch methyl groups, respectlvely.

The n.m.r.'spectrum of 38 in CDCly (Figise ) also
chowed three sharp singlets at L 6.40, 7.18 and 8,55 for
0-Cii5s N-CHg and C-CHg, respectively. Two doublets at T 5.04
and 6.64 having a large splitting (Jy,2 = 8 Hz) were assign-
ed to H-1 and H-f, respectively. The large splitting indic-
ated diaxial arrangement of these protons. A quartet at

T5.63 (35,60 = 5.H2s Jga,6e =10 Kz) and 2 sextet at 5.8%
belonged to H~- ge and }-5, respectively. The szgnal for H-ba

near L 6 3& appeared partly obscured by the 0O- CH3 pealk,

'
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CHy
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A doublef attributable to H-4 (Jy, 5= 16 Hz) appeared

at T 6.55. Collapse of the H-2 doublet at T 6.64 into

a sxnglet on double 1rradlatlon of the H-1 signal supported
the assignment of the former. Ssipilarly, the assignmest

of H-5 was verified by lrradgszzbn of H-4; whereby the . -
sextet af L 5.84 collapsed into a/ quartet. The trlnlefr’fn

at T 6.34 became a doudlet upon lrradlatlon of H-Ge to

support H-6a assignment. Irradlation of H-€a, on the other

- hand, did not give a clear nlcture\“ﬁrS\ which should have

glven a quartet, appeared as a quintet and H-6e became more

-1

complex. Perhaps the H-6a lrradtlatlon was noﬁ carefully

3

# performed. For some unknown reason, the 2-8H and N-OH

signals could not be accounted for in the spectrum. There-

fore, another spectrum of compound 38 was obtained in §

. H

DMSO-dé (Figiew). This spectrum showed N-OH as 2 ‘sharp’ singlet
|-

at T 1.70 and 2-0h as a doublet (J2 OH —-Bth) at T 4.78,

split by H=Z lCh»HQ? located at T 6.82 as—= trlplet.

"gggge/s551gnments followed from the dlsappearénce of the

;/// singlet and doﬁh}et. #d collapse of -the triplet into a
4 ‘-—A
doublet, upon deuterlﬁm exchange.

——

— Mechanlstlc and Stereochemlcal Con51derat10ns

The addition of gr rd reagents “to carbonyl compounds is
\bellex_giaezagsgg,by a Dolar mechanism via 2 four-centerea trans—
ition state or by slngle-electron ‘transfer (or both,simulyaneouslyik
the pathway seems to depend on the structure of the reactants, the
solvent and the purity of the magnesium meta1.94 136,57 In either

event, coordlsatlon of. the magneszum with the csrbonyl oxygen

-

P precedes the attachment of the alkyl group to the substrate.

Iy
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This mechanism cowid .-be considered for reactions of
the carbohydrate c-nitroepoxides with a Grignard reagent

as exé:'plified by the allo epoxide §:

Ph"o )
.0
0 %_&“Ha
(Ve 0
NO,

3
CH3MgI '
> .
Ph/v ‘Y |
@ ’Hgo"' IMg0 ~N
CHy Ch---M i CFB MgI CHy o
: ag- NH,Cl oh GQ'NH,,CI .
e °
0
) HO —N
38b
! , )
.

1f. complexation of methy}magnesium jodide with the

oxirane oxygen were to involve the 8-carbon instead of a@-
carbon atom, the product would be methyl L ,6-0-benzylidene- {
ﬁ'de/o;q,f-z C-methyl- -3-(N-methyl hydroxylam:x.nd’) B—D-allo-

i
I
lL. pyra.ﬁosidé (38p). That compound 38b was not the reac't:Lon




4

"product is evident from the n.m.r. spectrum./gGmpound ng

would have exhibited a doublet for 2-CH3 and;auartet for- _

H-2. As depicted above, the first step couldfbe reductive

attack33 of the nitro group in excess Grigna}d reagent to
give a ﬁethyl hydroxylamino oxirane intermediate, probably
because the nitro group is nmor&dexposed than the oxirane
ring. Complexation of the a-C-0 bond in the epoxide wlth
Grignard reagent would lead to 2 stereésp301f1c openlng of
the ox1rane ring and the nroduct that emerges would have
the D-g;ggg configuration {38a?’as shown in the above dia-
gram, A similar mechanise appliéd to epoxide 5 leads 1o

a suggegtion that the product possesses the D-altro config-

uration(;Za).

3%

<

Although the above nypothesis would predict the

(experimentally undetérmlned) configuration at C-3, g;
ed in

does not explain why the a-C-0 bond should be cleav
nreference to. the .g-C-0 bond even though the latter is—
less hindered sterzcally. However, one could make the

additional assumption that the a-C-0 bond is weakened by

»

\

r.




—

o ' -
the substituent'present on G;B;.or also, that the substituent
contributes to complexing of the Grignard reagent and thus
guides it to the neighbouring site of the epoxide ring; Possiblys
the N-methylhydroxylamlno group, which is presumed to be en-
gendered first, causes eliminative opSEzﬁg of the @-C-0 bond,
and the Grignard reagent would then attgck the intermediary

4 -
hydroxylimmonium species, with methylation at C-3 resulting.

Mg _
. 0 _ o}
: f"> 4 _— o product
. <.
/N:§ /'(‘:;4- ~----RMgX -
HO™ “Me HO™  Npe - ™

N ‘ :
Addendum to p. 29/30 and 36.
Note 13‘
Dr. T. Durst has pointed out that the plat mom-catalyzed hydro-

genation of 5 to give 26 might proceed

a an amino epox;de, LeCeay
with reduction of %he nitro group takin nlace prior to the ope-
ning of the oxirane rang. The altroside would then be not in-
volved, and the experlment would not prove)its intermediacy in

“the ualladium—catalyzed hydrogenation of 3. The latter could

lead dlrectly to the mannoside- 25 if one gssumes that homolytic 4§ﬁﬁg

cleavage of the’ o ~C=-0 bonﬁ of the oxiral roduces a radical’ at
C-% which, being qulue stable due to'Ie nee with the nitro
¢ group, could survige until a hydrogen &<0l is supplied from the

lowersside of the sugar Ting tqlgenerate'the eduatorial nitro
-),

gfpup_orientation. The stability of. suck a radical could also
explain the regiospecificity of the epoxide opening.
\
'
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EXPERIMENTAL

Gensral Techniques

) Melting points were determined in capillaries in an
electric aluminum block apparatus equipped with a calibr-
ated thermometer. Optical rotations’;ere reasured at about
25°% in = ?erkin-Elmer 141 automatic polarimeter. The i.r. -
spectra‘}ere obtained from Nujol mulls on Beckman IR-20

or IR-20A ingtruments, and significaﬁt bands only are
reported as v .. values. The mass spectra were obtained -
with'a A.E.I. Ms-90 mass spectrometer. The n.m.T. spectra
(100 Miz) were recorded on a Varian HA-100 spectrometer.
unless otherwise stated. The t.l.c. was performed on MN-
Silica Gel N/UV254 (wlthout binder, Macherey & Nagel Co.
Germany) with the following solvent systems (v/¥v): Ay

ethylacetate -petroleum ether, Db.p. 60-80 (L:1); B, ethyl-

Q

zcetate-petroleun ether, b.p. 60- 80 (1:2); C, ethylacetate-
petroleum ether, Db.D. 60-80°(2:3); D, methanol-chloroform .

(1:29; E, methagol-chloroform (1:9); F, carbon tetrachloride-.

ethylacetate {3:12): G, carbon tetrachloride-ethylacetate

/,

(3:1). Column chromatography was I on silica gel 60,

particle size 0.063-0,200 mm; 70-230 mesk STM, E. Merck AG,
Darmstadt, Germany. Eéaporations Qere carrikd out In vacuo

at about 50°" in é‘rotatory evaporator.'Catalytic hydrogen-
ations were done at ambient temperature and pressure.

Petroleum ether, D.Ps 60-80°, was used for recrystallization.

Al

-
>
b
a
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L4

5,6-Anhydro-1L2-isopropylidene-6-nitno-a-D-gluco-ﬂ,,/

o \
furanose (&j) ’ . \b///

To a solution of 3- -0-acetyl-5,6-dideoxy-1, 2-0-
isopropylidene- ~6-nitro-a-D- Ex;g-hex-s-enofuranose (lh)lo
(92 mg) in 99% ethanol (10 ml) was added 30% aqueous
hydrogen peroxide (0.5 ml ). Thé-reactioh mixture, stirred

at room temperature, had its pH adjusted to between 8§ and

"9 by dropwise addition of a saturated aqueous solutlo

of sodium bicarbonate. According to t.1.Ce (solvent H)

the reaction was finishea,affer 50 min, compound Lg/ﬁaving
bgén completely replaced by a siﬁkle. more slowly moving
compound (;é). The reaction mixture was extracted several
times with chloroform. The combined chloroform extract was
washed twice with water and then dried over magnesium
sulfate. Upon evaporation, syrupy 15 (65 mg,78%) was

obtained. The syrup crystallized from chloroform-petroleun

ether yleldlng 15 (53" mg. 644} as needles of M.P. 12?-1280,

raised on recrystallization from ethylacetate-peiroleum
ether to 134-135°%; [u]D -5° (¢, 0.% in chloroform). The
i.r. data: v 3400 (0H); 15§0 cm"l (NOZ). The N.M.Ts
data (CDCl Y: T 4.06 (d, iH, Jl 5 = 4 Hz, H-1); #.48(s,
14, H-6); 5.46 (d, 1H, Jy , = & Hzy H-Z), 5.59 (%, 1n::
3 o = 3,4 = b Hz, H-3); 5.76 (s 1y J5 4 = Jp 5 = = b Hz,
Hel)s 16,20 (4, 1H, Ty, 5 = L Hz,H- 5). 7.48 (d, 1H, 3 o =

L Hz, OH); 8.50 (s, 3H, CHy)s 8,66 (s, 3, .CHg)e

Anal. of 15, Calcd. for CngjNO? (287.2): Cy 43, 7: He 5.26:




N
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N. 5066- "\‘
Found‘ C' ‘+3.82f H' 5.34: N' 5.8{\

Methvl 4,6-0—benzylidene-2-deoxy-B-D-arabino-hexo;pyrano-

side (16) and methyl 4.6—O-benzylidene-z-d-ethyl-B-D-

mannonyranOSLde (13) ) %

. Methyl 2,3-anhydro-4,6-0 -benzylldene-B-nltro -g=-D=-
allépyranoside '3 (6) (1 g» 3 mmole ) was dissolved in
warm: 99% ethanol.(j?s ml). The solution was allowed to
cool, and sodium borohydride (1.3 g, 30 mmole) was added
portionwise, with swirling. According tO\?.l.c. fsolvent
C} the reaction was finished after 90 min, compound g
having been cémbletély replaced by two products of which
the more slowly moving one predominated. The reactidn

mixture was deionized w1th Amberllte IR-120 (ﬁ )« The resin

was flltered rashed several times wijh ethgnol. The

filtrate was eva\orated to dryness, and seven 10 ml port-
ions of methanol were successively added to and evaporated
from the residue in order io remove the bo?ic acid. A flame
test for g;ric acid was then negative. The resﬁlting oil
was crystaliized from chloroform-petroleum ether. There
was obtained 163 mg of crystalline 16 (thé more slowly
mov1ng;nroduct- M De 150- 151 ), and upon evaporation of

the mother liguor,*'a crystalline mixture of 16 and 17.

The mixture was chromatogranhed on a column (47x2 cm) of

silica gel (110 g) by use of solvent B as eluent. The

first chnomatographlcally;homogeneous fractlons yleldéd

&

y

.
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upd® evaporation- syrupy 17 (182 mg, 20%) which crystallized
from the same soclvents; m.D. 1296. ﬁnqhanged on recrystal-
lization; [u]D -126° (¢, Ok in ethanol). The yield of
crystalline 17 was 155 mgs The n.mer. data (CDClg )1 T L. b6
(s, 1H; PhCHO,): 5.48 (sy Ly Jy o = 0, H-1); 5. 78 (q, 1lH,
Jéa,Gé = 12 Hz, J 5,6 = 5Hg, H-6e); 6.26 (q, 2H, JCH2| CH3
6 Hz, CH, of ethyl)i 5. 98-6.46 (m, 5K, H-2, H=3, H=l, H=3
and H-6a); 6.59 (ss 3H, OCH;)s: S.Eé/f%. 3Hs Jouy,cig 6 Hz,
CH Yo

.. Subsequent fractlons from the column furnlshed
another 271 mg of 1§; mep. 148-149°, undépressed upon ad-
mlxture of ;é previously crystallized. The combined yleld
"of ghis product was thus 434 mé—iéoﬁ). Further recrystal-
lization from ethylacetate-petroleum ether raiéed the
melting point of 16 to 155-156°; [a]D -67° (¢, 0.5 in
chloroform). The n.m.r. datz (CDCl s T #.51 (s, 1K, PhCHO, )i
5.57 (s 1y Jy 55 = 8 Hzy Jy 0 = 2 Hz, H-1}:5.71 (a, 1,
Tge,6a = 10 Hzy Jg ge _ 6 Hz, H-6e); 6.03-6.79 (m, 4H,

g.nreSOlVed. h-3' h"u', h 5' H 68.), 6 58 (S. 3H| OCn ). ? 80 ‘
(octet, 1H, T,y po = L0 HZs dl pe = 2 HZs Jpg 3 = 4 Hz,

H-2e); 8.37 (octet, lH, J2a,2e = 10 Hz, Jl,2a B Hz, J2a 3=
8 Hz, H-22). ' -

Anzl. of 167 caled. for 0y g05 (266:3): ¢, 63.14; H, 6.81
Found: C, 63 11; H, 6 82 . .

Anal. of 17: Caled. for Gy giipzp0g (310 3; ¢, 61.92; Ha 7415

" Found: C, 61.763 H, 7.20 ] / T
' i ~ r
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2_Deoxy-B-D-arabino-hexose anilide (16a)

A solution of compound ;é (65 mg) in 0.05 N hydro-
chloric acid (11 ml) was first stirred for L h at room
temperature and then neated on a steam bath for 2 h. The
t.l.c. (solvent D) of the pale yellow hydrolyzate ghowed
a single spot, which moved more slowly than that of 16.
The solutionwas neutralized w:.th Dowex-le(CO =) wiich

_after flltratlon was washed several times with water. The
flltrate was evaporated, and several portions of added
‘benzene were evaporated from the residue. An oil was
obtained (20 mg) whosSe NeMeTe spec%rum in chloroform-d
indicated absencebof benzylidene and metégxyl groups. The
oily product was dissolved in ethanol (2:ml). aniline

—
'(0.2 ml)} was added, and the mixgure was refluxed on a -
steam bath for 1.5 h. A clean reaction giving a single '.,
product was indicated by t.l.c. (solvent D). The reactioifyz’//‘ (.
mixture was treated with activated charcozal, filtered, 2

and kept in the refrlgera‘tor overnight whereby crysta.lllne - “

anilide (20 mg, 74%) was deposided; maTe 193-1914-o as
reported 1. La]D 1162.4°—w -103° (¢, 1 in Pyrld:ne. 2
days); reportegll. [a]D -138% -106° (¢, 1 in pyridine,
2 days).

NMethyl 4.6-0;benzylidene—2-deoxy-B-D-lyxo-hexonyfano-

sfde (18)

Methyl 2,3- anhydro-4 6- O-benzylldene 3-n1tro -g-D-

,talopyranoside 5,3 QE) (100 mg, O.4 mmole) was dissolved
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in warm, 99% ethanol %40 ml). The solution was allowed to ‘ -
b ' :
ﬁ( cool, and sodium borohydride (128 mg, 4 mmole) was added :
3 '
N portionwise with swinling. According to t.l.c (solvent D)

the reaction was finished after 30 min, compound § having
been completely replaced by & single product. The reaction
mixture was deionized with Amberlite IR—l20(H+). The resin
was filtered off and washgd gevera% times with ethanol.

The filtrate was evaporated to dryness, and five 10-ml

vortions. of methanol were successively added to and eva=-

porated from the residue in order to remove the voric acid.

,_,mée resul 3

(19x1 e¢m) of silica gel (40 g)y using chloroform as eluent. 2

g'solid residue was passed'tﬁrough a column

Upon. evaporation, the fractions yielded crystalline 18 :
(65.7 mgs 76%): m.p. 200-204°; [aly -40.5° (g,0.36 in ' :
chloroform).. The n.m.r. data (CDCl )g T 4.43 (s, 1H, ™
PhCHOZ); 5 66 (q: l.'i’ Jl 23 = 12 HZ' Jl 2e \2 :LZ. n—l),

r— 5.69 {(t, 14, 3 5 = Jq, 5= =3 Hz, H H-4); 5.87 (q: 214, H-6e);

5.99 (q, 1H, H-6a); 6.21 (octet, 1H, d3:4 3 Hzy Jppu 5 =
12 Hz, Jp, 5 = 5 H2 H-3): 6.51 (s, 3H, 0CHg)s 6.57-
7 6.73(m, 1H, unresolved, H-5); 7.83-8.53 (m, 2Hi,unresolved, _
H-2a, H-2e). 4”7 ] g f
Anal. Of 18 Calcd. for cl&d§805 (266.3): C, 63 15, H, Q;BS

Found: C’ 63-13’ h’ 6 86 -

- - <1/ -
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lidene—z-deoxy-a—D-xylo-hexopxranoside

(19) and methyl &,

6-0-benzylidene-2-deoxy-g-D-lyxo-hexo-

. pyranoside (20)

Methyl 2,3-anhydro-4,6-0-benzyliden-3-nitro-a-D-

talopyranosideu'S

Qz) (300 mg) was dissolved in warm 99%

ethanol (66 ml). The solfftion was allowed to cool, and

- sodium borohydride

mixture was reflux

(732 mg) was added. The reaction
ed for 35 min. T.l.¢. (solvent F) revealed

the presence of some starting material § and appearance

of two faster products. An addltlonal 366 g of sodium

borchydride was ad
15 min, at the end
total consumption

jzed with Amberlit

ded and refluxing contlnued for another

of which the t.l.c. (solvent F) showed
]
of 7. The reactlon mixture was deion-

e IR—lZO(H T TEiéﬁﬁ:::ifas filtered
off and washed several times with m vd1l, The filtrate

was evaporated to

dryness, and six 10-ml1 portions of

methandl were successivelyyaddeg to and evaporated from

the residue in order to remove boric acid., The resulting

crude mixture was

chromatographed on a column (19x1 cm)

of silica gel (&0 g) by use of solvent G as eluent. The

first chromatographlcally homogeneous fractions ylelded

upon evaporation, pure syruby 19 (93 mg, 40%), which

crystallized from chloroform-petroleum ether; m.p. 99- -101° ’

>
unchanged on recry
form); reportedlzs

chloroform}. Yield

stallization; [aly +78° (¢, 0.5 in chloro-
m.p.102=104°, [al, +79° (e, 1,190 in-
. 32 mg. The n.m.r. data (CDCly): T bk
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4

- ¢ 4 _
(S. 1, PhCHO ); S.2& (44 1H, Jl 0g = 4 Hu' Jl 26 = 0 H- l),
5.70 (q 1Hy Jgq gg = 12 HZs J5 g = 2 Hz, H-6e); 5.93 (a»
1H, Jg gq = 2 H2r Jgq,6e = 12 4/ H-6a): 6.02-6.52 (my 3H,~
unresolved, H-3, H-4 and H=5); 6.62 (s, 3H, OCHj)s 7.7%

(a. 1&}‘J28 po = b Hzy Jy oo = ¥ Hzy H-2a): 8 19 (d, 1,
Jl,2e = 0, H=- 2e). | ' -
Subsequent fractions from the column furnished 106 mg
( 50%) of éO'as needles; MeDs 167-175°, raised to 186-188°
on recrystalllzatlon from ethylacetate—petroleum ether; |
reported 13 Me e 164-185°; [o]D +117. 5 (¢y 0.3 in chloro—
form), reportedl3 (=]p +104° (¢, 0.3 in ethanol) or reported
[a]D +106° (cy 0.62 in chloroform): MePe }78-179 « The
n.m.r. data (CDClg )1 T 4. 43 (s. 1, PhCHO,, )3 5.09 (t, 1H,
1,22 = 2 ?z. ﬁ—l). 5.,4 (s 1H» d6a 66’“ lB\Hz.

2 Hz, H-b6e); 5 83 6,09 (m, 3H, unresolved, ﬂ—6a,

J J

1,2e

5 be ©
K-5, H=3); 6.33-6.47 (broad peak, %%. unresolved, n-\);

6.68 (s, 1H, OCH,): 7.93-8.22 (m, 2H, unresolved, e

3

H-2e). . : &

Anal. of 19, Calcd.for Cluﬂlaos(zéé .3): C, ©3.20; H, 6.76
Found: C, 63.31: Hy 6491 s

Anal. of 20, Calcd. for C.Bﬁ1805 (266.3): C, 63.20; H, 6.76

Found: C, 63:24; H, 6. ok

S-Dmoxy-1le2- 0-lsopronylldene-a-D xylo-hexose (21) ‘

J’ S 6-Anhydro-l 2-O-lsoorooy11dene -6-nitro-a-D-gluco-
furanose (;é) (20 mg, 0.09 mmole ) was dlssolved in 99% /
ethanol (10 ml) and-sodium porohydride (26 mg, 0:68 mmole)

l13a

e

—



[ T

- 80 -

was added ﬁortionwiSe with swirling. T«l.c. (solvent A)
aftér 15 min indica%ed consumption of the.étarting epoxide
and formatlon of a single product. The mixture was deion-
ized with Amberlite IR-lZO(n de rhe resin was filtered .
off and washed several times with ethanol. The flltrate

was evaporated to dryness and three 7-ml portions*of methyl

aleohol were suceessively added 1o and evaporated from

. the residue in order to remove boric acid. The resulting : .

syrup (17.3 mg) was crystalllzed from ethylacéta&e-fetroleum
ether. There was obtalned 10 mg (63%) of crystalline 213

MeDe 92-93%; reported . ol [a]D -8 (g. Ou In qglqro-

~—

form), réportedlu. (e]p -10° (9,10.? in chloroform].
jnal. of 2L, Caleds for CgiygOg (204.2): Cp 52.9%: Hy 7084
. -Found: C, 52.69: H, 7.82;
~  Reported ¢, 53.00; H, 7.98

ERTEAT VY BT IR

6-Am1no-6-deoxy-l 2= 0-1sonrooyl1dene—a—D-glucofuranose (g;l
L

A suspen%1on of platinum dloxlde (150 mg} in 99%

ethanol (8 ml) was prehydrogenated. Then solid eooxlde 15

(300 mg) was added and the hydrogenation contlnued wrth ‘

vigorous shaking for 26 h. The reactlon Was comnlete and

t.l.Co (solvent D) indicafted replacement of compound 15 by

.a main nroéuct. corftaminatted in trace amounts by two

washed several tlmes with ethanol. The flltrate fjj/evano -

ated to dryness and 205 mT'of syrun Was obtalagd The sy#

“\\\/

. ) . 7'7 ! ' . ) , l
- gy . « i \ ‘ ) .
"\" \L‘/ LN g . - 7\ : -
B . L, \\/{\ . .- . ) ‘h/_, '

?
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was purified by eluting it through a column of silica gel
- (10 g) with solvent D, The fractions containing the faster

compounds were discarded (trace amounts). The fractions

11

containing the major product were evaporated and a neat
oil was obtained. Crystallization of this oil from methandir
ether furnished pure 23 (85 mg, 31%) 3 m.p.l123-125°: [a]D
~11.3° (c, 0.3 in water). A further crop of 22 (80 mé)
was obtaiﬁed from the mother liquouf. The i.r. dataw .o
3440 (broad, O, Ni); 1615 (MNi); 1220-1020 and 1390 em™t
.(C—-N). The n.m.r. data (D,0): T (relative to DHO lock sig-
nal): 11.29 (d, 1H, 3y o =% HZs H-1); 9.8 (d, 1H, J3,u =
2 Hz, H-3): 9429 (s 1H, Jp =8 HZs J5 07 2 Hz, H-%);
9.11 (sextet, 1lH, Jy 5= 8 Hzy Jg ¢~ L Hz, J5s6’ =8 Hz,
H-5)3 8.17 (q» 1y Jg g0 = 4 Hzy J5.6 =4 Hz, H=6); 7.97
(qy 1H, Jg g¢ = 14 Hzy Jg g =8 Hz, K-6'); 6.77 (s, 3H,
CHB); 6.62 (s, 3H» CH3)°
Anal. of gg; Caled. for 09H17N05 (219:3)1 Cy 49.305 H, 7.823 Qag
N, 639 .
Found: C., 49.31; H, 7.79: N» 6.41

6-Acetamido-6—deoxy-l,2-0-isonronylidene-a-D-glucofuranose (22a)

mo a solution of compound 22 (1%.6 mg) in methanol
(0.5 ml) was added a few drq@s of acetic anhydride. The solution
wes evaporated enc the incipient cryst;ls were redissolved 1in
methangl and evéporatéd.séveral times--TnE'resulting residue

was dried in vacuo for several hours and washed thoroughly

with ether. Fure crystalline compound 2za,
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(16,7 mg, 97%) was'obtained; Me Do 166-167°3 reported18
M. Do 165-16?°; [a]D +6° (¢, 0.5 in methanol); reported18
[a]n +5% (in methanol).

Methyl &,6- O-benzylldene -3-deoxy-3- -nitro-g8-D-gluco-

pyranoside (23) and methyl 4, 6-0-benzylidene-3- ~deoxy-

3-oximino—B-D—ribo-hexopyranoside (23a)

Awmixture of methyl 2;B-anhydro-h.éﬁgrbenzyl—
idene-3-nitro-B-D-allopyranosideu'5.é (400 mg, 1.3 mmole )
and palladium on.carbon (96 mg) irh99% ethanol (40 ml)

‘was'hydrqgenated for 24 h with vigorous shaking. The t.l.c.

(solvent c) dicated absence of the starting material
‘ o newaproducts. of which the faster
moving Qﬁe predominat d. The catalyst was filtered off and
washed several times wilh ethanol. The filtrate was evapor-
ated to dryness and a ¢ stalline mixture of 23 and 23a
(hlgﬂmg) was obtained. e mixture was chromatographed on

a column (19x1 cm) of silica gel (40 g) using solvent C

as the eluent. The first chromatogranhically homogeneous
fractions yielded upon evaporation crystalline 23 (345 mg.
90% ) m.D. 181- 183°; undepreesed upon admixture of an au-
thentic sample 2l 14s n.m.r. and i.T. spectra were ident-
jeal with those of +he authentic sampleZl.

Subsequent fractions from the column furnished

rystalllne 23a (27 8, 7%); MeDe 169° (with decomposition}),

unchanged on recrystalllzatlon from ethylacetate—petroleum

‘ether; [a]D -55.70 (cs Ot in chloroform). The i.r. datas
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Ly 3390-3100 (brosd, N-OH, OH); 1570-1600 cm -1 (weak,
=N). The n.m.r. data (acetone- ds)s T #.32 (s, 1H, PhCHOz)
5 l? (d. 1H, Jl ) = ? HZe H—l); 5.21 (d. 14, Jl 2:: 7 Hz,
H-2): 5.27 (d- 1H, J4 5 = 9 Hz, H-4); 5.77 (m, 1H JS 6a
lO HZ. Ju's T 9 hZ| Js’ée = 5 ﬁu' H- 5) 5.86 (q’ lﬂ,
J6a,68 -10 Hz, J5,6e = 5 Hz, H-6e): 6.42 (t, 1lH, Jéa.ée =

5 63.- 10 HZ] H—éa)’ 6.61 (S] 3Hp OCHB).
Anal. of 233' CalCdn for c14d17N06 (295 3)3 C' 56.93: Hp
5,803 N. 4,74, Found: C, 57,11; H, 5.92; N, 4.60

- 3
Methyl 4.6A0-benzylidene—3—dequ-3—nitro-a-D—mannos

\I
pyranoside (2

A mixture of methyl 243~ anhydro—h 6-0-benzylidene-
3-n1tro-a-D-mannopyran051de 45 (5) (200 mg) and palladium
on carbon (20 mg) in 99%ethanol (20 ml) was hydrogenated
for 25 h with vigorous shéiing.'The catalyst was filtered
off and washed several times w¥th ethanol. The filtrate
was concentrated under diminished pressure to a syrupy
product which was purified by eluting it fhrough a column
of silica gel (110 g) with solvent C. The fractions upon
evaporation yielded syrupy 25 (203 mg, 98%) which was
homogeneous as indicated by telesCos (solvent C). This sSyrup
crystallized from chloroformm-petroleun ether, affording
140 mg (70%) of prisms; me.D. 143~ 144°, unchanged on re-
crystalllzatlon from the same solvent. and undepressed
on admixture of an authentlc sample 2; [a]D +27.3% (&

1,0 in chloroform) ;reported ,.[a]D +27.7°. (e, 0.8 in
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chloroform). The i.r. and n.m.T. spectra of 25 were

jdentical with those of the authentic samplezz.

‘Methvl 3-amino—3-deoxy—a-D-altronyranoside hydrochlor-

ide (26) and methyl 3-acetamido-3-deoxy—2,4,6-tri-0-

acetyl-g-D-altropyranoside (27)

A suspension of platinum dioxide { 100 mg ) in
90 % ethanol ( 5 ml } was prenydrogenated in the
presence"?f hydrochloric acid { 0.3 ml, 0.3 mmole ).
Then 2 suspension of epoxide'é { 100 mg, 0.3 mmole )
in ethanol ( & ml ) was added and the hydrogenation
was continued. According to t.l.ce. ( solvent D ), the
reaction was finished after 20 h, compound.é having been
replaced by.three products of which the most slowly
moving one predominated énd the other two appeared as
mere traces. The catalyst was filtered off and washed
several times with ethanol. The filtrate was evaporated
to dryness. There was obtained 2 semicrystalline residue
( 7i ng ) which upon crystallization from ethanol-
acetone furnished A0 mg of 2 very hygroscbpic solid (26},
p.p. 179%: [olp +84.2° ( ¢, 0.3 in water }; i.r. data:
“;ax 1600 - 1575 and 1500 cm'l ( %HBEl ). A mixture of
tnis solid ( 30 mg ), acetic anhydrice (8 m ), and
anhydrous sodium acetate ( 900 mg ) was heated on &
steam bath for 30 min. A clean reactign giving 2 single,
faster moving product was indicated by teleCs { solvent

D ). The reaction mixture was poured into ice-water and
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the oil that separated was extracted with chloroform.

An acetylated, oily product z; 27. ( 52 mg, étill contain-
ing some acetic anhydride ) was obtained upon evaporation
of the extract. Crysualllzatlon of this 011 from chloro-

form-petroleum ethar furnished pure crystalline 2? in

'98 % yield ( 46 mg )i meps 176 - 177°; [a]D +68° ( ¢, 0.8

in pyridine '); reported 25 mep. 175 - 177° [h] +61°

( ¢v 1.0 in pyridine ). The i.re. data 1 v % 3330 ( sharp,
i )s 1726 ( C=0 ) 1665 cu T ( ¥-CO ). The n.m.r. datd
(ep01y Jr T 3.b6 (dy T, Jg gy = 30 52 N ): 592 ( Qs
Ty I = 6 Hzy Jy g = 10 Hz, -4 }; 5.18 ( t, L

= 2 Hg, H-2 ): 5.16-5.4% ( my Zo unresolved, H-1

and 5-5 ); 5.66 - 5.82 { m, 2%, unresolved, H-§ and H-6" )3

5,82 ( octet, 1i, J = 10 Hz, Jj,h = 6 Hz, .3'2’3 = 2 Hz,

3,NA

H-3 ); 6.5% ( s» 3 OCHB ys 7.87 ( sy 3, 2=04c )s 7491

( s, 3, 3-NAC ); 8.00 and 8,02 ( 2 s, 61, %=0Ac and 6-

0AC )e
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Methvl 3-amino-h.6-O—bezylidene-§¥deoxy-B-D—galacto-
s

!

pyranoside (28) /

To a suspenéion of 300 mg of prereduced platinum
dioxide in ethanol ( 15 mi) was added 300 mg of methyl
2.3-anhydro-4.619:benzylidene—3-nitro—E-D-gulopyranoside
§F'5, and thérmixture was hydrogenated for 51 h. The
cgtalyst was filtered off and washed several times with
ethanol. The filtrate was evaporated to give a crystalline
i;esidue (260 mg), meDe 200-206° (with decomposition). The
gf.l.c. {solvent D) showed the residue to be predominantly
a single product, contaminated by a trace of a faster
moviﬁg compound. The residue was paitially dissolved in
chloroform, leaving behind needle-like 28 (8645 mg); MsDe.
21?-é18°. The chloroform solution was evaporated to dryness
and the resulting solid was triturated with water in which
it was insoluble. A further 90 mg of g§ was thus collected:
MaTe 216-2170. undepreséed on admixture of needles previously
isolated. The total yield was 60%; [a]p ~4:0° (¢, 0.35 in
ethanol). The i.r. data: Vv .y 3380-3040 (broad, Ni,O0H);

1575 (Ng); 1220-1020 el (C-N). The n.m.r. data (CDCly):

T 4,48 (s, 1H, PhCHOZ); 5,58-6:04 (m, 5H,unresolved, H-l,
¥-2, H-lU, H-fe, HoBa): 6.50-6,60 (m, 1K, unresolved but
J5,6e small, H-5)3 7.20 (q, 1H, J2,3 = 10 Hz, Jj,h =4 ¥z,
. H-3); 7.53 (oroad, N, and OH ).

‘ggglf of 28; Ccalecd. for 014H19N05.1/3 H,0 (287.3): C, 58.52;

s
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H, 6.665 N, 4.87, Found:r™¥y 56.51: H, 6.603 No5.09.

Methyl B-acetamido-h.6-O-benzylidene-3—deoxy-B-D-galacto-

pyranoside (29)

Pive to six drops of acetic anhydride were added
to a sgzﬁtlon of the amine 28 (20 mg) in methanol (3 ml).
After-S min the t.l.cC. (solvent D) showed complete consump-
tion of 28 and apﬁearance of a single,faster moving product.
Upon evaporation of methanol, 2 crystalline residue of 29
(37.5 mg) was obtained; m.De. 283-2850. Recrystallization
from chloroform-petroleun ether increased the melting point
1o 294%-295°%; [elp +23° (c, 0.5 in ethanol). The i.r. data:
v__, 3450 (0H); 3300 (N-H): 1650 (N-CO); 1555 cm -1 (n-H).
The n.m.r. data (DMSO-dg): T &6 (ss 1M PhCHO,): 5477
(g, 1H, Jl,; =8 Hz, H-1); 5.85- 6,07 (m, 3H. unresolved)s
6,07-6.81 (m, BH, unresolved); 8.15 (sy 3%y N-Ac).

Methvl 3-acetam;do-3—deoxy—B—D-galactonyranoside (29a)

A golution of 29 (30 mg) in 70% aqueous acetic acid
(85 ml) ;as heated on a steam bath for 20 min. The starting
material 29 was completely replaced by 2 more slowly moving
compound as became evident from t. 1.c. (solvent D). The
reaction mixture was evaporated to dryness with added
methanol to give solid 29a, which was recrystallized from,
methanol-ether. Needles (19 mg, 70%) were collqéted; MeDe
230-2320, unaltered upon further recrystallization and -
undepressed upon admixture of an authentic samplgzé. [m]D

0
+50° (c,0.5in water)s renorted , {e)p +52 (.l in water).
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Methyl h.6-0-benzylidene—3-deoxy-j-nitro-a-Drtalo— .

nyranosidé (30)

A suspeﬁsion of platinum dioxide (600 mg) in methanol
(12 ml) was prehydrogenated in the presence of acetic anhyd-
ride (5 ml). Epoxide Z (300 %g) was added and the hydrogen-
ation continued for 28 n. After this period of time comp-
ound z nad been largely replaced by a more slowly moving
product (30) although some Z'remained, according %o t.l.c.
(solvent 3). The catalyst was filtered off and washed sev-
eral times with methanol. The filtrate was evaporated to
dryness to give 275 mg of syrup. A precipitate appeared
upon treatment of the syrup with methanol. The isolated
solid (52 mglwas & mixture of 7 and the p#jgth 30. An oil
obtained upon evaporation of the mother ligour partially
crystallized from ethylacetate—petroleum ether, but the
crystals (50 mg) proved to be inorganic as they did not
melt below 3200 and left ash on combustion. The mother
ligqour was evaporated and the resulting . syrupy mixture
(160 mg) of 7 and 30 was combined with the aforementioned
solid mixture (52 mg) for column chromatography on silica
gel {30 g) with so;gent B. Evaporation of the first fract-
jons yielded crystai%ine'z (22 mg), identical in melting
point, MeD. 216-2179 (undepressed on admixture) and 1.T.
data with a.sample;%f the starting material. The subsequent
fractions yielded crude crystalline ;g (100 mg) upon evap-
oration; MeD. 159-1610, raised to 181-182° vy recrystalliza-

tion from ethylacetate-petroleun ether; [c]D +70.9° (cs 0.5
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in chlorbform); Reportedzo, MePo l?ﬁbg [a]n +68° (er 1
<1 chloroform). The i.r. data: v__. 3510 (OH): 1560 emt
?ka). The n.m.r. data (CDClB):‘E k.38 (s, 1H,.PhCH02):
4.80-5,08 (m, 2H, unresolved, ¥-1 and H-%); 5.3% (t, 1H,

3 IJ- J2 3 2 HZ. H"3); 5048 (Sextet. 1H| Jl'z =

2 Hz, J2 OH

J2.3
12 Hz, H-2); 5.5% (q» IH» Jgo ga ™ 12 Hz,

5 6 = 2 HZ, h-ée) 5 83 (q, 1H, Jée 63. = 12 HZ, 5 63. =
2 Hz, H-6a); 6.20-6.38 (m, 2H, unresolved, H-5 and OH):
6.52 (sy 3H» QCHB).

<

5—Deoxy-S—dimethylamino-l,2—0-isonropylidenehexodialdo—

1,4:%,3-difuranose (3la)

T Ol T ok

mo a solution of epoxide }é (300 mg) in 99% ethanol
(10 ml) was added 25% aqueous dimethylamine (% ml). The
reaction, which proceeded with change of colour from colour-
less to yellow, 1asted 1 h. The reaction mixture was diluted
with water and then extracted with ether. The combined
ethereal extract was washed several times with water. The
light-yellow extract thus obtained was partially decol~
ourlzed using activated charcoal and then dried over anhyd-
rous potassium carbonate. The drylng agent was filtered
off and washed thoroughly with ether. Upon evaporation of
the filtrate, é dark oil (228 mg) was obtained. The oil
crystallized Ifrom nexanes, affording crystalline Q}a
contaminated by a dark precipitating oil (tar). The tar

was separated from the product with a pipette. The dirty

product was redissolved 1n chloroform and more charcoal

A
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added. Upon evaporation-of the filtrate, 30 mg (10%) of
crude 31a was obtained. Recrystallization from hexanes |
afforded pure 31a- mp. 1&2-1bu° [a]D -10° (e 0.5 in
chloroform). The Ergduct appeared homogeneous in t.l.c.
(solvent B) but n.m.T data indicated a mixture of two
isomers. probably dlfferlng at C-=5. The i.r. data: v .
1120- 1020 ol (C-N). The n.m.r. data (CDCl,) suggested that
a major and a minor component were present in 2 ratio of

r
about 2 : l. Signals attributable to the major components:

Th.12 (& lH';Jl.Z - 4 Hz, H-1); 7.27 (q, 1H, J = 2.5 and

4.5 Hz, H-5): 7.60 (s N{CH352). The corrosponding oignals
of the minor comoonent-f'h 01 (&, 1H, Jy 5 = 4 Hz, H-1);
6.98 (m, narrow, H-5)3 7. 66 (s, N(Ciig 2} The H-2 signals
overlaooed near T 4.66, and the H-3 signals, at(_S 12. An
unreséyed 34 multiplet was at 5.18-5.50 (n-4 H-6, 0H).

The isopropylidene resonances (s, 3H) were 2t 8.52 and
8.68.

Anal. of 3las calcd. for Cll l9h05 (245.3): C» 53.87; K,

-

7'75! 5 71- Foundo C 53 ?9| n'l 7 9“’; I\I 5 880

l,5-Anhydro-k.6-O-benzylldene-2-deoxy-z ,3-bis(dimethyl=

amino )-D-arabino (?)-hex-1l-enitol (33)

From §: Epoxide 6 (k400 mg) was dissolved in 25% aqueous
dimethylamine (28 ml) and the solution was stirred at room
temﬁerature. There was & colour change from near colourless

+o yellow as the reaction progressed. According to t.l.c

(solvent B), the reaction stopped after 75 min with the
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' forma%ion of a maio product and a trace of a slightly
faster moving second product. The reaction mixture
diluted with some water and then extracted with gEi%i#)
- The combinéd ether extract was washed +wice with water,
* dried over potassium carbonate, énd partially decolourized
with activated charcoal. Upon evéporation of the filtrate,
393 mg of syrop: which crystallized on standing, was
obtaihed. Recfystallization from chloroform- oetroleum
ether furnished 227 mg (53%) of 2} aS Drisms; MeT. 31—

13 [u? ~155.5° (c,~0.4 in chloroform); [a] -147.3°

(c, 0.99 in ethanol). The i.r. data: v .o 3350 (OH); 1625
(cac)s 1560 (N- ~G4)s 1220-1020 em™ (C-X). The n.m.r.
data (60 ¥Hz, CDC15): T2.37 (ss 1H, H-1) ; %.37 (s, 1H,
PhCHOz); 5,37-6,10 (m, unresolved, WH, H-5, H-6a, H-£e,

0H); 6.2% (dy 1Es Jp 5= 8 Hz, H-L4); 6.80 (s, 6Hy N(CEB)Z);

7.30 (s, 6H, N(CH3)2)'
Anal. of 33. Caled. for Cl?n2z+ 50y (320.4): C, 63.72; H,
?-55: l\' 8.75- found- C' 6_} 92; ﬂg 7.34; N| 8.56.

?rom.éz To & éolution of 200 mg,of epoxidelé in chloroform

was added 21 ml of 25% aqueous dimethylamine, The hetero-
geneous mixture (two layers) was‘waroed on a steam bath
for 5 min and then stirred at room temperature for 48 h.
‘Upon phase seoaratioh, the chloroform layer was evaporated
to glve 2 crystal-contalng syrup whﬂch was triturated with
ethylacetate. 4 small amount of insoluble unidentified.

solid (11 mgs MeDe’ 360° w1th decomposition) was removed.

o

N
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The mother liqour was evaporated, furnishing 210 mg (98%)

of a syrup which refused to crystalllze. The n.m.r. data
were identical to those of the crystalllne 33 made from 6

l.S-Anhydro-h.6-0—benzylidene-2—deoxy-2-d1methylam1no-

D-erythro-hex-l—en—B—ulose (32) )

A solution of 33 (190 mg, from g) in a spall -amount
of chloroform was passed through 2 column of silica gel
(15 g) with solvent C, The t.l.c. (solvent c) of the frac-
tions from the column indicated the appearance of a fastér
compound, different from the starting material 33. Evapor-
ation of the fractions gave crystalline 32 (63 mg, #0%):
Mm.De 128- 126° ; [elp +195° (g, 0.4 in cnloroform). A miX-
+ure melting point with 33 was strongly depressed. Possibly
the product 32 adsorbed fairly strongly on the 5111ca gel.
hence the low yield. The i.r. data:v maﬁ 1710 (C=0); 1600
(c=C)s 1220-1020 cm T (C-K). The n.m.T. data (cociy): T

3,04 (s, 1H, H=1): 4.51 (s 1lH, DhC}ioz); 5,42-5.,90 (m,
3H, Narrow, x-5, H-6, H-6'); 5. 99 (d, 1H, 34 5= 9 Hz,
H-le )

Anal. 32; Caled. for Cq gty 78Oy (27543): C» '65.1+3; Hy €.22;
N, 5.09. Found: C, £5.25¢ H» 6.31; N, 4.97.

Similarly syrupy 33 (155 mg fromig) was eluted
through a column of silica gel (IO g) using solvent C.
Upon evaporation of the fractions, 66 mg (43%) of crysti-

alline residue was obtained, which was recrystallized

from ethylacetate-petroleum ether; MeDe 132—1340, un-
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depressed on admixture of 2; previously isolated: [a]D
+204° (¢ 0e3 in chloroform). The N.m.Te and i.r. spectra
were identical with those mentioned above.

l.5-Anhydro-4,6-0-benzglidene-2-deoxy-2,3-bis(dimethylm

amino)-D-lvxo(°)-hex-l-enitol (35)

EESE 8:; A mixture of enoxlde é (100 mg) and dimethylamine
(7 ©1) was heated on & steam bath until the epoxide was
coﬁpletely dissolved. Change of colour was noticed and
after S‘min. t,1.c. (sclvent A) showed total absence of

the starting matéfial 8. The reaction mixture waé extracted
several times with ether. The combined ether ektract was

washed with water, and dried over notass;um carbonate,

and evaporated to dryness. The resulting solid residue

(meDe 124-127°) wds recrystalllzed from chloroform-

petroleum éther, furnishing 40 ng of needle—llke 35, MeDe

‘13571560; [ujD +28,3° (g, 0.36 in chloroform). The 1.Te

data: v . 3340 (0H); 1625 (€=C); 1550 (N-—CHB): 1220-1020 cm
(o)A The Fumor.data (CDC15): T #.33 (54 1 PHCRO,)i
5,40 (s, 1H, Heb); 5.63-6.33 (= SH, Helhy He5» He6s H-6",
0H); 6.87 (s, 6Hy N(CHg)p Y; 7.37 (ss €4, h(CnB)z)

gnal, of 35; Calcd. for C ot o120k (320.4): C, 63.725 Hs
.2.55; N, 8.75. Founds C» 63. €8 H, 7.41l: N, 8.89.

From 7- To a solution of methyl 2,3- -anhydro-&,6-0-benz-
ylldene-B-nltvo-a-D-talonyranoside a5 7 (100 mg) in chloro-

form(5 ) was added 25% aqueous dlmethylamine (1 ml). f
The reaction mixture was heated in a water bath at 60 . :
-y

e s

L] - 7

Vi
4
I3

f



-

T;’ - 94 -

Pive additional 2~ ml portions of d;pethylamine were added
at 3-h intervals. T.l.cC. (solvent A) sﬁowed the reaction
to be complete after 2 days. The reackipn mixture was
diluted with water and the phases Qere separated. The
aqueous layer was extracted twice with chlorofrom. The
~coﬁbined chloroform extract was washed twice with water
and dried over magnesium sulfate. After filtration and
evaporation, 57 mg of syrup 35 was obtained. Crystalliz-
ation of the syrup from chloroform-petroleum ether gave
20 mg of crude 33; m.p.‘124f126°. Recrystallization from
the same solvent raised the melting point to 135-1360.
No depression'was observed on admixture of the sample
previously prepared from 8. Their i.r. and n.m.r. spectra

-

were identical.

S-Deoxy-l,2-0—isopronylidene-5-C-nitromethylhexodialdo-
1,446,3-difurancse (36)

Epoxide 15 {300 mg) was dissolved in.aqugous,methanol

(10 ml, water-methanol v/¥ 5:1) and saturated agqueous

N

parium hydroxide (6 ml) was added. The reaction proceeded
-at room temperature and, according to t.lec. (solvent A),

was finished after 17 h when the starting g material 15

was replaced by a single, slightly more srowly movmng product.
The reaction mixiure was extracted with chlorofo*m ‘three

times and the combined chloroform extract was washed twice
with water, dried over anhydrous sodium sulfate and evano*ated

to dryness. The Very deep-coloured SyIup (209 mg) obtained
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3
was dissolved in chloroform and partially decolourized
with charcoal. The resulting syrup was crystallized from
ethylacetate-petroleum eiher, whereby crystalline 2§
(43 mg) was collected; WP lOS-h&So. A further crop
(80 mg)was collected from the mother liqour, bringing
the. total yield to 11k mg (40%). Recrystallization of the
erude 36 from the same ‘solvent improved the melting point
o 117-118%; [aly +63.1 (g O- 4 in chloroform). The
for. datas v, 3340 (0H): 1560 cm -1 (no,). The n.m.T.
data (CDCl4 )iT3.71 (& 1Hs Jq o = Wiz, Hel): He72-4.90
(q, 2H, J3 L= Lk Hz, H=3» H-4); 5.28 (d, 1lH. Jl o = L Hz,
He2): 5.38-5.78 (m, 4, unresolved, H-5. H=6, CH, Y; 7.02
(d, 1H, Jé.OH:= 4 Hz, OH); 8.62 (s, 3H, CH3) 8.6k (s,
3H, CHgle
Anal. of 36 Calcd.for Cthl5 " (261.2): C, 5,985 Hi
5,753 Ny 537 Found: C, 45.92: His 5Se 86; N, 5.24.
Mefhyl 4,6-0-benzy11dene-3-deoxy-3—c-methyl -3-(N-methyl-

hydroxylamine)—a-D-hexopvranbside (37)

To a solution of freshly prepared methyl Grignard
reagent (prepared by addition of & ml of methyl 1od1de.to
300 mg of magnesium in etner) was added 2a suspension of
epoxide 5 (200 mg) in & ml of ether. The reaction lasted
10 min and according +o te.l.c. (solvent A) produced one
predominant produ&t contaminated by a trace of faster
moving substance. The reaction mixture was treated with
a saturated aqueous solution of ammonium chloride until

no more effervescence was observed, The ether layer was
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\separated frqp-the agueous layer, which in turn was ext-
racted several times with fresh ether. Tﬁe combined etﬂer-
eal extract was dried over calcium chloride and evaporated
to dryness. The resulting semi-crystalline residue (180
mg) was chromatographed on a column (10x1 cm)of silica

gel (10 g) using ethylacetate-petroleum ether (v/v 113)

as the eluent. A syrupyfast moving material (28 mg) was
collected from the first fractions. All attempts to crysit-
allize it failed. No good NeMeTs OT i.r. spectrum of the
olil was_obtained. The major product 22 (110 qg) was cqllect-
ed from subsequenf fractions in crystalline form; mePe
159~ 162 . Recrystalllzatlon of crude 37 from ethylacetale-
petroleum ether gave 81 mg (42%) of plates; m.D. 163-165°,
unchanged on further purification; (el +62.5° (g4 043

in chloroform). The mass spectrum of 37 showed molecular
ion peak m/e 325, in agreement with the expected molec-
ular weight., The i1.T. spectral data: v .o 3470 (N-OH):
3440 (2-0H); 1220¢1020 et (C-N). The n.m.r. data (CDCL5s
250 MHz): C 4.54 (s, 1, PhCHO,): 5¢3% (s, 1is 51,2 O
4o1): S.45 (sextet, 1Hs, Jiy 5 = 5,62 ~ 10 Hz, Jg g = 5 H2
§o5); 5.69 (ar LHs Jgg ga = 10 #2 Jg 6e = 5 Hz, H-be);
5,82 (s, i, Jl 5 = = 0, H-2)3 6.12 (d, 1H, Jh 5 = 10 Hz,
Bl ); 6429 (., 1, J6a,6e = J5;6a = 10 Hz, H-62); 6.4

(ss 3H, OCHq Y3 7.20 (s, 3H, N-CHB); 8.68 (s, 3H, C-CHB)

Anal. of 37. Caled., for 016H23N06 (325.3): c; 59,07; H,

‘7.98: N, 4,30, FPound: C, 59.32; Hs 7e 18; N, 4.23.
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Methyvl u.6-o-benzy11dene-3-aeoxy-a-c-methyl-s-(N-methg;-

hydroxylamino)—B—D-hexopyranoside (38)

The methyl Grignard reagent was prepared as described
in the foregoing section. To this reagent was slgwly added
a suspension of epoxide 6, (200 mg) in 3 ml of ether. The
~exothermic reacktion was finished after 30 min and according
o t.l.c. (solvent A) led to total consumption of the
startlng material and formation of a more slowly moving
product. The reaction mixt Efzfa evaporated to dryness.
The resulting solid resydue wa redissolved in chloroform

and deionized with Amberlite TR-120{(H") until pH 6-7 was

attained, The Tresin was filtered off and washed several
+imes with chloroform. The combined chlorofo washings
were evaporated and 180 mg of a partly erystallizing syrup
was obtained. Crystallization from chloroform-petroleun
ether gave 97 mg (50%) of 38; m.P- 158-1600, unchanged upon
recrystallization from the same solvent. From \the mother
1louor was collected an additional 20 mgs [aTD 50.7°§g,
0.3 in chloroform). The mass spectrum 1ndlcated the molec-
ular ion r/e 325 1in agreement with the expected molecular
weight of 38. The i.r. data: Vpy 3440-3420 (N-OH, 2-04);
1200-1020 cm’l (C-N). The n.MmesTe data (CD013)1:4.60 (s
15, PhCHO,): S5.0% (dy 1Hs Jq 2 8 Hz, H-1); 5.63 (g, I,

Jge,ba - 10 5Hzs J5,6e © 5 Hz, H-6e)s 5.8k (sextet, 1lH,

Iy,5 = J5.6a 10 Hzy Jg ge = 5 Hz,H-5): 6€.34 (%, 1,

Tg,60 ~J6e, 62
H=4)3 é.64 (4, 1H, Jl.Z =8 Hz, H=2)3 6,40 (s, 3H, OCHB);

= 10 HZ, H"6a); 6.55 (d’ 1_:'{’ JL",S = lo H.Z|

N
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7.18 (s, 3H, N—CH3); 8.55 (s, 3H, C—CHB).
Yt Cy 59.073 H,

4,08.

Anal. of 38: Calcd. for Cl6H23N06 (395.3
"7,08; N, %.30. Found: C,57.80; Hy 7.01: N,
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PART 11 SOME STUDIES IN THE 5-THIO-GLYCOPYRANOSE

SERIES

Introduction

Glycopyraneses in which a sulfur atom replaces the
ring oxygen atom are referred to as 5-§hio—glycopyranoses
or glycothiapyranoses. Prominent among the workers active
in studying the chemlstry and blochemlstry of thislclass
of carbohydrates are R. L. Whistler and his assoclatesl 9.
5-Thio-D-glucose, in particular, exhibits interesting bio-
logical properties which are connected with its ability
to 1nh1b1t active transport of D-glucose in biological
systems. In low concentratlon (0,03 ¥) it prevents the

growth'of the fruit fly (Drosophila pmelanogaster) while

)
in high concentrations (in the range of 0.3 M) itﬂprevents

7develonment from the larval 1o the pupal stageé. More

recently it was found8 that it reversibly inhibits the .
maturation of ‘sperm cells in mice at 2 dose of 50 mg/Kg/day.
Withdrawal of the applicatlon after a perlod of as long as
two months leads %0 restoration of fertility. The compound
shows no acute toxicity in mice (DL50. 14 g/Kgle

In view of the interesting biological activities of
glycothiapyranoses on %the one hand, and the well known
significance of 3-amino sugars in the chemistiry of anti-

bioticslo on the other hand, it seemed attractive to attempt

the synthesis of sugars that combine these Two structural

-~
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features 1n the same molecule. No such compounds have
hitherto been described. It was therefore declided to
prepare a methyl S-thio-glycopyranoside and to try its
utilisation in the general synthesis of 3J-amino sugars
by nitromethane cyclizationll. This method involves
periodate cleavage of the glycoside followed by ring
closure of the resultant dialdehyde with nitromethane;
the 3-nitro glycoside sO produced 1is subsequently redu~
ced to the corresponding amine. It was recognized that
this procedure could present problems when applied to
thiopyranoses since periodate oxidatioﬂ would not only
effect the desired glycol cleavage but would likely
oxidl'e the ring sulfur atom t+o the sulfoxide or sulfone
stage. Indeed. Whistler and co-worker52 have oxidized
with nerlodate a Deracetylated 5- thlo-glycopyranOSLde
{(which cannot undergo glycol figsion) and obtalned sulf-
oxides (two epimers due to sulfox;de asymmetry) and the
corresponding sulfone. when a non—écetylated 5-thio-
pyranoside was oxidizedl, four moles of periodate were
consumed and one mole of formic acid was producegd. This
indicated that ring cleavage by two moles of oxidanwg
must have occurred as in the case of ordinary Dyrga\sldes.
and that the two additional moles must have oxidized the
sylfur function. However it was not established whether
the two separate oxidative processes took place at

comparable rates oI whether one of them was appreciably
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faster than the other. If glycol cleavage wexe the faster

reaction it might be possible to elaborate carefully

‘controlléd conditions under which a thio sugar dialdehyde

could arise, to be then subjected to nitromethane cycliz-
ation. Should selective ring cléavage fail it would never-
+heless be interesting to see if sulfoxide or sulfone
dialdehyde derivatives then expected would be suitabdble
for nitromethane cyclization. Nitrogen—substituted glyco-
sides having an oxidized sulfur function in the ring are
1ikewise unknown.

Hexopyranose derivatives having sulfur in the ring
were first prepared by Feather and Whistlerl. The principle
consists of introducing sulfur at C-5 of a blocked hexo-
furanose derivative, followed bY deblocking wherebdy the
5-thiopyrancse ring is formed, as shown in the accompanying
scheme of the synthesis of 5-thio-D-glucose from 5,6-

anhydro—l,Z-Qrisopropylidene-s-L-idofuranose:

. o o /—-\
0 HoN E-ni, K BAC
ACOH QAC
on [ R - 0 /J
H /ﬁ\\\_//
: o-\— cH W.sQ | O+ CH HCl c—l—crca
3 274 3 , .
CH3 At " MeOH | “F3
CE oH
S S
HCl
OR R MeOH H CHB
RO HO
oR OH
v
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12

In analogous rashion, Adley and Owen™ “ synthesized

l.2.3.4.6-penta-g-acetyl—5—thio-L-idopyranose (%) from

readily available 5.6-epithio-l.2—gfisopropylidene—s-L-

idofuranose via the corresponding 61§-acety1-6-deoxy-6-

thio derivative:

Ts0
S
MeQNa
CR

Lo "

¥ .

CHy
Ac

Compound 1 was chosen as a stariing material for the present

study.
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RESULTS AND DISCUSSION

Svnthesis of methyl S-thio-B—L-idopyranoside

Although Owen12 had not assigned an anomeric config-
uration to his crystalline pentaacetate 1, the compound '
is depicted in the following discussion as the B-anomer
in the kcl (L) conformation. This assignment was based on
the n.m.r. spectrum of the compound which we obtained. The
rlng proton signals attributable to H=2, H-3 and H-4 all

ntalned large splittings (10-11 Hz). One of them (H-3)
was a triplet, the others were quartets each containing
a small splitiing (3-5 Hz) in addition to the large one.
The signal at lowest field (H-1l) was essentially a doublet
(3 Hz) although it appeared to cpntain additional, very
small splitiing probably due +o0 long-range coupling with
H-5., These data are compatible only with preferential
existence of the compound in the form indicated. Further-
more, the specific rotation of L { Lelp +41°in chloroform)
suggests a g-L-hexose derivative.

1t was necessary to obtain z methyl glycoside from
1. The pentaacetate 1 1 was treated with methanolic hydrogen
chloride but, unlike its D-gluco jsomer (see the scheme
in the IntroducUlon), it suffered decom3051tlon. NMore

successful was conversion of ;,1nto the glycosyl bromide 2,
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N
which was achieved by treatment with 30%.hydrogen bromide

in glacial acetic acid in the presence of -acetic anhydride.

However, the acetobromo sugar was a syruﬁtizijbzénded to
T

decompose easily when isolated from its e chloroform

extract, and it could not be stored. It was the;efore util-
jzed directly without characterization other than by t.l.c.
in view of the powerful anomeric effect in l-bromo SUEALS,
_it is considered likely that g_was:;ore stable a-anomer

iﬁ the 104(L) conformation with the bromo substituent axia-

1lly o;gentéd. although no proof for +his assumption is

available.

RO

RO TACOH
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Attempts to convert'2 into a methyl giycoside by
use of methanol and silver oxide and/or silver carbonate
{Koenigs-Knorr conditions) proved fu tlle. However, it
was found that glycosylation proceeds well in the presence
of Lewis acids. A catalytic amount of aluminum chloride,
for example, was effective but in this case & tedious
workéup caused the yield of product to be low. This
difficulty was by-passed by use of boron trifluoride‘as
a catalyst. After 3 h at room temperature, the bromide EL

was completely consumed, and three new spots were seen

in tel.c. Theoretically one coula expect formatign of a-

&

\\

and nglyCOSLdes 3 and 4 and possﬁbly some 1,2-ortho-
ester (5) by nartmcxpatlon of the 2- ouacetyl group. How-
ever, two of the spots had low Rf—values and it was there-
. fore susnected that partial de- O-acetylation might have
occurred. For this reason the reaction mixture, upon
solvent evaporation, was immediately reacetylated with
acetic anhydride in pyridine., The +wo more slowly mbving
spots disappeared on this treatmeﬁt. and thereafter,
syrupy methyl glycosxde was lsolafed in nearly quantitafive
yield. It proved to be an anomeric mixture that was not
separable chromatographically. The g-anomer (&)Lcould in
part be isolated by crystalllzatlon (yield, 45%) and was
characterized by physical, spectral and microanalytical

data. The NeMeTs spectrum of the mother liguor from the

crystalllzatlon of b exhibited two O-Ch3 peaks in nearly
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1 : 1 ratio, suggesting the presence of about equal propo-
rtions of & (T 6.56) and its -anomer 3 (T 6,51). The
1atter could not be isolated and was not characterized
further. The specific rotation of methyl 2,3,&,6-tetra-0-
acetyl-S-thio-é-L—idbpyranoside (&) in chloroform solution
was +75.49, The rotation of +64° for the oxygen analog
(deduced from theyvalue -64° given13 for the known F-D-
enantiomer) supports the anomerictassignment. The NeMeTs
data were also in agreement with thg structure of &,and
1ndpe;%ed the “ (L) conformatlon. A symmetrical triplet
at T 4.3% with large spllttlng was assigned to H-3 (J2,3 =
I3, b4 7 10 Hz) and sjndicated axial protons -2, H-3 and H-%.
The dgublet at T 5.50 beléged to the magneticaliy equivalent®
56 and H-6' protons (Jg,6 = 75,61 = 7 HZ» 6,60 = 0).
H-5 éppeared as a multiplet in T.6.52 - £.68 region, over-
lapping with the 0- CH3 singlet ‘at T 6.56. The acetyl groups
appeared as narrow multiplet in'T 7. 91 - 7.96 region.
Finally, the tetraacetate L was de-0-acetylated using
sodium methoxide in methanol. Methyl g5-thio-f-L-idopyrano-

gide (é) was obiained as 2 chromatographically homogeneous

syrup that failed to crystalllze. Its NeMeTs spectrum confipmed

# The H-6 protons were also found to be
equivalent in the n.m.r. spectrum of l,2,3,4,6-pentafgr
acetyl-a-D-idopyranose in acetone-d6 and chloroform-d.

éolutionslu;' .
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the successful removal of the ace¢y1 £ToupS.

]
Periodate Oxidation and Nitromethane Condensation

As has been mentioned in’éhe Introduction, Whistler
and co—workersl have g;ﬁnd that methyl S5-thio ycosides
(specifically the D-xylosides), react with excass sodium
metaperiodate to undergo doth glycol figsion and oxidation
of the sulfur atom. This finding was confirmed in the
present work with Q,which was found to consume four moles
of the oxidant also. In order to establish whether the two
oxidation processes giffer in their reaction rates, &
polarographic study was undertaken. From the plot of
oxidant consumption against time (Fig19 )} it became evid=-
ent that one cannot discern two separate processes of
sufficiently different rates. It had to De concluded that
it will not be possible to accomplish a gelective glycol
cle:avage. .

This being SO attempts were made to cyclize with
nitromethane the product of complete periodate oxidation
of & presumably the dialdehyde Z. Pive moles of oxidant,.

i.ees @ 20% excess, was used for these experiments.

0

s 32 NF
H NaIO, / CH.NO, - CH
oH e CHO . —;335%‘ HO
HO OCH,4 oHC CCH, OCHy
oK N02 OhR
. 6 1 g
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Reactions with nitromethane were carried out in
the presence of sodium methoxide or triethylamine as the

base, and it was hoped to produce nitro glycosides of type

P . :
.§. However, very com}ex mixtures resulted from which no

characterizable products could be isoclated. It seems
possible that no cyclization prodgcts QQ) were formed at
all, and this may be understandable if one considers that
the dialdehyde 7 could be subjected to extensive enoliz-
ation due ;o tﬁe effect of the sulfone group, which could

prévent nucleophilic attack of the carbonyl groups by

nitronate ion. ~
H 0\\ //0 . - O\\ //0 H 0\ /O
/—S I [ \S o
R 5 -H* /R N /|
0=CH > — o ¢ > —+ oech R -
ek CCHy oCH
: 0=t 0=CH o=cn 3
z P !
R Q o H 0
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I+ is also possible that 7, in analogy %o p-dicarbo-
~
nyl compounds, is prone to base-induced cleavage reactions
which could predominate over the desired nitromethane

addition.
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EXPERIMENTAL

Q
The general techniques employed were the same as those
in part I. K

1.2.3.h.6-Penta-0—acety1-5—thio-B-L—idonyranose (1)

Compound‘g was prepared in a multistep synthesis

. . i 12 .
according to the literature” ~. The crystalline product

had mMePe. 89-910; [a? +39° (cy» 0.5 in chloroform); reportedl2
m.p. 90-92%; [elp +41° (2.0 in chloroform). The n.TeT.
data (in CDCl Yi T 3.90 (d» lh, dl 5 = b Hzs H-1); 4.40

('t' 1:'{, J u' —-lo I'LZ, n-'3) 1+ 68 (q’ 1.."1, 3 4 = lo HZ|

2,3~ %3,
JLI’ 5 = 5 HZ, n-“’); 14'.79 (q| lhl 2 3 = lo hz’ dl 2 = L" "LZ,
¥-2): 5.22-5.72 (m, 21, H-6, H-6'); 6.40-6.6L (m, 1, B-5);s
7,83, 7.92y 74935 7 95, 8. Ol, 31nglets (acetyl groups ).

Methvl 2,3,4,6-tetra-0—acetvl S-thlo-B-L-ldonvranOSLde (&)

1.2.3.#,6—Penta-gyacetyl-5-thio-B-L-ldopyranose (1)
(1 g) was dissolved in acetic arhydride (9.2 ml), and 2
solution of 30% hydrogen bromide in glaclal acetic acid
(22 m1) was added. mhe flask was tightly stoppered and
the contents were stirred at room temperature. The reaction
was finished after 30 min as shown by t.l.c. (solvent A),
the Eartlng material having been completely converted
into the faster moving acetobromo sugar (2) Nitrogen was

flushed through the reaction mixture for 6 h to remove

excess hydrogen bromide. Dry chloroform (40 ml) was added
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to the mixture, followed after a few minutes by water

(25 ml). The phases were separated and the aqueous layer
was extracted twice with chloroform. The combined chloro-
form extract was washed twice with cold water, dried over
potassium carbonate, and evaporated. The resulting unstable
0il Qg) was qgickly dissolved in dry methanol (25 ml)
containing seven drops of ethereal boron trifluoride. The
flask was tightly stoppered to exclude air and the contents
were magnetically stirred at room temperature for 3 h.
Three nNew compounds were_detected in t.llc. (solvent 3)

vut no trace of thé bromo intermediate (2) remained. The
reaction mixture was neutralized with solid sodium bi-
carbonate. Methanol was removed by evaporation and the
residue'was mixed with acetic anhydride (6 ml) and pyridene
(10 ml). The mixiure was allowed to stand at rcom temp-
erature for 12 h. T.l.c. (solvent B) thereafter revealed
only one spotl, which corresponded to the fastest compound
present before the acetylation. The reaction mixture was
poured into é beaker containg a mixture of crushed ice,
concentrated sulfuric acid (6 ml), and chloroform. After

vigorous stirring the layers were separated. The aqueous

layer was extracted several times with cth;oform. The »

combined chloroform extract was washed with saturated
sodium carbonate solution and then with water. After drying

over magnesium sulfate, the extract was evaporated to

a yellow sSyrup (1.2 g) which crystallized iﬁ9m’€t§inol,

N
\/ / (/ /

v R

N
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furnishingl (400 mg, 45%): meDe 135-136% [adp +75.4°
(cy» 0.5 in dnloroform). The n.m.r. data (CDCIB):t o3k
(ty 1y Jp 5 = Jg,4 = 20 A2 H=3)s 473 (q» Ly J5 . =

10 Hz, 34,5 = § Hz, H=4): L,55 {(q, 1, J2.3 = 10 Hz. Jl.2
4 Hz, H-2)3 5.35 (qv 1y Jy,p = ¥ HZy T3 0 =1 Hz, H-1)3
5.50 (d, &y J5v6 = J5'5. = 7 Hz, Jé'é. = 0, K-6, H=-€');
€.52-6.68 (1K nmultiplet for H-5 and 3% singlet at 6.56
for 0Ciy)s 7.91-7.96 (12 oac)s | \

The mother liquor was evaporated to give a residual
0il (527 mg)e ITS MeMeTe spectrum revealed two methoxyl
groups 1in almost l:1 ratio, ;%dicating the ﬁresence of
g and B anomers. The é—anomer could not be separated from
the =fanomer by column chromatography {identical Rf-values)
or crystallization, and was not characterized.

Anal. of &: Calcd for 015322095 (378.4): C, 47.62; Hy- 5.82:
§, B8.65. Found: C, 47,595 Hy 54773 S 8.69.

Methvl 5—thio-B-L-idonyranoside (6)

Solid sodium methoxide (350 mg) was added to a solutloe
of crystalline L (9C mg) in dry methanol (10 ml). The
reaction vessel was tightly stoppered and stored in a2 ref-
rigerator. The ;@ ction'was complete after d hoas evidenced’
by teleCe {selvent %). The reaction mixture was deionized
with Amberlite IR-120(i"). Tne resin was filtered off and
an oil (b9 mgs 90%) which failed to crystallize was obta%ped
upon evaéoration of the filtrate. The RemeTe spectrum of

the oil in CDClB'showed absence of acetyl groups. The



%

- 118 -

specific rotation was Lalg +78,7° (¢, 0.4 in chloroform}.
Polarogravhic monitoring of the oxidation of methyl 5=thio-

3-L-idopyranoside £ with sodium metaperiodate \<§:\\\“

Calidbration was done using standard solutions /ﬁ
1 x1070M, 5 x 107N, 2 x 107, 1 x 107%M, 2.107°M, and 7
1l x 10'5M sodium metaperiodate in 0.1 N agqueous potassium
chloride, at -0.35V with a saturated Calomel reference
electrode at 5pA current range. It was found .that 115 mm
(1imiting current) was equiva}ént to 1 x 10'3M of sodium
metaperiodate solution, and that the limiting currents
were proportional to concentration used.
. A solution of 4.7 mg (0.02 mmole) of methyl 5-thio-
5.1, - idopyranocside (§) in 1072 aqueous sodium metaper- )
jodate solution (10 ml, 0.1 mmole) was prepared and stored

in the dark. Measurements were taken after 15 min, 60 min,

2 h, ¥ h, 18 h,and 48 h, using each time 1 ol of the

reaction mixture diluted with 9 ml of 0.1 N potassium
Shioride (electrolyte) solution. The initial concentration
of +the sodium metaperioﬁéte solution was 1 x 10”7¥.

The data collected from the polarogran, measured

)

at one and the same potential -0.35 V, are tabulated

below:

4,7 mg of the methyl S-thio—B-L-idopyranoside (¥.#. 210)

0.02238mmele = 22.% pmoles.
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x

Hgighp of the| Amount of | Amount of |Consumption
limiting cur-| IO re= I0f used |of I0; per

) rent relative| malning up during |1 mole of
Time |to the lower (in pmole)|oxidation |the methyl
limit, zero (in pmole)|5-thio
{(in milli- glycoside (§)
reters) ~
0 115 100 0 o
4
Lomin 82 f/ §0.0 26.0 1.2
1lh 81 70.4 29.6 1.3
2 h b9 42,6 57.4 2.6
4 h 26 22.6 778 3.5
16 h 16 13.9 6.1 3.8
. ls8n | 12 10.4 89. ¢ 4.0

-
1t was evident from the above +able that 1 mole of

methyl 5-thio-§-L-idopyrancside (§) consumed 4 mole equive
d

y

alents of sodium metaperiodate. I,

A

Attempted addition of nitromethane to the oxidation

product _ ¥
Syrupy methyl s-thio-a-L—idopyranoside (é) (488 mg,

251 mmole) was dissolved in 50 ml of water and added to

2 cold, aqueous solution of sodium metapériodate (2.5 g,"

10.2 mmole, 20% excess). The mixture was stored in the

dark for 48 h and then poured, into 100 ml of cold 99%

ethanol. The precipitating‘inorganic salt was filtered
off and washed several times wilth ethanol., The filtrate

was concentrated, and treated again with ethanol +to .
- .
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precipitate more inorganic salt. This operation was
repeated until evaporation gave a clear syrﬁp (425 ng)
from which no more salt precipitated on addition of
ethanol.

mo an ice-cold solution of the syrup (425 ng) in
methanol (20 ml) containing nitromethane (2 mlT.was
added dropwise & ml of 3% methanolic solution of sodium
nethoxide. After 2 h, the mixture was deionized with
Amberlite IR-iZO (H+). Upén filtration and-evaporat;on,
a syrup (225 mg) was obtained which according to t.l.c.
(solvent E) was a very complex mixture from which it
was not,possgbIg’;o isolate and characterize any pro-

duéts. A similar reaction, in which sodium methoxide was

replaced ﬁy\;riethylamine did notchange the result.

N

N\

3 N
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CLAIMS. TO ORIGINAL RESEARCH

~

Part I
Regetions of sodium borohydride, dimethylamine,
nitromethane, and

catalytically activated hydrogen,
-
methylmagnesium jodide with carbohydrate g-nitroepox-
;‘-—"
ides are reportedg@pr the first time.

e following new compounds were obtained and

L)

-

chara:§:;ized:
A From borochydride reactionss:
-Z-deoxy-a-DQarabino—hexo-

Methyl 4,6-0-benzylidene

pyranoside (;§).
-benzylidene—2-Qfethyl-B-D-mannopyrano-

2. Methyl 4,6-0-
4,é-gfbenzylidene-2-deoxy-B-D—lxxo—hexopyraqp-

1.

side (;Z).
3, Methyl
side (18). )
B From catalvtic hydrogenations
1. 6:Amino-61dégfy-l,2-Q;isopropylidene—a-n-gluco-
furanose (22). ; =
2, Methyl b.6197benzylidene-3-deoxy-3—oximino-B-D-£;§9-
.hegopyranoside (g}a).
3 Methyl-3-amino-3-deg§y-a-D—allopyranoside hydro-
chloride (26). fjl ‘
. © 4, Methyl ﬁ;amino-#,6—beenz§lidene-B-deoxy-a-D-galacto-
pyrancside (28).
-acetamido—%.6-gfbenzylidene-34deoxy-B-D-

Methyl 3
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éalactonyranoside (293. '

C From dimethvlamine reactions

1. 5-Deoxy-5- dimethylamino-1, ,2-0- lsopronylldenehetodl-
aldo-1,4;6,3-difuranose (;va)

2. l.S-Anhydro—h.6<g:benzylldene—2—deoxy-2.B—bis(dimethyl-
amino)-D—arabino(°)-hex;l-enitol (33)

3. 1,5-Anhydro-#, 6-0-benzylidene-2-deoxy-=< 2-dimethyl-
amino-D-erythro-hex—l—en—3—ulose (;g)

k, l.S—Anhydro—l-b,6-9_—behzylidene-2—deoxy-2.3-bis(di-
methylamino)fn—;xggt?)—hex-l-enitol (35)

From the nitromethane reaction

)

S—Deoxy-l.2—9¢isopropylidene-ngrnitromethylhexodi-
aldo-1,4;6,3-difuranose (;é)

From Grignaré reactions

=

1. Methyl 4,6-ggbenzylidene-3-C-methyl—3-(§;methyl-
hydroxylamino)-a-D-hexopyran031de (3?)
2. Nethyl 4,6-0-benzylidene- _3-deoxy-3-C-metnyl- -3-(N-
methylhydroxylamlno) -g-D-hexopyranoside (38)
Part II N
The synthesis of crystalline methyl 2,3,4,6-tetra-
g-acetyl—s-thio-B-L—idopyranose by boron-trifluoride
‘catalyzed reaction of the corresponding tetra-0-acetyl-
glycosyl bromide with methanoi js reported. The ﬁeriodate
oxidation of the deacetylated 5-thio glycoside was
studied and nitromethane cyclization of the oxidation

product was attempted. r





