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Durlng my first years in the Un;ver51ty I was

enraptured by the science and nothlng but the science

of chemistry. As an undergraduate however, as the
~challenges of 1norgan1c, phy51cal and organic chemistry,
were overcome, ! had to make a choice of spcc1allzat10n

I was fond of chemical substances; with théir shape,’
color {ﬁnd smell, whereas the generaljzétionq of phyqical
chemistry, however useful, scemed to me rather vague,

-But it was a d1ff1gu]t-prob1em to cheose between inorg-
~anig and erganic chemistry, perhaps, that is ‘why T took
the essentially organometallic road. Nof wishing to be -~
Buridan's ass hnq die of hunger between two bundles of

Jhay, 1 preferred to gather food from both bundles---As

organoclement chemistry advances, the bridge between

organic and inorganic is transformed into an 1sthmu>

which will unite both continents of chemistry.
A.N. Nesmayanov,

— . . Director, Institutc of

' Organo-Element Compounds,
Academy of Scncnccs of
the USSR.
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ABSTRACT

Pal}adiumrcatalyzqd,allylic subst%tution was emﬁloyed in carbo-

hydrate cbemﬁstry f@r the first 'time. Tt proved to be an efficient
metﬂod'for the synthesis of aminated and%€-alkylated, Unsaturated R
glycosides. Thus, variougrzﬁlylie acetatels in the family of alkyl
hex—ZLenqpyranosides were gllowed to‘feact, in the pregence of tri-
pﬁeﬁylphosphine and arcatﬁiyt;c amount of tetrakis(triphenylﬁhoéﬁhine)4
paliadium{0), with an array of‘differeﬁt amihe§ or réactive—%ethylene
compounds, to give high yields of new amino or branched-chain sugars.
With some exceptions, the substltutlons were found to be highly reglo—'
and stereoseleétive, giving predomlnaﬁtly 4- substltuted 2- enopyrano—_
sid;s with retention of cthgguration.The coﬁstitutions and configura-
tion of the mew products were establishcdkpy més; spectromdtryh }H- and
13C-nmr spectroscopy, and polarimctry; and in this connection, some

" aspects of conformation in enopyranosides werc discussed.

-

The Teaction was studied, primarily, by us§ of alkyl 4,6-di-O-acetyl-
2,3ydi@boxy—hex—2-enopyrandsiges as substrates for\allylic“substitutioni
Its ut111ty having thus been established, it was then employed as a key

’step in a novel synthesis of the antibiotics sugar,,D/foroqmp(}Q1 » 3,4,

¥ 6 *etradeoxy 4-dimethylamino- D crxthro hexese). This syntﬁcs1s departéﬁ‘
< from methyl 4 ,5-0-benzylidene-o- D glucopyranoside, comprised several

f) steps before and after the palladlum—cataax£ed amination, and moreover,

. . addressed the question as to whether the latter is coﬁpatible with the

presence of a primary haloggno substitugnt in the substrate.

e
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Findlly,\fhe palladiumé}dta]yzed.substitution was applied ih_ap approa@h'tg the,

synthesis of nitrogenous disaccharides, i.e., derivatives of d—amino-trehaldkc.;“'

/ -

/

’ \
~ \ )
This part déscribes the synthesis of branched-chain nitro sugars by usc¢ of organo-
copper reagents. Various sﬁereoisomqric methyl 4,6—9_—'benzylidene—2,S-dideﬁxyb
3-nitrohex-2-enopyranosides were C-alkylated in pésition Z using lithium dimethyl-

cuprate and lithium divinylcuprate; Moderate ta high yields of sat&rated,3§;2~

branched,3-nitro glycosides were obtained. There had been little informatiom

i the 11terature about conjugate add1t1ons of organocopper reagents to n1tro—

alkenes, the present results indicate that it is a fea51ble approach to carbon-

carbon bond formation in aliphatic nitro compounds. : '
. - . 
PART III

a
. —_—

The catalytic hydrogenation of carbohydrate a-nitrocpoxides with palladiun and
ﬁlatinum was investigated with regard to regiospecificity and stereochemistry
of ring opening, and the fate of the nitro group. The methyl 2,3~anhydro-4,6-

O-benzylidene-3-C-nitrohexopyranosides having the g-D-gulo, B-D-allo, «-D-manno,

and B-Qfmgggg configurations underwent facilé, hydrogpnolytié-ring—opcning in
the presence of pallaéimn'to give, rqgardléss of the orientation of the oxirane
ring, methyl 4,6-Q;bcnzy1ideﬂe—B—dcoxy-S—gjmitrozg¥hcxopyrnnosidcs having an -
equatorial nitro group. In addition, 3-deoxy-3-oximino derivatives arose in

various proportions. It was shown that the oximes did not result from over-

hydrogenatlon of the 3-deoxy-3-C-nitro giyc051des produccd, and it is suggested

PART II : ' . B =3

-

that they orlglnatcd from intermediary nitronic acids. By catalysis with platinum,

w
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the oxirane rings were oancd in the same regiospecific sense as with palladium,

-9

-

—\'

but notable differences were “observed etherwise. The results are compared with
litératq{;Treports on the stereochemistry'of hydrogenolysis of oxiranes in gen-
. b -

eral, and mechanisms that may operate. for the nitro derivatives are discussed.

. : ' J
. ~— . . . .
“PART 1V - . < SR

-’ . : i
] . - ‘ ’ : '
Attempts were made to use the method of hydrozirconation for the functionalization

of unsaé&rated carbohydrates. However, treatment of ethyl &,61Hi—gjacetyl—2,3—

fdideoxy-a—gfeEzthrb-hex-Z—epopyranoside yifﬁ dicyclopentadiénylaydri@ozf?conium

chloride followed by certain electrophiles did ndt lead to }eaction-at‘thexdouble

bond but, instead, at the C-6 eqtér group. A 4,6~protected(bcnzylidenated) 2
< . - - P

enoside did not undergo substitution either, but-suffered elimination of its

glycosidic mdthoxyl group. . < ' e

LS

et
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-microbial metaboll&s is characterized by an abundance. of structural

Lo
A. 'INTROD'UCTION : . e W o U . . \

v L

The world- w1de, 1ﬂten51ve research: whlch over thc past three
decades was dlreCted at’ unravelling the chcmlcal structure of
antibiotgcs has brought to light a'laige,number of new ~
carbohydrates. Manyfaﬁ@i%idficsiare composed entirely of sugar

- <

derivatives (includiné cyclitolsd; others contarn carbohydfhies

-

_attachg}zés 1ntegra1 components to varlous types of aglycons.

The chemlstry of carbohydrates derlved from either category of\

Y

-
-

and configurational «features which are ,seldom encountered in
éarbo 'dfates.thaf'occurbin higher plants or animals. Of ﬁarticular'
L} -

interest in this..regard’ dnaunusual amiRro- sugars, polydeoxy sugars,

branched— chalnsugars and _sugars whlch ‘possess conflguratlons

. not normally found in those present in higher organlsms The

chemlstry and b10thm15t1) of sugars from antibiotics has been

-10

the subject ef'many-general TeViEWSI In the following'pagcs,

some random examples of sugh compounds will be described in.

order to indicate the kinds of structural features which continue °

to challenge synthetic carbqhydrate'chemists., .

. -
‘L_

Thus, the ghmopﬂﬂnde antlblotlc vancomycin, contﬁlns the branched-

. 11,12
»

chain amino sugar L-vancosamine (l) and ‘in another, new

glycopeptide  antibiotic (which has not yet been named), the 3-epimer’

(2) of this compound has recently.been.diﬁcoveredls. Strutturally
ol :

. related to these sugars 1is the-branghed4chain nitro compound

. . . : R s r 14
-evernitrose (3}, the nitrogergus component of the everninomomycins™ .

~
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These antibiotics (' orthosomycins') belong to a class of complex
oligosaccharides characterized by the presence of orthoester -
linkagps}s. Incidentally, 3 was the only nitro sugar known to

occur in nature until its stereoisomer -4, rubranitrose, was °
. . . r~
. 16 ' . - .
found about two years ago™", . ;
-~ . . , - |
f . L - ) ) .‘. H

f%ﬁbranched anino sugars are particularly frequent building blocks

bf‘aﬁtibiotics. To this family bglong, among others, S—amipo—Slf'

déoxy—g-ribose_(é) in puromycin, 3-amino-3;&éoxy—gfélucosg. . | ;

vqﬁg,jkanosam;ne) ?nd 6—amipo—ﬁ—dexoyfgfglucbse (7) in the kangmycins, |
3—amin6—3,6—diheoxy—9—mannose (8, mycosamine) in the macrolide

antibiotics nystatin and pimaricin, 4-amino-4,6-dideoxy-D-mannose .

(9, perosamin) in perimycin, and S5-amino-5-deoxy-D-glucose

(10, nqjirimycin)3’4. Note the position.of the amino group in thes

microbial products, most frequently at C-3 but also occasion- TN ;
aily at C-4, C-5, and C-6, in striiing contrast to the chief

|

|

- L

N H
|
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- D- galactosamlne, which bear thls group at C 2. More hlghly

amino sugars of the an1ma1 klngdom D—glucosamlne and

‘deoxygenated amino sugars are exemplified by 3-amino-2,3,6-
v/£gldoxy L-ribo- hexose (11 ristosamine) isolated from r15tomyc1n17,

.its L-lyxo isomeér 1z, daunosamine}kyhich is the sugar moiety of

important antitumor anthracyclines (dauncrubicin and adriamycin)18

and 4—amino—2,3,4,6-tetradeoxy-L—erzthra—hexose (13, tolyposamine)

~

contained in tolypomycinlg.

—
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antibiotics, especially in macrolides; again, this is a

structural feature not encountered in carbohydrates of higher'
organisms. Exampless’_4 are amosamine (14), mycaminose (15),
desosamine (;g), ahgolosamine (L7), forosamine (18), and

ossamine (19) .

Nt
+ 2 -
Al S ¢ 2
! ' Me Me Me
@)
H : H H
M NMe
Me N H €2 2
2
H 4 H OH
18, 15 %
Me Me /~I Me
O N . O ’ MeN O
+ 2
’ H H
1\ NMaea .
H 2 MeN
o 2
7 Y 18
—~ -] —~ : =



The number of é&amino sugars from antibiotics is comparatively
small. As examples may be mentioned 2,6-diamino-2,6-dideoxy-~
g-iddse'(gg; neosamine B or paromose) and its EfgluFo isomer, *
which are components of the important neomycin group of

aminoglycosides; and 2,4-diamino-2,3,4,6~tetradeoxy-D-arabino-

hexose (E}, kasugamine}, which is present in kasugamycin.

-

Numerous non-nitrogenous deoxy sugars(some of which have a
branched chain or a methyl ether function) have also been found
as constituents of antibiotics, although such structures do
occur as well in glycosides présent in higher plantsz. Tyﬁical
examples are oleandrose (;gj, mycarose (%é), cladinose (g&), and
mycinose (;§J, all originating from macrolides. Sugars beéring
an oxygenated branch are long-knownstreptosc (26, from

20

streptomycin) and the more recently discovercd aldgarose

(2 ,‘from aldgamycin E).

~
v
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B. AIMS OF THIS STUDY: ] o —

<

Although most ?f the sugar molecules listed in‘{;:\foregoing
introduction, and many additional similar compgunds;havc already
been synfhéaized by one or more methods, there is a.continuing
need for methodological improvement and innovation. Shorter, .

o
more economical, and more elegant procedures for the prepara—:
tion of such gars are being séught; structural analogs are
being synthésized‘for biochemic'l studies or medicinal

evaluéticn; and newly discovered, hitherto unknown compounds call

for: synthesis. In many 1433I§fb€jes the study of semisynthetic
antibiotics is activeiy being pursued, in order to find drugs

with improved therapeutic properties. For such investigations

it is neceésary to makeﬂévailablc many kinds of derivatized
carbohydrates, which may be molecules derived from those

occuring ngturally or from synthetic analogs, to serve as synthons

in total or partial chemical synthesis. One relevant cxample is

the current quest for>improved anticanccr agents related to

adriamycin; the naturél sugar component, daunosamine (lg), was
removed from the anthracyclinone aglycon and replaced by an array
of similar sugars (with some "synthetic analogs among them), with
the result that several agents showing improved characteristics
were producedla. The work undertaken for the present thesis was
aimed at the geﬁeral target of making contributions to the
methodology of synthesis for unusual nitrogenous, polydecoxy, and

»

Y

w
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branched-chain sugatrs. In particular, the use of transition

meﬁgls in the form of organometaliic;reagents of'catalfstg whs
to play a major role in various approaches to regio;and' \
stereospecific functional}zation. Although in principle there
éppears to be no shortage of methods for the synthesis of

sugars of the types mentioned, it was hoped that novel avenues

would complement existing ones or overcome some of the limita-

tions from which many of them suffer in one way or another.

The main, Qxisting entries Into the domain of amino sugirs
iqcludes’4 cyanohydrin synthesis in the presence of amines;
opening of epoxides by aminolysis or azidolysis; displacement
of sulfonate esters by nitrogen nucleophiles; addition of

nitrogen nucleophiles to sugars containing an activated double

A

bond; and hydrogenation of nitro sugars (obtéined by nitromethane

condensation) and of oximes or phenylhydrazones (prepared from

4,5

' L ' . 3
oxo sugars). Non-nitrogenous, branched-chain sugars are

usually made from a suitable sugar carbonyl derivative which

22

is treated with diazomethane , Grignard reagentszs, or

Wittig reagent524. . Alternatively, epoxides can be cleaved with

25 26

organométallics or diethyl sodiomalonate Seme branched-chain

sugars werc obtained by application of the "oxo reactiqn”, i.e.,

the insertion of carbon monoxide in enoses, promoted by a

27

coBaltcarbonyl catalyst™ ', and by photochemically



-

induced additiom'of alcohold, glycols, acetals, and éldehYdes_

. . . . \
to‘cafbohydrate;X‘enoneszsl Nitrogen-containing branched-chain
sugars are accessible through cyclization of sugar dialdehydes.

29,30

with nitroalkanes , Michael addition of carbanions to

nitroaikenic sﬁgar531"34, addition of nitroalkanes>0?>°737 qf

cyanide38 to glycosuloses, pyrolysis of nitro sugars bearing

a fused pyrazolina ring39,¢%nd photoamidation of ?nosides40.

“

P
]

" The thesis is divided into four parts. In Part I is recorded a

s : S o
novel, general route to amino sugars and branched-chain sugars,

which consists of-the)first application, to carbohydrate chemistry,
of the palladium-catalysed amination and alkylation of allylic
esters.

1
In Part II, the utility of special organometallic reagents, namcly,

lithium dialkylcuprates, was examined, with a view to synthesizing

branched-chain nitro sugar. Such reagents had not previously

been employed for derivatizing nitrogenous carbohydrates.

' s
Part III reports a study concerning the stercochemistry of
paliadium- and platinum-catalyzed hydrogenations of nitro sugar
epoxides. These epoxides are versatile intermediates for a
variety of synthetic applicatiens; their catalytic hydrogenation

had previously becn investigated in this laboratory but certain
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10 - ¢ .

-

results nceded clarlflcatlon and ivrther elaboration so that

'thc course of reactlon could be ratlonallzed

Finally, in Part IV are described some pféliminary attempts to
utilize the method of hydrozirconation for functionalization

in darbohfdra;gs.

r



° PART I

PALLADIUM-CATALYZED, ALLYLIC SUBSTITUTICNS

-

-



. I,Ae  BACKGROUND : s S
Transition metal organoméiallicgﬁoffer an endrmous range of.

'synthetic possibilities, ofteén affording high degrees of

L]

selectivity41. Surprisingly, such reagents haye'hitherto
received very little attention in, preparative carbohydrate

chemistry. We thercfore decided to examine some potential uses -
<

of organopalladium42 reactions in this field. The nucleophiLic

3

substitution of allylic ester groups catalyzed by tetrakis-

(triphenylphosphine)-palladium(0), which was first described in
' 43a,b | 43¢ '

1970 by American

and Japanese authors and h@gs since

been widely used and theroughly studied primarily by Trost and

44-145

his coworkers , is represented schematically in eqf1]

R - PA(PPhy), R ~
R-C-0-CH-CH=CH-R + Nu: =2+ ¢ Nu-CH-CH=CH-R + RCO,: [1]
o PPh3 2 )
Since carbohydrate derivatives comprising the structural feature

47

of allylic esters are available with little difficulty ', it
appeared attracive to employ this reaction for the introduction

of amino functions or chain~branching.

Mechanistically, the rcaction is considered to proceed as follows

(eq-[2]).
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(nggw + (4-n) p%?

%

L = lipand ‘ | eq- [2]

After an initial dissociatiog of tetrakis(triphenylphosphine)-
Palladium(0) into bis- or tris(triphenylphosphine)-palladium(0)83,

the Pd(0) species coordinates with the allylic ester(A) (usually
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an,acctate) to give a w-alkene complex (B). In the casec of.a
chiral acetatb,;cqordination takes place on the face of.the olefin
distal to the ester groupinf, as shown. Pailladium then donates
electrons to the "allylic carbon atom, thereby displacing an acetate
jon. (Some groups other than acetoxy have occasioﬁally functioned
as leaving groups.) A Eationic ﬁﬂéllyl complex (C) results.
Attack by a nucleophile from thelsi&e opposite the palladium
dlsplaces the metal and leads to a substitution product (E or E'),
presumably V1q\a tran51tory w-alkene complex (D or D') whose
dissociation regenerates the catalytic metal species. It is seen
that attack at site a gives a product with retentlon of the
original conflguratlon83 and double bond pOSltldn ‘whereas attack

“at site b would furnish an allylically rearranged productw

- ~

-

Regiosclectivity presumably depends on a combination of f'%tors:
1); the naturc of the nucleophilego, and the directing in}fbeﬂce
which unequal groups-a and R' as well ,as the gross stercochemistry
of the substrate may hay%_on itsiapproach; 2), different

" electronic efffcts of R and R', tausing polarisation in the

. T-allyl system (C); and 3), unequal stabilities of D and D'

. conditioned by electronic’or éonformational features, with a
possible-role for non-bonded interaction between the ligand(s)

L and parts of the molecule embodied in R and R'. As ligands

44

other than PPh, can also be used”  in this reaction (e.g., 2

93,95 instead of

molccules of 1,2-bis(diphenylphosphino)ethane
4 PPhj), one could conceivably try to alter the regiochemical

outcome by means of varying L. It may be notcd in this connection

Kg



. | B . Yy,
that successful SUbStltuthﬂS have becn,performcd with“the aid

f\Pd .catalyst 1mmob1112ed on a 5011d support of ﬁhosphlnxlatcd

polystyrene or silica gel

Although the vast majority of palladium-catalyzed, allylic

substitutions obey the sterochemistry jnst mentioned, i.e.
~
proceed with net-retention of configuration occasional’

90

3

exceptions to this rule have been “observed It has been '

suggested that, in such cases”.tﬁkwincoming nucleophile first

*

attaches itself to the metal atom from where it is transferred
internally to an allylic carben atom, arriving from the side

of complexation to generate a substitution product of "inverted
88,90

configuration .

In the context of this laboratory's research proﬁccts it was to

be examined, primarily, whether the palladiuﬁ;reaction.hcre
disoussed may serve as a useful means for the preparation of
aminated and C-alkylated sugars. If such substitutions were
successful, i; wopld, furthermore, be intcresting to assess the
aforementioned questions of regio- and stereochemistry with

special reference to the steric differences that exist imr

stereoisomeric carbohydrate derivatives.

. s

Yy
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I,B. REACTIONS WITH ALKYL

4,6-DI-0-ACETYL-2, 3>

-

DIDEOXY-HEX- 2- ENOPYRANOS IDES
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1,B.1. PREPARATIVE RESULTS - | | |

Initial investigations were focused on the crystalline alfab

ylic
acetate ;g,fethyr4,&1ﬁég1meQd—2,3-dideoxy—d—2-erxthro—hex—2

enopyranoside. This compound is readily available

Ac

Ac he / ;3 | i

PhH

J/\} | = o

29
f
31 R=R=Et
32 R,R= (CH,),
33 R=CH “R’=Me
’3—; R= Bsn k FI,’- Me
- —~ 2 = W



;6-tri-0-acetyl-1, S5-anhydro-2-deoxy~D-arabino~pex-1-
(28 , tri-0-acetyl-D-glucal) by thc method of Ferrier

from 3,
enito
eq. [
of nucleophiles in ‘refluxing tetrahydrofuran in the presence

. ‘Treatment of the cnopyranoside 29 with a variety
. A

of a catalytic amount ( 0.07 molar equiv} of tetrak&;~
(triphenyFphosphine)palladium (gg) and excess triphenylphosphine
readily led.to.allylic substitution. The use of diethylamine,
piperidine, cyclohexylmethylamine and benzylvmethylamine gdve

the 4-aminated glycosides 31-34, respectively, in yields of 70-87%
after chromatographic purification. Judging from the tlc and
%H-and 13¢ -nmr data, thé compounds 31-33 were formed as

single isomers accompanied, ét most, by traces of slow-moving
impurities. In the case of 34, a second but minor compound was
seen to be present in the crude reaction mixture; it was
removed by preparative tlc 'and could not be identified. In
contrast to these highly regioselective aminations. the A
reaction of'gg with dibenzylamine was less selective. It
produced in 83% yield a mixturc of two regioisomers (35 and 36 .

Ac : Ac ' CAcC
o .
‘ BrNH , PLP >
- A * Eq
AC Et N 30
—. -~ B Et
nzN‘ —_— Et
29
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X

in a ratio of approkimatel} 3:7 as dctcrmiqu by nmr spectra
(eq [41). This mixture was readily separable by ptic;

the minor component crystallized and proved to be the
4-aminated glycoside 35, whereas the major component failéd
to Ccrystallize and was found to be the Z-aminated, 3,4-
unsaturated isomer 36. Noteworthy is the fact that the product
of substitution at C-4 had retained its stereochemistry,
whereas the 2-aminated isomer 36 showed the & -D-thrco
configuration. (For the assignment of structure, sce a
subsequent Section). "

Ac ' : R'

Y

(5]

ACON\ — /OEt BN N Oft
»
;Z R=H ,.H=AC
, 38 R=R=zH
29 ' ‘
~ R=R= Ac

BB
o)

u

P

n .
-

m—

1

I



Reactian of 29 with the primary amine, benzylamine, produced

a more complex résult {eq.[5]). The expected 6-0-acetyl-
4-benzylamino glycoside 37 could be isolated in only 31%

yield, and the bulk of the reaction product was a
chromatogiraphically slow-moving mixture of two components which
were difficult to qeparatb. The nmr spectrum of this mixture
suggested that the components were partially 0-deacetylated
starting glycoside and the 0-deacetylated derivative (38) of :
37 Acetylation'of the mixture followed by chromatography led to
the recovery of 79 (50%) and, in addition, furnished the

syrupy but honooenaMJQN racetyl-0- -acetyl derivative 39 (15“)
whereby the joint ylcld of isolated, aminated products (2} +

39) was raised to 46%. When syrupy 37 was stored in the
refrigerator for an extended peried of time, hydroxyl and amide
bands developed in itsir spectrum, at the expcnse of the ester
band. A sample stored at room. temperature slowly crystallized

in the course cf a few weeks, and the crystafs exhibited amide
but no ester carbonyl bands. Although this transformation was,
not investigate§ further, it seems obvious that ;annderwcnt

*

0-N acetyl .migration to give ig,

A preliminary examination of the reaction betwecn 29 and some
primary, aromatic amines, particularly B~aminobepzophenone,2—
aminoacetophenone, and 2,6-dimethylaniline, led to the
conclusion, based on nmr spectra of the products obtained, that
these amines werc also incorporated into the glycoside. Homsver,
the products have not been fully characterized as yet, and no

completc investigation of these rcactions was undertaken.

When allylic substitution was attempted with diisopropylamine,

no amination was achieved, presumably because of the steric

hindrance gassociated with this bulkier reageht. Instead,

climination of acetic acid occurred to give infhigh yield the diene 41b
—
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. (accompanied by a small proporation of what appecarcd to be its
geometric, 3,4-cis isomer }. The product most likely arosc

by eliminationof acetic acid to give the cyclic dienc 41a

which then rearranged (sce the discussion, section IB.3);

catalytic hydrogenation of 41b over palladium on charcoal

ted analog dlg as suggestced by l-ang 13

The same diene ilg\was obtained on

led to the satu C-

nmr spectra (eq [6]).
Prolonged heating 6f 29 in the presence of the catalyst and

triethylamine, or even without any amine.

Ac Ac
o | |
1-PrNH / O
AcON___ Et ég’th ]
— t
29 41a
(e]
Ag *
Hz . ' '
< Et
Pd/c \ /

b
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C-Alkylations of 28.were performed in full amalogy to the
aminations just described, by use of several reactivé{mecthylene
compounds. Trcatmerit of 29 with the sodlum salts of either
dimethyl or diethyl malonate in reflux1ng tetrahydrofuran

in the resence of (PhIU Pd and excess Ph P proceeded well and
led to ckclusive alkylatlon at C-4,giving 42 and 43 in 87 and
83% yield, respectively. Similar alkylatlon of 29 w1th the
sodium derivative of methyl phenylsulfonylacetate proceeded at
a somewhat slower rate, giving 44 in about 60% isq}ated yield
(eq [7]1). Whereas in the two first-mentioned instances the
reactions appecared complete after 10-24h and the products (ig
and i;) showed no evidcnce for isomeric inhomogeneity, the
alkylation with methyl phenylsufonylacetate under identical
conditions required 72h for total consumption of starting
material, and the crude 44 contained a small proportion of

an unidentified by-product. However, 44 was obtained pure

by crystallization. The configuration at C-7, the chiral

centre in the side chain, was not determinced. Also tested

with 29 were malononitrile and ethyl cyanoacetate. They gave
branched-chain glycosides according to spectrosopic evidence,
but the yields were pobr in these instances and the products

have not been characterized definitively, nor have attempts

been made to optimize the reaction conditions. .
Ac
X
|
O NaCHCQOR
A-ON\ ==/ Okt 30 .
29
—

a2 X=CQNE,R=Me
43 x:COzE\:)H=Et

.'4_9} x:sozph,R:Me
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To confirm the catalytic activity of the palladium{0)} complex,
a control experiment involved treatment of 29 under identica_—
conditions but in the abscnce of the complex. Only the starting

material was recovered. w3

In view of the high regioselectivity which was observed in all
those aminations and'alkylatidns of 29 that proceceded with good
yields,with the notewdrthy exception of the reaction with
dibenzylamine, it appeared interecsting to supplcmcnt the findings

by some comparative experiments using stcrcoisomcrsqgf ;g as
sgbstrates. For this purpose the/3-gferzthro anomer 45 and "j
theof -D-threo epimer 46 of the pseudoglycal 23 were desired.
Althouéh the methyl glycoside alog (45a) of 45 was known 48‘49,
and was used in the present wozz for a confirmatory experiment,
the ethyl glycoside 45 could not be found in the literature.
However, we were able-to synthesize it readily, also from D-glucal
’triacctatc 28.,by way of ethoxymercuration followed by elimination

<2:<of the clements of mercuric acetate with sodium iodide, in

a manncr analogous to that described 49,50 o synthesis of 45a
( ea [8]). |
OAC c : OAc
i
/O Et ' O\ OEt
Hg(OAd, Nal
) Taon o ApE — [e]
Ac Ac Ac —_—
' H8OAC ’ _
® 82 as
Ac
Ac . O AC
A HelOAg, - S
/ ELOH ol (o]
Et
\
a8 ] ag 50
R = HEOA:

R =2 Hgj
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Ac 1

The intermediate prepared in this synthesis, namely ethyl—iFacetox§—
) mercuri—3,4,6-tri—Q-acetyl;Z—deoxy—B—thlucopyranosidc (47), was a
highly crystalline compound.

An attempt to synthcsizethe g-D-threo isomer 51 by analogous ethoxy-
mercurqfion_of tri-0-acetyl-D-galactal (48) did not succeed. The

reaction led to the Z-acetoxymercuri a-glycoside 45, and treatment

of the latter with sodium iodide gave the corresponding iodomercuri
derivative 50 but nc elimination produc%L; eq. [9D).

Unlike 29, which is easily accessible from 28 (p. 17), the a-g-threol
cnoside diacetate 46 is difficult to prepare from 48, by the griginal
Ferrier procedure, because of cxtensive formation of side—prdducts..
However, we werc able to provide a sample of 46 by conventional
acectylation of its parent diol*. Subsequently, a high-yiciding
modification of Ferrier's mcthod, allowing to prepare 46 réadily

from 48, appeared. in the 1iteraturc52. —~

* Footnote p.-25
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Amination of the B-enopyranoside 45 with dicthylamjnc and
benzylmethylamine under the usual conditions gave the
aminated glycosides 52 and 53 in excellent yields ( eq.[lO});

« - Cﬁ

’ ‘ . -
. R \:f
Ac Ac
O, Okt , Et
, RRNH,PhP .
30 - bﬂ
as : - ’ . 52 R=R = Et

/5__:1 R:Bn,R: Me

* TFootnote

For a gift of a sample of this diol we are indebted to Prqfossor
B. Frascr-Reid who informed us privatcly that it was prepared from
the corrcsponding,Of—ll—erxtill'o diol by C-4 inversion through
penzoylation'in the Eresenqc of dialkyl azodicarboxylatc and

triphenylphosphine 51, fellowed by saponification.
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As in the case of 29, the products resulting from attack at
C-4 had completely retained the original stcrcochcmistryl %
A very small proportion of an unidentified by-product
{presumably an‘isomer) was present in.ég as revealed by the nmr
spectrum. Amination of the B-enopyranoside 45 with
dibenzylamine provided another surprise. It will be recalled
;hat‘thecx—anomer 29 had reacted with this amine with

diminished (and reversed) regioselectivity to give two isomers
(35 and ég; sce p. 18). Compopndié'also gave a mixture of
products. Chromatographic separation furnished a slow-moving,
minor component and a fast-moving, major component. Only the

former appeared to have the gross structure of"an aminated,

ethyl enopyranoside, according to spectrafdevidence.‘Unfortunately,

Ac
BryNH -
L L NB
0 U— K
45 24 4
a5
H, 1]
’ . Pd/C
8]
A‘O\)'K/\/\
Nan
o - .
54 a
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it could not be ascertained whether the product was isomé}ically

homogeneous, nor could structural details be elucidated because

of lack of material. Thé major component posscsSed>a dibenzylamino s
group but had lost the glycosidic ethoxyl group. '1H—and 13C-nmr
spectra indicated the dienic structure 54, and in agreement
therewith, brief hydrogenation using a Pd/C catalyst gave the

. ).

concerning the exceptional behaﬁiour of dibenzylam

corresponding, saturated compound §i§ (eq. Further studies
¢ should be

worthwhile.

The 3-enopyranoside 45 and, likewise, its methyl analog 45
were C-alkylated with the sodium salt of dimethyl malonate un¥er
the conditions previously stated (eq.l}Z]).
The product$ were obtained in high yiclds. Although_they appeared
as single spots in tlc, they were revegaled by nmr spectroscopy
to be composed of strongly preponderant, major components and
minor isomers. The chief components werc the 4-substituted, 2-
enosides 55 and 55a, respectively, and thec minor by-products were
Z—Substituted, 3-enosides as indicated by mass-spectral analysis

(vide infra).

Ac

Ac Ac
R O.0r R
R o
AON\N— (th52g}i———— ' * \\ Eﬂ

CH(CQzMe)z

Major Products Minor Products
45 R = EL 25 R = Et
46 R = Me 56a R = Me
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For the &-D-threo enoside 46, only two palladium-catalyzed
substitutions have thus far been examined; in both instanées,
.;rcgioselectivity was found to be lower than in the analogous
reactions with 29 or 45. -With dimethylmalonate, 46 gave in 66%
“yield an approx1mately 3:1 mixture of the 2- alkylated 3,4-
unsaturated &-D-threo glycoside 56 and its d-alkylated, 2,3-
. unsaturated isomer 37 (eq. Dsa]). In addition, small proportions

+
a
36 Y
Ac
Ac O R = CH(COZME)Z <[13]
—_— Et
46
d b \
Ac Ac
O
\ .
Et Et
R
58 59
’ R = HC/COZM.E
' NS0, Ph

(not separated)
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of two chromatographically slow-moving products werc isolated.
Both of them originated from C-alkylation Js they contained {
methyl ester groups of an incorporated malonate residue. -
However, they had lost both Q-acetyl groups. Reacctylation 6f
one of these minor fractions gave 56, spectroscopically
identified with the major component in the aforementioned
mixture of main products. The other slow-moving by-product
remained unaffected by acetylation and its lH-—nmr’spcctrum
suggested the presence of threc methyl ester groups. Hence
the product had probably arisen from 0-deacctylated ég or

57 by transesterification of OH-6 with dimethyl malonate.

Alkylation of 46 with methyl phenylsulfonylacetate gave also

a mixture of two isomeric substitution products (eq- ﬁsﬁ] ).
The.mixture could not be separated by chromatography, but its

- nmr sbectrum indicated that the components were present in
approximately equal proportions: Formulas 58 and 39 arc
tentatively suggested by analogy for thesc products; the
configurations at C-2 and C-4, respectively, and at the
asymmetric centre in the side chain (C-7) have not been
determined. '

In*order to explore Ehe scope of the allylic substitution Eurihcr,
the glf%als Zg and 12 és well as the d4-enopyranoside 73 and the
4-enopyranuronoside lj were tricd as recactants for amination
using diethylamine. These trials were unsuccessful. Compound
28 gave a complex mixture of unidentifiable products, and 732 -

Zﬁ did not appear to rcact at all under the standard conditions.
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I,B.2. ASSIGNMENT OF STRUCTURE
“\ .
The gross structures of the new compounds were ‘supported by
. . - '
elemental analysis, fitting infrared spectra, the molecular
ion peak present in the mass spectrum in most cases {(Table.1),
and the requ151te substituent resonances dlsplayed in the

Proton and carbon-13 nmr spectra.
More detailed constitutional and coﬁfigurational infbrmation
. was derived from spectral data and from opticai_r tions,

as follows:

1,B.2-1. MASS' SPECTRA

First of all, it was necessary to ascertain the position of

the olefinic double bond in the pyranoside rings. This was made

R—CH CH—-OR - ?Hzoa"
- + HC=0
a b
-~
. / H . \
? _ + _ ‘en —On
\CH—H'
c d

SCHEME 1

Ve
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TABLE' 1. Selected mass spectral datal

Compd. _ m/e (in parentheses, intensity
. in % of base peak)
M M - 102 Mt - 74 ~ Others [assignment]
31 22Q\(1) 169 (74) 197 (1.1) .
32 " 283 (1.1) 181 (85.5) 209" (1.3) -
33 311 ( 0.2) 209 (91.4) 237 (2)
38 39 { 0.1) 217 (53) 245 (1.3)
35 395 ( 0.1) 293 (38.4) 321 (2.1) 264 (24.7) [293 - Et]
36 not obs. 293 (1) 321 (12) 262 (23) [321 - DAc]
38 347 (1.7) 245 (43) 273 (0.4)
42 330 (1.2) . 228 (22.8) 256 (1) 169 (53.1) [228 - DAc],
' 197 (6.2) [256 ~ OAc]
43 358 (0.5) 256 (10) not obs. 183 (25) [256 - Et0,C],
: 211 (4.2) M- 74 - Et0,C]
44 not obs., not obs, not obs. 47 (1.2)[!‘1+ - 17, 169 (49)
‘ ' M - 302 - PhSO,1, 141 (31.8)
| | [Phso,]
22 Ly 169 (87.6) 197 (5.1)
53 319 {0.7) 217 (46.7) 245 (2.9)
55 330 (2.1) 228 (9) _ 256 (2) 169 (27) [228 - 0Ac], 197 (7.5)
[256 - OAc]
iéé_ 316 (0.4) 214 (12.1) 2562 (1.7) 155 (38.8) [214 - OAc], 197 (4)
' [256 - 0Ac)
56 330 (0.3) 228 (3) 256 (4) 197 (1) [256 - OAc], 169 (16)
’ [228 - 0Ac]

a The spectra were obtained with an A.E.I.-MS 902 mass spectromecter fitted with a

b

. ) +
direct-inlet probe, at an ionizing potential of 50-55 eV. =M - 60[rlpss of methyl

formatc?.
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possible by mass spectrometry, hhth permits one to distinguish
between 2,3~ and 3,4-unsaturated hexopyranosides on the basis

of different fragmentation patterns >3, 55 For the former
type of enosides, retrodienic fragmentation leads to two
fragmepts (a and b) according to Scheme 1.

In our compqundé, since R = CHSCH -M5l0zand hence Ma=M-102.

Or '-the other hand, enopyranosides.of the latter type are fragmcnted
to give a dienc (C) and alkyl formate (d) (Schcmc 1). For ethyl
glycosides, with Md=74,_a fragment ¢ having MC=M~74 is therefore
diagnostic for 5,4-unsaturation. Table 1 shows that the amino
glycosides 31-55.39,5Z, and 53 all gave prominent peaks of /g
M-102, indicative of their 2,3-unsaturated structures. There were
also peaks of wm/e M-74,but their intensitics were only 1-6% of
those of the M-102 peaks. Although thcse minor peaks possibly

may signify the presence of minute proportions of 3,4-unsaturated
isomers that had cscaped detection by tlc or nmr specctroscopy,

they could well have rcsulted from thermal rcarrangement of the
compounds in the mass spectrometer prior to electron impact 35
On the other hand, the amine 36 gave only a fceble peak of m/e
M-102 but a peak 12 times as strong at m/e M-74. Furthermore,

36 gave an intense daughter pcak at m/e 262 believed to rcsult
from loss of OAc from the M-74 fragment. By contrast, the
positional isomer 35 showed ohly a weak pecak at m/e 262 (with 12%
of the intensity secn in 306), wherecas it produced & strong |
daughter pcak at m/e 2064 attributable to loss of C,He from its
M~102 fragment. .Conversely, in 36, this peak had an intensity of
only 8% relative to that in 35. These features clearly permitted

allocation of the double bond positions as shown. - «



1

The C-alkylated compounds iz’ié‘éé and %Eg were similafly
revealed to possess 2,3-unsaturated structures, on account
of the strong dominance of M-102 over M-74 peaks (or

the analogous M-60 peak in the case of the methyl glycoside
EEE)' It is noteworthy, though, that the ‘M-102 peaks

‘generally were markedly lower in intensity relative to the

base peak than in the cases of the aminated®analogs, presumably
bccause of a high instability associated with fragments that
contain a malonic ester moiety. In support of thi's explanatlon

strong daughter peaks were observed, Whlch arose fromloss

" of CHSCO from the M- 10? fragments of 42,55 and 55a and from

loss of C H CO in the case of 43

\ .
As.;lroad{smentloned, the ﬁ-gyc051des 22 and 553 were. revealed
by their C-nmr spectra to contain minor proportions of

isomers that could not be isolated. The mass spectra exhibited

minor peaks at m/e M-74 and M-60, respectively, whose intensities

were somewhat greater (22 and 14%) aqelative to the major,

M-102 peaks, than in the preceding compounds where these

intensities ranged from 1-6% (see above) . These flndlngs corroborated
the assumptlon that the by-products accompanying 55 and 553
were 2-substitued, 3,4-unsaturated analogos.

"y

The mass spectrum of the phenylsulfonyl derivative 44 did not
display peaks attributable to M-102 or M-74, such fragments
apparently being too unstable to survivé in this instance.
Indeed, loss of C.H 50; (m/e 141) was conspicuous, with
concomitant formation of -an intense ion peak at m/e 169
attributable ta M-102-141. The spectrum thus provided at least
indirect evidence for the structure of 44. _

[+



The spectrum of 356 Qgiled to yield information to allocate

the olcfinic {pond. Peaks for M-102 and M-74 were both

weak and quit similar in intensity, and the same applied

to daughter peaks e¢xpected to or?ginate from loss. of CH;CO, .
However, the spectrum was useful at lcast in so far as it
established the non-identity ° of 56 with theod- D crythro isomer
42. Furthermore, the .spectrum of isolated 56 ( o p T 100%)

was extremely similar to that of the mixture (Bﬂ D+24i) of 356

and 57 originally obtained from 46. This observation together with

the ambiguous fragmentation pattern suggests that 56 is particular-
. . -

1y prone jto sigmatropic rearrangement-which may occur in the

. 54
spectrometer to some considerable degrec. Ferrier and coworkers

have found such rcarrangements to be especcially facile when the
migrating substituent was attached quasi-axially as in. 36 and Ei’
rather than quasi-equatorially as in 42 and most of the other
compounds here considered. The mass—spcctrdl peculiarity

of 56 therefore tends to support its formulation as a threo
compound Finally, the spectrum of the m1\turo of phenylsulfonyl
derivatives 58 and 59 furnished 11ttlc structural information
other than admlttlﬂg that one of “the componcnts (39) may have
been identical with ii.
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13

1,8.2-2, 77"C - NUCLEAR MAGNETIC RESONANCE SPECTRA

-

Assignments of the 13C-nmr signals to individual nuclei were
established on the basis of multiplicities observed in proton-
coupled spectra and in accordance with known chemical shift
regularities (see ref. 56 and literature cited therein). Table 2
shows the ;3C chemical shifts of the pyranose.carbon and some
selected substituent carbon atoms. Several points may be

noticed from this table: (1) All of the compounds to which was
assigned the 2,3-unsaturated x-D-erthyro structure (31-35,37,39,
and ig—iﬂ) show the C-1 reasonance in- the narrow range of 93.8-
94.3 ppm relative tec tetramethylsilane. (2) No significant change was
observed in C-1 chemical shift on inversion of configuratibn at C-4
in the starting compounds 29 and 46. The &-effect upon C-1 is

very small, both chemical shifts liein the same range. (3) In

‘the mixture of the two C-bis(methoxycarbonyl} methyl derivatives
obtained from gﬁ,only the minor component (57) showed a ‘
reasonably'similar C-1 shift (94.6 ppm), and so did one of the
components {(designated 59) of the mixture of methoxycarbonyl-
(phenylsulfonyl)-methyl derivatives (94.3ppm). These data ’

appear consistent with the assignment of a 2,3.unsaturated
constitution to ;l and ;g. (4) In the x-glycosides ég and Eg

for which there was positive (;g) or circumstantial {26) cvidence,
in the mass spectrum, for 3,4 - unsaturation, the C-1 chemical
shift cxpericnced;é noticcable downficld shift to 97:4 ppm in
contrast to the 2,3-unsaturated glycosides which showed the

Cc-1 rc:sonance'in the 'range of 93.8-94.3 ppm. By analogy it -
‘may be assumed that 28, judging from its C-1 .reSonance at 96.5
ppm, is 3,4 —unsaturated alsc. (5) ' There are further consistencies
supporting the assignments above. For examplc: a) In cach of the
three pairs-of positional isomers (;g/;g, 56/57, and 58/59), the
carbon atom bearing the newly-introduced substituent resonatces

~
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TABLE 2. Selected 13¢ chemical shifts

T

(ppm from TMS)

Compd. C-1 C-2 C-3 C-4 C-5 (-6 Others®
29 ¢ 94,3 128.1 129.0 65.4 67.0 64.3
45 95.0 126.2°130.7 68.5 72.9 . 63.7
26 93.8 125.2 130.B 62.9 66.7 64.0
7 94.3  127.4 130.5 54.7 67.1 64.8 42.9 (N-CH))
32 93.8 59.0 66.3 64.7 50.7 (N-CH,)
33 94.2 127.3 132.9 53.8 6.9 64.9 33.6 (N-CHy), 62.9 (N-C-C,
38 943 1281 128.3 56.5 66.3 64.5 38.2 (N-CHy), 53.7 (H-CH,-Ph)
35 94.3 128.6 128.9 52.4 66.2 64.0 55.0 (N-CH,-Ph)
36 97.4  54.6  126.2,128.7.65.7 63.3 54.3 (N-CH,-Ph)
37 94.2 -126.1 131.7 50.8 69.1 64.3 50.4 (NH-CH,-Ph)
3 93.9 1267 128.9¢ 49.9 7.0 64.7 . 49.0 (AcN-CH,-Ph)
42 94.2 126.7 129.4 . 35.6 66.86 64.2 51.3 (C-7)
43 94.2 126.5 129.5 35.5 66.7 64.3 51.3 (C-7)
44 94,2 -126.7 129.3 33.8 66.6 63.9
52 95.6 129.0 129.0 53.8 72.3 65.] 84.5 (N-CH,)
53 95.0 127.1 129.3 55.5 71.1 65.1 38.2 (N-CHy), 58.3 (N-CH,-Ph)
55 93,0 126.1 128.1 34.1 70.0 64.7 ¢
e 9.7  39.8 126.3,126.7 72.3 66.0 \
852  94.4 126.3 127.8 34.0 70.0 64.6
- £ 100.7 39.7 126.3,126.6 72.1 65.9
326 97.4  38.4 124.6,127.3 67.4 65.3 54.5.(C-7)
57. 94.6 128.1 129.1 35.1 66.8 63.4 50.2 (C-7)
58 96.5  37.2
59 94.3 33.7

E-Spectra were taken from chloroform solutions with a Varian CFT-20 instrument.
Pin addition to the resonances tisted, all compounds showed resonances as expected

for the carbon atoms in the various substituents.

EIhe values for29are in good agreement with published {(58) data.

: gThe signal was difficult to differentiate from nearby Ph signals; an alternative

value is 129.3. _
%The miﬁbr by-product present in 35 believed to be a 3-enoside.

The minor by-product present in 53, believed to be a 3-enoside.
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at lower field by 2.2-3.5 ppﬁ when it is in the 2-position

than when it is in the 4—pésition. (b} The pair of epimers

é;/gj shows a deshielding difference in the expected direction-

for a quasi-equatorially and quasi—axiélly substituted C-4,
although'the effect is small in this instance (0.5 ppm}. A sim-

ilar insensitivity of the C-4 shift cannot.be excluded for 44 and

i1ts 4-epimer; for this reason it was not possible to decide whether
the non-isolated, mixture component 59 was identical with one or

the other of the a-D-erythro compounds having the structure 44

“(two C-7 epimers being possible), or whether it was an a-D-threo
5tereoisomer. (c¢) The near c01nc1dence of the C-1 shifts in 36,56

and 58 would obV1ously be consistent with an assumption that these
compounds possess an identical configuration. However, it cannot be
regarded as proofl since the change from an axial C-2 substituent (o-
D-threo configuration) to an equatorial one (a-D-erythreo configur-
;tioh) replaces one shielding factor by another one of similar mag-
nitude, with little if any net effect upon the C-1,shift to be expec-
ted. This is exemplified in the pair methyl a-D-mannopyranoside and
methyl a¥2—g1ucopyranoside,-and in other pairsfof epimers having comp-

56 on the basis of their optical rotations (vide

arable features
infra),36 and 56 were assigned the au-D-threo configurétion,‘and it is
noteworthy in this context that the constitutionally analogous, o«-

D-erythreo glycoside 70a also shows’® a similar C-1 resonance {(97.0ppm}.

Bn

: \ 70a
—
Me

Bn

In ordinary methyl B-hexopyranosides, excepting thc mannosides, C-1
is generally deshielded by ca. 2-5 ppm relative to the corresponding
a—anomersSG. The methyl 4,6-0-benzylidene-2,3-dideoxy-a- and g- D—
crythrco-hex-Z-enopyranosides, which afe comparable to our com-
pounds but f;r_,thcir rigid conformation duc
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to the izggg—fused aéetal ring, weré found °8 "to obey this

rule { c»S—S.lppmS. Recently, Paulsen and coworkers 39 “found
that the difference is somewhat smaller (-1.5 to-1.8 ppm) in

the 4,6-di-0- acetyl 2,5- dldcoxy -D-hex-2-enopyranosyl dlmcthyl—
phosphonates_(gg 45,46 and ﬂ Q,EEIEE isomer, with P(O)(OMc)zrc-‘

placing the OEt group). In our case the data in Table 2 indicate
" that the /3—g1ycosidcs a5, 3z,and 53 also give C-1 resonances
to slightly lower ficld than thelr o -ancmers 29,31, ,end 34
( 868-0.7,-1.3,and-0.7,respectively). On the other hand, the
¥ —effect of anomerization upon C-5 was distinctly larvger
in these pairs (A%-5.9,-5.2 and -4.9 ppm, rcspcctlvclyJ

exceeding the. values obscrved >9
—

in the phosphonatcs just
mentioned (-2.5 and "~-3.3 ppm).and coming closer to the value

- (~6.6ppm) reported >8 for the benzylidene acetals. 4

Summation of the chemical shifts for G-1 to C-6 in thccx-gl}c051dcs
31 and 34 ( Z:I 6 538,8 and 538,Cppm) and their /3—anom01~ 52
and 53 ( Z:l—b 544.7 and 543.1ppm) and juxtaposition of these’
values with the sums for 29 ( z;l_ﬁ 548 . 1ppm) and 15(2:1_6 553.0
ppm), respectively, 1s taken as a gbod indication 5 for
structural equivalence. Surprisingly, , a similar cxercise comparing
Zil—é for the C-alkylated et-glycoside 42 (516.7ppn} with the -

values for the ﬁ—glycosidic analogs éé (516.0 ppm) and 5&9
(517.1pgpm) did not yield any such difference of 5-6 ppm for
anomerism. A possible expld nation for this apparent discrepancy
may lie in differing conformational featurcs as will be discussed
below. As regards the minor by-products that accompanied 55 and

© 554, their carbon atoms showed chemical shilt relations, to the
stxucturally analogous atoms in 55 and 5o, that were qualitatively

Slmlldr to the relations seen in thc pair of positional isomers
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56/57. Thus, €-1 and the alkyl—substituted carbon in partiéular,
and- to & lesser degree C-5 and C-6,all were significantly - ‘
deshielded relative to their counterpgrts in ;g and 55a. These
comparisons reinforced the suggestion, already intimated by the
mass .spectra, that the by-products were Z-substituted, 3,4-
unsaturated isomers of 55 and §;g. ﬂnfortunately. the configuration
at C-2 could not be established definitively since the optical
rotations of these products are unavailable fbr confirmation.
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detailed spectral analysis of related molecules, Paulsen
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1H-NUclear Magnctic Resonance Spectra ' *

Table 3 shows’ the lH-nmr parameters. The specgra of the aminated,

™ -glycosidic derivativesqéi—éé and 37, as well as thésé of the
C-alkylated derivatives'gg—ﬁﬂ, were sufficiently resolved to permit
first-order analysis which éstablished the Q;Crxthro configuration

of thege 2-enosides. The olefinic protons resonated in the %6.0
région and gave‘AB quartétsvshowlng SJZ,S =10.0-10.5 Hz;-eéch
constituent part was split further, by small vicinal and allylic
couplings.with H-1 and H-4. The ahomeric proton ﬁroduced a broaaened
singlet or narrow multiplet near §5.0. Of diagnostic significanée

was the H-4 signal, which océuf;ed at highest field as far as ring
ﬁrotons were concern;d. It was a doublet (H4:5=10 Hz) cof narroyl?-
spaced multiplets. The lérge coupling constant indicated that H~4

and H-5 have an anti orientation and therefore proved the g—érxthro
configuratioﬁ. The individual multiplets composiﬁg the H-4 doublet
contained sm;ll (1-2 Hz) vicinal (g3’4), allylic(gé,4), and homoallylic
(41,4) couplings that were‘;irro?ed in the correspon?ing,downficld
proton signals. An additional splitting of-4 Hz discernible in the
H-4 signals of 42 and 43 was due to vicinal coupling with 1i-7, the

methine proton in the side-chain.

~

A more defﬁiled analyéis of the signal fine-structure should make

possible a correlation of the various, small vicinal and allylic
couplings just mentioned with the conformational shape of the

molecules. It appeared reasonable to assume that the products would

in this regard resemble the parent glycoside 23, for which the OHS

half-chair conformation (formula A) had been proposea41. ‘Upon
' 59 .
and

\



- TABLE 3, The

1

.

H nuclezr magnetic resonance awnmm.

M.n.-wn R Chenical shifts2 (5) : ' Coupling constantsS (Hz)
1 H-2 4-3 H2 H-5 H-6.5" H-7 By 3o he 3 4 daa L5 s e g
23 5.6im —— 5.86mm —i 5.31da  4.08¢dd a.2a 3 R L 24 B ez o~z 5.0%
.."Lu m..‘_mu — 5.Gs — £.21dq 4024t 4.¢5d,4.264 . see footnote 5 in the text .m.o .....@, 6.3
% 5.06d 6.594d 6.12dd 5.02dg 4,3Cc 4,210 25 ~0  ~0 100 0.5 4.5 2.5 i £.5—
21 4.55m £.83¢d¢  6.05d44  3.31ded  3,95ddd  4.35dq ©27 -2 18 105 -2.0 2.0 105 ZF -85S
32 4.Ean 5.52dd 0 6.1de¢ BN 2.0 - 4.6m—— 2.5 <10 ~2 0.5 2.0 2.0 10 :
w_h. 4.97nn 5.753dd .m.omnnn... 3.36¢n u.mamau . 4.104q . 2.7 -1.2 1.8 10.5 -2.0 2.0 10 3.0 5.0
35 482 5.89¢dd  6,35ddd  3.26dtd 25 1 1.2 107 22 20 10 2.7 55
33 4,57 5.93d¢ 6,24ddd 3.41dn "2.5  a-l 10,5  -2.5 ~2 10
¥ os.cat 30 5875 —— o <1 wnl 0
i 3.5%m 5.7¢ddd §.,1n2dd 3.144dd 4.35d 2.5 -1 1.7 10.0 -2.0 ~2 10
2 . 5.77ddd 6.0%ddd 3.0Ncm . 4.06ddd 4.16q .a.uwa.. 3.61d 2.8 =1 1.5 10.0 -2.4 2.0 10.5 3.0 5.0 4.0
i3 5,.76ddd 6.03ddd 3.01cm 4.11ddd 4.17q,4.3% 3.584 2.7 -1 1.8 10.0 -2.5 2.0 10.5 3.0 5.0 4.0
¥ s.oam - S7Mr 634 A2em ——— A0 - 400 ———— 2T -l 10.5 2.5 ~2 i :
22 509w . — 5.0 ———< 3,26 3.92q 4,314 5.5  +—5.5—
2 5.0 — 5,97 —— i6en  — 4.0 - d.dn—— S 04,7
§.92s —5,870 ——— 2.84ddd — 4.0 - 4.5m —— 3.56d 4.0 . 9.0
1.51s —5.87 w——— 2.85ddd —3.9 = 4.5m—— .50 ’ 4.3 o.m
¥ lssmm 2.8n e—500m—— 36cm 409,027 3.51d <1 0 1.5 20 98
4.5224 5.83ded 6.0¢ddd 2.5 -1 ~0.5 10.0 41 5.2
Brrem 103-v: mmnnn_.u of solutions ;.ncn__u containing tetramethylsilane as standard. -
In 2d2{tion to the sigrals listed, all compounds showed substituent rescnances as required
ty the strueeteres, Wm..m:o._ multinlicities are. indicated as cm (complex rmultiplet), d {dou>
Slet), mn {rarrow multiplet), o {rultistet), o (octet), ¢ (quartat), s (singlet), and t .
fz=1pl2t), SHessured at 250 H: sweep wicth, mmmi_._anma from observed splittings; sze :
Teotrote  ase 4% Wmn:nﬁ.:mm cbsarvad in the H-5 multiplet: these ray not equal . )
the counling constarts because of the proximfty of the H-6,6' signal. * X
. \I . .
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Thiem60

. reccntly came to tﬁe conclusion that d-g-erzthro-hex-z-
enopyranosides tend to adopt a noticeably flattened versiop of
this half—-cﬂair, approaching the corresponding "sofa form" in
which C-5 protrudes below the plané defihediby C-i to C-4 and
the ring oxygen atom (forhula B)*; this geometr& has been

confirmed by x-ray crystallography in three cases I 01,

l.
X R2 G
\r A
0
H p 0
- - D
5 D D
A B » C .
{
& - series: Rl = H, R2 = OEt
o~ geries: Rl = CE%, RZ = H ~—

* The spectra of our &-D-erythra products generally supported a similar molecular

shape, rather than the alternate 0p-.sofa form (formula C) advocated by Watanabe
6 . .
and coworkers 2 for some 4-amino-hex-2-enosides closely related tq,?fr

derivatives, which they synthesized by different methods. Thus, the allylic

. couplings 4g and 442 4 of -1 to-1.2 and-2to -2,5 Hz, ‘respectively, implicd

1,3
dihedral angles P, , and &, , in the ranges of 50-55 and 67-80°,

according }:oGnrbisch'src}13'510119,}11;‘?3 given in cq. [14] .
¢ -

Yor

* The symbol SO has been used for sofa confofmations, e.g., §95 for 860 .

Inasmuch as single-letter conformational symbols are now.in general use and

S is already reserved for skew Eé}ms, we propose-the letter D (from divan) for

%ych conformations. N R
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In an ideal D
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4y =13 cos?q); - 2.6 sin’ $ °g (f_J'\';é 90°%)  [a4] _

ki

I = 6.6 COSZCIJ + 2.6 sin® (i) . '(00\< @ < 9&)) _ [15]

-

5 sofa form, thesé angles are 60 and 90°,

respectively; very small ring torsions in the direction towards

0

a flattened "H.- form moves them into the indicated ranges. The

homoallyic codplings, 5._Il‘4=l.5-;1.8 Hz, were in accord with those -
’ : .

60,64,65

found in other 2-enosides featuring‘comparablé, mutual

3

1.2 and Iz 4) requlire special comment. The
L2 > .

dispositions of H-1 and H-4. The vicinal couplings through sp2 '
hybridized carbon (°J /\

63 -

relationghip provided by Garbisch for this situation (eq.[ls]) ?

fails:to predict accurate values in the case of enopyranosides.

66

IE\Has first noted by‘Anét that the parameter of +2.6 may be

too large, and couplings smaller than the minimum value derivable

from eq. {15} , namely 2.6 Hz for " q;=='90°, have since been’
: 58-60,62,64,65,67;70 :
observed va numerous occasions . . However,

qualitativel? the small coupling J =2 Hz , consistently .shown by

3,4
our products (Table 3), certainly was in line with a large dihedral

angle <b3 4 38 réquired by the conformation discussed. For an angle

., , of 50-55°, eq. [15] predicts 3;1 , valves 8f 3.9-4.3 Hz
? . . 3

1

_a
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taking into account the‘well—known weakening of vicinal coupling
at the ancmeric cente;; iﬁ addition to an inherent inaccuracy of
the equation, the observed valves of 2.5-2.8 Hz do appear
reasonable. Finally it may be notéd that, for all of the new
4-substituted d:g-erzthro—2—en0pyranosides, the vinylic proton
signal occﬁrring at higher field was assigned tc H-2, while that
at lower fieid was'assigned to H-3. The same chemical shift .

64,65

4 relation was observed by Lemieux and coworkers in the 4,6-

acetals gg,g;,gg and 65, and in the methyl pént—Z—énopyranqsides

gi.and 67; corresponding assignments have since been made for
n

52’62’68’70. On the other

65

3

merous hex-2Z-enopyranose derivatives

hand, the relation is the reverse in pent—Z—enofurand’Sides

in some of the aforementioned enopyranosyl'phosphonatessg, and

in certain disaccharidic analogs of 2260,69,71a. In' compound

29 itself (and also in §§) the vinylic signals happen to coincide™,

a phenomenyn encountered not infrequently in-this series (Table 3

and refs. 58 and 67), and it is therefore clear that-such shift
differences as may be obéervable are quite gensitive to
struc£ural differences. A justification for our mode of assign-~
.mé;t derives from the fact that the signal attributed to H-2
(65.8 + 0.1) incurred little change from fhe resonunce
position in 29( §5.86), whereas a downfield shift to §6.15= 0.15
was evident for the other signal, which could thérefore be {

allocated to H-3, the proton vicinal to the site of chemical

modification.

j Tsec p. 47 for footnote
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* Because of this coincidence in 29 , the protons H—3,H—2, and
H-1 constltute an AA'X system, as do H-2 H 3, and H-4. llence, H-1
and H- 4 are expected to give multlplets with splittings arlslng
from averaging of the coupling constants invelved. The two narrow
parts of the wide H-4 doublet (J4 5—9 2 Hz) each appearcd as crudc
quartets w1th»a line separation of ~ 0.7 Hz. Line separation in
jhg H-1 multiplet (sz 3.6 sz was ~ 1.2 Hz. Calculation shows
that these patterns can arise from estimated coupling constants as
given in Tabie-S. Thefe constants are compatiblg with the geometry
of a flattened Oﬂs conformation approaching the D form.
In compound 15; the vinylic protons also coincided and the situation
is, therefore, analogous. The two constituent parts of the H-4
doublets were quartets with a line separation of ~1,2 Hz, whereas
H-1 gave a quartet with a line separation of 0.8 Hz. We have
'calculated-approximate splittings as may be expected for the six
conformations A-F, using estimated coupling constants that seemed
. Teasonable for the respective, dihedral angles; cq. (14} was uscd
for calculating gl’s and §2,4;, and values reported iﬁ this -paper
and elsewhere (52,60,64,65 and 71) were taken. into account for
choosing Jl 2,Jl 4-and J3 4+ The resultant splittings ranged
from 0.3 to 1.7 Hz for H~-1 and from 0.5 to 1.9 Hz for H-4, but
none of the sets of values so derived for each individual
conformation corresponded wcll with the actually observed pattorn
However, the data were accommodatcd by a 1:1 equilibrium ot the Sb
form (calc. splittings: H- 130.5,1%4,1.9 Hz) and the D; form
(calc. splittings: H-1, 1.0 Hz; H-4,0.5 Hz).
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An evaluation of the spectra of the /B—glycosides' 52-55a

1 — P—
obtained from the /3-2-erzthro—enoside 45 (or %igxin the case
of 55a) must begin-with a consideration of 45 itself. This
deserves to be done in some detail as.it is pertinent also to
the discussion of optical rotations that will be presented in
a subsequent section. For some 2-substituted analogs of %g,
namely, certain ﬁ?-linked E—erzthro-hex-2—enopyranose derivatives

bearing an acetoxy group at C-2, the inverted ~ 5ﬂo'half-chair

conformation 719’72 or a flattened version approaching the
>
OMe
()
. -‘____—:-.
4 AcQ)

63" o 63
closely related 52 sofa cénformation 60 have been deduced
from nmf data. No .doubt the nonbonded interaction existing in
such compounds, between the vinylic substitugnt and the
neighboriﬁg, quasi-equatorial r/3—anomeric group [ thelA(l’z)

" strain 73 J _contributes jointly with the anomeric effect to

destabilization of the normal Oﬂs half-chair and favors inversion,

46;er6bming opposition by a C-1,5 syn-diaxial-type substituent

interaction (whichin half-chair conformations is dimjmished
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on the strength of the anomeric effect alone prefer a conformation

. ’ . . . . r
wherein the anomeric group 1s pseudoaxial rather than one wherein

65,67

-

it is pseuddequatonial (63' and §7') Although in 45 the
anomeric éffect could be anticipated to favor a similar conformaj
tion, it was more difficult to predict whether 1,5-substituent
interaction would significantly counteract. The spectrum of 45
showed the H-4 signal as a doublet of narrow multiplets at 85.51.7
The largest spacing (5.0 Hz) was mirrored in the upfield multiplet
given by HjS and hence represented £4,5. This coupling immediately
revealed a substantial deviation from the Oﬂgkor D forms

5
(formulas A and B) in whichf the &{-glycosides were

»

OE: Qtt

Iz
ut
10
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found to reside,and for which 34’5=9-10.5 Hz. On thé othér.hand,
the valuc_appeared too‘large to be compatible with the inverted
~-conformétions Sﬁo, Sg, and D, (formulas D-f)_wherc d?4,s is in
the range 60—90° and~g4,5'should therefore be only 1-3 Hz. A
possibility is the OQ sofa form (formula C) with }$>4,5=1SQ°,
bﬁt, as the sole £eﬁresqntation of 43, thig is deemed unlikely for
. it‘dées not have the benefit of the anomeric effect. Unfortunately,
\thé small, ‘additional splittings observed in the H-4 signal and
thosé present in the H-1 signal could not be used to decide the
matter. Hoﬁever, the data were consistent with the assumption ,
that -45 exists as a conformational equilibriuﬁ te which an

“inverted form such as Sﬁo or SD makes a large contribution®.

J

o

T See page 47 for footnote

s
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Now, the spectra Pf‘the ﬁ—glycosid&s ;g-ggg paralleled that of

ﬂg in that they all displayed similar gd’s falues, with those of
the C-alkyl derivatives 55 and 55a being even sémcwhat smallcf

(~4 Hz). In view of the foregoing discuséion, this featufc was
compatible with the ﬂ—g—erzthro configuration and suggested
conformational similarity -to 45, with perhaps an inéfeased
preference for an inverted form in 33 and 553. The assigned
configuration was supported by the optical rotation of the

products ( see later),but definitive proof to exclude the A-D-
threo configuration could not be obtained from the nmr data alﬁne,
mainly because the olefinic proton signais were 111 resolved and
pertinent J values could not be determined. However, onc note-
worthy observation relates to a comparison of the C-alkyl deriva-
tives iﬂ the two anomeric séries (ﬂg and ig Vs, §§ and §§é) with
regard toe the vicingi £4,7 couplings found in the H-4 and sidechain
methiﬁe proton signals. The most favoured torsional orientation

of the C-4"substituent about the C-4,7 bond sﬁould place H-7 /.
antiperipianar to H-4, allowing the bulky alkoxycarbonyl groups to
point away from the sugar riné. Ind42z and 43, however, such an
3rrangemcnt would imply a gxg—pérallel crientation 6f one of thesc
groups with the acetoxymethyl groip at C-5. To alleviate this, some
rotation about tﬁe C-4,7 bond appears to fake.place, fesulting in

a diminished 44’7 value (4Hz). By contrast, there is no such

steric encumbrance to be eipected for 55 and 55a iﬁ'indeed they are
‘Q—erzthfd compounds residing in an inverted conformation. In keeping

with this assumption, their £4 7 values. of 9.0 Hz indicated a morc

- ‘./J

ey
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near ly antipef&plangr orientation of H-4 and H-7.

The 3,4-unsaturated glycosides 36 and 56 dispiayéd ClO;Lly

similar over-all patterns of their respective ring proton
'signais,.although H-1 to H-4 were slightly more déshielded in

36. Specifically, they showed nearly identical patterns in their
very narrow H-1 signals, their virtually coinciding olefinic- prdton
signals (H-3 and H-4), and their complex multiplets for H-5. Also
very similar in shape and widtﬁ were the complex multiplets given
by H;Z, except that in 56 the multiplet was doubled by coupling
with H-?. A splitting of 9.5 Hz indicated here, too, an H-2,7

anti situation. Very weak H-1,2 coupling (L1 Hz) as observed in

38 and 3§ is characteristic for 3-enopyranosides having the X -D-
threo configuration whereas «-D-erythro epimers show values of

3.5-4 Hz 74575 .

The parameters for 46 (Table 3) were in fair agreemeﬁt with data
recently éiven >2 for the same compound (buf measured in a
different solvent). They bear out a flattened Oﬂs hélf-chah'
conformation, which is in harmony with previous observations71b

of similar conformational behaviour in <-D-threo and o(-g;
erythro-hex-2Z-enopyranose systems. Finally, the data for compound
57 whoge H-1, H-2, and H-3 5ignals were clecarly separated and visiﬁle
in the spectrum of the crudé'mixture of ;g and 57, allowed ;

/0 :
allocation of the o-D-threo-2-cnoside structure to this minor pn%ﬁiit'

N
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1,B.2-4 Optical Rotations

. . - ¥ !
The configurational assignments made by spectroscopy were corrobor-

. ated, and questions that remained open werc scttled, by the

inclusion of .arguments derived from comparison of optical rotations,
with due consideration of cgnformational‘aspects76 of optiﬁal
superpqsition; Table 4 listé the molar rotations, DQD :[?]D X
mol.wt/100,for chloroform solutions unless indicated otherwise.

‘It is seen that all of the d-gferxthro\?-enopyranosides, whose

configuration is secure, are_strongly dextrorotatory. This* 1is

~fully in line with abundant data on analogous molecules found

in the literature and conforms to' a generality first stressed by
Ferrier77. As has also been noted previously, it is apparent
tﬂ%t the magnitude of BﬂD depends to a‘considérabic degrec on
the nafure and size of the 4-substituent (compare, for example,
ref. 65). The relatively low value of thec primary amine §j,/
as.compared to the other amines, may perhaps be due to special
_effects of solvation or hydrogen bdnding.

-

The p-glycosides 52-55a are less dextr6rotatory than their «-
linked counterparts; in either’series the rotations are lower
for C-alkylated than for aminated derivatives. However, in the
parent diacetates 45 and 29 the difference is wery small, and
in benzene solution 45 is even more dextrorotatory than 29
(+383 vs. +276Q); an anomaly that has been suspectcd78 Before.
Deviations from Hudson's rule of isorotation have also been
recognized 1in (non—acetylated) pairs of anomerlic alkyl '2,3-

65,67

dideoxypent-2-enopyranosides and in 2-acetylated 3-dcoxy-
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TABLE 4. Molecular rotations of enopyranosides in chloroform .

Y 2-Enosides Configuration [M] D(?)
- .
29 %-D-erythro +303; +2762
100 ® ’ +460
32 e +465
33 +4606
34 — +527 '
35 +678
37 " +350
39 +448
22
42 +309
43 +334
44 ! +305
45 A-D~erythro g +285; +3838
52 | +362
53 +376
i&b : , +173:
’5__5_§b +139 Vo
46 X-D-threo -4432
57 -600 ‘
3-Enosides.  Configuration - M) p(*)
36 o-D-threo +614
56 +330
a In benzene -
b Containing small proportion of isomer(see text)
e
G

o]
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hex-z-enopyranosidcs71b. Likewise, the anomecric assignments for

the aforementioncd hexenopyranosyl phOSphonafbs, originally made
' ' 59,79

'

on the basis of optical rotations, later had to be revisecd
The anomalies doubtless arc rooted in the conformational

behaviour of p-D-glycosides in the enoside family (vide supra).

In order to put the choice between the 4-epimeric alternatives for
52-55a on firm ground, and because th;re is a paucity of analogous
ﬁ—gﬁthreo derivatives for comparison, it became desirable to
examine what sign and range of rotation could be ﬁrédictcd for

each of the two configuratiénal’possibilities. Fortunately, this e
' 64,65

could be done with the aid of data, provided‘by Lemieux on
six secure%& characterizea compounds (the benzylidene Aerivaéﬁrcs
60, 9;, 64, and 05, and the pentosides 66 and 67) 1in conjunétion
with our own data on 29, 45 and 46. The argument.is iilustrated in
Scheme 2. Compare the conformationally fixed acetal 60 with the
4-acetate 62 (the enantiomer of 9]) that is known to exist in the

-

@ .
same, or nearly the same, conformation. The structural alteration

13

entails a rotatory shift of -70° ([M]Dvalues). An identical

structur%? ¢hange in the conformationally rigid, f-anomeric acectal

- 61 may be expected to.cause the same shift, which leads to a

calculdted Notation of 43° for the conformer 63' of 63. However,

compound 63(the enantiomer of 66) is known to exist predominantly
in the conformation having\pseudoaxial substituents as decpicted,

and the difference Eg1itskﬂqtual rotation of +2320, namcly +189°,

;0

.~
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"a 5-acetoxymethyl group, produce rotatory changes opposite in sign

_57._
. L] - »
therefore represents the 'sum total of optical changes associated
with this conformational equilibration. Now consider the

structural{aleTation 62—+29, disregarding the optically insignifi-

" cant repla ement of OMe by 0OEt. Introduction of the S5-acetoxymethyl

substituent increases the rotation by 490.‘Use of this'increment
in applying”thé same manoeuvre'to 63’ leads to a calculated
rotatjon of +92° for 45', a conformer of 45 deduced by nmr
spectroscopy to be unstable (vide supra).. If one now makes the
assumption that the equilibration gj;fig% is attended by a sjmilar
optical contribution as the process 63'=63 and conseqtently uses
the same value (+189°} for it, a calculated rotation of +2810

-

is indicated for 45, in remarkably good agreement® with the

measured value‘df +285°. Performance og the same exercise starting Ci\)d
with the D-threo acetals 64 and 65 involﬁes.the pentosides. 66 and
67 as well as the hexenoside 46 and should lead to a gbod:t

indication of the rotation to be expected for the laﬁtcr's‘ynkﬁawn
p+anomer 68. As the Sghéme shows, different parameters apﬁiy here

for the various transformations. Thus, in 64 —~66, replacement of -

the fused ring by 4-acét0xy, and in 66 —=46, the intrpduction'of

[

"and different in degree compared to the preceding series. The

+ There may be an element of coincidenﬁe in this, since the
equilibrium constants for 63'==~63 and 45's=—>45 are not
necessarily £he same and, furthcrmore,'épplication of the
same increment {+189°)'t0 both,quilibrétions may not be

entirely sound. Nevertheless, a rcasonable agreement was to
e

[ ~ )

» bc cxpected.
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increment for conformational inversion (+75°) is also different.

The final result of the exercise is the prediction that p-D-

threo compounds of type Eﬁ &ill be highly levorotatory regardless

of conformational preference, and it is therefore evident that VV’/)
ég - 553 must be ﬂﬁ-gfgzxthro compounds. As an ancillary bonus,

‘the calculations contribute to an understanding why 1t 1s
inadvisable to rely on Hudson s tule of isorotation for anomeric
(as opposed to eplmerlc) assignments in enopyran051de palrs which
are not constrained in the s me,)rlgld conformation. Althqygh
the rotational differences in §ﬁ;h pairs can be fairly large and
in the expected direction (Table 4), substituent and solvent
influences may cause them to become quite small (even\(evefsed),
as exemplified by 62/63, 29/45 and 46/68.

. . ’ ‘ ‘ .
For the 3,4-unsaturated o-D-glycosides §§ and 56 the threo.
configuratio was buttressed, and the erythro configuration
rejected b compar1ng their speC1f1c rotations w1th those of
model compounds found in the literature (Table 5) The’ product
which was formed together with 56 and judged on the basis of
13C—nfnr data to be a positional isoﬁer rather thaﬁ.a stereoisomer,
but differed from 42 and was. therefore assigned formula 57,
showed strong levordtation as expected for antu—g;threo=2-enoside.

v
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I,B. 3.DISCUSSION

Thc.expcriments déscrib in the pfecediné section have
-
established that palladiuj—cataly;ed, allylic substitution ,
can be used as a convenient, high-yielding route to amino’
and branched-chain carbohydrates. With the pronounced regio-
and stereoslectivity observed in most of the substgtutions
of the Q—erxthfo'Z-enéside substmdtes 29 and 45, the method
represent a valuable addition to the arsenal of toois for
specific carbohydrate modificafions. The finding that
substitution normally occurred at C-4 of the pyrhnose ring
was particularly welcome in view of the fact 4-amino sugars
spre far less readily accessible through o;her, gé. rai
methods than are 2-amino sugars. The results provided
encouragément to apply‘this reaction.as a key step towardg
the synthesis of certain 4-amino sugars of known or potential,
biclogical interest, as will be shown in sections I,C and I,D.

Possibilities for similar applications are numerous.

.
- ' : . F
.
\

Although this investigation was fo;ﬂi}d\ﬁgimafily on the 5;;;0-
duction of a new'synthetic procedure into carbohydrate chemistry,
and although its essential results were straightforward and

in accord with expectations derived from knowledge of the
reaction as developed in general organic chemistry, some

the work.

r% ‘ 5

1

4 o
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First of all, it became clear that all allylic acetates arc not
equaliy suitable substrates. Thus, the reaction failed with the
glycals 28 and 72, and with the 4—enosides 73 and 74, all of
which have in common an enol ethér structure. Enol cthers quife
generally resist pd® — directed substitution under standard
conditions4?’84: and it is assumed that the redson is their
, reluctance to form the initial, requisite T-olefin complex
(see eq(2)}, p.13). Whereas an electron—withdrawiﬁg substituent
facilitath'Ebmplexation, an electron-donating one greatly
hampers it because it renders more. difficult the back—donatidn of
electron density from palladium to the K—orbitalsz. (Rccenfly,
somg simple enol ethers that had pfeviously failed to react have
‘>I’L*;;;; succe;sfuﬂ%alkylated by use of reactive-methylenc compounds
> in the presence of diazébicycloundecanc in hot toluen084’85.
Perhaps this variant might prove applicable to the above sugar
enol ethers, too). '
7
Turning now to the g—erythro 2-enosides 29 and 43, which under-
wenf substitution smoothly, it transpired that, except fo? the
reactions with dibenzylamﬁne (to be discussed er), the
favored products were 4-substituted 2-enosideshhaving the orig;nul
configuration. In fact, according to tl¢ and ﬁmr evidence the
X-glycoside 29 in almost all of its reactions gave singlé_isomers

accompanied, at most, by traces of slow-moving impurities.

Only in amination with benzylmethylamine and in alkylation with



(>

methyl phenylsulfonlyacetate was-a second, but minor, product
detected in the crude reaction mixtures. Thése‘by—products

could not be identified; they may have been isomers signalling
a somekyat diminished selectivity in these particulaf instances,
or they may have been other (unknown) transformation products.
It seems evident thag the pélladium ¢atalyst species, in

forming the 7-allyl complex of 29,places itself on the B-face

of the pyranose ring, opposite the acetoxy group it is displacing.

It is then in turn displaced by the nucleophile appro;ching

C-4 from the opposite direction, with resultant net retention
of configuration. This sequence of events is in accord with the
general undérstanding of this interaction ?2 . As regardsthe

-
s

Tegioselectivity of the nucleophilic attack, the clear prefereﬂ;e
for C-4 may in large measure be due to polarization of the
TC-allyl complex by'the.electron—withdrawing, inductive effect
of the anomeric center (C-1). Sferic hind:yance to nucleophile
approach at C-2 by the neighboring, quasi-axial glycoside
group might at first sight have been. invoked as a contributory
factor since selectivity was indeed most pronounced for the
reactions of the &-glycoside 29. However, if this factor played
a role it cannot have been a very important one since
selectivity was quite similar in the /3-g1ycoside 45, at least
as far as aminations were concerned. With dimethyl malonate, 45

(and 1ts methyl glycoside analog 45a) also gave predominaﬁtly

3

&\EJ ?@f
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29 . ) } Pd-—comp‘lemof 29

=

the correéponding 4-substituted, gjerxt;:é\z—enoside (55 and

5oa, respectivély). On the whole, therefore, the B-glycoside 45
behaved like its «&-anomer 29, and one has to conclude that it
forms a conformationally similar palladium complex s—depicted,
even though free 45 exists to a large extent as. n inverted
confbrﬁer in confﬁrmationai equilibrium (see p.56)§7}n this
complex, nucleophilic attack from the lower side of the moleculcﬁf
at- C-2 should encounter no steric impediment, apd yet, products
resulpinpg—fromattack on C-4 only were clearly identified.

It ﬂgp::igl though, thap'thé 4-C-malonyl derivatives 55 and 35a
were each accompanied by a noticeable, if small, proportion of an

/ -
{
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e Pd-complex of 45
-

isomer that spectroécopic adalysis suggested to be a 2-substituted

3-enoside (see pp_34ahd39). The configuration of these minor

by-products could not be convinciﬁgly established as the compounds

were not isolable, which precluded detailed analysis including

'Ihe measurement of opticél rotation. Based on the discussed

mechanism the prediction would scem reasonable that the by-products

should possess the‘ﬂ-g-erxthro configuration (A); i.e., should

have originated from lower—siﬁe(gfffck at C-2. However, some
13C—nmr data coﬁld bentatively bé:interpreted in favor of fhe
,6-2—22533 configuration (B). How would thg_formation of such

,stercolsomers be<§xplicable? The alternative mechanism, which

procecds via attatk of the nuclcophile at the metal followed ~

.

by its internal transfer (sec\f;p}S); is infrecquently //,,\//

SR
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Possible configurations of the minor by-products of -§§(R=Et) and £5a(Rz=Me) !

invoked and seems to apply'mainly to regctions involving
carbanions that are less-highly stabilized thﬁn malonate87’88.
Moreover, an assuﬁption of that mechanism would beg the question

why a nucleophile initially attached to the metal atom'in}thc
45-complex should be delivered intérnally to C-2, ig/gzgﬁérénce

ito C-4 which is the prevailing site for intermolecular attack.

(A 4-substituted Q-EEEE%Z-enoside as would result from intg;azf\
delivery to C-4 has never been detected, neilther\in reactiéns with™ .
£§ nor in those with %3-) ‘An answer to that question is not

easy to see, and it is perhaps more appropriata\Fo consider

the following possibility. It‘is conceivable that, in ccr;ain
circumstances, an iSOMGrizatién of the pallqdium'complex competes

to some degree with the normal coursc of events. Thus, in 45, an

*
exchange of palladium with concomitant conformational inversion

might occur as follows: '?\NW-

-~

* Sce footnotc next page
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It has been pointed o:/ by Trost and cowarkersaz’86 that complexatlon
in cyclohexene derivafives such as the one shown below is enéumbegﬁﬂ
.by repulsive, s§n~diaxial interactions between ring hydrogen atoms and the

bulky PdL, species. If, as in our pyranosides, the most serious of these

2
interactions {at position a) can be avoided by adoption of the proper
conformation, complex stability should be éqhanced. Moreover, coordination86a

between palladium and a syn-oriented ring oxygen atom can then contribute

to stability.

i, .

OAc
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In ‘the configurationally'aﬂd conformationally isomerized

complex, nucleophilic addition from thé face opposite the metal | -
should be strongly infl‘ ced by st;ric'features which direct

it towards C-2: ApprOQZiE:o the respective,‘vicinal poéitions 4

and 2 is expected to be hindered much more severely by the axial’

acetoxymethyl carbon than by the pseudoaxial oxygen atom.

The “'EfEEEEE Z-enoside 46 provided an interesting contrast to the
two foregoing isomers, in so fér as regioséLéctivity appeared
strongly reduced or even lacking completely: Unfortunately, on ﬁ
two substitutions could be pe?formea because of lack of material, ‘\L;}
and of these, only the first one (with dimethyl malonate) yiclded
a reasonably clear picture whereas the second one (with_metﬂyl
phenylsulfonylacetate)could not yé% be evaluated stereochemically.
Hence, the following conclusions must be regardéd as preliminary
and should not‘be generaliéed before further data become
avallable. '

-~
The enoside 46 gave, with dimethyl malonate, a 66% yicld of an
approximately 3:1 mixturc of regio:}somers'(gg and 57) which
both had the D-threo configuration, i.e., the nucleophile had
arrived in both isomers from "above', at C-2 and(C—d respectively.
This was consistent wiﬂfﬁnitial palladium complexation at the
 1ower side of the pyranose fing as required in ig for displace-

‘ment of the acetoxy group. One might have wondered whether

'approach of the palladium species would not be hampered, in thjs

S

LY
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instance, by the pseudoaxial, ®-glycosidic ethoxyl group , but
any-Suci~hindrance evidently was not so severe as to prevent
complexation. It is suggested that steric relief is gqiﬁed by

conformational inversion as shown:

OAc 0 AcO
/ e
—

OEt

OEt=<

AcO

OAc

0Et

57 . .
el .

(Minor) . (Major) .
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In th&; complex, the electronically favoured C-4 addition is

“strongly hinderéd by the axial acetoxymethyl group while cI2

addition is relatively uncncumbercd sterlcally, which would

account for the observed isomer ratio. \\\////‘
‘ .

As regards the alkylﬁtion of 46 with methyl phcnylsuif&nyl-
acetate, the mixture of produects obtained consisted no doubt

of alkylatea enosides, according to microanalytical and
spectral data. Their ratio was approximately 1:1. It was‘'not

possible to separate the components, nor to establish firmly
their double bond positions and configurations, the problem -

being/}gézivated by the possibility of diastercomerism due

to chiral C-7. The products were tentatively formulated as

58 and 59 by analogy. Further work is reqiired to prove tliese

.structures and to determine the configurations.

Now the puzzling results obtained with dibenzylamine remain to

be addressed. The o(-glycosidic en

ide 29 afforded the "normal"

product (the 4-dibenzylamino-o{ D gﬁgggo Z-enoside 35) and the
unexpected 2-dibenzfylami

<t \b0<—3 enoside (36) in a ratio

of about 3:7. Had the latter arisen by an internal transfer *

mechanismgs, the 4-epimer of 35 should also have been formed,
. i, . .
in similar if not larger ﬂ;oportion, as the alternate (and

electronically favoured) regioisomecr, but it has not been found.

v C ‘ : N

‘L].
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Alternatively, one may consider an isomerization on the T-allyl
?

T ' complex stage as proposed on preceding pages. To whatever

»

mechanism 36 owed its formationy it does not seem fruitful at

the present time to specula£q as to why it was just dibenzylamine

tha£ displayedlan exceptional behaviour in its reaction with gg,.

all the more so as it behaved in a completely "normal' way towards
// ' _ a disaccharidic derivative of‘;g (see I,D). One’point of possible

relevance farthe phenomenon is ;hat palladium-promoted allylic

aminations (

contrast to C-alkylations) are ‘believed to be

interplay or kinetic and thermodynamic control

Fl

Equally remartrkable Wwas the formation of the open-chainaminodienone
54 from dibenzylamihe'hnd the B-enoside 45. Before attempting a

N possible mechanisfic explanation, it is useful to remember that

89,92

Y J there are precedents in the literature for the formation of

-

. <)
- dienes from allylic acetates under conditions of palladium

catalysis. Also during the present work it.was noticed that use
of di150propylamine€Hid not lead to amination of 29 (presumably
because of the steric bulk of this amine) but gave, instead, the

‘ethoxydienone 41b as a mixture of 3,4-cis,trans isomers. The

-

N
in the prgscnce ofjjriethylamine_or, indeed, in the absence of

However,/ the palladium is not necessarily involved in

this t;&ns ormation. Yunker and Fraser'—Rcid93

v

obtained the -
analog of 41b when they treated ethyl 6-0-benzoyl-2,

3,4 tri&éoxy 4-iodo—<x—Q-threo-hex—ZE%nopyraﬁoside with



Bz N
O : _
’ QBL / — .‘ ‘ Et
—/OFt o
. - _

.diazabicyclononene, in an attempt to synthesize by dehydroiodination

-

%he 0-benzoyl analog of 3la (eq.[lﬁ]). One may assume that these
processes are initiated by elimination of acetic acid (Scheme 3,
path A), or of hydrogen jodide in the case of eq. [16] to g1ve the
pyran derlvatlve as an intermediate which rapidly rearrangcs to the
openqtﬁéiﬂ dienone. The\Eearrangement gould be catalyzed by protons

-

prov;déd by the-acid (or aminium salt) engendered in the initial

»

elimination. An alternative propgqsal is a concerted process as

~shown in Scheme 3 (path B). Yunker and Frase,r—Reid93 considered

]

both types of mechanism for their dehydroiodinapi%n without wishing

-

to commit themselves. At .any rate, the edsy 1nterconVer51ouﬁof

iy

2H-pyrans and dienones is well documented in the llteraturcg4

Bearlﬁﬂ in mind the transformatlons deplcted in Schemclo, it now
becomes understandable how 54, the dibcnzylamino analog of the
ethox? cqmpound ilg, may nge arisen from 45 by the action of di-
\
benzylamike (Scheme 4). The base first causes elimination of
acetic acid, which lecads either to a pyran (the pA-anomer of 41a)
on path A, or diEectly to an'ethoxydicnone on path B. In cither
event it is ‘possible to envisioh subscquent reactlons‘wlth

dibenzylamine leading to replaccment of the ethoxy group as

shown (Scheme 4).



SCHEME 3

OEt

Ac-

N

-r

QEt




SCHEME 4 DA«




- 74 -

L,C. SYNTHESIS OF 2-FOROSAMINE
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I,C SYNTHESIS OF D-FOROSAMINE %p

/
Results and Discussion

The amlnopolydeoxy sugar, D-forosamine, is one of the three

carbohydrate entities present in the sp1ramyc1n(foromac1d1n) group

of macrolide antibiotics isolated from Streptomyces ambofac1en5965

1t has been establlshed97 o8 to be 2,3,4,6-tetradeoxy-4- (dlmethylamlno)-

4

erzthro ~-hexose{87). Synthesis of this amino sugar has been reportc
early by Stevens et A198 and by Albano and Hortongg. Both groups -
pursued multistep approaches departing formally from D-glucose,
which furnished the amino sugar—in.very low over-all ylelds(}\_u),_

100

More recently, Dyong and his coworkers accomplished an. elegant,

w

, :
total synthesis starting from 2,4-hexadienoic acid (sorbic acid},

that provided the sugar in seven steps  (including a racemate res

tion) with 12% over-all yield. /J 4

In t “resent work, the palladium-catalyzed amination was employed
to synthesiz;lthe methyl glycoside 86 of Q-for05gmine in 24% over-
all yield from rqadily available methyl 4,6-p-benzylidene ~ X-D- g/ﬂ[
. glucopyranoside(75). (The hydrolysis of 86 to generate the free .
sugar 87 has been desbfibed previouslygg). -’

.J;\ C B T e !
Th1s approach not only appear?J;b compare favourably with tZ:

prev1ous syntheses, but it also provides facile access (to aﬁal of

forosamine structurally modified at ‘the nitrogen atom.

)
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The point of.depature was the known-compound, meth*} 4-0-benzovl-

' . : 101
6-bromo-6-deoxy-tX-gfglucopyféLoside (Zg), conveniently prepared

from methyl 4,6-0-benzylidene- X-D-glucopyranoside(73) by the
Hanessian-Hﬁllar reaction (Scheme §5). 0bviousiy7\$he plan-of

LN

synthesis called for reﬁlaéement of the bromine atom at C-6 by
hydrogen at somé stage on the route to the target molecule, and it

was recognizéd'that this could have been performed at.thé outset,

101a

'by a reduction as described However, we decided for two

reasons to postpone this step unpi}/fétér on.

-~

3

</ . : .
First,'frﬂm the viewpoint of assessing the(ggipe and general
}h‘\tility of the pal]fdium—-catzy)yzed‘ allylic aminatiopn in different
‘ kinds of carb rate\derivatives we wished to examJEE whether the

method is campatible with the presence Qﬁ‘é 6-halogeﬁo\subétituent.

An encouragement in this regard was the recent paper by Trost and
Fs .

42

Verhoeven “ who reported that 3-acetoxy-8-bromo-l-octene can/be

allylically alkylated with retention. of the bromine atbm; on the

1

ogﬁg fand, we aid not find in the literature dlar precedent
for amination. Se¢ondly, it was thought that, should ‘sucR—aminded
be successful, th quuired_removalkof the halogen atom might

. . ./
advantagcously be cpmbined, in a single operation, with a

. T oo
subsequent yeductive step that woPIé be necessary for-preparing the ©
desired aminopolydeoxy sugar, - S h

Consequently, the brohoqlkene 77 was prepared from éhe bromo diol

76 in 90% yield. Thif was accQEEiiiggd by application of the

102

excellent procedure/of Garcgg and Samuelsson , whiﬁh employs

™~ . . :
the rcagent system tYiphenylphosphine/ 2,4,5-trjodoimdazole/imidazole.

‘\ »Performing the rcaction on a 20-g scale we found it somewhat cumbersome k/f



to to prepare 77 in entirely pure state, i.e. free from

\“‘uiriphenylphosphine oxide; complete removal of th§ contaminant

/"

from_agn analytical sample required preparative ihin-layer
chromatography. However, this difficulty was of little \\\\\
consequence, as thorough purification proved unnecessary for

performance of the next step; actually, it was found advisable

to proceed without undue delay, using partially=-purified 17,
: .

because the isolated compound showed only limited stability &n the

[t _:T
shelf. Saponification of the benzoate ester 77 with triethylamine

i

followed by acetylatlon of the 1ntermed1ary alcohol 78 (whichfwas
9

not characterlzed) @fforded the crystalllne acetate Z«‘

Although
this ester 79 \too, was rather unstable at room temperature, its
structure and purlty were confirmed spectroscoplcally H vever,.
the acetate 79 could be stored for prolonged periods at 28°

The over-all yield of 79 from 75 was about 60%. ThlS yield was
increased when the crude 76 was used for the next step without

pur{%icag&on,_ \uhx%h case a 92% yleld of crude 77 and therefrom,

an 80% crude yield of,zg was obtained. It decreased to 65% on

-

- purification by chumn-chromaxog}aphy. v//"

1

‘TheAailyliq acetate 79 was treated with Qénzylmethylamine in the

"presence of triphenylphosphine and a catalytic amount of’tetrakis—

-

1phenylphosph1uc)yalladlum(O) by the methed dellneated in

part I,B. ’, ,l o . )
. ) - . Me
Br r R ~ Bn
n
- v : B
. BnMe + Me fis)
Me . Ve -' Me
73 Y oms u9

—~
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Processing of the reactiizimixture ggve two aminated compounds
- that were separ‘ted by preparative'thin—layer chromatographf
-(eq.[lS]). Tﬁe less-polar product proved to be the desired 6-
bromo—4-(ﬁ—benzyl)—mcthylamino giycoside 88 and was isolatéd in 32%
yield. The more-polar product, revealed to be the bromine-freg,
4,6-di[(N-benzyl)methylamino) aerivdtive'ggp was obtained iﬁfgg%
yield. Tﬁo by-products having intermediate chromatographic mohility
amounted to only a few milligtg;s of material and were not identified.
In full analogy to the aminations of -the 6-acetoxy derivatives
reported in Part IB, -this expeigment indicated that a very high
degree of regio- and tereq;electiﬁe, allylic amination at C-4 can
be achieved in the Hromo glycoside 79. However, the large amount
) tf nucleothilic‘substitution which concurrently took place at C-b
'défeated this venue as a high—yielding'approﬁch to monoamino §ygars’

of the foresamine type, although further work along this lin

might provide a useful Youte to certain 4,6-diamino spgars. iew

of the moderate yicld of 88 it was decided to perform a redu

debromination prior to amination.

r

Treatment of the unsaturated bromo sugag,?g with 1ithium triethyl-
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(//J/ yield from 75). It.is noteworthf that compound 80 had previousiy

been prei:aredlDS from 75, in 15-20% over-all yield, via the 15—~

dimesylate ifi a sequence 1nv01V1ng the Hanessian-_Hullar reactlon,
reduction zincecopper couple, and reductlve elimination.

employ,ing a modified, Tipson-Cohen procedure106. On the other

hand, the etHyl glycoside analogous to 80’has been.synthesized105
in 3 steps (and 70% yield)from the corresponding 4,6- dl%;?ﬁ;ﬁg\,

the latter needs first to be prepared by the Ferrier method,

-

yfrom-tri-0-acetyl- D glucal, which is conside;iPly more expensive

;\\ ﬂ Is.

of compound 76 with zinc-copper couple in warm acetic acid iedltd the

6—deoxy—2fg1ucoside 8la (65%), which was characterized as its 2,3—
-

diacetate 815 by spectroscopic analysis. Side- proq?cts that tended

/
Y : to arise in thls/reactlon decreased the yield significantly.
A
// Nevertheless, t dlo} 81a was then subj¥tted to olef1nat10n102,

producing the unsaturated 4-behzoate 82. The yield was disappointing .
.\(»v30%) in the one experiment tha? was performed. Still, in view

of the higﬁi& succesSful conversion 76-+77 as well as the Tepor dl02

olefinations, appropr;ate trials might well be e&petted to lead to

iniproved results. No further work was done alongv_this,l'ine,- w

however, as ip the meantime the desired key,cémpound ﬁg had ‘become

conveniently available through 77 and 79 as outlined above.

s . . .
confirmatory Zemplen deacylation correlated the crystalline blenzoate

R )
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82 with the l1iquid alcohol 80(from which it had previougly been

105 by benzoylation). Physical and spectral data for 80

> 107-109
and 82 were in accord W1th those ' reported for L enantiomers

and racemic formsllo. J>

obtained

Quantitative acetylatlon of the alcohol 80 afforded the 4-acetate
83, and the latter was subjected to palladlum cataly%ed amination
with benzyl—methylamlne. The reaction readily gave the unsaturated,
tertiary amine 84, essentially as a single product which, upon
purificatioﬁ.from traces of contaminants bylcolumn chromatography,
was isolated in 81% yield. Ahination of . the benzoate §2 under

1dcnt1ei;fzgnd1t1onsalso provided 84 in 80% yleld The reaction

-was/faster than in case of the acetate analog;- thlS is noteworthy

/
insofar as there seem to be feg examples for the use of_.allylic -
/
o e e .
benzoates ax substrates in such‘substitutions’”. Catalytic

Hydrogenation of gg over palladium-on-carbon simultaneously

3 .
saturated the alkenic bond and removed thé‘ﬂ~benle group, affording-

i

\§\72% yield of methyl-2,3,4,6- tetradeoxy —4- (methylamino )- &-D-

'erzthro hexopyran051de (85, methyl N—monodemethyl—d-D-forosaminidc).

N Methylation of this compound by use of formaldehydc and sodium
T
11

borohydride .'gav"e methyl 2,3,4,6—tetradeoxy—4—(dlmethylamlno)—

i cX—Q-erzthrojhexopyranoside~(§§, methx;ed—gfforosaminide) in 74% yield.

Thé nmr data of this liquid glfcoside agreed fully with those

99a

reported by Albano and Horton ‘who have also described 1its

coﬁ?@b51on by acid hydrolysis into the free dimethylamino sugar 87-

e
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The over-all yield of 86 from 75 was 24%.

On account of the results obtalned in Part IB,it could be anticipated
that tﬁs\froducts of amlnatlon generated from 79 and 83 would
possess the ot-D- rxthro 2-enoside structure as formulatqg for 88,
and 84. Spectral-and optﬁcal rotation data provided structu;al
‘ proof for 88 and 8% aé;\;I;chorroborated the assignment of gi‘which,
of course,lrested independently on the‘unémbiguous transforﬁﬁtion of

LY

. the latter compound.into known 8%. All ‘the data were entlrely

* consistent with those gg;hé?gg’gg;vthe numegrous analogs and

~

evaluated in Part The f¢llowing, decilsive spectral, features
may 'be noted. /,—/' a\\

The position of the olefinic double|bdnd in the pyranoside rings

-

4

was made p0551b1e by, mass spectrometry, which permits one to -

distinguish between 2,3-and 3, 4-unsaturated hexopyranosides on the
‘basis of different fragmentation patterns (see Part IB for more -

detail). Thus, compound 88, suffered retrodienicJfragmcntation and

showed a stro peak at mp 203, resulting f£rom loss of broﬁoacetaldeﬁ.
. hyde. The same promlnent fragment was given by 89 (loss of

benzylmethylgmlnoacetaldehyde) and 84 (loss o.?acetaldehyde) The

prccu1sors 79 as well as 80, and 83 all gave the correspondlng
fragments due to loss moacetaldehyde and acetaldehyde
respcctlvely On the other hand, peaks correspondlng to loss ‘of

methyl formate {(m/e 60), Wthh would have signified 3,4-un-

et A

saturation, were absent or very\weak -?ﬁe\3551gnment was further

(o8

X .
conffrmed by the 'Honmr data (Table 6),which were in-excellent

A

.o~
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) TABLE 6 ~ PROTON MAGNETIC ACSONANCE DATA® | ‘ i - . . .
L4 5 p “ B
. } B - [
CHEXICAL SHIFTS(5) . . COUPLING CONSTANTS (Hz)
-1 H-2 C M3 H4 U5, H6,6' or C-Mo Mo A-Me ' Others Jas a5 e s g o1 . Others
Ew 4.97na  —— 5.865 —( S.40dna  4.07sx 3.44¢d, 3.174d 3,565 R.00m, 7.45 {OR1) 9 8 3 1
: 4.04na  p— 5,828 — 5.14dd 3.69ddd  3,41dd, 3.16dd  3.Ses R 2.105 (0Ac) ' 9.5 8.3 2.1 10.8
A~ 4.87nm 5.866t 6.07dt — 4,1 - 3lm.— | 365 2,245 7.285 (Ph),~3.5 (N-Clf,-Fh) 10.5 ; £
L) 4.83nm  5.49dt 6.12dt 3.10ddd  4.1lsp  3.05dd, 2.56dd  3.49s 2,325 7.3lnm, 7.24s (Fh), 3.66s (¥-CH,-Fh), 10.5 9.7 8.0 1.7 13.7 & d
. 2,20s 3.71d, 3.49d (AB-systen of . -
. . oo - N'-0i,-Th) ) )
mlon 4.8lna 5.71dt 5.19dt —— 3.9-3.5m.— 1.31d 3.42s 2.6 (broad, exchangeable, OH) 10.0 6 . £
Ev b= 5.653 (IH), 5.2-4.6n (M)-—y 4.00dq  1.25d 3,425 7.95a, 7.40m (0Bz), 2.04s, N 10 6.5 ' :
- L) - -
- 1,865 (0Ac) o -
of 4.22n3 5,B6Jdd 5.99¢nm 5.34ddd  4.14dq ~  1.31d 3.43s - B.03a, 7.45n (0dz) 0.2 5.2 6.3 £
53 4.87nz  ——5.840 ——  5.07¢nm 3.92dq  1.24d . 3.46s 2.10s {0Ac) : o 9.2 6.3 £
[ 4,798 5.86dt  6.12dt 2,99ddd  3.95dg 1,344 3,425 2.5 7.29s (PhY, 3.72d, 3.54d (AB- 1.5 u c o3 . g
' . . . Systea of ..M.ﬁmur@ : : " § ==
3] 4.65dd  ——2.3 - ldn— _, 3.574q 1.24d 3.34s° 2.44s 1.57s (exchangeable, NH) ) 9.2 6.3

e L O T " TS _ 3355 2.26s < e

i

2 fron 10032 spectra, peasured at 250-Hz sweep width, of selutions in CDCI contiining ﬁo”ﬂ_nonrﬁu:m:n_.mm the
internal standard (unless specificd otherwise). Signal multiplicities: d, mocznnn =, oultiplet; nm, narrow culti-
plet; q, quartet; s, singlet: Sp, scptet; sx, sextet; and t, triplet.

2 veasured at 60 Mz, . . :

c A . .

The snall splittings prdsent in the signils of, H-1 to H-4, which represcnted vicinal (1, ,and J. 4. allylic o, uE& 33 4
aad horoallylic C._..au couplings; were nearly the sazo as :,_o...e in Part I8 for ..:._uuonm.:u R-WH.mE.uagoEn.gouEnm”

-Clly-Phy. .

£ pata in good agreemont.with those of
agreecent with those of D,L fora!i®

» except for reversed =mmun=.n:..zn of H-2 and N-3; also in pood
4 solution(where oll S-values were lower by 0.1-0.15 ppm).

107 .

n:v:mwonnn—cu
casured in CC1

£ Data in good agrecment.with those

P-4
Lien 13,5 Hz (-CHy-Ph, : .
h : . Coe . .

~ C2ta dn suli agreeuont with those sfrom nouaﬂonmu 60-MHz spectrus.
’ - ) . ' L

L enantiozer
- 3

-




Se-
accord with those of relevant analogs (Part IB). The requ&égze,
large coupling constant 24,5 in 89 (9.7 Hz)“:jj)§§'(9 5 Hz)
. H
proyed an axial oqiéhtagipn of H-4 and, henc , the E-crxthro .
configuration. (In 88, unfortunately, the.H-4 and H-5 signals

, were insufficiently resolved to permit analysis). Compounds 88,89

"and 84 displayed the same, characteristic AB patterns for their

olefinic protons H-2 and H-3 as were found typical for the

. 4~aminated, *-D-erythro 2-enopyranosides prepared earliér,_with

each signal component Showing multiplicities due to-vicinal
(J1 , and 43 4) and allyllc coupling ( I )3 ané 12’4] as desﬁribed
in Part IB. (In the esters Z],Zg and 83 the olefinic prphﬁ\
signals coincided; as didfthoéeof ethyl 4,61di4g-acety1-2,3-
dideoxy- ®-D-erythro —hex-2-enopyranoside.) Confirmation of these
13

assignments was thained by the "“C-nmr data (Table 7) fhat'wefe

also fuliy'Eonsistent with those obtained from structural analogs °

(Part IB)- Noteworthy in particular was the narrow range in whiéh
the C-1 chemical shifts of all the unsaturated glyc051des llsted
in. Table 7 appeared ( 895.4 95.8). This parameter whlch appears
to ﬁe rather sensitive, suggested equality with respect to the
positidn of the double bond'and to the overall configﬁration in
these cpmpopnds. Finally, but nét least sighificantly, the
molecular fotations of 88 (Ml + 584°), 89 ([M] + 560%), and

§5 ([M1D,+'521:? agreed satisfac}orily with that of ethyl 6-0-

acétyl—d—(E-benzyl)-methylamino-z,3—dideoxy—-d—g—erzthro—hex-'

2-enopyranoside (LM] + 5279 (34. in Part IB). This fact alone

ruled out "the opposite configuration at C-4 since alkyl m-D threco-

\\heidz;fnopyranosxﬂcs exhibit strong levorotatlon



14

~

TABLE 7 _ , - e - .
P3p.chenical shifts ‘(ppm from tetramethylsilane)® B . : ’
Com etz C3 L4 &5 C6 C Ofes Mk W 0 Cfe b
17 958  128.5 179.3 '68.9  70.0 ©5.5 . 865 ﬂ C 155.3 " 128129, 1385
79 ' 95.7 1379 1288 8.8 64.5 5.5 . mm\m . o Sl 10z 21 i .
88. 95.7 128.4 123.6 61.5° 67.9 .m.w PRI R X o ;&;.ﬁ.»%o: |
89 954 - 281 128.6 ,69.1 67.5 625 560  38.0,%3.2 58.5, 59.1 1274120 ,139.5
80 « 95.4 126.2 133.9 65.9  69.5 . d_m.:/L 55.6 C - . B B
82 955 128.0 9.7 650 7.3 181 858 | .g - 166.0 128-130/ 132.2
83 -95.4 127.7° 129.8 64.8 7000, 180 55.8 L 1706 21.1 \ .
83, 955 1382 286 2.8 64.4 189 554 332 . 5B . 127130, 130.7
85 o975 2.2 206 .2 8.0 367 503 337 o S .

. — A . | . ’

S rom mumnemm of chl ﬁoms solutions. The si m:md muitiplicities QSmmﬂ<ma in tﬂoﬁo:'no:Uamu mvmnﬂ1m viere ﬁmxmz into

mnroc:ﬁ for smxuum mamﬁmzam:nm In the ncauocsum bearing an aromatic substituent, ﬁ:o two $ignals. of r,msmmw ,=¢m=m~nw

L

.:.n:m 1oamm of 127-130 ppm were aﬁﬁwgwcﬁma to the mdxmsdn atoms C-2 msg C-3, and the remaining ‘signals were mmmdmnuq

i
i - .

to the aromatic ring carbons. H: the other conpounds C-2 and C-3 p miaddm1. :*mrlﬁsﬁm:mﬂw% mmm:mam. .
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Having established, in Parts IB and IC, the utility of the "~
palladium~-catalyzed, allylic substitution‘er the synthesis of
various,aminated monosaccharides, we decided to examine a POsgible
application.of the method to the preparation of amino disaccharideé.
The field of trehalose chemistry was selectedlfo} this exércise. T ;§
Thisvbh ice suggested itself‘because of the great biological
importafce of.d,“*—trehaidse (d-g—gluéopyranosyl o%-D-glucopyranoside)

and the broad interest that exists in the sythesis and biochemical -

- evaluation of many kinds of trehalose derivatives and analogsllz;

_ . ] . . ) . . :
Amongst the -known amino derivatives of particular interest are 2-

113

. and 4-amino-4-deoxy- o0t —trehalosell?

amino-2-deoxy- , which are

naturally ogcutring antibiotics. The synthetic 6-amino-6-deoxy:

analog proved aﬁfibiotically-inactive;%§, whereas the recently

116

synthesized 3-aminor3-deoxy analog has not yet been_examiﬁgd‘in

this fEEE}d although it proved to be a substrate for insect
triﬁglases.~ Furthermore, 3,3"-diamino~3,3'-dideoxy-ot,x —trehalose

N N

“and: the corresponding D-gluco, D-manno and D ~manno, D-manno /

stereo-isomers were recently obtained by synthe51s in this

117 118

laboratory to be a

, and the last-mentioned isomer was fopnd

potent inhibitor of Mycobacfarium tuberculosis. Consequently, it

was reasonecd that new, modifie compounds related to such amlyo
trehaloses might be of potent1a1 biochemical or medical "~

. e - v/ .- - .
significance and that the new amination procedure for sugars might

be able to help advance this field of research.

h
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The first requlrement for the’ prcsent prOJect was an€10&tre$aloqe -

L

- s
type dlsaccharlde possessing an allyllc ester m01é&y and berﬁgrx\

-

suitably protected at its sugar hydroxyl groups.’ It was dgcided to

N ‘. - :
synthesize thg hitherto unknown compound 92 which would display

. LN - A
these features. Ferrier's synthesis of 2Z,3-ungaturated glycosides

(see Pgrt IB), which has previously served weil in the sfntheeis of .

similaﬁlﬁisaq&haridesllg, was to be employed for this purpose. ?
P . Do . . -
%

120 (5g) and 2,3,4,6-

Treatment of a mixﬁpre of'tri—o—aCetyl¥D-glhcal
221

tetra 0-benzyl- CX D glucopyran051de (91) in dry bcnzene W1th boron‘-\ )

trifluoride etherate as‘%.catalyst47b » ¢

produced the desired
‘disaccharidc 92 in 66% yleld; 1y_ and 1:”C— nmT spectra s well as
thin layer chromatography gave no evidence for the formatlon of an}

_ othggﬁfsomer The reason for the relatively low yield “was

formatlon of the by product 93 produced from part of the alcohol 91

—
by acetate transfer from 28. The identity of 93 was establlshed on

22
Ac O
28 9l
—
AL
\-.' L}
+
LY Bn
\
0
Bno 93
Bn
8n I

LR
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the - basls of spectroscopic analysis as well as through comparlson

ﬂ'.w1th an authentlc sample prepared by a dlfferent _Toute. However,

use- of stannic chloride 1n*d;ch19roethane52 as the catalyst

,diﬁinigﬁed the proportion of this side product s%gnificanfly and
increased the yield of the desired product 92 wp to 93%.
Addltlon of the allylic acetate 92 to a tetrahydrofuran solutlon of

te¢rak15(trlphenylphosphlne)palladl m(O) and ‘excess ,triphenyl-
phosphlne at room temperature f0110\ d addltlon of
a solution of methylbenzylamlne in tetrahydrofuran led, after 'f

refluxlng for 30 h, to a 90% yield of a homogeneous amination prodsft

13C - nmr

94. The structural‘assiénment of 94 was based-on YH- and
—~ ~ -
spectra {Tables 8,9) as well as elemental analysis. The stereo-

nfirmed by comparison

chemical course of the allylic ?mina
of the spectroscopic data with thofe of thé 6-acetoxy derivatives
previously studied (part IB),

"In a eimilar fashion, compound gg-was prepared by use of dibenzyl—
amine as the nucleophile. Again, the structurc and stereochemistry
of.the product was ﬁlloceted on the basis of spectrescopic data

and elemental analysis.

R = NMeBn

12

-~ —

E

R= Nan

YAcC
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Difficulties were cncountered in attempts to perform this reaction

‘bn larger scales . ( » 6 mmol). -It was observed in such la;gér-

scale runs that amination of the substrate remained incomplete

arid dibenzylamine was consumed in a competing reaction to give

* tetrabenzylhydraziné. Further work is required to clear up the

reason for, and‘ob}iate the accurrence of,'this compiicatioﬁ.
With sufficient quénfifiés.bf,gé in hand, it-should then be a
straight-forward proposition to ﬁroduce 4-amino—2;3,4—tridéoxy—
o ,d-trehalose by removal of the 6-0-acetyl group followed by

catalytic saturation of the- alkenic bond and hydrogenolysis of

- -

the 0-and N-benzyl protecting groups.

—_
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TABLE 8

_ﬁnzmmnmﬂwn Resonarice Data
[

»

A

Chemical Shifts (&)

Coupling Constants (Hz)

Compd A - - _

» H-1 H-2  H-3 'H'-1 O0Ac OBn's Others C L2 315 da,5 42,4 d3,0 210,20
. - 5.46-5.26 nm, = v
92 5,76 £.95 5.4 2.02 -7.30 3H,H-1,HS1, - 10 1.5 3.5
~ : dt dm ~-d 2.06 m H-4); 5.04-4.50 °. )

: . . S - (m,17H)
93 . 6.36 2.11 7.29. 3+3375.05 (14H) 3.5
~ . d -8 m
94’ 5.31 5.84 . _6.18 5.45 1.90 7.26  3.5-5(m,20 H) ,
24 5.31 5.8 i : I s 2.5 ~1 10.5 2.5 ~2 3.5

. - - - Vel . . N ’

95 5.28 5.88 -6.27 5.37 1,71 7.24 3.32-4.92(m, 2.5 ~1° 10.5 2.5 2 3.5
~ nm dt » ddd d m 22H)

) . ,

/ (%. .
. . - ‘ . \
.

P

ar
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TABLE 9§ . 4 ’
13¢_enemscal Shifts (ppn from Tas)d ) .
Compd. C-1 c-2 c-6 ¢'-1 c2 . C'-3  C'-4  C'-5  C'-6 \codMe co N-CH,-Ph Otkers
interchangcable oL LT
82 2.89 127.94 62.91 81.84 "T17.57 68. 30 170.67 (72.58,73.52,75.22,75.66)
- 127.6} 67.12 89.71 79.18 71,01 20.06 ~0CH,-Th »
: 206,70 170.19 :
23 : 81.65 76.94 68.10 169.32 (73.15,73.52,75.24,75.63)
. 89.97 .78.86 - 72.84 21.04 . 0-Cily-Ph
33 % 92.3% 127.39 66.49 89.66 79.39 70.87 20.79 58.56 (72.28,73.37,75.15,75.48)
~ 127.91 64,38 . B1.72 77.58 " 68,45 o-m:,-u...: (38.17}
=TT 5350 3y T3S 58,44 (7I.58,75.45,75. 18,7513
~ 127 —— 128 . 39, 79,32 70.88 20.71 0-CH,-?h; (54.78,53.1
2 9.96 ~— . CHZ-Ph’
‘N - . . 4
a Spectira were taken {rom chloroform solutions. The signal multiplicities
observed in proton-coupled spectra were taken into account for making P
assignmens, . . B ) .
i . 4 . .
. | .
° .
o - e .
[
) - .
- . . ¥
- . - - . ;
S Tt s - . _
. F) .

.

a
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PART IT
v

CONJUGATE ADDITION OF LITHIUM
DIALKYLCUPRATES TO UNSATURATED

NiTRO SUGARS



‘..-ﬂ"-

IIA.- INTRODUCTION L ) \L

4

In the second part of the thesis, we will examine the possible

122

use of organocépper reagents as” a.means of introducing chain-

branching # nitrogenous sugars. In recent years, reactions.of ,

various types of alkyl-and glkenyl—copper'complexes with electro-
philic reagents have been employed.fréquently, to effect
C-alkylation. Among the most commonly used electrophiles are

A ] ’ . . - .
organic halides and «,B-unsaturated carbonyl compounds, the latter

—

undergoing conjugate addition reactions to give compounds containing

-

carbonyl groups that are useful }n subsequent transformations.

In the present study, addition reactions of 1ithium—dimethylcuprate

Tanosides were

and lithium divinylcﬁprate with some nitrohexeno

‘investigated. Whereas such reactions had becen applied freduently

to a large variety of reactive, unsaturated structureslzz, which.

23, we found only one brief

included some carbohydrate o(—enonesl
report124 referring specifically to nitroalkenes, namely, some
B-arylnitroethylenes. It remained to be determined whether

nitroalkenes in general and nitrpalkenic sugars in particular
would be suitable substrateg for alkylation by organocuprates.
The reaction mechanism still appears to be a contentious issucl®®.

LY

S

-



ITB. RESULTS AND DISCUSSION o '

We dqpided},to investigate reaetions of various'ni%ro~olefinic
sugars with lithium dialkylcuprates*. The react;on of . two
molar equivalentg of LiCu(CH3)2 » prepared from two mqles'of
CH3L13 and one mole of Cul, with meth&L‘4,6-Q—benzy1idene—2,
3-didcoxy-3-nitro- ﬁ3-E;egzghro—hex—Z—enogyranosidg (1) in a
mixture -of diethyl ether and éetrahyd{pfuran, initially at

-50° ‘and then for 1h at 0° ,.gave a single product, wﬁich was ‘
.isolated by'crystallization in 91% yield. Itproved to be methyl
4,6-0-benzylidene- 2 3- dldcoxy 2-C-methyl- é nitro- /3 D-glucopyra-

n051de{%). In a-similar fashion, L1Cu(CH—CH2)2 reacted with the

* Thesc reagents havé been shown to be dimeric in ether solution,

but will be represented in this text by the stoichiometric
. composition formula I.iCuR2 where further clarification is

122 ’ '
unnecessary .
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enopyranoside',]:,_to afford the normal conjugate addition p‘roduct,b Y

. _ . N . . : R L
. the crystalline 2-C-vinyl analog 3, in 68% yield. J

.
S

Similérly, the ﬂ—g—ﬂrgg enopyr;‘\os\ide 3: ga\fe the ﬁ-g—gala;popy-
i . ranoside Jderivatives 3 and ‘g,.respe_ctively,‘- also in crystallihe :
_.férm. Whereas the yield of 5 was 72%, that of isolated § was ’ * -
only 35-40%. These:lower-nyields were due fo the formation of a .
second, major prgduct that'Wé; detected in chromatography but

~ could not be isolated. as it tended to dccompose rapirdl.y.
j>4 | '
The reactions of'the d—]g_—er thro hexenopyranoside 7 also were
found to be less straightforward than thoée of the ﬁ{anomer ’L

_ - _ .
With the methylcopper reagent, 7 gave a mixture showing two spots

,

-t Ph

Ph

Ko

N 4
. OMe

0 ~
———————
ON OMe
4‘.
5 =
5 R CH3

4
Lo d

5 R= CH::(:H2



TABLET -~ - s : : -

.
PROTON CHEMICAL SHIFT c>q>m.- E g : e e . | y
» - : o
.Compd. 4n:msﬂnmd shifts (§) vy ) . .

H-1 H-2 H-3 lﬁ.n _ \:um H-6a H-6e . PhCH OMe  C-Me -CH=C ...nun_._m

2 4.17d 2.3Im 4.48dd 4.14dd-3.460% 3.8t 4.36dd  5.54s 3.51s 1.06d - -
3 4,35d 2.93sx 4.60dd \_.;.&%.%a_,, 3.86t 4.30dd  5.57s 3.51s - 5.680 ~5.26m (2 H)
5 4.03d 2.68m 4.34dd 4.48dd 3.45m" 4.07dd -4.35dd . 5.51s 3.50s 1.0&d - -
) 4,154 3.32m 4.65dd 4.52dd w.é.a.m 4 fordd ?\um&. < 5.51s 3.485 - 5§.730 ~5.26m (2 H)
-8 4.58d 2.76% 5.01dd [ ~A.3m (2 H) ~ivam (2 H)~]  5.66s  3.36s 1.06d - -
, 21 6.52dd 4.90dd §.26dt — ~1.5m (2 H),~3.9m (2 H)=d  5.62 - . - - - 2
e ? ' : . . . . .

2erom daaug:m spectra, measured at 750 HZ sweep :waﬂ:. of solutions in ncnaw containing tetramethylsilane

.r.mm the szmﬂsmd &tandard. A1l spectra showed 5H-sianals ﬁox the phenyl aroup near &7.4. Sianal multiplicities
-l
n ao:vqmﬂ m, multiplet; o, octet; s, singlét; sx, sextet; and t, triplet, mtmxﬂgmddw overlapped by OMe
. mdmamd. |<mf< NArrow. mozﬁzamn. with Vines broadened by a very small splitting wigh H-1; total zﬁan:. 29 Hz.
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iﬁ tlc (BF 0.7 and 0.6). During processing and prepafafive tlc,

partial deéomposition occurred and several additioftal spots
» appeared, Nevertheless, the two original products could be
separated,- and isolated crystalline in yields of 42 -and 38%.

w

compound of'EF'0.6 proved to be the expected addition product, -

the 2-C-methyl g1Ycoside:§ ha#ing the o-D-manno configuration:

The other Product (BF 0.7) was rﬁyealed by spectral and elemental
[ anaiysis to be the ndtro glycdl 8. It evidently arose grom a

cowpe%ing,,reductive elimfaation. It seems reasonable that the

122e

process might be initiated by electron transfer from the -
. . feapad,

cuprate to an oxygen atom of the nitro group, with concomitant
bond shift and deparhiire of methoxide ion; the intermediary,

nitronic radical* would upon further reduction yield the nitro

OMF
‘ g

—.—_> . )

3 . . +

o A 0_ \ '

// .
1 PhCH l—‘0
NO, /
o g
Vv -

* Sce pages 1%8,139 in Part III for similar postulated intermediates.
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comp nd.E;(Scheme 1). At least one precedent for such an event
- 126 ; '

1 could be seen in. the conversion of 4,4-

~ dimethoxycyclohexa-2,5-dienoné into p?mcthokyphenol(Schcme 2)
The reaction also recall$ the generation of a glycal as a by-
product, by the action of LiCu(CHsa upon a methyl 2,3-anhydro-

gl coside127 and By attempted hydrozirconation of anlbnopyranbsido*.
Y >

SCHEME 1 ~ o B
- -
| s
/ \ \
o
i | C SCHEME 2 * S .
’ . I ] .
. & 0 0[_1 ‘ . 0. - 0—
LiCuMe2 Q __Liome @ LiCuMe2
MeO  OMe MeO ' '
e OMe . OMe . OMe
: |
4N )
7

*Sece rart IV of this thesis for more detail

\
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Reaction of the ©-glycoside 'l‘ with LiCu(CH:CHz)2 algb'ﬁave
a miiture of two products (one of which was possibly identical with
2, acéording to th,but the formation of secondary decomposition

products duTring processing frustrated all attempts at separation.

" " In summary, these experiments have demonstrated fhéti C-alkylation
by conjugate addition of lithium dialkylcuprates'to nitroalkenic:
sugaxrs 1is pdssible and that it ‘may in some cases be an attractive
approach to branched-chain, nitrogenous sugérs although formatiéﬁ
of py-products in other cases may pose certain limitations. It is
noteworthy that in all of the pfoducts encountered and characterized
» in this study, the substituent introduced aF_C—é-had entefed trans
to the anomeric methoxyl group, which implies stercospecific
approath of the reagent from ‘the less-hindered side of the
ggpétrate mplecule. The saﬁe obserfation had been made by Fraser-
Reid and hig coworke‘,rslz3 in 1ithiumdialkylcuprate additions to
hex-g—enopyrano—4—ulosides (%g). The .stereochemical result is also
in accord with earlier observations showing the same directive
effect of the anomer%c configuratioﬁ in various, kinetically-

: B
controlled, nucleophilic addjtion reactiocns of the same and
similar‘substratessz’ss’lzgflzg. (By contragt, the stereochemistry

of additon of diazoTmethane to ;, 4, and Z,appearé to be governed39

by the C-4 configuration.)
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11 C. ASSIGNMENT OF STRUCTURE AND CONFIGURATION

The structure of 2 wag assigned on the basis of readily interpretable

infrared and nmr spectra. Tﬁe infrared spectrum indicated the
presence -of an unconjugated nitro group (Ymax 1565 cm-l, strong}.
The 100-MHz 1H-nmr spectrum was fully consistentiwith the assigned
structure (Tables 1 and 2). The spectrum revealed the presence

of the benzylidene acetal group (5-proton multiplet centered at

& 7.4, and l-proton singlet at $5.54). The disappearance of the

olefinic proton signal present in compound 1, and appgarance of

H-2 in“compound 2 as a multiplet at $2.31 with 5.5 and 11.2 Hz
splittings indicated a 2,3-diaxial proton arrangement, i.e., the -
gluco configuration. A 3-proton doublet ‘resonance at §1.006.

confirmed the presence of CH-Me group.

‘The assignment of the structure of 3 was also based on infrared

and nmr spectra. The infrared spectrum showed a saturated nitro

1 and of a carbon-carbon

double bond absorption for the vinyl group at 1640 cm—l. In the

1

group stretching frequency at 1560 cm_

100-MHz “H-nmr spectrum of 3, the vinylic proton signals appeared

as multiplets in the 5.26+5.68 range. The proton attached to C-2

127 83 Ly viny1 = 83 dy 5

with the large vicinal couplings il,z and 12,3 confirming the

gave a sextet at$52.93 (J = 11.2Hz),

v

A-D-gluco configuration.
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Compounds’§ and 6 showed absorption bands. for saturated nitro
compounds at 1555 and 1560 cm ,respéctively, in addition to.
a weak absorption at 1650 cm® for the vinyl groﬂp in the case
of compgund 6. The nmr spectra 6f é}and'g-showed.no low-Field R
. re;dﬁzije for nitroalkénic protons; instead, there were the
correspond; g sub;titﬁént resonances as required for these.
-u;dgjp Thefs— E—galacto configuration was indicated by the.

stru
rihéfzroton coupling patterns (Tables 1 and 2).

The 2-C-methyl glycoside §’showed a strong infrared- band at 1560
cal for its nitro group, attached to saturated carbon. The .nmr .
spectrum displayed a resonance pattern consistent with the
X~ gfgéggg_ configuration. The H-2 signal showed‘as a quintet ,
_with lines broadened by a very small sp}ift;ng with H-1, at 92.76 -
(gl,2<,l; g2,3=5.53 Qz,mé= 7.5 Hz). The presence of the methyl .
oup at C-2 was revealed by the resonance at SI.OQ;.a 3-Protop
\\{ij;blet. ' o

Finally, the infrared spectrum of the nitro glycal 2 had a stretch

band at 1640 cit due to the -C=C-0- grouping and a strong

=1

band at 1560 ¢m™ due to the nitro group. Its nmr tpectrum showed

H-1 as a 10w-f1e1d.(186 52) doublet of doublets, Wlth J1 ,=6 and

Q1'3=2Hz; -2 at 54.90 as a doublet of doublets (Jl,z"ﬁ and.gz’3

= 2 Hz) and H-3 a&.65.26 as a doublet of triplets with coupling

constants of 2, 2, and 8.5 Hz (Table 2). There were no rcsonances

attributable to OMe or C-Me groups.
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II1°A. INTRODUCTION

.
The third part of this thesis is concerned with a continuation

of priof“wdrk which has been done in this 1aboratory130,
specifically, the catalytic hydroéenation of some X-epoxyni®ro
sugars. Interpretion of the mechanism and stereochemistry of \

' hydrogenolysié were made'ﬁéé§ible on the basis of these

extended studies.

Most oxiranes readily undergo hydrogenolysis, affording as princi-
pal products an alcohol or mixtures of alcohols that result from.
cleavage of a carbénnoxygen bond. Other products may arise by,
cleavage of ;he carbon-carbon bond in the oxirane ring131 or by

loss of the oxygen functionlsz.

The major problem connected with hydrogenalysis of epoxides in
general is control of the direction of ring opening. Epoxides
haying a high degree of symmetry intﬁhe viciﬁity of the function
tend to open randomly regardless of condition5133, but in
ﬁnsymmetric cpoxides oné bond is usually cleaved preferentially.
The'regioselectivity of oxirane fission depends-on various

factors such-as substrate structure, reaction conditions, and type

134 thus it is often difficult to predict which bond

of catalyst
will be broken unless precedents of closely analogous situations
are know for comparison. The ring may open at the weakest bond,
or at the carbon atom with the fewest substituents, or at the

carbon atom lecast sterically hindered by structural features

in the vicinity, or in acidic solution, so as to afford the most
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stable carbonium ion. - &

As far as nltro.compounds are concerned they can generally ge
reduced to amines by catalytic hydrogenatlon without undue

difficulty. However, they may also g}ve rise by accident or

design, to partiélly reduced producfs Eontaining nitroso, oximino,
hydroxylamino, 4zo, or hydrazo‘function5134. Most problems conn-

ected with their hydrogenation center around such products of

partial reduction and, also, on the fate of other functional groups

in the molecule that may B% prone to redﬁctionlBQ.
. : Y
44’ =

' .Unsaturated nonconjugated, allphatlc nitro compounds can usually
be hydrogenated w1th ease to the corresponding, saturated nitro
compounds over either palladium or platinum catalystsl34. On the
other hand, hydrogenation of conjugated nitroolefins may 'yield

either selective‘Satﬁration of the double bond with retention of

the nitro grouplas, or afforg a variety of products through partial
and complete reduction, as well as through reductive hydrolysi5134’136.
This again depends on the type of catalyst used, the nature of the
substréte, and the reaction conditions.

Baopl30,137

and Sudoh®>8 showed that treatment of carbohydrate
ct-nitroepoxides with sodium borohydride and lithium aluminum hydride,
respectively, leads to reductive denitration producing nitrogen-

free, deoxy sugars (Scheme la).
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SCHEME 1 ' : | v

NO,

-NO, NaBH, | '\"OH. /

O\N
’
6 r
,3/0 , R=H, R=NQO; or NH,
. e, R and
R OH
//?‘J.
- Attack by hydride ion occurred exclusively at the unhindered back- |

. side of thepg-position of the «-nitrooxirane moiety in a first set
of stercoisomers, the methyl 2,3-anhydro-4,6-0-benzylidene-3-C-
nitrohexopyranosides having the 3-D-talo(1l) and ﬁ;g-gllg(g)
configurations. The ring opening was followed by elimination of

. nitrite ion, to generate, presumably, an intermediary oxo

1 derivative that underwent rapid reduction to the carbinol stage.
In a second set of stercoisomers, those havihg the ﬂ—g—gglg(é)
and «-D-manno (4) c5nfigﬁrations; such a process would have
required agtack from the direction of the hindered face of the
sugar‘ring and therefore appeared disfavoured137.

L) . L]
. . '
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The regiospecificity of ﬁucleophilic attack these stereoisomeric

nitro sugars epoxides by borohydride as/just mentioned, as well as

139 dent of the steric

by some qther-nuci'ophiles , is indepe
orientation. of the oxikane ring and hence, must result from the
presence of the nitro group: This provided an interesting. contrast
to similar reactions of analogous, unsubstituted epoxides: As 1is
well known, époxides of six-membered rings may inpur nucleophilic
ring-opening at ecither carbon atom, with regiosoleetivity normally

being governed by stereochcmical features (Fitrst-Plattner rule).
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In view of .these gencral facts and-recdnt observations, Baer

130

' 'p
. and Madumelu dCC1dCd to investigate the catalytic hydrogcna—

-

tion of carbohydrdte =X~ n1troepox1des, feeling that it should be

interesting to compare their behaviour with that of non-nitro

analogs whose catalytlc hydrogenation haf been reportedzsa 140,141

130b

All the hydrogenations studied by Madumelu ,» whether cathyZed

by palladlum ‘on-charcoal or by platinum (Adams catalyst), resulted
in facile f1551on of the oxirane ring between the oxygen atom and
the nitro-substituted carbontatbm, with retention\of a nitrogen

function.(Scheme 1,b). The results agreéd with tlose mentioned

142

in the only previous report on catalytic hydroéenation-of‘x

(aryl-sustituted) o-nitroalkenes, and they were analogous to those

143

obtained with «-cpoxyketones. In the latter it was found ihat,

barring the presence of additional activating influengesl$4,'the

s

oxirane bond broken by hydrogenolysis is the one adjacent to

»the carbonyl group143.

' s .
The following details were claborated by MadumelulSOb:

1. The #-D-allo epoxide 2 was hydrogenated in ethanolic
solution with palladium catalyst, furnishing in 90%
yield the nitro glucoside § together with a ;% yield
of a crystalline by product to which the oximijo |

structure 7 was assigned:



—————— .

»
The samé reaction performed with the o-D-manno_ epoxide 4§

gave the corresponding nitro mannoside 9. The crude,

syrupy product (yield, 98%) was stated to be chromatographi-

cally homogeneous; crystallization if£9xded pure 3 in 70%

yield. No mention was made of formation of an oxime
corresponding to 7. Considering Eig-—additiqn of hydrogen
from the side of the oxirane dxygen as the most likely
mechanism, it was reasoned that the nitro altroside 8 was
probably the primary product; the actual isolation ﬁf 9
was ascribed to epimerization during the course of the
reaction or prdéessing, which was not taken as an unusual
event since carbohydrates bearing an axial nitro group
were known to be exceedingly unstable. To prove the point,
4 was hydrogenated in the presence of hydrochloric acid
(to prevent such epimerization, which is catalyzed by

traces of base), with the more powerful catalyst,
P
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platinum, in order to produce the corresponding, non-

epimerizing amino sugar. Indeed, the 3-amino altroside

hydrochloride 10 was_ obtained crystalline in 543 yield, '
3

the benzylidene acetal group having beén lost in the
group :

process. This result was consistent with the assumed

intermediacy of the nitro altroside 8 but did not prove

it since, with platinum, reduction of the nitre group

could have occurred prior to hydrogenolysis of the epoxide

ring.
Ph
e
ON OMe

A

PtiHC1
OH o

HO
nHgr  OMe

Pd
EtOH

. H
Ph’?§:-C)
9
) NO, OMe
A
8
Ph“t::() H
ON
Me
2
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. 3. Madumelu'hydrpgenated the IB—EiEUIO epoxige 3 in ethanol

solution with platinum catalyst (but without added acid),

which afforded the crystalliné 3-amino galaczpside-aceual
[ 4

11 (yield:90% crude, 60% after purification). No reactions

-

using palladium catalyst were described and no oxime was

detected.
Ph L
Yo
N OMe . Pt
ON EtOH,
2 o
s 1

The studies just c?@kd left some interesting questions unanswered.
For example, solely the epoxidé 4, had been hydrogenated (with
differing results) by use of both pa{ladium and platinuﬁ,.whereas

2 and 3 had been hydrogenated only with gne or the other of thenm.
A.more cdmﬁlete comparison seemed called for in order to assess the
differential action of these catalysts upon nitro sugars.” Included
in such studies should alsoibe the ﬂ—g—ggggg cpoxide 5, which was
available in the laboratory, as an additional example of an isomeric
molecule bearing the oxirane‘ring on the upper side. It was hoped to
gain in this way a clearer picture of how stereo factors influecnce

catalytic hydrogenation in this family of compounds. Especially

LaS
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intriguing in this connection was the occurrence, albeit in small

proportion, of the oxime - 7 which was rather unexpected since oximes
are not normally generatcd from nltroalkanes by hydrogenation with
noble mcta% catalxsts (sece the Discussion). It was therefore
necessary, first, to ascertain\whether oxime formatlon is in fact
éonfiﬁed‘to the reaction Of 2 ér whether it is a more ggaeral
phenomenon; and secondly, it was desirable to seeck an explanation

for 1it.

——
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ITI.B. RESULTS*

1. Hydrogenation of the ﬁ:g;gulo epoxide E’Hi}h palladium.
qupoundvérwas hyﬂrpgenafed at 19° with Pd/c in 7:3 methanol-
dioxane ih the presence of a small proportion of acetic-acif_.

The epoxide was completely consumed after 1 h and gave in 96%
yield a érystalline product idéntified as methyl 4,6-0-
benzylidene—3-deoxy—3—nitro- ﬁ-g—galactopyranoside (12) by
.comparison with an authentic sample. The mother liquor ekhibiied .
a féint; purple-color .reaction in thé-Griess test(sulfanilic

144

acid—o(-naphthylamine) modified for the detection of oximes.

It was concluded that an oximino derivative (analogous to 7

130

" obtained from'g) was present, albeit as a very minor by-

130
’

Rzy&ﬁii;gnly. In every other respect, the result paralleled that .

of théplatinum-catalyzed reaction which had given the corres-
ponding amino galactoside 11l. -

Ph ‘ . i - P

trace of
4+ OXime

*Throughout Part I11I, palladium refers to 10% palladium-on-carbon

(Pd/C). Unless. otherwise indicated,platinum refers to

prehydrogenated platinum dlox?de catalyst All catalytlh

hydrogenations were performed‘kt ambient temperaturc (21- 260

unless otherwise specified), -with hydrogen at.a pressure

_ , o 2
slightly above atmospheric.

¥
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2. Hydrogenation of the A-D-allo cpoxide 2 with piatinum.
= S ~

It had been expected that hydrogéhatioﬁ with platjinum would convert

yA into a 2,3-diecquatorial amino alcohol {i.e., a deri tivé of 3-
.aéinp—S—deoxy-g—gluco§ej,'just as similar hydrogepation'o ‘
givenlsolthé 3-amin043—deoxy—2—galactoseAderivaiive i1. Monifori'g b
the ;reaction by tlc revealed that 2 (RF 0.82) was in fact rapidly _wl
consumed (it was absen; after 90 min), but only traces of slow- .
moving, ninhydrin-positive spots attributable to amino sugar appeareq.
even ‘after prolonged periods of continued hydrogenation. The main
product spot (RF 0.75) seen after 1.5 and 16 h appeared similar to
that given by authentic benzylidene nitroglucoside § (which was the
chief product obtaine;il30 from 2 under palladium catalysis), aﬁd

it appears reasonable to assume that 6 was indeed produced under the
present conditions also. However, caref@} tlc examination Suggestéd
that the product was not homogen&ns, and the spot seen after 44h

_ was clearly’ﬁigxingt fpom that of § (see Experimental). Processing
‘then#pfave a material which according to spectral and chroﬁatographic
evidence was methyl 4,6-9-(cyéloﬁexylmethylene)—S—deoxy-sjnitro-ﬁ
—gigluc0pyranoside (13), identical with 13 obtained as described in
the next paragréph. It had arisen by perhydrogenation of the

benzylidene group, a process which, surprisingly, had occurred

without simultaneous reduction of the nitro group.

In order to verify tﬁis, authentic crystalline 6 was hydrogenated

for 46h, in the prescnce of platinum under the same conditions as 2.
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Crystalline 13 was isolated in 82% yicld, ané only traées of slow-

_ﬁoving, ninhydrin—positive produéts {amino.sugay} were seen in tlc.
The hew product 13 gave readily interpretable ir and nmr spectra
(see Expefimental section) ihat were consistent with the postulated

- h;ﬁ\éiﬁructure. The nmr spectrum showed no resonances downfield from

' 8-§TQ, but instead gave unresolved multiplets in the $1-2 région,
ind&éat;ng that the originai benzylidene acetal group had incurred
perhydroggenation in the phenyl ring. A Symmetri;él.tripagy,for H-3
a_lt‘_ 5-4.65, showing a 10-Hz splitting, indicated 2,3- afid 3,4-diaxial-

'ﬁroton arrangements, i.e., the gluco configuration.-Thg

; ‘ ‘(cyclohexylmethylene) acetal protéﬁ resonated at §4.45 as a doublet

with a vicinal coupling of S5liz.

O
Ph’?o e

O —
H

I
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3. Hydrogenation of the X-D-manno epox1de A

As already mentioned in the Introduction (p 110), Madumelu had
isolated crystalline nitro mannoside § upon hydrogenation of 4
with.palladium in ethanolic medium. Hydrogenation had béen

condﬁcted for 25 h, without recorded inspection of its progress

by tlc, and the crude product had been chromatographed on 2

silica gel column to give syrupy9 in 98% yield (homogeneous

s

according to tlc), from which 70% of crystalline,g was then
obtained. It appeared interesting-to aetermine whether perhaps
small amounts of an oxi@s arose in this reaction, too, but had
escaped detection. Repe%ition of the experihent on a small

scale, but with monitoring by'tlc,;revealed that soon after the
beginning of hydrogenétion (after~5 min), a strong spot
migrating like authentic § (RP 0.8) was present together with
much unreacted i'(BF 0.9), and with a second ﬁroduct spot

(BF 0.6) that slowly increased in intensity as the "reaction i
progressed; .a trace spot had BF 0.35. A small proportion of 4
was still secen after 1 h but it disappeared within the next 30
min. The recaction mixture gave a weak purple color in the Griess
test, indicating the presence of a small proportfbn of an |
oximino sugar: &
Another experiment, also using palladium catalyst, was performed

in a similar manner but in methanol-dioxane as the solvent and with
addition of acetic acid. The latter was added in view of the

possible formation of the nitro altreside 8 a the primary
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product of ring opening;‘an acidic medium should prevent or retard
its epimerization to 9 so that one might be able to asﬁcrtain its
formation. Howéver, the tlc patterﬁ shown by the reaction mixture
during the hydrogenation was similar‘to that of the aforedescribed
experiment, except that the reaction was .somewhat faster, The

startingepoxide 4 had completely disappeared-after 15 min, and the
spot having RF 0.6 was ﬁore pronounced at that early stage. The
product pattern then remained essentially unchanged during further
hydrogenation which was continued for 19 h. As before, the main
product migrated like authentic 8; it could not be found out
whether or not some of the unknown epimer § was present. However,
the formation of oxime was evident also in this variant of

hydrogenatien, as was indicated by a Griess test which was even

more strongly positive than in the previous case.

In view of these results it was considered worthwhile to examine
e, s

somewhat more closely also the platinum-catalyzed hydrogenation

30

of 4. Madumelul had obtained, in 54% yield, the crystalline

amino-altroside 10 (p.111), and he had noticed the presence of
two trace spots in tlc of £ﬁe crude hydregenation wmixture, after
a rcaction time of 20 h. However, no recor&lwas made of an
inspection of thesmixfure by tlc duringlearly stages of the
recaction. This has now been done. When 4§ wa;dhydrogenated with
Pt-catalyst in ethanol in the prcsence of a mzlar cquivalent of
hydrochloric acid as describedlSOb, it was found that-all of 4

had already bcen consumed after 1 h. At least six products
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differing widely in polarity were formed: RFrvO.B,O.B, and 0.5
(all wéak), and 0.6, 0.2 and 0.07 (stroag), on irrigation with
1:4 methanol-chloroform. The spots of intermediate and\jow mobility

gave a positive ninhydrin reaction signifying amino sugars. As

the hydrogenation progressed, the two fastest-moving (and ninhydrin-

ncgétivc) intermediates disappeared, and, after 20 h, the most-
slowly moving compound(s) preponderated. This was,by and large,
in agreement with Madumelu's observation although tH& most-slowly
moving mate;ial was probably ﬁqt a single compound but rather,

a mixture that gave overlapping spots in the RF 0.07 - 0.2 region.

-(The whole pattern was similar to that obtained with f-manno

epoxide 5 and discussed in greater detail in a subsequent section}.
At any rate, it seems likely that 10 was not the only, final
product arising from 4, a contention that would appear to receive

support from the fact that its isolated yield was far from

‘quantitative. It may be supposed that 10 was~ accompanied by its

D-manno isomer 14, a known compound showing similar chromatographic

behaviour.

" OMe
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P

'In‘summary, the experiments perforﬁed wi;h 4 suggest that the
hydrogenation scheme previously elaborated (ﬁﬁhgll) should be
amended to show an oximino sugar as aiminor by-product bf 9,
and another amino sugar (most likely 14) as a companion of 10,
with a question mark still being attached to the presumed

intermediate 8,
e
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4. Hydrogenatidn of the /@-gjmanno qpoxide'i and

experiments related thereto

The f3-

-manno stereoisomer 5 had not been included in the earlier
30b

D
1

studies » and it was therefore focused upon with special
i

emphasis-in the present research.

-

a. Hydrogenation with palladium. - As anticipated, cleavage

of the epoxide occurred exclusively between the ring oxygen
~atom and C-3. This fissign was rapid, consuming §,comp1ete1yl

within 3 h in neutral, ethmudié solution and within 45 min

in acidified, methanol—dioxane“solution. In either case,

two spots showing comparable intensities were indicated bf

tlc at that poipt. One of them had the same Rp value as

authentic methyl 4,G—Q—bcﬁzylidene—S—deoxy—3—nitro-,B;Q_

mqnnopyranoside (15) spotted for comparison, whereas the

other one was less.mobile, had the shape of a double spot,

and proved to be due to an oximino sugar (present as a

pair of geometric isomers). The prﬁiﬁct migrating like the

nitro sugar 15 appeared to be formed at a faster rate. After

only a few minutes of hydrogenation in methanol-dioxane,- when

a considerable proportion of unchanged 5 was still visible,

the nitro sugar seemed to be the main product although

traces of the oxime had already arisen. After 45 min,

at the time of complete consumption of 5, theoxime had

attained a spot intenéity not much less than that of the

nitro derivative, and, after 36 h,the spot corresponding to



the latter had disappeared and the former could be

isolated as the sole product, by direct crystallization.
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The constitution of meth”yl 4,6-0-benzylidene-3-deoxy-

3—(oximino)——ﬁ~Q—arabino-hexopyranoside (Lg)'was

allocated to it on the basis of microanalytical and

, spectral data. Similarly,'whiy the hydrogenation was

. conducted in ethanol and extended beyond the time (3 h)

when the two products showed
naméiy, to 24 h, their ratio
- cof ;gi Preparative tlc then

large amount of 16 which, in

and of a small amount of a cr

‘i L&

sugar which in fact proved

Ph

OMe
ON

lon

Pd

roughly equal strength;

changed markedly in favor

allowed the isolatioﬁ of a

this instance, was obtained

}stalline benzylidenenitro

in two cf}stallihe forms coustituting geometric isomers,

to be the known mannoside ;g.

HON

Ome



- 123 -
s

The new oximino glycoside 16 lacked the strong ir band necar

1550 cml characteristic for nitroalkanes but showed, instead,

a weak band at 1570-1600 cm' -attributable to a c.y vibra
The nmr spectrum of a CDCl-3 - (CDS)éSO solution exﬁibited an
off-field signal ( $11.2) removable by déuéerium exchange, which
was due to the oxime proton. The main part.of the spectium proved
that the benzylidene group was intacf and, moreover, that no
hydrogen was attached to C-3, as-H—Z and H-4 each gave a doublet
(1.5 and 9.3 Hz, reschtiVely)‘owing to coupling with one
vicinal‘proton only. The signals for H-5,-6,and -6 were also well

Tesolved.

b. Hydrogenation with platinum - The ‘nitroepoxide i was

hydrogénated in ethanolic solution containing a stoichiometric
~amount of hydrochloric acid. The epoxide was complétely
consumed within 4.5 h, at which point the reaction
mixturec, like thatlof the.o<—anomef 4(section C, above),
showed a complex tlc pattern of at least six spots differing
greatly in intensity and_l}_F value (0.95 to~0.1) |
Processing at this stége permitted the isolation of three
of the products by fracfional crystallization. The chief
component (BF 0.5) thus separated, in 31% yield, proved
to be methyl 3-amino-4,6-0-(cyclohexylmethylene)-3-dcoxy-
[3—gfmannopyranoside hydrochloridc.(ij),characterized by

analytical and spectral data, throukh preparation of its
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N,0-diacetyl derivative 18, and also by total

hydrolyﬁig to give known 3—amino-3~deoxy—2fmannbse.

* The fastest—moving componént (BF 0.95) was isolated

in 5% yield, and shown to be the (cyclohexylmcthylene)-
nitro analog 19. Finally,a third crystalline fraction
could be elaborated fr5m1mnher liquors. It contained
only slow-moving material giving a ninhydrin-positive
dogble<spot (BF ~ 0.1). Thelmaterial had ir and nmr
characteristics conéistent with those for a methyl
aminodecoxy glycoside hydrochleride, but it wWas probably
not isomerically‘homogeneous, as its spccific rotation

( [dJ D-lZ?.GO) lay between the values for }he,ﬁ-g—
altroside 20 ( DI]D —1380) and the jS—Q—mannbside 21

( [Qﬂl) —630)- The optical }otations suggested,
however, that 20 preponderated, and this was supported by
the results of acid Hydrolysis. Thefhydrolyzate showed ,
in tlc,an elongated spot that was consistent with the
presgﬁcc of 3-amino—3-deoxy—9—a1trose and its 1,6-
anhydride (with which it is known to enfer into equilib-
riun in aqueous solution), and that differed from the
somewhat slower spot of 3—amino—3-deoxy—2-mannose, as
given by an authentic sample and by the product of total
hydrolysis of 17. The remaining products in the hydrogena-
tion of 5 were all minor in proportion, and could not be

isolated.
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They gave ninhydrin-negative spots at EF 0.85 and 0.4 (trace),
°and ninhydrin-positive spots at BF 0.75 and 0.35 (trace). The
two former ones corresponded to those given by authentic

samples of the nitro glycoside 15 and its debenzylidenated

parent compound 22. . oL

_ P‘h%
- O

Me

OMe
13 R=C5Fi,,{BF0.95) Z R NHC1, R'= H (R_05)
B R=pp ( B- 085, ot isolated) B R= NHAc, ga Ac
Y H
OH OH , OH
O O
H Ome HO _OMe
t CIHN
NH301
= 2
(m;lj 01.) ) (minor)

-~ 1
(R ~0.1)
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The (cyclohexylmethylene) acetal structure of the new compounds
;],Lg, and ig was readily appanent.from their nmr spectra
(see the Experimental section, and the dlSCUSSlOﬂ on p. 116f0r the
analog 13}. The H-3 signal of 19 was a quartet having 3.5- and
10.5-Hz spllttlngs that revealed the manno conflguratlon and
. this was conflrmed by the coupling constants of the remaining, well
0resolved; ring-proton signéls. The acetalic proton resonated at .
©4.45 as a doublet showing vicinal coupling of 5 Hz. The spectrum
of 17 afforded little additional information, but that of its
diacetyl derivative 18 exhibited, at lowest f1e1d a quartet for
H-2 ( Jl 5 1.3 Hz-and gz i 3 liz) which was foliowed‘upfieid bf-
the anomeric-proton doublet (Jl , 1.3 Hz) and a quartet fér H-3

(J 3 .and i 4 9.5 Hz), as well as an apparent triplet for

H-4 (J3 s = J4 5 = 9-10 Hz). These features established the

manno configuration.

c. Hydrogenation of ‘the benzylidenenitro glycoside 15,

The results of the palladium-catalyzed hydrogenation of the
;itro epoxidé 5 (Section a) invited at first sight the
interpretation that the nitro glycoside 15 was a primary
reaction promkn:which in the course of time was rather
smoothly converted into the oxime 16. However, this

notion appeared at variance with the known, general

reluctance of nitroalkdnes to undergo such conversion



_Pd/C in methanol-dioxane). Examination of the reaction mixture

.which prov%§|that it was a different product. Furthermore, there

(Y 4
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under the conditions here employed (sec the Discussion). It
was therefore important to examine whether 15 actually was

a precursor of 16. To this end, crystalline’lS (previously
obtoined by independent synthesis) was subjeciged to Hydrogenation _

-for 307h under the same conditions as the epoxide 5; (with

by tlc in 1:4 methanol-chloroform showed that by far .the

major product (gF 0.5) was a ninhydrin-positive amino sugar.

(It is recalled that no amino sugar arose from 3 under these
,conditions). There was also-a;frace‘spot (BF 0.75) that happened o
to migrate like the oxime 16 in this solvent syétem, but, more

slowly than 16 in another Syséem (1:2 ethyl acetate-petroleum ether},

\

La‘e
i
c

were two weak spots, Rp 0.9 and 0.4, that turned yellow(no iolet)

Al

on Spraying with ninhydrin and migratéd like starting 15 and

its debenzylidenated parent compound- 2Z. (Compare herewifo the
'possibie occurrence of thé same compounds, as minor products,
inhthe plapfhom—catalyzed ;eaction of g,asfroported in section b).
The chief oroduct (R 0.5) was isolated as a crystalline

hydrochlorlde and proved to be ‘identical with the cyclohexylmethyleneh

’
\.

agetal 17 previbusly encountered upon graded acid hydroly51s it
‘ylelded the knoﬁo methyl 3-amino-3-deoxy-3- D mannopyran051de 21.
The important result of thid experiment was the-abs%nce of oxime' .
16 among the products. It thus became olea; that tﬁe nitro glyco-

side 15 gqurafed from the epoxide 5 is not the precursor-of the

@
N
k‘-
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oxime that is a prominent product in the same reaction.
- .‘ -

H ' .
Ph O ') . e H
’X%e Pd . %l-h O . O
02N i O OMe
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T . “isolated as hvdrochloride
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When £§ &as\hydrogenated in ethanol with pla;inum in the presence
~of 1 equiv. .of hvdroch}niid‘aCidy oll of the.starting*material
was‘revoaled by tic to have reacted after 4 h, although reduction
of tho nitro group was not necessarily cohplcte at that stag;.
Although hﬁﬂoﬁrhl -positive spots attributable to 17 and 21 were
cvident,there was also a spot due to the (cycloﬁexylmethyl&ne)-
'nitroiderivat{ve_;g, and it took 30 h for the latter eventually
to disappear. These chromatographic results werc consistent with
a‘close similarity of_the.PF—catalyzed reactions of 5 (section Q)'
and 15, as fao as phe final pfoduct composition 15 concerned, except
that the former showed evidonco for giving a significagl proportion
of a_proouct (;g) which had the 2—31353 configuration. ]
. . N
For ano;hor experiment! a mixture of 15 and 16 was prepared by
hydrogenating 5 with Pd/C in methanol-dioxane for‘45 min. .
(See section a). The mixture was isolated by solvent evaporatioh
" and then redissolved, in ethanol, to be subjected to a second
hydrogenation but.with platinum in the presence of hydrochloric
acid. This second hydrogenation (24 h) caused 15 and 16 to
disapoear, and produced a small proportion of the cyclohexyl-
methylene nitro glycoside 19 (isolated by column chromatography .j
and identified spectrosoopically) besides three slow-moving,
ninhydrin-positive compounds'as the major pfoducts. The most
mobile of thc latter corresponded -to 17 in tlc, whercas the others,

giving a double spot at EF”’O'I’ evidently yerefdcacetalated amino

glycoside hydrochlorides. The..three products were obtained

=
A

DA
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together as a crystalline mixturé that could not be separated.

A relatively low levorotation ( '[a]D.-Slo’ in water }

of the mixture, and the result ofpaper chromatogfpphy after total,
acid hydrolysis Isuggésted khat the‘g—éégﬂg configuration
predominated. \If a small. proportion of the D-altro amine 20 (or
a 4,6-acetal thereof) was present, it could hgvﬁ origipated from
reduction of t oxime ;ﬁ, ﬁhrough partial attack from the

hindered, fg-face direct For comparison, a solution containing

only 1g was hydrogenated under the same conditions; subsequent
acid hydrolysis of the products gave a mixture of amino sugars

showing the same pattern in paper chromatography.

It is to be noted that, as these experiments showed, 16 is
hydrogenated by platinum c;talysis whereas, having arisqn from
5 by palladium ca;alysis, it resists further reduction under
the latter conditions.

.

d. Hydrogenation of the nitro glycoside 22. - In view of the

important observation reported'in'section €, namely, that
palladium-catalyzed hydrogenation of 15 does not lead
to an oxime, we wished to ascertain that the same is

- true for its non-benzylidenated parent glycoside.zg.
The experimecnt did beaT this out. After 10.5 h of
hydrogenation, virtually all of 22 had been consumed,

and the Oriess test was negative. Crystalline ‘amino

mannoside hydrochloyide (;l) was the only product obtained
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.(upon addition of hydrochloric acid in processing); it proved

identical with an authentic sample in every Tespect.

D

For comparison, 22 was also hydrogenated witﬂfﬁlatinum, in

ethgnol‘confaining 1 equiv. of Hydrochloric acie, and crystalline

21 was obtained as the sole product, in accord with previous work145

. i

in which an aqueous medium was used. "y
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JITI. C. DISCUSSION

The data assembled in Section III.B., in conjunction with the

experimental results previously obtained by MadumelulsOb and

- summarized in Section III.A., may be interpreted in the folldwing

way. ) .

First of all, the facile, hydrogenolytic opening of the oxirane

Ting in o -nitroepoxy sugars under catalysis with palladium or

platinum contrasts with the much more severe reaction conditions

required to achieve such cleavage in non-nitro analogs.

Thus the unsubstituted 2,3-anhydro sugérs previously studiedlqo’141
underwent ring opening wiph'hydrogén under pressure at eclevated
temperatures in the presence of Raney Nickel; a platinum catalyst

. . 0 . - 140a
was ineffective at 80~ in one case examined™ ~°.

An electronic
effect of the‘C-S nitro group (to be discussed in mote detail

later on) is undoubtedtly responsible for enhanced reactivity

which greatly facilitates cleavage of the bond bgtween.C—S and the
oxirane oxygen atom in the sense of the observed regio—specificity,‘
However, there is no nced to ascribe an indispensable; regiodiTective
role to the nitro group in the benzylidenated Z,S-anhydropyranosidés

under discussion, as the same selectivity was manifest in

unsubstituted analogs, too. Thus, the non-nitro analogs of.1

‘and 4 which bear the oxirane ring on thelﬁ—face of the pyranose

ring, were hydrogenolyzed to give 3-deoxy glycosides having

an axial OH-2 group, and the unsubstituted ( but o-anomeric)
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analogs of 2 and’é, iﬂ which the oxiranc ring is situated on the

& ~face, incurred hydrbgenolysis in the same éense nevertheless,
to give 3-deoxy glycosides.having ;n equaﬂnial(}FZ group140’141.
This behaviour stands in contrast to the reducti?e ring opening

by lithium aluminum hydride in the same compounds, which obey5141’146
The Fﬁrét—quttner rule. ﬁo»satisfactory explanation appears

to have been offered in the literature as to why none oé the
catalytic ring openings Should have occurred at C-Z. For lack

of a proper rationale, the preceding analogies could not,therefore,
be meaningfully invoked to predict the behaviour of:any nitro
derivatives. Considering the results now available it is tempting
to speculate that a nitro substituent int;pduced at C-Z would
override other regiodirective features present in 2,3-analydro-
pyranbsides,'so that hydrogenolytic fission might.occur at that

site. Unfortunately, such a prediction cannot be tested as yet,

because no 2-nitro-2,3-anhydro sugars are known:

Next, the question as to which configuration should be expected

.'to arise at C-3 presents itself. Extensive investigations by
147,148

Mitsui and co-workers on the mechanism and stereochemistry

of catalytic hydfogenolfsis of epoxides and aziridines have
revealed significant differences as to types of-catalyst and’

147,148 that the compounds

recaction media. The authors -suggested
arc adsorbed by Raney nickel on the side of, and through coordina-
tion with, the hetero atom and are hydrogenolyzed in a manner

~

stercochemically analogous to an SN process, whereas palladiunm,

3
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showing no affinity for the hetero atom, was considercd to initiate
attack with SN2-like geometry from the opposite, stercoeclectroni-
cally favored direction; platinum, apparently, can act by either
mode. It should bg noted, however, that the conclusions of Mitsui
and coworkers pertain largely to X-phenyl-substituted (styrene

7
oxrde type)} compounds, where anchoring on the catalyst surface
thfough T-benzyl bonding is considered to be a prime factor. There
seem 1o be/few reports along these lineg concerning purely aliphatic

148’149, and the antecedent findings in the area of

140,141,146 Z5a-

epoxides

benzylidenated and other carbohydrate oxiranes have
not been commented upon in this context so that it was uncertain
how these precepts would relate to-epoxynitro sugars in which

other factors, both polar and steric, might come into p%ay.

- Actually, no simple correlations were evident. .

Wheréas the platinum-catalyzed hydrogenations of the ﬁ3-2>gll9 (2)
and ﬁLQ-&EEE (3) epoxides, giving eduatoffﬁi orientation of the
nitrogenous substituents in 13 and 11 respectively, were consistent
with hydrogen transfer from catalyst Coordinated with the oxirane
oxygen afom, the palladium-catalyzed reactions of these same
substrates produced the same C-3 configuration (in 6 and 12) and
thus gavé no evidence for the latter catalyst's attacking from

the opposite dircétion* . In the hydrogenolysis of theXx-D-manno

epoxide 4 platinum again acted from the side of the oxiranc ring}

at 1%ast mainly so, to the extent that the nitrogen atom was

. placed axially in the amino altroside 10, the chief product.

-
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(The probable formation of a minor proportion of the D-manno isomer'iﬂ
pould not be defhﬁtiwﬂyl’aécertained.) The favored direction of
attack by platinum was less clear-cdt for theJﬁ-E-@gggg expoxide 'i
from which substantial pfoportions of products having an equatorial
nitrogen function were formed,with the derivatives 17 and';g

"being isolated crystalline, and 2l considered a possible, if minor,
companiog of the amino altroside 20. On the other hdnd, palladium

catalysis for both of the. D-manno epoxides (4 and 5) did not

give any detectable products having an axial nitrogen function.

The foregoing results would appear to constitute prima facie

indications that palladium acts from the rear side of the oxirane
ring(in accord with the concept of Mitsui and co-workers).only
for 4 and 5, but from the oxygen side for 2 and 3, and that
platinum acts from the oxygén side exclusively (for 2 anq g),
ﬁredominantly (for 4),or to a considerable degree (fo} 5). .
However, the validity of such conclusions would have to rest on
the premise that all of the reaction products isolated were in
fact the same as those primarily engendered, and that they did
not originate, in part, from a seconddry epimerization of

intermediates having an axial nitro group on C-3. It has been

* In a short communication that appeared while this work was in
progress, Sudoh and his co--workers138 reported, without giving,
expérimental details, that the phenyl glycoside analog of Z
'also reacts to give the D~gluco configuration, both with

palladium-on-carbon and with Raney nickel.
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established that an axial nitro group on this atom in pyranosides
or on any ring-carbon atom in deoxXynitroinositols, is | -
thermodynamically highly disfavored; with one explicable
exception, «all of the numerous known compounds of these élasses.
display an-equatorial nitro group21’150. Hence, it may be
~expected that axial-nitro glyocisdes, arising from epoxides by
~hydrogen donatidn to C-3 on the/3-face of the pyranose ring, will
be extremely prone to epimerization that might occur i% the
reaction medium, or during procéssing. This would afford the
molecule a gfeater gain in stability than adoptiom of an
alternative, néﬁ—chair Cbnformation*. Assuming that possible
.axial-nitro intermediates would be instantly epimerized by catalytic
émbunts of base; we performed the plapﬁgg; hydrogénations of 4 and 5
in the presence of hydrochloric acid. Formation of the amino
altrosides{g and 20 gave proof for oxirane ring~cleavage from
"above", and allowed the inference to be~drawn‘fhat the corresponding
axial-nitro glyocisdes were, indeed, intermediates in.these
instances. The large proportion of;G—g-mgggg_products formed
simulténeously from § may havé been due to competing hydrogenoﬁysis

from "below", facilitated in this substrate by absence of steric

hindrance from an axial glycosidic substituent.

* Recently, a first derivative of methyl 4,G—Q—benzﬂidene—3-deoxy—3-nitro~

%-D-altropyranoside has been described151.

It carries a bulky 2-C-
bis (methoxycarbonyl)-methyl substituent replacing OH-2, and was
-reported to exist in a skew conformation. It epimerized to the more

stable, D-manno isomer sufficiently slowly to permit its isolation,
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As concerns the palladium-catalyzed hydrogenatidns, we have so far
been unable to find ény evidence for-axial-nitro intermediates,

' regardless of whether the .reaction medium was neutral ethanol or
methanpl—l,Q-dioxane acidified with acetic acid. Admittedly, this
does not constitute proéf for the absence of such intermediatés,
because epimérization‘may have béén fast, even in a mildly acidic
hedium. Moreover, epimerizations may well have been induced by
Ehe silica gel used in tlc and in the columns used in some of the
processings. However, seﬁefal runs were processéd without the aid
of chrdmatography, and yet,‘nb nitro glycdsideé other than those
mentioned were detected. It may, therefore, be stated, at least,
that the p;lladium-catalyzed h&droéenations of 2-5 wenp'consistent'
with nen-occurrence of axial-nitro intermediates, aithouéh Such
iﬁtermediates ﬁould necessarily have to be postu}ated in the case
of 3 and 3 should the hypothesis of an SN2 type of geometry for
hydrogenolysis‘at C-3 be applied. Without inténding to question its

147 for benzylic epoxides-and related compounds, we

validity
contend in the following discussion that the hypothesis is

~inapplicable for carBohydraté «{-nitroepoxides.

A clue to the mechanlsmjgyeratlve in the palladlum hydrogenations
was .found in the formation of oximino glycosides which were

isolated crystalline C 7 and 16) or detected by "the Griess color
rcactlon Hydrogenatlon of nitroalkanes by noble metal catalysts
docs nhot normally lead to oximes, but passcs through the nitroso

and hydroxylamlno stagcs directly to the amine, stagcl52 153

’\
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Arrest of the sequence in the nitroso oxidation-state by way of

tautomerizaéion to oximes (which are relatively resistant to~fufther
hYdrogénatioﬂ) is not a-normal event as ﬁitro§o compounds are

more rapidly reduced than tautomerized*. In fact hydroéenation of
the nitro alcchol lg'undér conditions that produced the oxime 16

from the epoxide § did not yield any 16 nor did any oxime ‘arise

from 23. However, it is well known'that oximes can be readily

obtained by hydrogenation of nitronic acids and nitronates,i.e.,
from nitroalkanes, if these are first converted into their saltslsz?
Cyclohexanon; oxime has also been obtained from l—chlpro—l-nitro—
cyclohexane by palladium hydrogenation tha; was considered fo -
involve intermediagy cyclohexanenitronic acid157. In view of these

facts, a mechanism is proposed for the reactions of the nitroepoxides

studied " (See Scheme 2).

* Z—Nitrosocyloheianol and several 3—deoxy—3—nitroso glycosides

154

obtained by oxidation of the corresponding amines with m-chloroperox

benzoic acid showed no tendency to tautomerize, but formed stable

dimérs. The catalytic hydrogenation of nitrocyclohexane to

cyclohexanone oxime, studied155

L)
_industrial appeal, did not succeed with noble metals or Raney

in great detail because of its

nickel, but required the development of special, metal oxide,
mixed catalysts. Oxime formation by palladium-catalyzed
hydrogenation of nitroalkenes, believed to take place via

hydroxylaminoalkenes; is a different matterlSzc’ISG.
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%he catalyst, either platinum or palladium, first transfers a
hydrogen atom to the oxirane oxygen atom; generating a radi¥cal
(A from 2 or 3; A from 4 or 5). With platinﬁﬁ, a Second'hydrogen
-atom is rapidl} delivered from an adjacent §ite, to give nitro
alcohols having equatorial (B) and axial (B})?hitro groups
lreSpectively. The nitfo.ﬁlcphols aré subsequently hydrogenated,
as 1is USual21 for ﬁlatiﬂum catalysis, with retention of
configuration, to give the.gppresponding amines. {An exception 1is
6 which was conver;eéfinto.the hexahydrobenzylidene derivative 13
“with negligible attack on the nitro group, even though the

parent methyl S-deoxy-3-nitrpWG—g-glucopyranoside is readily

.hfdrogenatedlsg to the amine). With palladium, on the other hand,

donation of a second hydroggn atom is comparatively slow, and the
radicals beihg sufficientiy 1ong—1i§ed because of resonance
stabilization, may await an independent transfer-process, if thét
is energetically gainful. To the extent that the second transfer
occurs at C-3, it will be so directed as td produce the more-
favored, equatorial-nitro,ql;ohol; i.e., the same B would arise
from.A, but B" would arise from A', It-is'suggested that this -
mode of epoxide hydrogenolysis would also compete in the case

of platinum especially with the [B-glycoside 3, whose lower side
is unhindered, accounting for the formation of 15. However, the
radicals.A and A' can alternatively accept hydrogen on the nitrb
group, thus giving rise tg'nitronic acid (h and C'). The nitronic

acid is then hydrogenated by palladium to the oxime (D or D'), or

. it tautomerizes to the cquatorial-nitro alcohol (B or .B"). Differing

stabilities of individual nitronic acids, owing to diffcrent amounts

\ -
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ef A (1 %) strain that is bresentlso, prcsumably influence the final

product-comp051t10n The scheme explalns why 15’4£1ch was

portrayed by tlc as the major product ~and was in fact, 1§olab1é
upon short, palladlum catalyzed hydrogenation of 35, vanished

dur}ng extended hydrogenation in favor of 16 (that evenFually became
the sole product isolablej; whereas "genuiﬁe" %5 gave different
products (mainly {]) instead, and no oxime at all. From E,little ¥
if any £§ is directly engendered as such, buf it arises as its

nitronic acid tautomer, which presents itself as ;§ in tlc or upon

isolation, but persists in solution until it is reduced to 16.
~

x

There are precedents in the llteratur0140 141

for the formation of
hexahydro derivatives from carbohydrate benzylidene acetols on

: hydrogenatlon in the presence of platinum or Raney nickel, but
thlS type of reaction seems tofﬂzoe been encountered 1nfrequent1y,
and hydrogenolytic removal of Eﬁgﬁﬁtetal mlght rather, have been /’\\\

expected to prevail 59



ATTEMPTED HYDROZ IRCONATION'CF
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Transition metals hydrides constitute another valuable class of

g

rcagents for organic synthesis. Selective hydrometalation of

such readily available ‘starting materials as olefins and

acctylenes may proauce reactive, ¢ -bonded organometallic

\ o

intermediates, which may then be .converted, by appropriate-

cleavage of the carbon-metal bond, into a variety of organic

products. '

' : | Ve
Hydrozirconation has“recentlylﬁo’lﬁl been deveioped as a

procedure for functionalizing alkenes, alkynes, and 1,3-dienes

" via organozirconium(VI) intérﬁédiates. These intermediates reacts
with-a variety of clectrophilic reagents E+,(eg,5Br2, I,s Eﬁbromo— or
_—chloroéuccinimidc, or iodobenzenedichloride), to give the

©161,162

‘ corresponding substitution product in high yield Thﬁs,
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‘zirconiumdicyclopentadienylhydrido chloride‘(CpZZr(H)CL,:l) was
found to‘react with alkenes under mild conditions to generatce
‘isolable alkylzirconium(lV) complexes, CPZZT(R)Cl (2).
Hyrozirconation proceeds to place the zironium moiety at the
sterically léast hindefcd position of the olefin molecules as
a wholelés. |
It appeared interesting to apply this type of reaction to
unsaturated carbohydrates, which had not previouély'been attempted.
It was hoped to achieve functionalization, for example; at C-2
or C-3 in 2- en051des However, treatment of ethyl 4,6-di-0-acetyl-
0 2,3- d1de0xy—0< D erythro-hex-2- cnopyran051de (3) with the zirconium
hydride‘L in benzene solution at room tcmperature, followed by
addition of methyl oxalyl chioride as the elcctrophile, led to
selective replacement of the primary acetyl group Wwith the methyl
oxalyl group, giving the crystalline ester 4. The structural
éssignment was based on elemental analy;is and ‘Honmr data. In
“particular, the spectrum showed a three-proton singlet at 53.92
due to a methoxy,résonance,:replacing the C-6 acetoxy resonance
(52.02) glvcn by 3. The olefinic structufe was unchanged as
indicated by a narrow, 2-proton multiplet at §5.87 forH-2

and H-3(the same as in 3}.

L. Cp,ZrRICL | ’

2.RC|

3
-~
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Similar treatment of gfwith another electrophile, namely
triphenylmethyl chloride, procceded at a somewhat siower'rate and
gave the trityl ether ;. The 'H-nmr'specfrum proved the
incorporatiocon of-a tfityl group. (15-proton multiplet at §7.2),
retention of the.alkenic st}ucture (2-proton singlet at Ss.é'dﬁe to
cpinciding’ﬂ—z and H-3 resonances), and presence oflonly one
aéetoxy group, whose 3-proton singlet was shifted to §1.84 (from
52.06 in 3) owing tg'a shielding effect that ig commonly

observed when aryl substitugnts are present in sugar acetates.

2
&

It was evident from monitoring the reaction by tlc that 2 did
indeed react with.;: A rTeaction in%efmediate tpreéumably 6)
was seen to arise and éubsequegtly; when the electrophile was
added, to disappear again. Use of acetyl chloride as the

electrophile led to recovery of 3.
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Having thus realized that a primary acé;afe group ;n the molecule
intérferes with the desired hydrozirconation of the alkene

function, we, dec1ded to try a substrate which lacks such a group
Methyl 4,6- 0- bcnzylldene 2,3-dideoxy- of - D-erythro-hex-2- enopyroside(7)
was chosen.and allowed to react with 1 and acetyl chloride under
identical conditions. The result was even more $urprising

Compound 7 suffered loss of its glycosidic mcumxyl group,accompanlcd
by 1somer15at10n of the double bond to give the 3- deoxy glycal 8.

This transformation is reminiscent of the reductive rearrangement

of some allyllc acetals to vinyl ethers by use of chlorlde free.

LiALH, in ethereal solvents%ed. The formation of 8 can be explained

by the formation of an intermediary complex 9 in analogy to the
. - . o~ -

5

Ph O

1q

8
o~

explanation suggested for the'LiALH4‘case164. This pentacoordinated

complex collapses to form the vinyl ether 8. An alternative

mechanism could be initial formation of the hydrozirconated

intermediate 10, from which, by the assistance of the glycosidic

\ | ‘ )
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/émpty orbital of the
'V/ the observed product
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. analogous to 10 were
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lone pair of electrons coordinating with an

zirconium atom), eliminaticn occurs to give

Cre - - .
ﬁ*.vqélmllar eliminations were observed for

in hydroboration reactions,

proposed165,

and intermediates

It may perhaps ke possible to avoid elimination by performiné the

hydrozirconation at a lower temperature, or by using a

instead of a methyl

silicon has the ability to use its vacant 3d - orbitals in the

formation of IT- type bonds Wlth oxygen which have con51derab1e double=

bond characterléﬁ.

fhe.gly

zirconium moiety.

glycoside as the substrate.

silyl

It is known that-’

This would decrease the coordlnatlon ability of

¢dic oxygen atom and thus discourage its interaction with the

&3

*The author is indebted to Professor J. Schwartz for proposing

this cxplanation.

’I

-
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EXPERIMENTAL SECTION
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GENERAL TECHNIQUES.

A glove-bag was used as a convenient device for the handling,
transfer, and preparation of moisture— or air-sensitivg\ﬁaterials
in an inert‘aﬁmosphere. Where necessarf for critical experiments,
'glassware and NMR tubes were first heated overnight in an oven

at ca.110° and fhen purged, while still hot, with a stréam of dry
nitrogen. All reactions involving organometallic'reagents Qere
carried out in an atmosphere of drvnitrogen under slightly positive
pressure, in flame-dried glassware. Rubber septa aizzhypodermic

-needles were conveniently used for transferring liquids to and from

vessels without introducing air.

All reactions were performe& in reagent-grade solvents which were
further purified as follows. Tetrah}drofuran {(THF) was freshly
prepared by refluxing over, and distilling from, sodium or potassium
metél under nitrogen in the presence'of (dark blue) benzgpheno@gﬂwi
radical aqion. - Benzene and ether were,dried_over soaium wire , and
ethanol was made absolute by means of magnesium. Ali other
solvents were used as purchased, without fﬁrther purification
unless otherwise noted. Petroleum ether normally refers to.the
fraction boiling at 30-60°

‘fhin laye} chromatogfaphy (tlc) was roﬁtinely employed to monitor

reactloggﬂand column- chromatography separations, and to check the .

purity of products. It was performed on precoatcd silica-gel plates

N



SIL G-25 UV,;,, Whereas preparative tlc was done on glass plates

coafed with MN-Kieselgel G/UV254:tboth products manufactured by
‘Macherey-Nagel & Co., West Gérmany). Spats were made visible by i
inspeczion under UV light and (or) by spraying,the plates with 5%
sulfuric acid in ethanol, followed by heating. For detection

-of amino S%Fars, a.spray of 0.;% ninhydrin‘in ethanol was also

used. The BF values given are illﬁstrative; they hay vary_somewhat

;ith minor changes in solvent compositioq or-temperature.' Starting
compounds and authentic samples of products, where available, were
routinely spotted alongside unknown products. Column chromitography

was performed with silica gel 60 (E.. Merck AG., West Germany).

Systems employed for development were mixtures of the following

solﬁents in the ratios (V/V) indicated. Ethyl acet;te&petroleum

ether: (A) 1:1, (B) 1:2, (C) 1:3, (D). 1:4, (D') 1:6, (E) 1:10,

(F) 3:2; ethyl acetate-pentane: (G) 1:1; methapol—chloroforn:,

(H) 1:2, (J} 1l:4; ethylacetate-ether: (J) 1:1£ ethyl acetate—etﬁcr—
petroleum ether: (K) 1:1:1; methanol-dichloromethane: (L) 1:2.

Othér solvents were used where so indicated.

The !H-NMR spectra were recorded at 60 MHz with a Varian T-60
spectrometer or at 100 MHz with a Varian HA-100 spectromecter.

The 13camr spectra were recorded at 20 MHz with a Varian CFT-20
spectrometer. The NMR spectra were obtained from CDC1, 'solutions
containing tetrdmethylsilane .aS_the internal standard.

The chemical shifts are e&?r ssad in parts per million (&)

downfield from Me,Si, and the HINMR peak arcas are expressed as
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the number of hydrogen atoms (H). Infrared spectra were

recorded on a Beckman IR-20 or IR-20A infrared Spéctrophotometer._
Spéctra.oflsyrupy coﬁpounds were obtained from neat liquid film§b )
and those of crystalline compounds, from-Nujol.mulls and wer@iﬁ%i
calibrated with a polystyrene standard. 'Some absorption bands
are charactﬁrized as bd (broad), ms (medium\itrdng),s (strong),

sh (shoulacr), or w(weak). Mass spectra were recorded on an
AE-1-MS902 mass spectraneter fitted *ith a-direct-frlet probe at
an ionizing potential.of 50-55 eV. _Opticgl rotafgﬁns were
performed at room tempera&ure with Perkin-Elmer 141 autbmatic.
polarimeter and refer to chloroform-solutions unless otherwise

stated. Melting points were determined with a Gallenkamp ;épill&ry

Y ‘. +
melting point apparatus and are uncorrected.

All catalytic hydrogenations were‘performed at ambient tempefature
(21-26°), with hfdrogen at a pressure slightly above atmospheric,
unless otherwise indicated, and efficient shaKing of tﬁe vessel
was assured. Tﬁghﬁalladium catalyst (10% Pd-on-carbon) was
obtéined from Matheson Coleman & Bel;, and was used without
ﬁrctreatment.-Adams catalyst (PtOZ- HZO) was purchased from
Engélhard‘Indugtries, inc., or BDH Chemicals of Canada, Ltd.,

aqd was prehydrogenated in a small volume of the reaction solvent.
In experiments performed without the addition of acid, the
prehydrogena?i%»platinum catalyst was washed by several
dccantaﬁions with fresh sdlventqprior to use. For product.igdlation,
the catalysts were filtered off and wgshed exhaustively with

methanol or ethanol, and the filtrates were evaporatcdzﬁ

'
-
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Evaporations were cérried out at about 35°'(bath temperature)

in a rotatory evaporator. Microanalyses were performed by

M—H-W Laboratories,,Phoenix, Arizona,

{
) 1
»
AN
~/
.
( » \
S A
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Pfeparation of the Unsaturated Glycoside Diacetatcs 29,24 ,46

Ethyl 4,6-di~g-acety1—2,3-dideoxy—ci-g-erxtﬁro-hex—z- o

enopyranoside (29) was precpared from 3,4,6-tri-0-acetyl-1, :
"5-anhydro~Z—deOXy-gfarabino—hex-l-enitol (28, tri —0-acetyl-

. 7 . ‘
D-glucal) according to the method of Ferr1¢q4 ; it showed

B

L

m.p. 79%. and bdD

' E ‘ﬁ' i * -
+ 109° (c 1, benzene) as reported;EﬂD + 117,
(c 2.2, chloroform). ) '
- L3

N

-

The p-anomer 45 was prepared from the-intermediatc ethyl 3,4,6-
[
Ctri- 0-acetyl-2-agetoxymercuri-2- deoxy- A-D- glutop)randsldc in

analogy to Its methyl glycoside described by Inglls and cou01kersso

re

-

A solutlon of tri-Q-acetyl- D- glucal [5 0 g, 18.4 mmol) in absolutc
P
ethanol (ZOmL drled over and distilled from magnesium) was added

.

to a stirred suspension of mercuric acetate (6. 14 g, 19.2 mmol) in

absolute ethanol (70 mlL), whereupon the salt dlssol\cd rap1ﬁ1y The

”C//ethoxymercurated intermediate began to crystallize after an hour

ang was collected’ after overnlght storage of the reaction m;xture

(1t Fhus proved unnecessary to convert the product into thc‘:

chloromercuri compound"as_had been done in' the methoxymercuration
- just cited). The crystals (3.50 g, 33%) had mp 177° after

" recrystallization from ethyl"acetate;[“inﬁ 15.5° (c 2 3),'9$zi011'“5

and 1240 (0Ac), 1620-1600 (Ac0), 1300, 1140-1000, and 920 cm~ L.

Two sharp, medium strong bands at 755 and 690 c:m-1 were possibly

due to Hg-0 vibrations'67. NMR (100 Miiz,CDClg); $5.17 (dd,

“,

11.3, J3 4 = 9.3 Hz, H-3), 4. 95 (t, J= 9.3 Hz JH-4), 4.71(4d, J

21,2
10 Hz, H-1), 4.34 (ad Is 6 4.7, _6,6. = 12 Hz, H-6), 4.09 (dd,
J5f6, = 2.7, Jg g+ = 12 Hz, H-6'), §95-3.4 (m, 3 H, Mc-CH, and

H-5), 2.62 (dd, J = 10 and-11.3 Hz, H-2), 2.15, 2.06, 2.02 (3 s,

[
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. total intensity 12 H, 4 0Ac), 1.22 (¢, J = 7 Hz, ethyl CH3).

Anal. calcd. for C16H24Hg010(577): C 33.31, H 4.19; found:
C 33.51, H 4.36.

-

. % L= 3
A solutlon of thlS acetoxymercur1 derivative (1. 0g) in aqueous, (//JA

75% ethanol (25 mL) was mixed with a solution of sodium iodide
. 'x

(1.5-g) in 25 mL of the same solvent Complete conVer51qn of the

. mercurlal'(gF 0.0) :into i§ (B q>6J was indicated by tic L

—

(solvent B) after 30 min. The ction mlxture was concentrated

in vacuo to one-third of its volume and thm]d11Uted with water

to 50 mL. Then it was extracted several times with ether.

The drganic"phase was'waéhed successively with saturated aqueous
sodium thiosulfate solution and water, dried over anhydrous
magnésium Susidtate and the solvent removcd in ggggg to give 45 a

a colorless [syrup (0.38, 857 ); r&] + 148.5° (¢ 3.6{.benzene);

Y max 1750 and 1240 (0Ac), 1150,970,% 910, 815, and 750 cm—l.
Anal. calcd for C1 M1 506 (258.3): ¢ 55.80, H 7.02; found: C si.sé,
H 7.00. oo L

a

v
-~

50,78 me thyl glyc051de analog (45a) of 45 was prepared

The' known

from 28 by analogous methOX}mercuratlon49 followed by climinatloquﬁ.

NMR data (100 MHz, CDC1 ) of the 1ntermed1atc methyl 3,%,6-tri- 0-
acetyl 2-chloromercuri-2- deoxy-P D—glucopxran051de' 58S. 18(dd N
§2,3 = 11.5, J J3 4 = 9Hz,'H-317 4.93 (t,J/= 9 and 9.5 Hz, H~ 4),,¢
4.65(d, J) 2 9.7 Hz, H- 1), 4.32(dd,J. . |

H-6), 4.09 (J5 ¢ = 2.5; J

dg 6 (= 5, J6,6‘ = 12.5 Hz,
6,6= 12.5 Hz, H-6'), 3.67(0,HT5),

3.52(s, 3H, OMe), 2.55(dd, J = 9.7 and 11.5 Hz, H-2), 2.08 and

! ’ I - ‘

.
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2.04 (s,- 6 and 3H, 3 0Ac)..

4 , ﬁ ¥ . . : i

..

Et_hyitl,6—'di-g.~acéty1—2:3— didcoxy-- &-D-thrco-hex-2-enopyranoside (5_9)52 |
was
& ,

pyridipe (1 h at 250), of a crystalline éample of ethyl 2,3-

tained bf conventional acetylation with acetic anhydride in

dideox ci—Q-threo—hex—2-cn8pyranoside kindly donated bf

.."éi§§2;i§§£i~f;\Frasér—Reid. The diacetate was é.colorlcss syrup,
R, 078 (solvent B), (¥, -~ 171.5% (¢ 1.5, chloroform); Lit®? [
Lq, -171° (dichloromethane); Vnax ¥750 and 1240 (0A 19, 1050, 1020- .
0, 915, 50,.760=,anci 600 cm”l. - | . ‘.
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General Procedure-for Allylic Substitution

. +
For Amination

The catalyst-émployed throught this Part was tetrakis(triphenyl-
phosphine)palladium(0). It may be prepared according to CoulsoanSJ
or purchased from Aldrich Chemical Company, Incy Aféample was kindly

donated by Profcssor H. Alper . Reactions were normally performed

_— on a 0.5 mmol scale with respect to the glycoside employed (0.13 g¥.

Deviations from this amount of starting glycoside are specifically
indicated and imply pfoportionate changes in fhe»amounts of solvent
and other reactants. Typlcally the glycoside (0 13¢,0.5 mmol),
;flphenylphosphlne tgg,ng - 35 mmol) and the Latalyst (41 mng,

0.035 mmol) were stirred m~tetrahydrofuran (10 ml) for 30 min at
 _ om temperature, under'nitrogen, in a flask eqpipEed with reflux
- ﬁ\\:jndenser and gas inlet. An excess of the amine (3.3-3.5 mmol)
was then added by syringe, 'and the mixture was heated af reflux
until monltorlng by tlc indlcated absence of the starting glyc051de
- (See- individual sectlons for the various Esactlon tlQQEfT) The

¥

cooled reaction mixture was partiti bqﬁf?en ether and water,'
the aqueous phase was extracted with ether (4 x 30 mL), and the
combined extracts and organic phase were dricdover anhydrous

magnesium sulfate. The solvent was removed in vacuo to give a

cr with

-"&! TlthS

o

liow residue which contained the aminated Sugar toggl
- ,jjij;phenylphosphinc»oxide, residual amine, and other i;
Purlflcatlon of this residue, via column chromatograiuﬁzor

>

preparative tlc as- 1nd1catcd in the individual sections, furnished

®

ty
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the desired product in homogenous form, usually as a colorless,

[

analytically pure oil.

For Alkylation

The mixture of glyc051de, triphenylphosphine, and catalyst was
prepared as described abovc, except that only 5 ml of tctrahydro-
furan was used as the solvent. Separately and 51multancously, a

solution of the sodio derivative of the reactive methylene

component was prepared. For this purpose, sodium hydride df;;ﬁ;;,
of:161% &ispersion in mineral oil; ca. 3.3 mmol) was washed twice
with hexane and once w1th ‘tetrahydrofuran. by decantation and was
then snspepded in 5 ml of tetrahydrofuran. lhe methylene component
(3.35 mmol or slightly more) was added drop wise with stirring, which
caused the hydride to dissolve completely in the course of 15 min.
The resulting,-clear solutién wés added, ‘in one portion, to the
aforementloned solution of reactants when the latter had interacted

for 30 min, and the combined mixture was then heated at lcflux unt11

tlc indicated completion of the rcaction. The precautlons and

proceszjgitfodes applied were the samc as those in the aminations.

Ethyl 6 0-Acetyl-2,3,4-trideoxy-4- dlcthylamlno— x-D-crythro-
hex-2- enopyran051de{,;)

Compound 31 was obtained from 28 and diethylamine (0.35 mL) after
a reaction time of 48 h and.preparative tlc (sclvent D). The
colorless oil (110 mg, 80%) showed Ry 0.9 (tlc with solvent B},

(o] +169.8° (c 1), V¥

oy 1745 and 1260 (0Ac), 1150-1000 (C-N,C-0-C),



-
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and 730 cm L (cis alkene). Anal: calcd. for C,,H,NO, (271.4):

C 61.97, H9.29, N 5.16; found C 62.11, H 9.18, N 4.97.

Ethyl 6-0-Acetyl- 2,3,4ftfideoxy—4—pipcridino-
« -lJ-erythro-hex-2-enopyranoside (32)

Prepared cxactly like the preceding compound, but with biperidine
(0.33 mL), 32 was a colorless oil (100 mg, 70%), Rp 0.9 (tlc in

solvent B), [l ) +164,3° (c 1), y__  174572hd 1240 (0Ac), 1160-

& max
1000 (C-N, C-0-C), and 730 cm ! (cis alkene). Anal. calc. for
i, . L]

C15H25N04- (283.4); C 63.58, H 8.89, N 4.94, found: C 63,41, H 8.97,

N 4.67. : 1

PR

Ethyl 6—Q—Acety1—4f(N-cyclohexyl)methylamino—z,3,4—trideoxy-
-D-erythro-hex-2-enopyranoside(33)

From 28 (200 Qg) and cyclohexylmethylamine (0.44 mL}), compound 33
was obtained ;¥¥B§\a reaction time of 5 days; it was accompanied by

traces of 2 slow-moving by -products (tlc with .solvent B) which were

" readily removed by preparative‘tlc (solvent D). The colorless,

horogeneous  product (180 mg, 75%) had [*], +149.7° (¢ 1), Y oy 1745
and 1240 (0Ac), 1120-1000 (C-N, C-0-C), and 730 cm 1 (cis alkene).
Anal. calcd. for Cy/H N0, (311.4): C 65.56, H 9.39, N 4.50; found:

C 65.53, H 9.27, N 4.5].
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Ethyl 6-QfAcety1-4—(N—benzyl)mcthyluminojz,3,4-tri-dcoxy-
Q;erythro—hex—Z—enopyranoside(;g] .

Reaction of 29 with penzylmethylamine kD.S mL) was complete
after 24 h, and tle (solveﬁt B)'éhowed'a main spot (BP 0.8)
accompanied by a minor spot (RF,O,71-which was ;resumably due to
an isomer.;anlated by preparative tlc (solvent CJ, the major

i
4’..

——

3

product wés a colorless syrup (140 mg, 87% ) that tended to

" crystallize on strong cooling (mp below 0° );[“]D +165.4° (c 1),
V., 3100-3050, 1600, 1500, and 700 (Ph), 1745 and 1246_(0Ac§, )
1120 - 970 (C-N, C-0-C), and 740 en- 1 (cis alkene) ™\ Anal. calcd.
for.c18n25k04(319.4):c 67.69, H 7.89, N 4.39; found: C 67.53,

H 7.83, N 4.51. ' |

-

Ethyl 6—Q—Acetyl-4-dibenzy1amino—2,3,4—trideoxy—cf—
D-erythro—hex-2-enopyranoside (35) and Ethyl 6-0~-Acetyl-2-
dibenzylamino-Z,3,4-trideoxy—u—D-threo-hex-3—cnopyranosideC;g)

The reaction of 29 with dibenzylamine (0.64 mL) was nearly complete
after 30 h. Thestlce {solvent C) indicated thc presence of two main

ts having BF»—O.S (major product) and ~0.7(minor product),

ith traces of slow-moving b§-products. Integrati®bn of
the éu-ficiently separated acetoxyl group signals in the nmr
spectrum of the crude mixture (166 mg, 83%)75uggésted that the two
main components were present in the fdtio 7:3. The componcnts werc
sZparéted by preparativeltlc using multiple irrigatidn with

solvent E, which furnished either product free from the other

(according to 2?r spectra). - '

. ~N
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The syrupy, slower-moving, minor product proved to be the isomef 35.

It crystallized on stdrage in the refrigerator. Collected

after trituration with petroleum ether and recrystallized from v
that solvent, it showed mp 78—790, Eﬂ D-+171.40 (E 1.4);

Y 3100-3040, 1600, 1500, and 700 (Ph), 1745 and 1240 (QAC), :. .
max : N

-1 .. <
1120-975 {C-N, C-~0-C), and 755-735 cnm {cis™~alkene). Anal.
calcd. for C24H29N04 (395.5): 72.89, H 7.39, N 3.54; found:

AN

C 72.69, H 7.56, N 3.54.

The faster-moving, major product (36) failed to crystallizej-
[@]D-rISS.SO (c 1.2). Its infrared spectrum was very similat to

that of 35, showing only minor differences in the fingerprint

region. Anal. calcd. as for ;g; found C 72.57, H 7.83, N 3.68.

Ethyl 6-0-Acetyl- 4'bénzy1am1no 2,3,4-trideoxy- «-D-erythro-
hex-2-enopyranoside (37) and hthyl 6-0-Acetyl-4- (N benzyl-
acetamido)-2,3,4- trldeoxy o-D-erythro-hex-:2-enopyranoside {39)

The allylic acetate 29 was reacted w1th'benzy1am1ne (0.36 mL)
.for 24 h, after which, tlc with solvent B showed the presence of
three produ;ts,&BFqu.ﬁ, 0.25, and 0.2) together wifh some
remnant starting material (BFr30.75)l An additional 10 mg of the
catalyst and 0.1 qu?beenzy?amfﬁe were .dntroduced and refluxing
was continued'forégnQZBizq;h;?\hhich caused 29 to disappear
complefély. Upon pfocessing,the mixture of products was applied
to a 5111ca gel column that was 1rr1gated with bOlVCﬂt D. The

fa5$530v1ng producg£{37) was 1solatcd as a colorless oil (48 mg,*

*314), [, -+115.5 <(E 1'1);\\¢5ﬁk ‘3200 (broad, NH), 3100-3050, _—~_’

N

-
*
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N
N
~ -

a\ M Al

1600 and 1500 (weak), and 700 (PL), 1740 and 1240 (0Ac), 1100-
/ —— .

1000 (C-N, C-0-f), and 730 ¢ © (cis alkenc). On ageing of the
sample,. an amidg band at 1650 cm_l.deVCloped owing to 0N

acetyd migration. ' r
3/ £74

The two slow-moving products werc subsequently eluted from the
column as a mixture. An attempt-was made* to separatc this mixture
by preparative tlc (solvent E), but separation was unsatisfactory '
in that each of the two bands isolated contained a substantial
proportion of the other component t.~41/3 according to nmr Spcctraj.
The spectra suggested that the componenté were the (-deacetylated
derivative (38, Rp 0.25) of 37, and partially 0-dcacetylated 29

(gF 0.2). The fractions were individuélly gcetylatcd with acectic
anhydride and pyridine (16 h at room temperature), where upon
'fhey gave similar tlc patterns showinggﬁ\ipst-moving sgpt—'gg)

and a- slow-moving spot (the N- acctyl O0-acetyl derlvatlvc 39). P
Preparative tlc (solvent E) of these mixtures gavc a total of L\\\;i
65 mg (50% recovery) of 29, identified by its nmr spectrum %hd

an undepressed mixture mp of 79—-81?; and oily but homogencous 39

(27 mg, 15%) showing (0] J 120° (c 1.1); 3100-3050,

Y max ;
1610 and 1500 (weak), and 700 (Ph), 1740 (ester CO0), 1650

(amide €0}, 1250-970 (multiple bands), 900, and 735 cm™ Y. Anal.
calecd. for ClQHZSNOS (347.4): C 65.69,}H 7.25, N 4.03; found:

C 65.53, H 7.41, N 3.83. = ;\Hk

>
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. “
Ethyl 6-0~Acetyl-2,3,4-trideoxy-4- Lhis(mcthoxyca bonyl)-
methyl] = & -D-crythro-hex-2-enopyranoside (42)
-/

Lind dimethyl malonate (0.40 mL) was complete afte;
42

42 as the sole product; according to tlc (BF ~ 0.4,

Reaction of 29

10 h and gave
solvent B). The colorless syrup (145 mg, 87%) obtéined after
processing shéhéd Eﬂ D-r93.5° (c 1.3); 'vmax 1740 (ester\EP),
1250-970%g-6¢C), and 730 en™} (cis alkene). Anal. calcd. for

CygH,,0g (330.3): C 54.54, H 6.71; found: C 54.72, H 6.89.

Ethyl G-Q;Acetyl-z,3,4-—trideoxy-4— [bis(ethg§ycarbonyl)-
- methyl ——cx—D-erythro—hex-2—enopyranoside (43) ’

Compound 29 and diethyl malonate (0.50 mL) were allowed to rcact

for 24 h. In this instance, the pradmct 43 had theL;pme’ﬁF
value (0.3) as. 29 and could only be distinguished by ghe light
brown cblor of its spot, which differed from the.blifk spot giv;h
by 29 (tlc with soivént B). Possibly the reaction was finished -
earlier. Processing gave 43 (150 mg, 83%) as a colorless iyrup,

[] -4 93.4° (c 1.1)5 Y gy 1750, 1750 (ester C0), 1250-1000
(CTO—C), and 730 cm ! (cis alkene). égél. calcd. for C17H2608(353‘4):
C 56.97, H 7.31; found C 56.81, H 7.5'7.;>

Ethyl 6-0-Acetyl=2,3,4-trideoxy-4 = r%ethoxycarbonyl(phenyl-- -
sulfonyl) methyl] -a—g-erythro—hex—Z—enopyranoside {44) \\“\\\?

Compound 29 (300 mg, 1.16.mmol) was allowed to react with a

\‘;lf-ll7'u solution (65 mL) of methyl phenylsulfonylacetate sodium

in tetréﬁ?&rofuran. Incomplete consumption of 23 was noted by tlc

»

(solvent B) after 48 hj an additional 30 mg of catalyst and 4 mL

L l\
\)_
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o f(. solution of the sodio ester solution were introduced, JE?re*
upén ;g'disappeared completely after a‘furthcr 24 h of reffuxing.
There was formed one major product (ﬁF'~O.45) which wés accoﬁh&g}cd
by a minor, slightly faster moving product. Column: chromatography
using solvent D as eluent gave 300 mg (63%) of the product as

a syrup that Stlll contalncd the mlnor by-product. Crystallization
from ethyl acetate-petroleum ether furnish chromatograpﬁlcally

;o bd v 74° (co2.8); YIUIRL s100-3050,

1600, and 700 (Ph), 1750-1730 (ester CO0), 1320 (S=0)}, 1250-950

pure 44, mp 100-102°

(multiple bands, § = 0,"C-0-C), and 730 cm_1 (cis alkene). Ana
calcd. for C19H24 8S (412.4), C 55.33, H 5.87, S 7.77; found:
C 55.08, H 5.77, S 7.62.

Ethyl 6-Q—Acetyl-2,3,4-trideoxy-4—[bis(methoxycarbony1)4
methyl]-,B—D—erythro-hex—2—enopyranoside (55)

The acetate 45 was reacted w1th dlmethylmalonatc {(0.40 mL) for

-~

10 h, after which a single spot having R

-

R 0.55 was secn in tlce

(solvent B). Purification of the residual oil by column
chromatography which was eluted, first,”with petroleum ether, and
then with solvent E,-afforded (145 mg, 87%) of 35 as an oily )
product. Although it appeared chromagggraphically homogenous,
analysis'by the 13C—nmr.spcctrum, revealed the prosence of a
small proportion (probably not morc than 10%) of Sn isomer;

[« [ +52.57 (c 35 V&
(muitiple bands), 880-800, and 735 cm ‘. Anal. calcd. for

.1750-1730 (ester C€0), 1300-1010

-ClsﬂiZQB (330.3): C 54.54, H 6.71; found.C 54.63, H 6.76.

J

W
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Methyl G—Q-Acetyl—Z,3,4—tride0xy—4—[bis(methbxycarbdnyl)
methyl]—/3-Q—erythro—hex-z—cnopyranoside (55a)

As for 45,acetate 45a (120 mg) was reacted with dimethylmalonate

to give after 20 h and purification via column chromatography,

-

(125 mg, 83%) of 55a as a Elear, pale yellow syrup. The compound
showed as a single spot in tlc (BF 0.6, solvent B) but contained,
nevertheless, a small proportion of an isomer, according to the

13C-nmr spectrum; Eﬂ D-+44 (c 0.5); V¥V 1750 (ester CO0), 1300-

max
1050 (multiple bands), 970, 870-810, and 740 cm™ . Anal. caled.

for C,4H,,0g (316.3): C53.16, H 6.37; found: C 53.16,81 6.47.

$

/ -
Ethyl 6-0-Acetyl-2,3,4-trideoxy-4-diethylamino-pf-D-
-erythro-hex-2-enopyranoside (52) .

The reaction of 45 (130 mg) with diethylamine (0. 85 ij was not

entircly, complete after 20 h (tlc with solvent B); it was cdmpleted

<

by adding further ambuﬁts of diethylamine (0.4 mL) and catalyst
(20 mg) and continued refluxing for another 6 h. Processing included
purification of the.cfudelproduct via a silica gel column which
was eluted, first with petroleﬁm ether and then, with solven‘E.

Compound 52 was obtained as a éolorless syruﬁ (90 mg, 66%), R, 0.3

F

(solvent B), [o] [ +133.6° (c 1.1); 1745 and 1250 (0Ac), 1200,

‘ ymax
1120-1020 (C-N, C-0-C), 980, 900, 835, 800, 730 and 700 .cm -.

Ethyl 6-Q-Acety1-4—(E-benzyljmethylamino—z,3,4-trideoxy—/3— ~
-D-erythro-hex-2-cnopyrancside (53). ‘ 7\

>
A

The reaction between 45 (195 mg) and beniylmethylhmine (0)75 mL)
showed, after 24 h, a product that differed from 45 only in the

L]

il
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colorwflight brown vs. black) of its tic spot, but_nqt inrthe RF
valuéh?o.ﬁ in solvent Aj. Rgfluxing was. continued for anothar '
24 h, which caused no change in the tlc picture. After proccssiné g
(with use of dichlorometﬁaﬁé instead Of.EthQ£\£9P/eXfT5C£iOH

of the‘aqueous_phasc)and column chromatographic purification

(elution withpetroleum ether followed by solvent E), compound 53
. - ’
was obtained ;E\E“CIEEr,'colorless syrup (220 mg, 91%) o] D-+118.2°

(c 1.3); vﬁax 3100-3050, 1600, 1500, and 700 (Ph), 1745 and
1240 (0Ac), 1120-970 (C-N, C-0-C), 900 and 810, and 755—730 cm-l-
(cis alkene). "Anal. calcd. for ClBHZSNd4 (319.4): ¢ 67.69,

H 7.89, N 4.39; found: €67.47, H 8.13, N 4.26.

Ethyl G—Q—Acetyl-Z,3,4<trideoxy—2- [bis(methoxycarhony1)~
methyl] — <X-—Q—threo~hex—3—enopyranosid€(§g) and Ethyl
G-Q—Acetyl-z,3,¢—trideoxy-4— [bis(methoxycaﬁgfnyl)methyl]

-~hex-2-enopyranoside (57) J

. i

The acetate 46 (347 mg), triphenylphosphine 1246 mg} and palladium
catalyst (108 mg) in tetrahydrofuran (15 mL) were treated with
dimethyl sodiomalonate, prepared from dimethyl malonate (1.32 mL)

teérahydrofuran (10 mL).

and sodium hydride (61%; 343 mg) 1
All of 46 had disappeared after 1pc oﬂ\&éﬁting at reflux
"\B showed & strong spot (R 0.6)
together with a second, f rly strong, double spdt (EF"O'I)

and an interflediate tragg_spoﬁ. Column chromatography produced the
fast-moving material (295 mg, QG%)uwhich, alfhoughiumbgmmmus in

tlc, proved to be a ~ 3:1 mixture of 56 and 37, according to

1H—..and 13C—nmr spectra. This mikture of isomers showed‘ﬁﬂ D-+24°
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(c 1.3) and an infrared spectrum that agreed with expectations.
¢ -
Anal.calcd. for ClSHZZOB (330.3): C 54.54, H 6.71; found:

C 54.37, H 6.65..

.The slow-moving material emerged from the. column on cofitinued
elution with\solvent E. There werg gbtained 2 fractions (55 and
65 mg), both ¢f which showed methylester but lacked acetyl group

resonances in/t

nmr spectrum.-Acetylation with acetic anhydride

and pyridinté at -Toom\ temperature left the first fraction unchanged

whereas it converted thHe second fraction into a syrupy monacetate,

LﬂJD + 100° (c 0.24), whose 1H—nmr spectrum matched the.

at)

signals belonging to.the major compongnf (56), in the spectrum of the
aforementioned mixfure of 56 and 57. The infrared.spectrum was also

closely similar to thdt of the mixture: Y 1750 and 1250

max
(ester), 1200-1000 (C-0-C), 930, 820, and 730 cm>. : a

Mixture of Ethyl 6-0-Acetyl-2,3,4-trideoxy-2- Emethoxycarbonyl—
(phenylsulfonyi)methyl]—<x-—Q—hex—S-enOpyranoside (58)

Ethyl §-0-Acetyl-2,3,4-tridecoxy-4- [methoxycarbonyl(ph nylsulfonyl)-
methylﬁ — o<-D-hex-2-cnopyranoside {59)

As described above, compound 46 (ZOQ mg) was allowed to react
with % 0.117 M solution (40 mL) of methyl phenylsulfonylacctate
sodium in tetrahydrofuran . Ail of 46 was consumed after 5 days,
and two pfoduct spots/ of comparable strength and similar

‘mobilities (Rg 0.4 - 0.5) were seen in tle (solvent B). The

products could not be separated; their presence in a ratio of ~

13

'1:1 was %ﬁdicaﬁed by !H- and ~“C-nmr §p?ctra. The mixture of 38
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_ 1972478
(412.4): C 55733, H 5.87, S 7.77; found: C 55.25, W 5. 83,

S 7.74

and 59 showed E{]D-+39°.4 (c 2.8). Anal. calcd. for c,.H..0.S

Methyl 4-0-Benzoyl-6-bromo-2,3, 6- tr(heoxy -t~ D-erythro—
hex-2-enopyranoside ' (77)

‘A mixture of methyl 4-0-benzoyl—e—bromo—G-tieoxy—of-D—giucopvranosidclo1
(76) (6.3 g, 17.5 mmol), triphenylphosphine (19.8 g, 75 mmol)
2,4,5-triiodoimidazole  (18.0 g, 40 mmol), and imidazole (3. 43 g,

50 mmol), in toluene (360 mL) was boiled under reflux for 2 h, aftet
which time’the slow- mov1ng 76 was replaced by fast- mov1ng 17, Rp~0.8
ﬁhlc with solvent B). After the mixture had been cooled, the solution
wis decanted from a gummy residuc which was waehed,well with several
pertions of ether. The organic solutions were Fombined,-weshed once
with a saturated, aqueous sodium hydrogencarbonate solution, twice
with saturated sodlum “thiosulfate. Solution, and finally once with
water, and then drled with anhydrous magnzelum sulfate, filtered,

and evaporated to give a brownish mixture of products that wa's
trlturated with ether Evaporétlon of the extract gave a syrup +
from which some crystalllne trlphenylphosphlne oxide was separated

by renewed trituration with ether.'The ethereal solution was
evaporateq‘to a syrep which was chromatographed en.a column of silica gq1 
(30 g per g of syrup).i Elution was started with 1:20

ethyl acetate—pettdleum ether (50 mL). When most of the remainiﬁé
tribhenylphosphine had becn eluted, the cluting sglvent ﬁetio vas
changed to 1:10 (50 mL) and then to 1:5 (250 mL). ) After cvaporatien

of the eluate compound 77(3.5 g, 61.4%) was obtained as a syrup
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which was suitable for use in thé subsequent‘step, a}though it

still contained a, small amount of triphenylphosphine oxide:
I} v

A highgr yield of 77 was obtained\ﬂun1[;udc.zg (24 g, as

produced from 20 g of the benzylidene derivativgf75 before

101a

crystalllzatlon* and proce551ng of mother liquors ) was '

dehydroxylated as just descrlbed with proportlonate quantltlcs _ ‘11

of the reaéents, and a reflux time of 2.5 h. Processing was '

-performed in the foregoing manner, except;that the aqueous .

washings of the organic layer were subsequently combined (650 mL)

and,as they were revealed by tlc to contaln a’ considerable amount—

of 77,sxtracted with dlchlorqmethane-(S x 100 mL) followed by . - ;1. -
ether (2 x'100 nL). All extracts were comblned with the: orlglnal i‘ J//i\

toluene-ether phade before proceedlng as described, and there.was
“» .

Y
obtained 21.3 g (91.8%)} of crude 77.

‘Preparative tlc on. silica el (solvent E) was used.for preparing
P “&\ P .

a sample for spectral ana1y51s The band V151b1e under UV llght
“was eluted w1th ethyl acetate, andhEVaporatlon of the eluate
'afforded coloriess, syrupy 77 whose nmr spectra (Tabless and 7 ,P- 83)
taten immediately, establrshed 1ts-structu e and:purltX: E}cmental
.analysis.of 77 had to be:dispensed with,‘since the isolated

compound tended to decompose gatler rapidly at room temperature.

N -
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§ yl 4-0-Acetyl-6-bromo- 2 3,6- trlodeoxy—t% D erythro-
1

2-enopyranoside (79) -

Crude 77 (21.0 g) was stiraed at room Fémpcraturerin.a mixture - .
iy methanol (150 mL) , water (65 mlL), whd triethylaminc (30 mL).
The debenzoylatlon was surpr151ng1y slow 'according to tlc-
{solvent B)3 omplete repl ent of the benzoate 11 ER 0.8) by
the alcohol 78 [ R 0. 6) wo:Ct}quired 3 days. A small amount of
trighenylphosphlue oxide precipitatcd in thekcotxfe of time. The
precipifate was filtered off and the filtrate was evapofated, wlth
severgﬁ portions of ethanol being added and cvaporated. Finally
the residue was freed from remnant ethanol by evaporation with
ethyl acetate followed by dichloromethane. The Jacuum dried, -
syrupy 78 (13.3 g,4?3%) was dlssolved in acetlc anhydllde (10 mL),
and to the cooled ( -0 ) SOlUthﬂ was addod pyrldlno (l mL)

The acetylation, allowed t proceed at room temperature, was
complete after Zﬂl Evaporatlon of the reaction mixture at 40°
(bath temperature) in an oil-pump vacuum, followed by evaporatlon
from the syru;y product, of 2 added port1on; of toluene, afforded
the crude acetate 79 (13.65 g). It appear d fel;givclv unstable
‘-on storage; 1t was 1mmcdlately paﬂsed::h?o gh a column ofi silica
gel (175 g)by means of ethyl acetatc-pet oloum ether in the rallo .
1:20 (420 mL) and, :gﬁsequently,&l 15 (1. ZL). The fractions
.contalnlng pure -78 yleldcd 0.9 g“ﬂtﬂ %) as crystals mp 70- 71°

["‘]D +136.8° (¢ 3.5); ))N“Jc’l 1740 "(0A¢) ‘and 735 e -1

(cis .alkene); ms: m/c 235, 233 (M* — OMe), 175,173 o 0Me~;\f

' . ) . B
HOAc), and 142 (M*-— BrChZCHO). The compound could be\stored only at
- 20° or below. '

o ) - | ™ "h

50N
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Methyl 4—-[(HrBenzyl)methylamind]-— 6-brom6-2,3,4,6—
tetradecoxy— o€ —D-erythro-hex-2-enopyranoside (88} and

mMethyi 4,06-Bis [ (N-benzyl)methylamino] -2,3,4,6,-
tetradcoxy— ©< —BD-crythro-hex-2-enopyranoside (89)

A solution of the crystglliﬁe acetate 79 (265 mg, 1 mmol),
triphcnylphoéphine (185 mg, 0.7 mmol), and tetrakis(triphcﬁyl—
phosphine)palladium (82 mg, 0.07 mmol) in tetréhydrofuranr(zo mL)
was stirred for 30 min at room temperature, under nitrdgeg.
Benzylmethylamine (1 mL) was then added by syringé, and the
mixture was-bqiled under reflux feor 3¢ h. Tlc with solvent C

showed. 2 major spots (BF 0.5 and 0.8) and 2 minor ones (EF,VO.SS

and ~0.7), and no change was observed after an additional 6 h of

heating. The cooled reaction mixture was then partitioned between

ether and water, the aqueous phase was extracted with dichlorometh-
. k3

ane' (4 x 30 mL), and the \combined organic phases were dried-over

amhydroué magnesium sulfate. Removal of- the solvent gave a yellow

oil (0.8 g). The oil was SUbjectéd to preparative tlc (17.% of

/f'CBTpound 88 showed E{LD +176.:1° (951); m.s.: m/e 327, 325 (M%),

N,
N
y

R,

ethyl acetate in petroleum ether), which gave 88 (EF 0.8 in solvent

. C; 120 mg, 36.8%) and 89 (gp o.s'ig so%zifggc; 200 mg, 54.6%) azﬂr’_j \\Q
colorless syrups. The intermediate fractidns that contained th ~
minor products yie%ded only negligible amounts of material. ¥ =
(unidentified). = f’] ' E 5 é

. A : : ,

296, 294(M°- OMe), 246 (MT - Br), and 203-(M§ - BrChZCHO).
' e 7 LT ' —
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Compound 89 showed ﬁﬂD-+153.10 (jpl), ms: m/e 366(MT ),
M’ - OMe), 306 (weak), 275(M" -"Bn), 246(M* - BnNMec), and 203
(strong; M- BnMeNCH,CHO). “

o+

" The ir spectra {liquid film%) of 88 and 89, which were vefy similar,

agreed with the pfoposed constitutions. Noticcable differences

were seen below 800 cm_l where 88 exhibited strong bands at 790, ﬁﬂ

1

765(with shoulder at 750), and 700 cm ~, whercas 89 had strong

bands at 735 (broadened) and 695 cm ( sharp).

: e M
Methyl 2,3, 6~ Trldeoxy o{ - D- crylhro hex-2- enopyran051dc(80) N

The bromo sugar 79 (200 mg),waL dissolved in tctrah)drofuran (5 mL),
and a 1 M solution of lithuim triethylborohydride in tctlahydrqfulan
(3 mL) was added dropwise at room tempcxgturc After 24 h, tlc

with solvent‘C showed 79 (BF O{J_) to be absent ¥d indicated a

st ong\Fpot of the'redgction product 80 (&F,uO.Z), accompanied By a
very faint, marginally‘faster.moving spot of ar unidentified by-
product The reaction mixture was cooled to 0° for 30 min, then a
small amount of Yethanol was added dropw1se in order to dcstrov the -
excess og\?ydrlde. Evaporatlon of the solvents affeorded a whltc
residﬁE, which was placed onto a short column of_5111c9 gel by
means of a‘Ipttle‘etﬁy1 acetate. Elution withfolvcnt C pybduced
80 (101 mg, 93%) as aJcolorIeés syrup, [ p t 110° (¢ Z.iBJ A
similar value, EGD + 1070, waé obtpincd when a sampleLfozﬁE*f

benzoate 82 in chloroform was catalytically saponified with a-

drop of sodium methoxide solution, with subscquent neutralization
] . . - ) . \ i

h
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and 725 (strong

'(3F~0.5) to give 8la (gF.yp.4) was monitore
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+75; for fAhe L-enantiomer™’% _94° and
film
ma?c.
or cis-alkene, 1200-970 (multiple bandgﬁ, 890,

9

- 115° Compound 80 showed V¥

3400 (OH), 1630 (weak)

and 830 cm ! ; m.s: 1/e 143 (weak, M' - H), 127 (weak, M- 0H),
llEcéFtrong, M* - OMe), and 100 (very strong, M- CHSCHO). The ' (
. h

' JH-NMR spectrum of 80 (Table 7) and that of a sample prepared by

(105)

a different route g proved their identity.

Methyl 4-0-Benzoyl-2,3,6- trldeoxy ot -D- erythro- hex 2- N
enopyranoside (82)

A mixture .of the bromo sugar 76 (8 0 g)lafid zinc-copper couple
(10 g) in glac1a1 acetic acid (100 mL) was stirred well by means

of a mechanical stirrer. The reductive dehromination of 76

by tlc¢ (solvent J)

and was promoted by gentle to moderate

*

in such_a manner that the spots of tw

ting of the mixture
fast-moving side-products,
(BF 0.8 and 0.9) did not become promiynent. (These were the chie%?
products when, in, a ‘pileot experimenty, the reaction was perforMea at
feﬁlux<tempgrature):‘ The debromindtion was almost half completed
after 1 h. 'At this stage, additional reductant (10 g)’waé
introduced, and all of 76 had Teacted after about 2 h. .Filtration

of the_farﬁ'mixfurg through sintered glass, followed by evaporation

of e filtrate (oil-pump vacuum, 40° bath temperature), gave a

ick éyrﬁp which was iubsequehﬁly passed throﬁgh a short column ;

of siliézzglo cm X S ci) by flash chromatography, with ether as
the eluant. The fast-moving b{:products were t_efgg} removed,_a;;\K

'“ ' ‘ . ! Fa

{
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crudc 8la was obtained as a pa‘f’c yellow syrup (~4 g), For idcnti.ficzittio'n,
- a small sample of 8la was acetylated with acetic anhydride and pyridine
(1 h at 250).po give the 2,3—diacetate-§lb; tlc with »olvent "K:
R; 0.2 (81a) and 0.8 (3_;_@'?‘. - NAIR cllag. (60 miz) of §lh in CDCI,*
§7.95 (m,2H) and 7.4 (m, 3H) (0BzJ, S. 65 (m, 1H) and 5.2 - 4.8
C(m, 3 H, H-1 to H-4), 4.00 (o, 1H, H-5), 3.42 (s, 3H, OMe), 2.04

and 1.86 (s, 2 x 3H, OAc) and 1.25 (d, 3H, C-Me),

X mi;tq;e of crude 8la (2.2 g), triphenylphq;;hidc (5:2 g), 2,4,5-
tnﬁﬂdohqﬁéioha-(4.7 g), and imidazole (O.Q(é?pil dr tolhpnc
(ﬁi\_?loo mL) and %jzfﬁggiéggdrofup&d (20 mL) was boiled under rcflux
for 1.5 h. Af the eﬁd of this time, .tlc (solvent CPshowed {hat
the startlng material was: replaced by prodqét 82 (R 6.9) énd a (
slow-moving by product (RF 0.1- 0 4). The reaction’mixture was
processed as described for 77, and separation of 82 from the(//

that was present in major‘prpportion.was achieved by

H

by—pr9du
flfgf-

petroleum ether as]the eluant. The eluatec was evaporated T

romatograghy on a short column of siljy Tl bx use of

giﬁé 0.6 g (31%) of 82 as a colorless syrup that crystallized

‘ <
efrigqration Recrystallized f[rom moist methanol, the

rapidly upon
long ncedles{showed mp 50 - 50.5 f~Hﬁercas from pctroleum cther

containing a sﬁ&i&ﬁgzoportlon cf ether, crystals: of mp 52 - 53° 5

. . o - 0 -y 105 %
were abtained on strong coollng, Ed + 2147 (c 0.5);5/1it ‘mp

108 -

47 - 480, FJD ﬂ-104.86; for the Le nant10mer107, ml)éS - 45°
[, - 215° ana'®® mfs3- 540 %

04 - 2250. The mass .Spectrum

\//showed peaks at m/e(217 ( MT OMe) and 204 (strong, M™ - Ch.CHO).
~ N3
., \_,_/ L j ”

-



Methyl 4-0-Acetyl-2,3,6-trideoxy-o -D-erythro- |\
hex-2- enopyran051de (83) .

"The ;}cohol 80 (600 mg) was dissolved in dichlofomcthan {6 mlL)
containing triéthylamine (0.7 mL), and the solution wa;\zbq&cd to
0°, Acetic anhydride (0.44 mL) was added, and the solution was
stored overnight at room temperature, .wherecafter tlc (sqlvent C)
indicated complete conversion of 80 (EF 0.2) into the acetate 83
tBF 0.7). Evaporation of the mixturec ;nd passage of the residue
through a small column of silica gclcﬁy means of ethyl acetate
produced §3, free from triethylammonium $alt. ‘The effluent‘;a;"
evaporated (30° bathftempefature) to give §§.ﬁs a colorless liquid
. weighing 0.75 g\after brief drying at room temperature and 1 torr;

EGD + 165 (¢ 1.6); repprtedl08 for a distilled sample of tie

) }5 L emantiomer, 41870. For spectral analysis,'samples wefe
/< of traces of solvent by prolonged drying in vacuo, althphgh?
) . —a .

this led to some loss of the compound owingﬁto‘its volatility. The

mass gpectrunm had\gﬁgﬂs at m/e 185 (weak, MY - H}, 155 (strong,
®
,——~M*w OMe), 142 {(strong, M*- CH CHO), and 100 (very strong, MY -

-1
CHS.CHO - CH,C0). . . . e //"

-

-y

Methyl 4- [L_~Benzyl)methylam1noﬂ 2,3,4,6- tetradeoxy & =
o p—erythro -hex-2-enopyranoside (8%) ,

'.A Frgﬁ 83 : A mixture of the allyllc acetate 83 (600 mg),
trlphcnylphosphlne (570 mg), tetrakls(trlphenylphosphlne)palladlum

(200 mg) and dry tetrahydrofuran was sfirred for 30 min under

ogcn at room temperatu1e. Benzylmethylamine (3.mL) was then

«
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. : . A :
added in one portion, and the mixturc was stirred at reflux

temperature until 83 (BF

(=

Thebﬁgaction time required varied (24 - 48°h), poSsibly owing to

variations in catalyst qu%é&ty. The aminated product 84 (EF o.ssj

~was - accompanied only by

T
L]

traces of slow-moving by-products. -

- Processing as usual afforded 84 as a colorlcss syrup (645 mg, 81%

yield), after chromatographic purification; Eij + 211° (¢ 3.8);

ms: m/e 247 (weak, MYy,

232 (weak, M - Me), 216 (weak, M - OMe),

+
203 (very strong, M - CH,CHO), and 188 (strong, M - CHiCHO - Me).

The ir spéctrum closely resemb®d that of 89. Anal -calc. for

15721

C. H Nd}(247.3): C 72.84, H 856; N 5.66; found: C 72.60, H 8.55,

N 5.45. - - ¢

‘B. From 82: Fdllowing the same procedure as above, the benz
82 (200 mél/was allowéd to react for 20 h with triphenylpho

(186 mg), tetrakls(trlphenylphosphlnc)palladlum (82 mg), a

L]

: .

benzylmethylamlne (1 nu) in tetrahydrofuran (20 m]) Althdu

and 84 have almost identical RF values {0.85 - 0.9 in soj)vent C;

6.7 in'solﬁent D), they aré readily distinguighed by th
;;he spots produced on hCatlng the tlc pfgtes }

5% ethanolic sulfurlc aC1d namely, light yellowlsh X/y

nearly black (82) I\f

fter spray ng with
i

crude reaction prqdu 5howcd one-major

f

spot (84), together with several, slow-moving trace spots.

»

__ﬁ?ocgésing and chromatographic purification gavg.lﬁo mg (80 3) ‘of

»-

84, whose YH-NMR spectrum was identié@l with that of the produét

~prepared frbj/£§.

¥

0.7) had disappeared (tlc with solvent C).

color of
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Methyl 2,3,4,6-Tetradcoxy-4- methylamlno X - D crythro— T

(//“/ he@_pyran051de (85)

Catalytic hydrogenation of compound 84 (260 mg) over 10% palladium-

on-carbon (200 mg)} in 99% ethanole(go mL), for 24 h at ambient
Eemperaﬁpre and p?essure, effected completé conversion of 84 into
a méterial tﬁat was-immobile in tlc with solvent C.but gave
an elongated spot (RF~0.4J'with‘solvent L: Evaporation of the‘
. filtered.solutign gave'§§ as a colorless oil that‘érystgizzzzﬁ\ﬂn
'"”n\§» refri;eration; mp 161° after re;rystallization from me;hanol-éther—_

:\ petrbleum ether. The yield, 121 ﬁg,(72%),w ow possibly because

A . .
Aﬂwrg?‘the considerable volatility shown by the Jompound in vacuo; m/e
. —————

159 (M)and 128 (M'- OMe); ))ﬁuiO? 3400 (bréad)/and 1600 (weak,
N-H), 1125, 1065, 1020, 983, 9003 860, 3&0 and

Methyl 2,3,4,6-Tetradeoxy-4-dimethylaming~ X~ D~erythro—
hexopyran051de (86): -

A mixture of gpe methylamino derivative 85 (100 m\) and 37%, aqucous

!\\ _ formaldehyde sol&tlon (1 WL} i wethanol (3 mL) waé boiled for 1'h
}, under reflux. This cffected replacement,pf 85 by an almost immobile
/ ' ) -»

material (tlc with solvent L)é Sodium borohydride (135 mg) was then
™ added, which caused within 1 h the conversion of the immobile product
into 86, BE'O.S - 0.4 (not readify distinguishable fr;m §5). .The
reactiiiimixture was diluted. with water, and cxtracted with dT:Dio 0-
- méﬁhane (;hx 15 mL). Thq extracﬁ;was dried (Mg SU4J,Mapd eVapofa
’ at 25°(bath)'ﬁp afford 8G(80 mg, 74%) as a colorless, rather volatile
liquid. ‘Thc nmr spectrum (Table 7) was in agreement with pu 1ished99

data..
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4,6-Di-0-acetyl-2,3-dideoxy- ot-D-erythro-hex-2-
enopyranosyl 2,3,4,6-Tetra-0~benzyl- «-D-glucopyranoside{92)

A. Boron trifloride method:

iy

3,4,6—Tri—g—acetylfl,Z-didebxy-g—arabino—hcx—l-enopyranoscl20

(ag, tri-0-acetyl-D-glucal) (1.36 g) sand 2,3,4,6 -tetra-0-benzyl- o~

—g-glucépyranosel21 (91) (2.70 g)were dissolved in dry benzcne

- (50 mL), and freshly distilled boron trifluoride etherate (0.5 mL)

was added47b;c. The solution was kept at room tempepature for 2 h,

during which fime ité color turned to dark red. Tlc with solvent C
showed that the starting materials ;§ (BF 0.55) and 91 (RF 0.5
had largely disappeared and two new products were formed. The
major product (gg) had BF 0.6l and the minor one Egg), RF 0.8.
The caEg:yst‘was neutralized with solid sodium carbonate which,
e

after filtration, was washed several times with dichloromethane.

The faintly pihk solution was §vaporated to dryness, affording a

&gllow'sy;aﬁ‘(4.l g ) which was chromatcgraphed on a silica gel

[}

column. Mixtures &f ethyl acetate and petroleum cther in the ratios
Ve

1 . e
01:19, 1:9, Ehd 1:4 (500 mL of each} werc used successively for v

b{ution. The fast-moving product (BF 0.8) eluted from the

tolumn (0.5 g) waé l—d—acetyl-Z 3,4,6-tetra-0-benzyl- & -D-
g%/gppyrnose (93), 1dent1f1ed by comparlson of its YH-NMR spectrum
with that of anéui:hentlc sample.

. }'- :

The fractlons conta;?}ng solcly the slow- moving-product yielded
2.5 g (66 Y of 92 as a colorless syrup; OG + 76.5° (c 1. 4),

);\\\ 1745 and 1240 (OAé), 3100-3040, 1600, 1500, 700 (Ph), 1120-
970 (C-0-C), and 740 cm 1 (eis al\e(le)_. Anal. calcd. for C

o= y

4448011

o

\
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(752,8): C 70.19, ¢ 6.43; found: C 69.93, H 6.67

B. Stannic chloride method:

A higher yield of gg‘wa& obtained when stannic chloride was used
as a ca ‘~\3t52 Typically, compound 28 (3 g) -and compound 91

¥ -

(5.4 g) were dlssolved in 1, 2= dlchloroothane (100 mL, drled over
5). The sclution w : led to - 5° ; and 3 mL of 1,2—d1chloroethane
.containing 200 mg of anhydrous stannic cﬁlofide was added drop-
wisc, with stirring..The reaction was allawdd to proceod at ¢° for
15 min and then at 159 £Qp,anothe{ﬁ§5 min. Tlc (solvent D) of the
dark bjown reoqt' mixture showed the dlsappearance of the starting
Qaterials and €;:Q?Z?Eatlon of\ mainly one product; side products

were seen as frace spots.

The mIxture was washed with a saturated

solution of sodium hydrogencarbonate Napd then with water, and dried

!
™~

over anhydrous magnesium sulfatc. Evaporation of the clear, colorless
Jichloroethane solution produced 8.5 g of a syrup which was purified
by flash chromatography with petroleum cther, toafford 92 in high

yleld (7 g, 93%). The iII nmr and ir spectra were identical with those

of the product yrepared by the boron trifloride method. The by -

produot 93 obtailted from the column amounted to only O.Z.g (3.5%).

(
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6-0-Acetyl-4- (Benzflmethylamino) 2,3, 49;f1deoxy & =D~
crythro hex-2- enopyranosyl z,3,4,6-Tetra- 0-Benzyl~ e~
D-glucopyranoside (94)

Following the general procedure for allylic amination,a mixture

"of yhe disacdharide 92(1.3 g), triphenylphosphine (280 mg), Pd-

catalyst (123 mg ; and tetrahydrofuran (30 mL) Was prepared .

After 30 min, 1.5 mL of benzylméthylamine in 2mL of

te rahydrofuran was added, and the mixture was boiled under -

&

refl for 30 h. Tlc 'with solvent C then indicated absence of

starting material 92 (BF 0.6) and‘formation of compound 94

(RF 0.7). Processing the reaction mixture as qeséribed béfore

gave 2& as a colorless-syrup, weighing 1.3 g (92.5%), after
chromatog}aphy; [bGD + 85° (¢ 2); j}max 3100-3050, 1600, 1500,

éhd 700" (Ph), 1740 and 1250 (0Ac), 1120- 9?0'(C=N, C—OLC), and

l740 cm”* (cis  alkene) 53&&.'calcd. for CogllggNOg(813.95); C 75.78,
H 6.81, N 1.i;; found: C 73.88, H 6.68, N 1.79;

6~0-Acestyl-4-(dibenzylamino)-2

erythro-hex-2- pyranosyl- 2,3, 4
D- glucopyrano;ipo (95

4-trideoxy- o -D-
-y

3
, Tetra 0 benzyl o -

6

b ]

Compound 9 (550 mg) was alloyed to react with dibéﬂzylamine (0.7-mL)
in the manner described for the syn;hésis of 94. "After a reaction
time of 24 h, only traces of 92 were leftf and a major product

{BF 0.7) was seen in tlc (solyent'C)."Processing and purification
by column chromatography furnished 400 mg (67%) of colorless nyup

Adentified as compound'gg;ﬂi]D + 80, 5° (c 3.3); Y max 3100—3?40,

1610, 1500,(and 700 (®h), -1745 and 1250 (0Ac), 1120-965 (C-N, C-0-C),

-~ - &
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565

and 750-735 cm-l'(cis alkéne) Anal. calcd. for C.H gﬁb 9(890.0);
‘C 75.57, H 6.68, N 1/57 found C 75.40, H 6. 80~;% 1.5

* L

Attempts to repeag this reaction on a larger scale (>6 mmol)
'féiled. Ali the dibenzflamine was precipitated as tetrabenzylhydra-
zine in a competlng reaction. The white, crystalllne paterlal

mp 276 278 , wWas ratherinsoluble in various organic solvents’
except methanol; ms; m/g 97,(HNBn2), 196 (M+ - Nan)i 120 (BhNMe),
106 (BnNH), 91 (PhCH ), 77 {Ph); NMR (60MHz; MeOH qg; 24.20

(s,N- CH, -Ph) and 7.36 (s, Ph), in the intensity ratio 2:5.

XN

“~

)

s

’



4

. 1
.
.
. . L3
~ * '
-~ h .
. . N T
. AY
S N .
,
- - N . ) )
. g ° )
. - LR b ‘ * .
« . - ke N- ¢
. . - .l - Y :
. X R el “
* - . g
. ot ~ . !
-‘ .
- 1] ’
rln\ .
R . ~
\ . , v
s - : ’
. .
. . R
/\ s a. |
. i
‘ ? ' - -
. N 'd
= : -
- — ' ) ’ )
H £

-



. - 18.3 - / ‘. '."\-\

™~
The unséteﬁa%cd nitro glycosides 1, 4 and 7 werc prepared. as

. described prcviouslylﬁg. The lithium dialkylcuprgtes were made

following sencral preScriptionsl“za’The reguired rcdgcnts, methyl-

1ithium and vipyl]ﬁthium, were obtained from Alfa Products.

'
-

. General Procedufe for the Reaction of Lithium Dialkylcuprates with

Nitro-olefins - ®

Reaction of lrwith LiCu(CHS)Z;{NEEhyl 4,6—Q:§¢nzylidcng—gl§jdidcoxy-

2-C-methy1—3-nitro;8—2—g1ucopyrénosidc (5}; A solution of lithium-

dimethylcuprate was prepared as fol]ow§, Into a‘SO—mL rcaction flask,

equippcﬂ with an inlet %or N, and a side-arm capped with a rubber

Septum, ﬁés:pla&ed solid cuprpusjgdide.tSSO mg, 2 mmol}. The flask

was gently heated over a Bhﬁséﬁ‘b ner while being purged with nitro-

gen, to ensure complete-drying} The buff éolor of the 1lodide changed

to éllight gfﬁep)‘and then to buff agéin when heating was dis=

éontinued_aud the material allowed to cool to room tcmpcfafure“

Ether (IO.ﬁL) was added, and the resulting suspension was-cooled

to -50° Gfgid stirred magnetically.— A 1.6 M solution of methyl-

\ jdithium in ether (2.5 AL, 4 mmol) was added dropwisc through thq
.septum by éxyingc.oVér %Jpgriod of 3 minutes. . A bright yeii?ﬁ

‘_precipitate of CuCH3 formed and redissolved gradually at the end "-°

U

of the addition, and on allowing the mixture to warfi to U°.
- .

The rcsuiting clear solution of LiCu(CH.)2 was cooled again‘fo
ER e * . 3 +

-50°,  and k$pt at this témperature fO}\is minutes. A solution .

L) was then added drop-

9flcbmpound'2'(29§qmg, I mmol) in THF (3

LY

L d

/ . . \
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wise by mecans of a syringe, producing a ycllow precipitate. The

reaction mixture was warmed to 0° and stirred for 1 hour, then
poured into 15 mL of a saturated aqueous ammonium‘chloridc'qolution,
The mixture was stirred for 15 mlnutes, the layerq were scparated

>

and_.the blue aqucous layer was cxtractcd with d]éh oromethanc (3 x

10 mL) . J The combincd organic phqiE§]wcrc dried over anhydrous

magn £ium sulfate and evapora?ed.to leave 280 mg (91%) of 2 as a

white solid that was homogenepus in tlc, migrating slightly faster

T
than ;,(solvgnt B). Recrystalllzed from chloroform-petroleum ether,

it showed a melting point o{ 198-199°, [a ]D - 87.7° (c 1. 1),

nujol -

and v 1565"cm‘1 (NO,), See Tables 1 and 2 for the nmr data.

max bt

Anal. Calcd.for CygH NOg(309.3): C, 58.24; H, 6.19; N, 4.53,

15719

Found:C, 58.09; H, 6.14 and N, 4.43.7

Reactlon of 1 with L1Cu(CH—CH7)2 Mcthyl 4,6-0-Benzylidene-2,3-
nitro-2-C-vinyl-g- D-glucopyran051de (3)

The proc;dure was essentlally the same as described aﬁovc for zf’ j\_u
AZ.05 M solutlon (6 mL, 12.3 mmol) of vinvllithium in ether was
added to the cooled suspension of cup10us jodide (1.14 ¢, 6 mmol) in
cther (30 mL) at -70°, A-white prcc1p1tate which occured in this

casé turned black towards the end of the addition; and did not

"dissolve completely in the pale-yellow solution that resulted on

warming the mixturb to d° . Compound l.(880 mg, 3 mmol) in THF (6 mL)
was addcd as described before bﬁt at -78° Working up the
reactlon mixture produccd a white 5011d (1.17 g) whlch showed one

major spot in tlc (solvent B), with &\mob111ty slightly greater
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than that of 1, together with one still-faster agd th“éIow-moving
o~ - : v

trace spots. Crystallization from ether-pctrolcum ether furnished

pure 3 as cube-like, beawgiful crystalst;ﬁS‘g, 68%), mbftiﬁé point

198-199%  [aly'- 90° (c 1.2), v"I° 1620 (ndak, c=C) gnd 1560 cn”?
. omax .

(strong, NO,). The 51mllar1ty of the pHRysical ‘data to thosc-of 2

=

» N - .
is noteworthy.
- -

Anal. Cdlc. for CpH,gNO, (321.3):%C, 50.80;-H, 5:96; N, 4.36. -~
Found:C, 59.90; H, 5.85; N, 4.31. - S -
“? S '

- 5 . “: - . -__-\
Reactlon of 4 hlth LiCu(CH-) Methyl 4,6-0-Ben: \lldcne 7&% dldeoxy-
2-C-methyl- 3-nitro-8- -D- galac%opyranosndc (%) o

-

Using the same procedure as that &escribcd for conversion of 1 to
. . ot ~

2, the nitroglycoside i’<293 mg, 1 mmol) was rcacted with lithium . ..8%

dimethylcuprate (2 mmol). Tlc of th® crude product with solvent B

showed one‘major_spbt'which was due to S although the RFﬂiﬂlue (0.25)

*

was sifilar to that of 4. There werc traces of slow-moving impurities
- 0

which were removed by purification of the material by preparative

thin layer chromatography (selvent D). Crystallifqtion.of the pro--

- duct from dichlordémethane-cther ‘then affordeJ’?lu_mg (72%) of purc

A

,5 as colorless crystals, melting point 200-202°, {&jb +63.6°

.(c 0°5); nuJOl 555 cm -1

max
Anal, Calcd. #or C

(NOZ) . [
NOg (309.3): C, 58.245 H, 6.19; N, 4.53.

15819
Found:C,SS.lS; H, 6.19; N, 4.29.

Reaction of 4 with llCU(CH CH,)5: Methyl 4,6~ 0-Benzylidenc-2,3-
dideoxy-3-nitro-2-C-vinyl-g- D galautopy ranoside ()

The procedurc for the preparation of i_wns applicd to the nitro

1, .
\ S
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'glycoside 4 cxcept for the use of I mmol of 4 and correspondingly
smaller prOportlonq of thc rcagcnts and so]vcnts Five minutes
after completlon of the addition of giYcos1de solut:on at -70°

(or, in some experiments, at -50°

tlc indicated (solvent A)
that all of the starting material 4 (\Rg.about 0.6) had disappeared,

and stirring at 0° wasithqrcforc omitte Two, spots. of compaTrable

intensity were seen, one moving juét slightly morc siowly than 4, and
the other having Ry about 0.5. The product corresponding to the
former was §, and was obtained pure by recrystallization of the \\
crude mixture from warm,  anhydrous ethér. The, yields were 35-40%

in scveral experiments; melting point 180.5—181.5°; ’ [a]D $64.5°

(c 3.1); vﬁujOI © 1650 fweak, C=%) and 1560 cm™ ! (strong,‘NOZ).

- max

Anal. Caled. for C gH1gNO (321.3); C,59.80; H, 5.96;.N, 4.36.

1
Found:C, 59.66;H, 5.90; N,4.28.

L
Several attempts to isolate and characterize the second product
(RF 0.5), either by processing of the-ethcreal mother liquor of 6,
or by preparative.tle, ‘were unsuccessful. Invarigb&y,-decompos;

ition to give a large number of tITspots occured.

Réacfion of Z'wit LiCu(CHz) ,: Methyl
© 2-C-methyl-3-nitro-a-D- mannopyrau051 e
benzylidene-2, 3- dideoxy-3+nitro-D-ara

G—Q—Benzylidcne-z,3—didcoxy—
: and 1,5-Anhydro-4,6-0-
-hex-1l-enitol (9)

\ .
The proccdurc was identical with the’sYg;hesis of compound 2 except
for the use of the nitro glycoside 7 instcad of 1. Tlc (sgiacnt B)
/f'af . N
~indicnted.ahﬁcncc of the starting matecrial 7 (RF'O.S)'and the pre-

sence of two new products IRF 0.6 and R 0.7) after a l-hour
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reaction at'Ob. .. Howcver the.crude product isolated was showtn
to contain small proportlonq o{ scvcral, moTCe- sdowly mov:ng con-
“taminants WhICh apparcntlv arosc durlng the processing. SdeTﬂthﬂ

by preparative tlc_usig solvent E resulted in 4 bands (A-D, in order

of decreasing'mobfiity . Elution of band e 2.(RF 0.7) Ton-
-tqmlnatod by a smﬂll proportlon of 8 (R 0.6}, and clution of hand

: O\
B gave . 8 contamlnated by a trace OTYQ. Llution of bands,C and D
d

gave by-products (20 and 40 mg) tha¥ werc not investigated further.

Recrystalllzatlon of thc eluatc A from cther- pctro]cum ether fur-

nished pure 9 (111 mg, 42%), mclilng point 92-93°, *[ ]D f152.1°
L
{c3 )5 nujol 1640 (med1um qtrong, C= C) and 1560 cm -1 (strong,
max . ’ .
NOy)- I S

Anal. Calcd.for C (263.2): C, 59.31 ; H, 4.98;.N, 5.32.

13713N
Found: C, 59.22; H, 4.93; N, 5.19.

Recrystallization of the eluate B from ether-petrolcum ether yieclded

" pure 8 (118"mg, 38%), melting-point 124-125°; [ujﬁ'+55700.(5 1.7);:

W2t 1560 en”! (NO,)-
max .
Anal. Calcd. for CygHygNOg (309.3): C, §8.24; H, 6.19; N, 4.55,

Found: C, 58.44; H, 6.37;°N, 4,30.
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The mcthyl 2,3—anhydro-4;6-g—bcniyiidcnc—S—dooxy-S—nitro—hcx-z-
enopyranosides 2, 3, and 5 were prepared by metheds previously

dcscr1bcd170 171

Hydrogcnatlon of B- D;gy]o Nltrocpox1dc 3 o

The orystalllne epox1do (60 mg] was hydrogcnatcd at 19° with'
pPd/C (30 mg) 1n 7:3 methano] 1,4-dioxanc (6 mL}, with ddd1t10n of

M acetIc acid (0.3 mL). Monitoring the rcaction by tlc with solvent

i)

showed, after 8 and 15 minutes, a Strong spot (RF 0.33) corres-

172

ponding to that of authentic g-D-galactoside 1 , together with

a small proportion of starting material 3 (R 0.76); aftcr 30 min-
N\ ) . .

utes, the latter was diminished to a moye tracc sten only upon heavy
il " . .

spotting.of the reaction mixture, and affcr 60 minutes, é had
.completely disappeéred, The catalyst was filtered'off and washed

1

193]

several times with methanol. The filtrate showed ta]D +0
{ 1- dm tube), which impliecd a spcc1f1c rotation clesc to that re-
ported172 for methyl 4 ,6-0-benzylidene-3-deoxy-3- nitro- B -D-galacto-
pyranoside (1})‘im.E,E—dlmethylformamldc, [alp + 24.8°.  The
combinecd filtrate and washings we}c evaporated to dryness. Ihérc
‘was obtained a crystalline residuc CSB mg) that, after recrystal-’
lizing from absolute ethanol and washing with cther-petroleum cther,
melted at about 230° C (dec.) and had an ir spectrum identical with

that of authentic 12 lit 172 mélting point 230-231° (dec.).

The mothcr liquor showed a faintly positive Gricss test) 144

A

-~
£t
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Hydrogenation of g-D-allo NitrocpokidclTo 2 . .

-

Compound 2 (30 mg) was dissolved in hot, 99% cthanol (5§ mL).with
additién of a few dréps of 1,4—dioxane.'~Thg_§arm éolution~was
introduccd.into the h}ergcnafion.xégébl containing prehydr&pénatcd,'
cthanol—washcd,-platinum catalyst (Sofmg). The stafting_material
ﬁbrtly crystallizedaon cooling the solution to toom Iemporafure, buﬁ
redissolved within the first 20 minutes of hydrogenation. After - |

S0 minufcs, the epoxide (RF.O.SZ, soclvent E) was absent, and a

2
~
Single, strong spot at RF 0.75 in_tlc was indicated by the sulfuric
acid spray. An additional, but weak, spot at RF about 0-.38 was N
revealed by ninhydrin (on a separate plate). No significant change
in the pattern seemed tov occur within the next 16 hours. However,

at this point, it was ascertained by repcated, careful comparisons N

F
value. Presumably, it was a combination spot caused by 6 and a *-

with authentic 6 that the main spot had a,marginally grcater R

new ﬁroduét 13. Hydrogendtion was continued, with ad&ition of a
further ZQ'mg of PtOz‘(not‘prphydrogcnated), aan after a total
reaction'time of 44 hours, thé preponderant spot, detecfed by
sulfuric acid spray, appearcd unchanged (in solQent F), whereas
ninhydrin now indicated only a trace spot at RF 0;62, and none of

the spot pfevibusly seen at Rp 0.38.Bfau§e of thq.somewhag less- :

v e - .
polar selvent G it was found that, at this stage, the fast-moving

spot (RF 0.77) was clearly distinct from tnhat of'authentic 19
,r'(RF 0.70) which was applied for comparison.

L}

[
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Filtration of the ‘suspension, and evaporation of the filtrate gave
a colorless, parfiélly crystalfinc'syrup whose ir spectrum displayed

a strong, sharp nitro band at 156b and .broad hvdroxyl absorptiop,
at 3550 cm'l; nmr data (GO'MHZ;CDQISJ: .6 4.67 (t;lH,‘i 10 iz, ““3),
357 (s, OMe), and 1.9-0.9 (broad m, about 11 H, c;;lohcx§1); the
rcmaini?g prétons gave unrcso]véd multiplets in mid-field, and .

there was no trace of phenyl resomances.  According to all of the
spectra and chromatographic cvidence available, the product was
identical with 13 (déscribed in.the foi]owing section). ..

S , J
Methyl 4;6—0—(Cyclohex}lﬁethqune)-3:hcoxy—3—nitro—B—Q-g}ucopyrang?ﬁ
side (13): ' R |

Me thyl 4,6—waenzylidcné—S—deoxy—E—nitro—B—g-glucopyranpsiﬂe

+

173 .

(2, 150 mg) was hydrogenated in 99% ethanol (15 mL) in the presence
of platinuﬁ &atalygt (75 mg, washed after prechydrogenation), the
reaction being monitored by-tlc with solvent G. A trace of 13

' (RF 0.75) appeafed aho?erg (RF 0.67) after 30 minutes, and‘cons;d—-
€rably increased after § houEs; after 26 hours the product ratio,

-visually estiﬁated, was 1:2 din favor of 6. A further 35 mg of

N " .

catalyst (not prehydrogenated) was added, and the hydrogenation was
continued for a total of 46 hours. After this period, all of the &
had disappeared, and 13 was the only fast-moving (and major)
product. (There wcr%EjQWC'trace spots of intcrmcdiato and low
mobility, the 1att;r being_ninhxﬂriﬁ-positivej. Processing gave a
colorless syrup which, upon disso]utiqb in a small volume of ethyl-
acetate, addition of penthnc to incipient opalescence,

and storage for scveral days at =15°, yiclded a

¢

- -
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4

deposit of hard crystals. Isolﬁted gr_dccantatibn, and washed

with pcntane,’thqy wcigﬁcdvpnly 20 mg%\\nd proved to be a mixture |
of.lg aha-thc siow—moving by-product. The Mmothier liquor, containing
the bﬁlk,of the. feaEtipn product,f was allowed to cvaporatc in the
air_(with evcntﬁal additid; of hexgnc to displacqﬁc?hyl‘acctatc] to
give syrupy 13 that was only very slightly contamingté& by slow-
moving impurities. D;;Ea in a dqéigéaéor, the gléssy'fii; (125 mg)
.shéwed'an ir Spectfum identical with that of 13 from 2, and, upon
‘trituration with water and methanol, it recadily érystailizéd as

4 @icroscopic needle;,.meliing point-115—116.5°, [u]D -40.4°

1 .

(c 1.4); Vi

3 -
1x-3450 (bd, «QH) and 1555 cm

.(5, NOZJ, and , in the
fingerprint rcgioh, obvious differcnces froﬁlthe benzylidenc analog
6; nmr data (100 MHz, CDClé): § 4.63 (t, Jy 5 = £3,4 =10 Hz, H-3),
4.32: (4, J; 5 7.5 Hz, H-1), 4.24 (d, J 5 Hz, with an additional, very

small splitting, cyclohexyl-CHO,), 4.23 (dd, J 1.3, Jg

. =5,6e alﬁe
10 Hz, H-6e), 3,98 (dd, J 7.5 and 10 Hz, H-2), 3.82 (dd, 13 4 10,
- ]
£4 5 9 Hz, H-4), 3:56 (5,3H, OMe), 3.57 (t, J 10 Mz, H-6a), 5.33

(o, J 4.3, 9 and 10 Hz, H-57}, 2.9 (broad, 1 H, exchangeable with
D,0, OH-2), and 1.9-029 (m, 11 H, Cyclohgxyl}.

8 e e . > . hrd .
Anal. Calcd. for C14H23NO7 (317.3):-C, 52.99; H, 7.31; N, 4.41.
Found:C, 52.96; H, 7.35; N, 4.24.

170,

~

Hydrogcnatioﬁ of a-D-manno Nitrocpoxide

A) With palladium in methanol-1,4-dioxanc:

A solution of 4 (30 mg) and M acetic acid (0.2 mL) in 7:3 methanol-
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1.4- d}oxane (5.5 mL) was hydrogcnatcd in the presence of Pd/Cb> —
L} s

(30 mg) Affer s minutes, the rcaction mixture shoucd a $twong 3

spot m1grat1ng Y1ke authentic thro mannoside - 9 (Rr 0 8) and a

spot of similar’ strength attr1buth to the correspondrng oximino

glyc051ge (RF 0.6); a trace ‘spot had RF 0.35 (tlc in solvent F).

~After 15 minutes, the cpox1dc (R 0.9) had complctdly disappeared

.. #
and ‘the product pattern was csscntlallyﬁmnchqnged, rcmalnlng so\for

197 hours Solvent evaporatlon then gave a syrup having [a ]D + 50°

(c 2.3) and showing a positive Griess tcst144

B) With palladium in -ethanol: : | SN

Hydrogenatlon of 4 (20 mg)- with Pd/C (5 mg) in 99% ethanol (5 mL)
gave a Tesult similar to that in A, except that the oxjmé spot was
produccd more slowly and was weakcr (rclatlve to the spot atyfﬁbutcd
to 9). A smaller proportion of 4 was st111 present after 1 hour,

but. en addition of another 5 mg of catalyst, it disappcared within

»

the next 30 minutes. The syrup obtained on cvaporation had [al,

. 148° (c 1) and responded weaklv to the Gricss reactLon

A similar hydrogenation had been performed prcvious]y130 b, but on

a largerscdle (200 mg of 4} with a relatively smaller proportion of
—
Pd/C (20 mg). The react1on apparcntly was not monlto:ed by tlc, and

oxime was not dctected Processing after 26 hours afforded crystal-

line 2'1n 70% yield, »

Nt
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Hydrogenatlon 6f BYD- manno Nltf00p0x1d0171 2 v
...... " .
A) Wlth palladlum in ethanol:" . : k

- A pi{?ﬁ experiménf-of hydrogenatjon of 5 (25 mg) with"Pd/C (5 mg)
in 99% 9thanq1'(5’EL)'showc& that 5 was rcplaced aftep.S‘hours bf"
two products in ;he ratio of-1:1 (tlc in solvent T). Oﬁé of these
.-, migrﬁtedwii%e authentic nitro maﬁnoside 15 (soq@what moTe slgwiy‘; f
than 5){ and the other appcared as a slow-mdviﬁg,‘doublé spot
atfributablé to the oximino glycosidé;lg (possibly a mixture of a..
geometric isomers). Aftér~74 hours, the spot 60rresponding'to 15
had largely, but not entirely, dlsappcared A similar experlmcnt
{ performed on a larger scale (100)mg of 3) ,,Qas 1nt&r1upted aftm
3 'hours, and the’ products were separated by prepardtlvc tle (solxent
F). Isolated chstalllnc the fast-mgvlng product mclted at 199°,
vand had ir and nmr spectra identical with those of authentic mefhyL

: X : - ' ) 2
4,6-0-benzylidene-3-deoxy-3-nitro-g-manhopyranoside (15), 1it.172

N
melting point 108-199°  aftdl’? 202° ; ‘nmr data (100 MH:, MOZQO—ﬂﬁ):

6 7.4 (m, S5H, Ph), 5.75 (s, 1H, PhCH), 4.99 (o, lH J7 )3 3.8, J- .4 10.

I3,on ! Mz, H-3), 4.75 (d, 1H, J) 5 1 Hz, H-1), 4.66 (dd, 1 H,

iz OH 4.5, signal removed by D,0 exchange, OH-2), 4.57 (dd, 1 H{
£3,4 10.8, £4,5 9.3 Hz, H-4), 4.50 (septet, 1 H, QZ,OH |
,il’z 1 Hz; collapsing to narrow q on D,0 cxchapged H—Zj, 4.32.(dd,

1.5, J, 5 3.8,

1 H, Qs,se 5, iea,ee 10 Hz, H%pe), 3.93 (t, 1 H,-ihlo Hz, H-6a),

3.55 (o, H;S, partiallf overlapped by OMe signal), and 3.51 (s,3 H, O

The slow-moving material from the preparative tlc was obtained as two
fractions (A and B), both ¢rystallizing from chloroform and giving
> »

*
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a POSiIiVC Gricsg Teaction 44. They wcrc mcthyl “4,6- 0 hcnzyl1d no-F .%
X 3-deoxy-3-oximimo-g- D arab1nohcxepyran051dc (16) mclb;ng W1th <.
decompos1t10n Ft. 179 180° (A) and 165 166° (B), and showing™

v1rtuaIly 1dent1cal 60 MHz nmr speufwa« as well as verys-similar

-~ v,
) ir spbctra vmax for A 3360 (;ﬁarp, with broad shouldcr at 3200),
t . . . Kl -

and " for B 3540 (sharp) &nd 3350 c:m'1 ﬁbd,-ﬁith sh at 3206);.fhdrc

,/h . . _ .
wz;i)zgpy slight‘differentes in thé well resolved fingerprint-,

pafterns. The 100-MHz nfir dafa for A in Me,CO-dg: & 7.4 {m Ysu,

PpY, 5. 70 (s, 1H, PhCH), 5.30 (d, 1 H, Jl,z 1.5 Hz, H- 1), &.64 .
| (d, 1 H, J5 , o) 5 Hz, H-4), 4.49 (d,.1 11, I k.5 Hz, HiZ), 4.30 |

» e~);dd 1H,J I5 6eﬁ5 Jﬁa 6o 10 Hf H-6¢), 3.88 (t, 1‘H, g_ia_nz,_ - ',_
H- Gglia?nd 3.51 (s, 3 H, OMe, superposed on m, H-5):. The =N-OH

proton was seén as a peak'at 8 11:2‘(reﬁoyeable by DZO exchang&)

iﬁ.a sep§£g$§<§ﬁéctrhm of a CDC13 sﬁlutién containing'QCZSO-AGL

14170, (295.3):

~ Anal.Calcd.for C
Found:C, 57.12; H, 6)00; N, 4.63.

C, 56.94; H, 5.80; N, 4.74.

B) With palladium in methanol-1,4-dioxane:

"A mixture of 5°(100 mg) dnd palladium-on-carbon (50 mg) in 7:3

methanol-1,4-dioxane (10 mL)-and 0.1 M acetic acid (2 mL) was hydro-
. . .

genated. After 8 minwtes, tlc with-solvent G indicated spots of 15*”
o (Rg 0.45) and 16 (Rp-0.25); after 45 minute$; all of the starting
material 5 (Rg 0.6) had disappeared, aﬁd the products were prcgcnf

in comparable prgportions, as estimated,visually. (Somec Tuns were
processed at this stage, attempts being made to separate the pro-
"ducts, without rccourse to cgromatbgrﬂphy, by trituration of thc



*nmr spectrum'(CDCI_) showed,a-small sateliite slightly upfield

A suspension of platinem dioxide (1.0"g) 'in 95% ethanol (50 mf)
NP . ¥

’,

..196_

solid mixture with cther, and fractional recrystallization there-
Jfrom. Howevef;,it was not possible to obtain IS and 1§.in pure
form in this way, and‘only crystalline fractions enriched in one’
or the other comﬁbund coulﬂtbe elaberated 5 Mhen-hydregenation

was cont1nucd~uﬂthout 1ntcrrupt10n for 36 hours, 16 rema1ned as the
sole producfﬂaeaectable and it was subsequently 1solatcd Lrystal~

(*
line (from cthyl acetate pctroleum ethcr) in high- y1e1d melting .

po:nt‘167 IGH)V ir and nmr spectra as in section‘A; the 60-MH£

-~

of the main PHCH 51gnal ﬁhicq possibly was diyc to syn-anti isomerish.

C} With: platlnum

I.!-—

Then 4 aTtlal suspon51on of epoxide 5 (1 0 g, 3.24 mmol)

replace@d by at 1east six prodjdts, as

3 ’;;§E; The catalyst was filtered off angd 1 ed several times wlth \\
hanol.

Evaporatlon of thc solven{\giyc a solld re51due from whlch
:Qy crystalllzatlon from hot ethanol and a small pr fortion of.
¢hyﬂ acetate, the product eofrespond1ng to, the. strongcst\spot
(RF 0.5) was obtained in pure form. ‘Tt was the monohydrate of

methyl.3-amin044,6;9-(cyclohexylmethylene}~3—de9§y7B—Q-mannepyrano—

| sideihydrochloridc (lZ); yield, 340 mg (31%); melting peint 210-

-212°,  [al, -77.6° (c 0.7, 903 ethanol); v__ 3400 (s, with shat

max

L]

'3100), several weak ‘bands 1n the 2600 -cm -1 region, 1590 and
A}

4

-.—

S

1
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1530,cm“1 (ms); nmr (Mczso—dﬁ): no low-field, phenyl signals,

but intense multiplets at § 1.9-0.9;attributab1c to cyclohexyl

Anal. Cald. for C14 26ClI\O H O (341.8): C,49.19; H, 8.25; N, 4.10.

Found:C, 48.87; H, 8.53, N, 4.05.

<N

A sample dT the anEd/alcohol was quantltatlvely acctylated with

hanhydruﬁvln pyridine during 90 mlnutes at 25°, to gluc

‘chroma ogragphically homogencous Nracetyl-O-acectyl derivative 18

LY

hcrystalllzed from chloroform-petrolcum ether; mcltlng point 210-

§ 5.52 (dd, J

3

211°, [u]D-78.3°, (c 1); nmr (100 MHz, CDC1 Iy,

. 1.3 'J2 3 3.3 Hz, H-2), 5.42 (broad signal NH), 4.54 (4, J 1.3 Hz,

CH-1),4. 38 (dd, J2 3 3.3, I3 4 10.4 Hz, with lines broadened by
\coup11ng wlth NH, H-3), 4.3-4.1 (m, 2 H), 3.7—3.2 (two superposed

t, J 10 Hz, for H-4-and H-6a, with upfield line obscured by OMe;

" and adjoining m for H-5), 3.48 (s, 3 H, OMe), 2.16 (s, 3 I, OAc),

1.97 (s, 3 H;-NAC) and 1.9-0.8 (m, 11 H, cyclohexyl).

-
i

Anal. Calcd. for QISHZQNO7 (371.4): C, 58.20; H, 7§§7; N

Found:C, $7.96, H, 7.99, N, .3.64.

Fractional recrystallization from ethanol-ethyl acctate was repeatc&

with the evaporated mother liquors of crystallizatioﬁ.of 17, to
. r )

. afford a mixed fraction consisting of 17 ﬂnd moge-polar /Prlal
not ,investigated further. Another repctition of the proce%s

afforded cfyétals (50 mg) of the fastcsthoving_herogcnation 3

product
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nhegative ninhydrin reaction.. It was methyl 4,6-0-(cyclohexyl-

- 3 N : .
methylenc)-3-deoxy-3-nitro-8-1)-mannopyranoside (19), melting

point 212-214° after rccrysthllization.from methanol-water;

[alp- 77.4° (c 0.9); v 3400 (s, OH) and 1560 cn™! (s, NO,),

max
with a fingerprint pattern clearly distinct from that of the

benzylidene analog 15; nmr (100 MHz, Me,CO-dg): 6 4.85 (dd, 1 H,

dy 3 3.5, dg 4 10.5 Hz, H-3), 4.71 (d, 1 H, J, ,"1.2 Hz, H-1),

21,2
4.46 (2 H, dd for H-2 superposed on d, J 5 Hz, for cyclohexyl-

CHD,), 4.28 (dd, .1 H, Jg 4 10.5, J, ¢ 9.3 Hz, H-4f, 4.17 (dd, 1 H,

. 3,4
Jg g 4.7, Jgg g 10 Hz, H-6e), 3.66 (t, 1 H, J 10 Hz, H-6a), 3.50
(s, 3 H, OMe)}, 3.36 (o, H-5) and 1.9-0.8 (m, cyclohexyl).

Ci4H,5N0, (317.3): C, 52.99; H, 7.31; N, 4.41.

Anal. Calca.

Found: C, 52.97;\H, 7.47; N, 4.24.
Finally, a crystalline fraction -that contained only slow-moving

(BF about O.i), ninhydrin—positi%i‘Tatcrfal could be elaborated

from‘the hydroggnatea prbduct mixture; it showed [u]D.:]27.60

(c 1.2, water); reported for methyl 3-amino-3-deoxy-g-D-altro-

pyranoside hydrochloride 17 ﬁag),—138°, and-for its Q-Q-manﬁo

_isomer145

(21), -68.5°. The product, judged to be mainly 20 on
the basis of these data, gave an ir spectrum-quite different from

that of authenticl45

3}-- Its BF value (0.4) was also different
from that of 21 (BF 0.25), -although both samples showed consider-

able trailing (in solvent H}. After hydfolysis in refluxing,
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-
M hydrochloric acid for 2 hours, the corrcsponding RF valucs

were 0.3 (elongated spot) and 0.25. : . | .
5?

hlth palladium followed by platlnum ) T

Compound 5 (50" mg) was hydfggghatod for 45 minutes in the: presence

of palladium, as describcd under B., The catalyst was fiitcrcd off,
aﬁd the, filtrate was evaporated to dryness; the residue was dissolved
in 95% ethanol (4 mL) and hydrogenated for 24 hours in the pre-

;;hée of platinum catalyst (50 mg) and ﬁzhydrochloric,acid (0.15 ml).
Tlc indicated the absence of {é and {3’ which wére rgplaced hf a
smalllproportion of a faster-moving, ninhydrin-negative product
(subsequently identified as lngand threce slow-moving, ninhydrin-
posi{}ve compounds as the majo¥l roducts. The most mobile ol the
latte;\ orresponded to iz, and %he others were, evidently, decacctvl-
ated amj;;>glycosides. Processifgg of the rcaétion mixture gave a
crystalline mixture of amino sugar hydrochlorides (from ethyl acectate-
pétroleum ether) that could not be separated. Becausc of the
relativei{ low levorotation ([u]D -51°, watér) and the results of
paper chromatography after total acid hydrolysis,\it was concluded
that the D-manno configuration precdominated. The nitro glycoside

19 was isclated from the mother liquor by chromatography on a small

a

column of silica gel, with 1:2 ethyl acctate-petroleum cther as
Y

the e¢luant; yield 10 mg from two combined runs. Tt was identified
by its ir and nmr spectra.

N

No differences in the results were detected when, in an identical

&

L 3
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|
} experiment, the palladjum-catalyzed hydrogenation solution was
r .
stirred with silica gel for 24 hours prior to the platinum-

catalyzed hydrogenation.

Y

Another palladiuﬁ-gatalyzed h}d?ogcnation of 5 was performed on’

“the same scale, but for 36 hours in oracr to efféct complete con-

version into oxime 16 (see method B}. Subséqucnt hydrogengtidn

(24.hours).in the presence of ﬁlatihum asg ju;t.dcséribgd, followed

by acid hydrolysis of the products, gave a mixturc of amino sugars

showing the same pattern as the preceeding in.paper chromaéogfaphy.
. . ' ' ——

171

Hydrogenation of Benzylidenenitro-g-D-mannoside 15

A mixture of compound lé (400 mg) and Pd/C (200 mg) in 7:3 meth-
anol-1,4-dioxane (40 mL) was hydrogenated for 30 hours. The
.ninhydrin—bositivc, Strongly preponderant product (RF 0.5, in tlc . ‘
with solveqf lj was the (cyclohexylméthylcne) acetal 17 (as the _gf\\k%
free base); see the Results secfion concerning 3.minor, tlc sp%fs.

Part of the rea;tion.mixture was slightly acidified.with acetic ‘é:
acid, evaporated to dryness, and thc residue further hydrogenated, ‘J}‘”
in the presence of platinum, in ethanol containing a small pro-

portion of hydrochloric acid. No visible change occured as far-

as 17 was‘concérned, although the ninhydrin;negétiVC, minor Dby-

products disappeqreq,‘and a slow-moving, small spot of decacctalated

amino glycoside appeared (9 hour;, unchanged after 24 hours).

Processing then gave 17 as fine n;cdlcs from'cthAno]—ethyl acctate,

melting point 210-212°, identical with 17 obtained from 3 (ir
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spectra). Another part of the briginnl hydrogenatAdn solution was

briefly warmed after addition of aqucous hydrochloric acid ( about
~ e t
0.7 molar excess) and then cvaporated to dryness, wherchy deacet-

alation occurred., The white, crystalline product had [«]y -667

(c 0.5, wate?) aqskiz-O.l (solvénf‘l); its ir spectrum confirmed

own 145 23 o o

the identity with ]
.
Hydrogenation of 15 (25 mg) with.platinum (25 mg) in cthanol-£5 ml)

containing M.hydrochloric acid (0.1 mL) was cxamined by tlc with’

solvent H. . }
..
§ " : 145
Hydrogenation of Nitro-g-D-mannosi - 22

Compouﬁd 22 (IDO\EE)‘in 7:3 methanol-1,4-dioxane (10 wmlL) was

" hydrogenated in the prcsénce of Pd/C (50 mg) and 0.1 M acctic acid
(2 mL). After 1 énd 3 hoﬁrs, tlc (soivent H) indicated the pre-
sence of remaining starting matgrial 22 (BF 0.7). However, virtu;

ally all .of it was consumed after 10.5 hours, and a stronﬁ, nin- -

hydrin-positive spot (EF'D.I) was PEQQQi:d, accompanicd by trace

144

spots having intermediate mobilities. The Gricss test: was neg-

ative. Addition of ;n equiﬁalent amount of hydrochloric acid to the
solution, and evaporaéion followed by successive additions of
ethanol to the residue and re-evaporation, gave a colorless syrup
that yielded crystalline §l.on treatment with cthanol and cthyl
acetate; melting point 202-203°, [a]D -62.5° (¢ 0.7, water). The

ir spectrum was superposable on that of an authentic sample,

although the crystalrghape and melting point were different.

3

v

\ \
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Recrystallization from absolute methanol raised the melting point
to 230-231° as repéried145; the p;bduct was obtained as fine,

: ) \
rectangular prisms. e

B ~ -r
[} ~

»

A hydrogenation of 22 in the prc%gnce of/ platinum and ethanol

(as described for §5) Fas slow, with g visually estimated 50 angd 25%
of startingcompound remaining after %.5 and 21 hours,\TQSpectihely.
The only reaction-product detected ch omatographically, and

isoléted ©rystalline, was Z21.{ The same reaction had been previously
pe{fii?iiTASin aﬁucous soluti wherein it was noticeably faster,

. ~_ e ,

réquiring'only 2 to 3 hours for completion (private copmunication

by Professor H.H. BaeT). - \5

/
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The zirconium hydride, Cp,Zr(H)C1, was first prepared by Wailes ct

31.161 from CpZZrCI2 and LiAlH4 It 1s also casily preparcd by

—

t::;}mcnt of the dlCthTlde im THF w1th a sto:chlometrlc amount of -

Nz Z(OR)Z“ Both procedures result thc high yields of.thq

dridc163. The samples used in this}work were kindly donated by

Professor H. Alper.

Ethyl 6- 0-(Methyl oxalyl)-4- O-acetyl-~- 2,3- dideoxy-a- D erythro -hex-
Z-cnopyranoside (4):

-

" A solution of the olefin- 3, (258 mg, 1 mmol) in dry ‘benzene (2 mL)

-

was added to a stirred suspension of dicyclopentadienylhydridozir-

.conium chloride (1) (358 mg, 1 mmol) in dry benzene (10 mL], where-

~upon the salt dissolved partially. The mixture was stirred under

N

Nz at room temperature for 1 hour, after which tic (solvent_B]

indicated the conversion of almost half of the .starting g]ycdside

[ =
3 (BF 0.6) into a new compound A, which moved more slowly
( Rp 0.3). Stirring was continued for another 2 hours, which

causcd no change in the tlc picture; however, all the suspcndcd
ziréonium hydr1de had dlsappeared to afford a colorlcss clegr
solution. At this stage, one equ1va;ent of'methyl oxalyl chloride

{ about 0.1 mL) was added, and stirring was continued for one hour
after which tlc (solvent Bj showed disappearance of compound A and
formation of a new product ( 4, BF 0.5). Processing of the color-
less solution by adding water caused precipitation of a_whdie solid
that was insoluble in organié solvents and was removed. The aqucous
phasc was then extracted with methylene chloride, and fhc combined
organic phascs Q;rc dricd over anhydrous magnesium sulfate. Crude

L
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a
white crystals (330 mg) were obtaincd ‘on ecvaporation of the

Y

solvent. “Rgcrystallization from a hot mixturc of cther and

.petroleum ether (b.p. 30-60° ) afforded hecautiful crystals of

compound 4 (80 mg, 26%), mclting point 128-129°. The mo;hcr~/’/_v,

liquor contained additional 4 togethe¥ with unchanged 3, bhut no-

~

e fforts were made to separate thesc or to optimize the yield. ..

—

NMR (100 MHz, cpc13):'a 5.87 (narrow multiplet, 2 H, 11-2"and 1-3),
- I 4

5.33 (d of m, d4 ¢= 9.3 Hz, H-4), 5.04 {narrow multiplet, H-1),*
3

4.41 (m,12 H, H-6,67, 4.21 (m, i-5), 3.92 (s, 3 H, OMe), 3.71 (m,

- 2 H, OCH,—CH;), 2.09 (s,”3 I, OAc), 1.26 (t, J= 7 Hz, ethyl CHy) .

Anal. Calcd. for C13H1808 (30?.3):.C, 51.66; H, 6.00.

Found: C, 51.41 ; H, 5.73.

Ethyi 6-0-Triphenylmethyl-4-0-acetyl-2,3-didcoxy-a-D-erythro-
hex-2-enopyranoside (5)"

Compound 3 (258 mg, 1 mmol) was trcated with L (358 mg,l mmol) as

described ahove. Triphenylchloromethane (278 mg, 1 mmol) in dry

'benzene'(z-mL) was then added, and the mixturc was'stirred for one

hour.” Processing as described for 4

e

afforded 0.10 g (56%) of § .as

re
-

white crystals, melting point 35-137°. . NMR (60 Miz, CDCl;):
J
§ 7.23 (m, 15 H, 3Ph), ~5.8 (s, 2 H, H-2, H-3), 5.28 (dggd=9.3,

H-4), 5.03 (bs, H-1), ~3.9 (m, 3 H, H-5 and-OCH,~CH), 3.15 (m,

2 H, H-6,-6'), 1.84 (s, 3 H, OAc), 1.ZZ/LL¢)Q = 7Hzcthyl CHy).
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1,S~Anhydro-4,G—Q—Bcnzylidcne—z,3—dideoxy—2-erythro-hcx—1—cnitol (8)

. . ! ' ' D .
Methyl 4;G-Q—benzylidene—Z,3—d“ifoxyuu—g—erythro—hcx—z—cnopyranosido

(7), (250 mg) was added to a suspension of the zirconium ﬂydridc 1.
(286 mg) in dry benzene (10 mL).. Stirring of the reactibn mixture
,at rooﬁ temperature kor 2 hours caused the ziréonium salt to dis-
-appear, and a yellow solution rcsulted. Tlc with solvent Blshowed

'no sigﬁificant change in the spot intensity of the starting'mater-

Fa

ial (BF about 0.7); however, on continued stirring a new spot
(BF‘about'O,bj-appeared overnight and increased in-intensity with
time. After 20 hours, onc'équivayent af acetyl chloride (0.3 mL)
was added and the reaction mixture was stirred for another hour.
Work-up as described previously, extraction with“methylene chloride,
and evaporation:of the extract afforded 300 mg vf crude material.
Tlc with solvent B showed the same pattern as befotip in addition
to some impurities which migrated more slowly (BF 0.1-0.4). Sep-
aration by preparative tlc using solvent E Yyielded starting mater-
ial 7 (90 mg); nmr and ir spectrum and melting point (117-1190)‘
proved its identity. It also offorded 0.10 g (45%) of the fast-
moving material (BF about 0.9) as white crystals, meltiné point
112-1L3° (after sublimation in vacuo at 56° )3 The ir and nmr
data of the product were in full égrcement'with‘the 1iter:1ttrr0w4
data given for the glycal 8. ‘

<
The slow-moving impurities‘(gF 0.1-0.4), at least 4 compounds, wcre
eluted from the tlc plates and amounted to a total of 40 mg. The

material was not investigated further.

T
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