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ABSTRACT _ ] {
SECTION I |
=3

A method.of chain elongation ﬁp the non-reducing termina%\?f S-Qéoxy—
67halo and 6197tosyl hexopyranosidés; to give methyl”(methyl-deoxyhepto—
pyranosid)uronates was developed on the basis of organciron chemistry
Thus, methyl 2,3,4-tri-0-acetyl- 6—0—Eftolysulfony1 B—D—glucopyranoside
reac;ed-almost instantly under mild conditions with sodium dicarbonyl-ns-
cyclopentadienyliron (NaFp) in tetrah;drofuran, to form as isolable, wsll-
characterized dicarbonyl—ns-cyclopentadieny;(methéi 2,3,4-tri;97acetyl-6_
deoxy—&j%—gluc0pyranssid-6-§l)iron in which the tosyloxy group was replaced
by Fp. .Oxidative carbonyl insertilon in -this sugar-iron derivative could
be induced by.a varlety of oxidants but was best accomplished by bromine
in the presence of methanol, at low temperatures. The process caused
removal of the iron moiety and led in 807 overall yield to the methyl ester
of the corrésponding, 6—deoxyhepturonoside. Similarly, the methyl 4 0—
benzoyl-6-bromo-6-deoxy-a and 6-D~glucopyrano:;des, their 2 3-diacetates
and 2 3-d1methyl ethers, as well as the methyl 6-bromo—6—deoxy-a—D-gluco-
pyranoside and 6—deoxy-G-iodo-c-grmannopyranoside 2,3,4-tribenzoates
furnished high yields of 6-deoxyhepturonoside estets by application of this
reaction sequence, although the intermediate sugar-iron compounds were not

nofmally isclarted.

SECTION II

Lithium triethylborohydride (LTBH) reacts readily with methyl 4,6-0-
benzylideneéa-gfglucopyranoside p-toluenesulfonates to give deoxyglycosides

in over 907 yield. Thus, the methyl 6,G-beeﬁzylidene—2,3-di- and -3-mono-
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Q:E—tolylsulf0nyl—a—£:glucopyraﬁosides afford methyl 4,6-0-benzylidene-2-
deoxy-a—gfzghgfhexopyranoside i; regio- and stereo-selective reactions .
that proceed via methyl 2,3—anhydro—4,6-gfbenzylidene—d—2:§;;3p§ranoside.?hthyl—
4,6—beenzylidene—2—9727tolylsulfonyl—a~2;glucopyranoside gives the
corresponding 3—deoxy—a—2:arabino isomer v¥ia the co;responding 2,3~anhydro-
a—gfmannopyranoside. In the series of the corresponding B-anomers, the
4,67g7benzylidene—3— and -2—mono—gjg—tolylsulfonyl—B—grglucofyranosides

are similarly desulfonyloxylated, with equal ease, but furnish mixtures

v T

of regioisomeric deoxy glycosides, namely, the 3- and 2-deoxy-f-D~ribo

derivatives, and the 2- and 3—-deoxy-g-D-arabino derivativgs, respectively.

It could be shown that this difference is due to the failure of the
intermediary, m:Ehyl 2,3—anhydro—4,6—gfbenzylidene—ng—allo-and ~manno-—
pyranosides to obey the Fiirst-Plattner rule in their reductive ring-opening
with LTBH. Methyl #,6-0-benzylidene-2,3-d1~0-p-tolylsulfonyl-8-D~gluco-
pyfanoside reacts less readily and gives a mixture of 2- and 3-deoxy
hexopyranosides,with the corresponding 3—deoxy—B—grgiggfhexopyranoside
predominating. :The methyl &,B—beenzylidene—Z—Qfmethyl—3~9:E~tolylsulfonyl—

. ‘ )
8—2:glucopyranoside is partly desulfonylated and partly desulfonyloxylated,
whereas its B—Qfmethyl—ZjQ—Eféolylsulfonyl isomer undergoes desulfonylation
exchsively. The reductions,by LTBH, of the t-glycoside tosylates are
compared with the reductions previously effected by lithium aluminium
hydride,,which are slower, involve considérable désulfoé}lation, and afford
lower yields of deoxyglycosides, with the main products differing from

those cbtained by the action of LTBH. Mechanistic differences associated

with the two reductants are discussed.
—

-
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SECTION II1 . - -

- —

Treatment of methyl 3 6—dideoxy-2 4—di-0-methy13ulfonyl 3-nitro-a-
L-glucopyranoside with sodium acetate and acetic acid in aceﬁone gave
methyl 41gracetyl-2,3,6-trideoxy-3—nitro—c-g;egzthro-hex—z-enopyranoside
. ag.a kinetic produc:,-add the 21gracqty;-3,4,6—trideoxy-3—nitro—ajgr -
Egggéfhex—3—eno isomer as the therﬁodynaﬁically preferred product.
Tfeatmeﬁf of these enosides or the dimesylate'directly, with sodium
borohyd;;de produced a separable mixture of methyl 2,3,4,6—tetradegxy— .
3-nitro—afgfthreoéhexopyranoside and its a-L—erthro epimer, the erythr
isomer being converted inte the threo isomer by base—catalyzed epimerization.
Acid hydrolysis of the isomeric glycosides afforded the corresponding,
free nitro sugars. Catalytic hydrogenation of the methyl 2,3,&,6-tetradeo£y
3—nitro-a-é:gggggfhexopytanoside led to the corresponding amino.glycoside,
isolated as its acetate or hydrochloride; siﬁilarly,.the erythro glycos;de
gave the epimeric amine which was isolated as acetate or picrate. N-
Trif%uaroacetylation of methyl B;amino-2,3,#,6—tecradeoxy-a—g;£§£§g;
hexopyrancside aéetate provided the corrésponding §ftrifluoroacetyl glycbside,
which was hydrolyzed to give a 497 yield (overall from the dime;ylate) of
2,3,A,6-tetradeoky-B-trifluoroacetamido-Ergggggrhexose (&—deox§-§}trifluoro—
acetyldaunosamine). Analogously, mechyl'Bﬂamind-2,3,4,6-tetradéoxy-u—;;
ervthro;hexopyranoside.acetate afforded the corresponding, epimeric N—-

-

trifluoroacetyl glycoszde which was hydrelyzed to glve a 28% overall yield

of 2,3,4,6~tetradeoxy-3- trlfluoroacetamido-L—ervthro-hexose (&-deoxy-N—

cr1fluoroacetylristosamine).
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SECTION IV

Thé megﬁyl 4,Gfgrbenzylideﬂ;-z,3—d1déox§—3—nitrohex—Z-enopyranosides
having th; B-éregzthro (1), a-D-erythro (2), BTD-threo (3), and a-D~-threo
(4) configura:ion reacted with diazomethane to give high yields of 2 3-
(1'-pyrazolino-3',4"' ) derivatives.: The pyrazolines obtained -from 1 and
2 were deduced on the basis of nqclear magnetic resomance and optical
rotatory dispersion data to possess the 8- éﬁd.a-g;glgsg;conf;gurations,-
and those obtained.from_giand 4, to have the B- and a-D-ido coﬁfigurations,

. Tespectively. Thermolysis of the pyrazolines 1;& to mgthyi—branshed,.
nitroolefinic gJ:ydosideé, except for the pyrazoline héving. the B—g—i;dc)_
configuration, which affordeﬁ the corresponding 2,3-cyclop?opano deFivative.

LS . ]
The pyrazoline having the a~D-ido configuration afforded a 2,3-cyclopropano

~ derivative on treatment with silica gei. -



- -

INTRODUCTION

In this thesis, some contributions to tﬁe preparative chemistry
of ﬁeoxy sugaré will be presented; Deoxy'Sugarsl’? are carbohydrates
in which one or more hydrox§1 groups are replaced by hydrogen atoms.
A large number of theﬁfare known, and many are widely distributed in
nature, whilst some of the the&retically possible members of the'class.
have not yé£ been disaoveréd or synthesized. 'Abundﬁqge and biological
significance of g;turally occurring deoxy suéars s$pan an emormous range.
Thus,.Z—deoxy-g:erzthro-pentose (more common;y kﬁown as 2-deoxy-2:ribose)
in ubiqui;SEs in living organisms as a-compo&ent of deoxyribonucleic. -
acids (DNA) in cell nuclei, and is thergfore of major biologigal import-~
ance, B-Deoxy-iggalaccose gé;fucose) is a chief constituent of seaweed
polysaccharides, thus occurring in huge quantities i;‘fhe oceans, but
it is'also found in such diversified locations as microorganisms, frog-
spawn, and human mjilk. Its g:enantiomer is relatively rare, although
it does ;ccur in sevefél plant g}ycésides. A more frequent component
of plant polys&cchgrides and gums, plant glycosides, and bacterial .
polysaccharides is 6—deoxy~£:ﬁdﬁiose (g;rhamnose). Certaih dideoxy sugars
s;ch as, for example, 2,6~di§‘oxy-g;giggyhexose (digitoxose) play a role

as components of the medicinally important cardiac glycosides obtained
from Digitalis species, wherein the sugars are linked to steroidal aglycons
and a number of stereoisomeric 3,6-dideoxy-hexoses were identified in

the pyrogénic; toxic lipopolysaccharides of various strains of Salmonella,

EScherichia coli, and other bacteria. Some trideoxy sugars, in addition

(//:;\mono— 4nd didepxy sugars, have been found as constituents of antibiotics.
The chemistry of cafbohydrate-contéining antibiotics3 provides particular

o+
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excitement in that it is also the principal goméin of unusual amino

and branched-chain§>sugars, and frequently ;ne finds deoxy, amino, and _
C-alkyl functionaiities'or modified versions combined in the same
molecule. A few éxamples illustrating this are shown on page 3, together
with the formulas of the sugars mentionmed above.
fhe chemical synthesis of such natural products, as well as of
structural analogs or configurational. isomers that may be desired, pro-
vides continuing challenges for the organic chemist. The research under-
taken for this thesis was aimed, paftly at making contributions to
§ynthetic methodology in a gemeral way, and partly, at synthesizing
certain individual target molecules. Work was‘performedlin four indep-
endent areas, the common denominator being only the involvement of
deoxy functions. Consequently, the :hésis is divided in four self-~
Eontained sections:
l: A new application of orgénometallic methodology for the synthesis,
by use of-an ironcarbonyl reagent,‘of novel, chain-extended al&uronic‘
fac}d derivatives. ,
2. The utilization of lithium triethylborohydride for the synthesis
of 2- and 3-deoxy sugars from secondary D-toluenesulfonates of glycosides,
-and a comparison of the action of this reaéent with that of lithium

aluminum hydride.

— -

3. The synthesis of two amiriodeoxy sugars related to the chemistry
of antitumor and antibacterial drugs, specifically, the-3—aminbr2,3,é,6-
tetradeoxy-g;ggzggf and L;er;thro—hexoses (4~deoxy-L~daunosamine and .
" 4-deoxy-L-ristosamine, respectively).

4. The déterminétion of configuration of the branched-chain products

obtainable by the action of diazomethane upon four stereoisomeric, un-
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Written in the P-furanose form in which it is bound in DNA.

Trideoxy sugar occurring in the antibiotic, amicetin.

A constituent of streptomycin.

Present in the kanamycin antibiotics.

A component of the gentamyein group of antiblotics.

Present in macrocyclic-lactone antibiotics.

The sugar component of the antitumor agent adriamycin. :

An example of the 3,6-dideoxyhexoses occurring in Salmonella
lipopolysaccharide endotoxins.

A component of the antibiotic, ristomycisd.



"saturated nitro sugar derivatives.

. For convenience, each éectibn has received an independent set of
formula numbers, and ghe same applies to the numbering of schemes,
figpres and tables. However, references are numbefed consecutively

2

Ehrough all sectious.
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SECTION I

DICARBONYL~-PENTARAPTO-CYCLOPENTADIENYLIRON
IN THE

SYNTHESIS OF 6-DEOXYHEPTOSIDURONIC ACIDS
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INTRODUCTION

Transition—metal organometallic chemistry hes in recent times |
developed into one of the-most important and exciting areas of organic
synthesis 6. One facet of this field is the utility of metal-carbonyl
complexes, with the aid of wﬁich it is possible to perform a wide variety
of synthetie processes,7’8 and it was the aim:of this thesis';o apply -
such chemistry to carbohydrates. Rosenthal‘and his co-workers were the
first to realize the great potential of transition-metal carbonyl complexes
in sugar synthesis when, during the 1960's, they performed pioneering
investigationo of the "Oxo yeaction”, i.e., the hydroformylation or hydro-
{hydroxymethyl)ation of alkenes and oxiranes promoted oy cobalt carbouyls;
as applied to appropriate sugar derivatives 9. Among the numerous trans-
formations elaborated were chain—lenéthening processes at the nonreducing
terminal of aldose derivaéives 10. Thus, 5,6-anhydoo-l,2—27130pfopylidene—'
u—grglucofuranose (1) reacted with caroon monoxide‘and hydrogen, in the
preoence of dicobalt octacarbonyl, to give 6—deoxy-1,2-0-isoproplidene-
a-D-g;Eggfheptodlaldo-l 4-furancse-7,3-pyranose (2); alternatively, it
Teacted with carbon monoxide and sodium cobalt tetracarbonyl, followed by
methanol and iodine, to afford methyl 64deoxy-l,Z-insopropylidene-c-gr
8luco-heptofuranuromate (4) as a main product-lo. Yields were high (80%),
but both reactions needed to be performed in an autoclave under pressure,
oneloa-requiring an elevated temperature (100-105°), and the otheriol
an extended period of time (60h). These somewhat inconoenient conditions,
and also the limitation in scope that is inherent inm a method predicated
on the use of terminal epoxides, are avoided in'a-ﬁewfsynchesisiof 5-deoxy-

hepturonic acid derivatives from readily available 6-bromo-6-deoxy (or 6-
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0-tosyl) —hexopyranosides, to be described in tl;is thesis. The method . .

makes use of oxidative.‘zi.y-inducedq carbonyl imsertiom by ligand transfer in

a c—bonded,'. sugar dicarbonyleyclopentadienyliron .inter;ediat;a, the. latter

being produced by substitution o'f the bromo (or tosyloxy) sebstituent with
sodium dicarbonyl-gentahagto—cyclopeﬁtadienyl-iron, NaFe(CO) 2Cp, (NaFp).

8 »11-14

Well established in general organic chemistry » the process may be

represented as shown in scheme 1. After alkylation of Fp anion (an extremely

- 3 ) :
Na"’[FeCp(CO)z] .+ Rx -EJ—-b R - FeCp(CO}, + MaX
| 5
5+ L —[g—) R-CO-FeCp(CO)L
6

-

5-e -E]-» ‘[R-FeCp(CO)Zf Ll [R-CO-FeCp(C0)1"
: 7 8 (5] |+ MeOH

' -R-C0-Me

f SCHEME 1
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powerful nncleophilela) by RX, to produce an alkyliron compleklg (reaction
[1] ), a ligand-transfer reaction (carbonyl imsertion) gives an acylirom

complex Q:(reaction [21) in which one carbonyl ligand is replaced by a

new ligand L. transfer may be induced thermally, or photochemically,

or by ?egé ion with other ligéﬁds:or solvent. Frequently, L-represent
triﬁhenylp osphine, or a fresh cgrbén monoxide supplied from an external ‘
'sourcé.ll:hﬁowéver, under conditions of oxidative insertion as applied
in the present work, using an dxidant in the presence of an alcohol,ls’16
2 1s presumed to be oxidized (reaction [3]¢? to 7, which undergoes
insertion freaction [4] ) at a greatly increased rate. The resulting,
cationic acyliron complex 8 is rapidly attacked by methanol to give the
ester 9 (reaction [5] ). | |

Thése reactions resemble, in principle, the aforementioned cobalt-

promoted carbo&ylations,g’lo

but have the édvaﬁtage of p;ocegdipg very
rapidly at ordinary pressure and a£ Toom temperature or below. It there-
fore appeared worthwhile to examine their potential in carbohydrate syn-
theses, within the broader context of this laboratory's research17 on the
utility of organometa;lic proéesses in that field: As én immediate target -

for the present study, the development of a general route to 6-deoxy-

hepturonic acid derivatives was chosen. To the best of our kﬁowledge, such -

-~

homologs of the familiar hexuromic acids have not as yet been discovered

.in nature, and their synthesis seems to have received Geryllittle atténti&n.
Aparé from‘the instance cited abovelOb, we were unable to fin& mere thén
" one other example of synthesis. The latter involved a sulfonate displacement
by potassium cyanide, in l,2197isopropylidene—c-grg;ucofuranose 6-td§ylite,

which was followed by total hydrolysis of the resulting nicrile 18.



There is no shortage of general methods for leagthening the carbon

chain in monosaccharides. However, wost of the available methods involve

Fischer—Kiliani cyanohydrin synthesis and the nitromethane synthesis being

. the most widely employed ones, besides aldol condensations, malonic ester

condensations, additions of acetylenic Grignard compounds, and diazomethane
reactions.>® On the other hagd, asceat of the series by extending the
chain at the non-reducing terminal is a far more restricted proposition
which normally requires prior conversion of the chain~end into a carbonyl
fuﬂction, with appropriate, selective blocking of all other functiomalities.
The 'attachment of a carbon atom to readily available w—deoxyhalogeno

sugars (or w-sulfonic esters), Sy way of orgauometallie carbonylation as

outlined above, would constitute a useful addition to methodology in this

-

- Tegard.

Other work employing organo-iron chemistry in carbohydrates, with

different reagents and objectives, has recently been reportedzo’ZI.

-
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RESULTS AND DISCUSSION - _ . . : 4/////

Scdium'dicarbonyl—gentahagto-cyclopentadieuyliron (NaFp) was pre-

pared from coﬁmercinlly availablq_dicarbonylcyclopentadienyliron and
sodium amalgam in dry tetrahydrofurén.ll It was found to react readily
-with a variety of sugar derivatives. Méthyl 2,3,4-cri-gracety116jg:27
tolylsulfonyl—B;grglucoﬁfran;side (10) was chosen as the subject of ?
initial trials that were intended to establish the most appropriate
réﬁctionrconditions. It reacted at room temperature to give the co-
valently linked, sugar-iron compound ll. The reaction was complete almost

instantaneously, as evidenced by thin~layer chromatograpﬁy performed

shortly after the miking of the reactants; 10 had disappeared completely;
and the formafion of.;l was indicaté& by a fellow spot thaé was visible
directly, prior to spraying the plates with sulfuric gcid fgllowed by
heating. Compound 11 ﬁas isolated{ in a good yield, as a chromatographically
purified, yellow syrup.. It tended to decompose slowly, but its stfucture
could, nevertheless, be ascertained by spectroscopy. It showed light

’ MeOE ' L

absorption in the visible region (A max” 412 mm), and displayed strong

infrared bands for ligand carboayl (2015 and 1940 cm-l), as well as for



ester carbonyl grOups (1745 cm-l). The lH-n m.r'. spectrum of 11 showed
all the signals expected for such a complex of Special significance
being a S-proton singlet at & 4.80 for the pentahapto-cyclopenta-

dienyl group (Cp), and the multiplets for H~6 and H-6', which had in-

curred a strong, upfield ,shift (to § 1.62 and 1.24 fespectively) from

their resodance position (§ 4.12) in the parent compound 10 (see

Experimental). The 13C--n.m.r. data (see Experimental) also confirmed

the structure 2f 1l, with signals occurring at § 217.2 and 216.8 (ligand

C0), 170.4, 169.9, and 169.5 (ester CO) and 85.4 (Cp), in addition to

the signals expected frcm the recaining carbon atoms: An extensive

collection of spectral data for alkyl-Fp derivatives has been provided

by Rosenblum et 5;.22 and was consulted for comparison-in making these

cssignments. Compouuq‘ié was amenable to mass spectrometry, in which it

gave a molecular ion peak at m7z 480, fragments signifying the progressive

loss of CO and Cp ligands, and a fragment indicating loss of the entire

iron moiety Fp, as is characteristic for cyclopentadiehyliroc complexes.llb
When compound ii was dissolved, at room temperature, in methanol

containing a seven-fold, molar excess of anhydrous cupric chloride23 to

Hd
~

effect oxidative carbonyl iusertion, the heptesiduronic methyl ester 12

was formed within '~lh, and was subsequently isclated crystalline. In

preparative experiments performed on a larger scale, isolation of 11 was

dispensed with, as it proved both hnnecessary and_detrimectal to the

-overall yield. Instead, merhanol and oxidant were added to the reaction

mixture of 10 and NaFp. The yields of crystalline 12 were ~607% (based on

10) when 7 molar equiv. of cupric chloride, or 4 molar equiv. of ferric

chloridelBa, were employed as oxidants, with reaction times of 0.5 and
6h, respectively, being required. Yields were markedly higher (~80%) with
‘ ’ -

-
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iodine or brcmineza. The latter halogen became the reagent of choice

for all subsequent experiments because, in these trials with 10, it effected

complete consumption of the intermediate 11 at a higher rate (within a few

minutes, see Table 1) than did iodine.(30 min or more, depending on the
amount added). Moreo#er, the isolation of the final product from the reaction

mixture proved much .easier in the reactﬁfn with bromine than‘in-thdse with

the other oxidants. 'However, the desired product 12 was accompanied by a:by—

Table 1. Some trials using different oxidizing agent with
__compound 10 + FpNa.

]

Oxidizing agenti Molar equivalentsh Temperature| Reaction time Yield
CuCiz T 7 room temp. 1h 60
FeClj 4 . Toom temp. "+ 6n 61

I T 4-5 room temp. #-1h 82
Bry Excess, =9 ~50 =room 5-10 min 81
' temp.

21n MeOH. Ewith respect to the starting tosylate.
product which was isclated chromatographically, in 157 yield, and was revealed
to be the long-known methyl 6:Bromo—6—deoxy-B—gfgl&copyranoside triacetate 13.
It has been observed that, in aprotic solvents, alkyliron carbonyls are

cleaved by molecular halogen to form alkyl halideslaa’lG’za. Although oxi-

dative carbonyl insertion dominates in methanolic solutionle’z4

(scheme 2)
brominolysis of 1l can evidently compete to some extent in that medium, too.
A lowered reaction temperature (0 to ~50°) did not seem to make any differ-

ence in this regard. However, as it was found that the reactions with

bromine were still very fast, even at low temperatures, cooling was, in



-13 -

- ¥ 4
- ' P_-
-e‘l .
R-CHp-FeCp(C0)z- === [R-CHp-FeCp(C0)o] "
Halogen
R-CHp-Hal + FeCp(C0)2 . MeOH

[R-CHp-CO-FeCpc0] ™"

R-CHp-Fe~COoMe

| X
co MeOH -~
+H . z////

. N

R-CHp-COoMe + H' + Fe(CO)

SCHEME 2

subsequent experiments, employed as a precaution agiinst secondary re-
actions that could involve other functiomalities in the sugar molecule.
As a matter of fact, it was noticed on some occasions that partial

deacylation may take place slowly.at room temperature.
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13R; = R, = u = 3z, R, = R
14 Ry = Bz, Rp= R3 = Ac . 139 Ry = Bz, R = Rj
15 Ry = Bz, Rag=R3 = H 20R; "Ry = R3 = H
*16 Ry = Bz, Rp= R3 = Me - 21 Ry = Bz, Ry = Ry
2X
Bz Me
L4
22 R; = Ry = Ry = 3z 26 Ry = Ry = R3 = Bz 31 X =1
23 R} = Bz, Rp=R3 = Ac 27 R, =R, =Ry = H 32 X = co,Me
24 Ry = Bz, Rg=R3 = H 28 R} = Bz, Rp = R3 = Ac 33 X = Br
25 R} = Bz, Rp=R3z = Me 29 Ry = Bz, R; =-R3 = H
' 30 R; * Bz, R = R3 = Me

Analogous (methoxycarbonyl)ations, all using NaFp in tetrahydrofuran
fellowed by bromine in methanol, were performed with the 6-bromo—6-deoxy--
glycosides LZL-I_S, and 22-25. The corresponding heptopyranosiduronates

18, 19, 21, 26, and 28-30 were obtained in high yields, together with

Ac

Me
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various proporticons at the respective, starting bromo sugars (see Table

2). The latter were present, not as a result of incomplete conversion

in the fi;st stage (as could be'&emonscrated by t.l.c.), but owing to

[

TABLE 2 Yields of glycuronates and by-products
étarting Glycuronate Isolated By-product .
compound = yield (%) Compound Yield(Z) Identification
’ Method °
10 12 ~80%,602 13 15 d
14 18 71 14 23
15 19 80 15 9 s e
208 92 o
16 2y ) 90 16 10 e
22 26 79 22 13
278 97 .
23 28 88 23 trace h
2 29 0
é 3_0 . 85 . ,
31 32 75 33 12 d

Zuith Brp or Is. EWith CuCls or FeCls. SObserved in the case of Brp-
gxidation only. =By physical and spectral data of isolated compound.
<By t.l.c. and proton n.m.r. spectrum of impure, syrupy terial.

<From 19 by debenzoylation. Errom 26 by debenzoylation mﬁBy t.l.c. only.
=Although the crude product contained impurities, the plesence of re-
generated starting compound could not be established.

partial brominolysis in the second stage, just as 13 had arisen from 11.
Reaction of methﬁl 2,3,&-tri—gybenzoyl-é-deoxy-6-ibdo—a—2:mann0pyranoside
(g;) led to the 6-deoxy-D-manno-hepturonic ester 32, dgﬁonstfating that
iodo sugars may also be used as substrates. The by-product observed in

this case was the 6-bromo analog (33) of 31.
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Also, the alkylirom intermediate 17 was isolated, from the reaction
of Fp~ with the bromide 14, for characterization.by IH—n.m.r.”;pectro--
scopy. .Like 11, it was a rather unstable syrup.

Whereas several of the uronates (12, 18, 28, 29, and 32) we;e
. obtained crystalline, compounds i3, 21, 26, and 30 failed to Efjstallize.
Sodium methoxide—catalyzed‘deacylatiog of 19 and 26, however, fﬁrnished
the corresponding, crystalline triols, namely, methyl (methyl 6-deoxy-g-
g;gégggrheptopyranosidf uronate (20) and its anomer 27, respectively.

The‘lH and 13C-n.m.r. data for the new compounds are given in Tables 3

-

and 4. ‘ 1;;

One further observation.may be worth mentioning. An atmosphere of .
carbon ‘monoxide (at_ambient pressure) was routinely provided for the
carbonyl-insertion reaction. This measure is not strictly indispensabié,-
but has been recoymended23 for achieving improved yields. Substituting
nitrogen gas for the carbon monoxide in ome experiment with 10, we found
a diminution in yield to 69%, from 80% (for bromine oxidation), whereas
no marked effect was noticed in similar experiments with 22.

In summary, methoxycarbonylation by use of NaFp haéjbeeu demeonstrated
to be a simple and efficient method for chain-elongation in 6-halogeno

(ot 6~0-tosyl) hexopyranosides, leading to homologous, 6-deoxyhepto-
pyr;nuroﬁoside methg% esters. The method is compatible with the presence
of free hydroxyl grgﬁps, acetate and benzoate esters, and ﬁechyl‘ether

functions on the sugar ring.

i

i
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SECTION II

DESULFONYLOXYLATIONS OF SOME SECONDARY P~TOLUENESULFONATES OF

~

GLYCOSIDES BY LITHIUM TRIETHYLBOROHYDRIDE.

ey



L]

INTRODUCTION > i

-~

Lithium triethylborohydride fSuper HydrideqqlmBH) is an extremely T

powerful reducing agent, which acts as a hydride donor toward a variety
. - N
of electrophiles.., It has found numerous applications as a reagent for

the reductive ring-opening of epoxides and the cleavage of ‘alkyl halides
and sulfonic esters, and it is superior in reducing power to lithium

aluminum hydride or lithium borohydride while at the same time it reacts

25,26

very cleanly and displays remarkable selectivity. In carbohydrate

‘synthesis, where reductive dehalongg;ion and desulfonyloxylation are
on-going concerns just as in general organic chemistry, these kinds of
reaction have.tré&itionally_been performeg with lithium aluminum hydride

(LAE), and only isolated instances of the use of LTBH have been reported.
17¢

”

Thus, a primary;_,,_g—toluenesulfonate27 and a primary bromide of glycosides

were efficiently converted into w-deoxy glycosides. On the other hand,

- ~

some secondary sugar tosylgges could not be desulfonyloxylated, but

suffered $-0 cleavage (desulfonylation) instead,27 although successful

desulfonyloxylations had been reportedzsc’d

for alicyclic tosylates in-
ctuding hindered, tertiary ones:

Concurrent with the work proceeding inm this laboratory, on the
reductive debromination Jjust mentioned,l7c some experiments* were perfofmed
'by this author with secondary sugar tosylaqgs, and it was disco&ered that
such compounds ma; wellfbe desulfonyloxylated with LTBH, notwithstanding -
the reﬁorted failuresz7 in previously-examined cases. It was ﬁherefore
decided to investiéﬁte the behavior of LTBE towards secondary tosylates 4

of glycosides more broadly, and to try to find, out whether this reagent

offers any advantages over LAH, which in carbohydrate chemistry has hither-
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to been the reductant of choice for applications of the kfad discussed.

——— e . .
N ‘The action of LAH on sugar sulfonic esters has been extensively
‘ .
< - W 28,29 _& _
studied'and reviewed L It is well established that LAH may cause

elther C-0 fission (desulfonyio;ylation) or S-0 fission (desulfonylation)‘“

’
depending on the structure of the, sulfonate. In primary sulfcnate;, the
former type of cleavage normally prevails, whereas.in secondary omes the
latter type is usually observed élthough exceptions30—38 have been noted.
It has been determined, in this work, that, for a numbér of secondary
tosylates derived from methyl 4,61gf§enzylidene—a and ngrglucopyranoside,
the action of LTBH does not in every respect parallel that of LAH.
Firstly, with LTIBH, desulfonyloxylations were found to proceed at much
higher rates than with LAH, leading in the majority of cases studied to
deoxyglycosides in excellent yields, and accompanied by negligible pro-
portions of undesirable side products; and secondly, mechanistic differ-
ences cause the two reductants to éive different patterns concerning the
regio- and stereo-chemistry of the deoxyglyéosides produced. Followiﬁg
their description, the results with LTBH will in subsequent paragraphs
be compared with those previously obtained with LAH and a few additional
observations regarding the respective actions of the two reagents will

be discussed.
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RESULTS AND DISCUSSION

Reactions with Lithium Triethylborohydride

Methyl 4,6-O-benzylidene-2,3-d1i-0-p-tolylsulfonyl ~s-D-gluco-
pyrancside (L) was treated with LTBﬁ (6 mol. equiv.) in boiling tetra-
hydrofuran for 30 min, to give a 96% yield of methyl 4 6—0—benzylidene—
2—deoxy—a-D —-ribo-hexopyranoside (7), together with mere traces of the

parent diol 4. The reaction was presumed to-proceed via the

OCH, ' - T

Ts
0 Me

OTs

1
LTBHiorLAH

5 CHy

PhCH —Q

[

N . - OMe
CH

s~ o
[~
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3-monotosylate 2 and the a<D-allo Z*Jgipexide 6, and the use of eicher‘

of these intermediates as the starting compound for the process wes,\
therefore, expected to give 7 in similar yields. When 2 was treateg

at room temperature with only 3 mol. equiv. of LTBH, traces ef 6 aud

7 were revealed by t.l.c..to have arisen after 45 min, while most of

compound 2 remained unaffected. When the mixture was then boileg under
reflux for 30 min, all of 2 was converted into 6, but little, if any,

additional z_was'formed, and the chromatographic picture remained un-

changed during-a further 30 min of heating. Evidently, the proportion

of .reductant provided in this instance had been insufficient for complete
reduction; and \indeed, the introduction of an additional 1.5 mol. equiv.

of LTBHE at this point caused complete conversion of 6 into 7 withina 15

min. The product was ebtained crystalline in 927 yield. An experiment
starting with crystallipe 6 also gave 7, in 967 yield.

" The 2;monotosy;ete_§ reacted with LTBH (4.3 .mol. equiv.) in boiling
tetrehydrofuran to furnish, after 20 min, the 3—deoxy-c-2;arabino glycoside
12, accompanied by a small amount of the diol 4, isclated in yields of 90
and 53Z. An experiment performed at room temperature, and with only 3 3
mol. equiv. of hydride presedt, demonstrated that the reaction took its
course via the a—g;géggg epoxide 11, which was obtained crystalline (yield,
127) after a reaction time of 24 h, along with.;g (82%) and 4 (47). A

reduction experiment that started with 11 likewise afforded a high yield of
12.

It has been shown previously26 that LTBH in tetrahydrofuran possesses
a remarkable ability.forthe rapid, regiospecific and stereospecific,

reductive opening of epoxides to give alecohols in excellent isomeric

A Y

-
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- LOCH,
LAH CH 0
—22 > 4 4 P oH
) 0o OMe
. 10
OCH,
. . o)
LTBH . Ph<H Ho
or LAH \
o OMe
1 12

purity. These reactions are r':eported26 to be very genmeral, and applicable
to epoxides with a wide range of structural features, and to\be faster

and cleaner than those utilizing lithium aluminium hydride fbr the same

-

~.

purpose.
Fof analogous studies in ;he B-glycosidic series, the tosylates

14, 15, and 16 were prepared from methyl A,Gﬁgfbenzylidene—ﬁng;gluco—

pyranoside (13). An improvement was introduced in the somewhat laborious

method for obtaining the monotosylates 14 and 16 by tﬁe rather non-

selective, partial tosylationt’&o o

£ 13. It consisted of converting

the 2-momotosylate 16 into its 3-acetate 17; which is more readily
separable from the.ditosylate“lg that is unavoidably present and difficult
to remove by chromatography alone. For the regeneration of 16 from its

acetate, it was felt desirable (although perhaps not absolutely necessary)

te avoid basic conditions; a high-yielding (94%) alternative was there-—
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fore adopted, invblving acid-catalyzed methanolysis of the acetic ester
group (and the benzylidene aceﬁal), followed by re-acetalation of the
glycqs%ﬂe with &¢,@ -dimethoxytoluene.

The 3~ and 2-monotosylates 14 and 16 were reduced by LTBH as easily

. -

as their anomers, both furnishing crystalline deoxyglycosides in approx-
imately 95Z yield. BHowever, in contrast to the G-series, each of the ,
tosylates gave two, positionally isomeric, products in substantial
proportions. Thus, 14 yielded 59% of the é;deoxy—ﬁ-g:;iggrhexopyranﬁ?
side 20 and 36% of the 2-deoxy-§-D-ribo isomer.éi; and 16 produced
nearly equal proportioms of the 2~deoxy—ﬁT2;arabino (22) end 3-deoxy-
f~D-arabino (23) fsomers. It appeared reasonable to assume that these
reactions would involve the epoxides 18 and 1%, respectively, as inter-
mediates, in analogy to the C—series, and the coﬁcomitant expectacign
was that the resulting products of reduction should be 21 and 23, i.e.e
the products of diaxial ring-opening accordiné to the First-Plattner
rule.41 For an explanation of the origin of.the unexpected iébmers
20 and 22, a direct displacement of the tosyloxy group by hydride ion
was, at first sight, perceived as a'possibilizy. (In at least ome

d

different tosylate, LTBH was in fact found'cépable of such a substitution;
see later on.) Nevertheless, diequatorial opening of the Sxirane rings
in violation of the rule had to-be considered as an alternacive.  Al-
ﬁhough there seem to be no precedents in Ehe literatufe for abnormal
hydride redﬁctions of the conformasionaily quite rigid molecules 6, 11,

~ 18, and 19, Lemieux and co—worker542 had found that 18 does behave ab-

normally in ring-opening with sodium iodide, giving att.least 20X of

the unexpected (diequatorﬁal) iodohydrin, whereas 6, 11, and their
. "



&-D-gulo and ﬁ-g;ggég isomers obey the ru;e‘strictly, affording almost
7quantita;ive yieldé of the diaxial iodohydrins. Consequently, an LTBH
reduction of 18 was néw performed, and iFs exceptional behavior was
confirmed. The deviation from the rule was even more gtriking, for
the glycoéides 20 and 21 were isolated in yields of 68 and 30Z,respect-
. 1ively. Comparison of these yields with the very similar omes (59 and
36%) obtained from the reaction Sf 14 suggests that desulfonyloxylation
of the latter proceeds mainly through i8. g

It was then established that the epoxideiig is reduced by LTBH
in a similar, abnormal way. It reacted at room temperature to give,
within 10 min, a mixture of approximately equal parts of 22 and 23.°
While this resulf satisfactorily explained the course of reduction of
the 2-tosylate 16, there remained an element of surprise because 19
had previously been repgrtedsg_tq furnish 23 on reduction with LAH,
in what appeared éo be a straightforward way; thg product was isolated
in good yield and no mention was made of a possible, simultanecus
f;rmation of then-unknown 22. 1In order to aetermine whether 22, whose
pﬁysical constants and mobility in t.l.c. are now known to differ
little from those of 23 had escaped detection in the earlier work, 39
the product of LAH reduction of 19 was examined by lH*n m.T. and i.r.
spec;roscopy,'but no trace of 22 was found; pure 23 was isolated in
75% yield. The differing regioseleétivities of the two hydride reagents
will receive further comment below.

In contrast ts the facile tramsformation that occurred with the

Y-glycoside ;,IreductiOn of the p-glycosidic 2, 3-ditosylate 15 pro-

ceeded relatively sluggishly, requiring overnight heating for completion,
: ~
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and it. gave several products. The.principal products isolated were
" the deoxyglfcosidés 20 (57Z) and 21 (liZ),'which in view of thp fore; N
going discussion may be assumed to have arisen* largely vié‘;i anq, |
thence, 18. A fraction of mixed deoxyglycosides (~13%, free from tosyl
derivatives) was judged by its n.m.r. spectrum to-c;nsist of ;bout

equal parts of the 2- and 3—déoiy-ﬁ—2;arabiuo isomers 22 and 23. Iﬁ
addition, several fast-moving, minor by-products were formed. One of
‘tﬁege (designated A) was isolated, although impure, in an amount
sufficient for a preliminary examination by lH-n.m.r. spectroécopy,
which revealed it to be a benzylidenated methyl glycoside béaring a
tosyloxy group at C-2, yet differing from 16. (See Table 1 for char-
acteristic signals useful for the differentiation of deoxyglycosides .
and ﬁosylates dealt with in this work. Chemical-shift differences in
the resonances’gaih for the aromatic and the methyl protons of tosyl
groups,.;ﬁd shielding effects noticed and discussed40 for benzylideéiC'
‘methipe and ang meric methoxyl signals, may serve to identify the location
of tosyl groups.) The by-product A showed resonances in the regioﬁ
({l—Z) associated with end?cyclic methylene grouﬁs;'co;ceivably it.was

the 3-deoxy analog of 16 (i.e., the tosylate of 20) H*

*There is an analogy for the somewhat lower reactivitYAl of 15,
as compared to 1. The former had been found33 to be unreactive under
conditions of alkaline hydrolysis which cause the conversion3—45 of 1
into the oxirane 6.- However, a high~yielding conversion of 15 into 18
was later dchieved*? by use of slightly modified conditions. .

**Hedgley gg'gl,33 obtained a 387 yield of 20 on treatment of 13
with LAE in boiling tetrahydrofuran, and reported no other products.
In boiling dioxane, the yield was 227 and methyl 4,6-0-benzylidene-2,
3—dideoxy—ﬁ—gregzthro-hexopyranoside was formed as a second product.
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These results indicated that LTBH reacts with.ig along ét least .
two, and possibly three, different pathways. Detosylatioﬁ-aﬁ 0-2
initiates what appears to be the main course of reaction, which leads
to 20 and 21 through an intermediéry<§;lg epoxide. (18) and thus
parallels the exclusive path followed for 1, the non-specific epoxide
opening aside. Unlike in 1, however, detosylation at 0-3 eﬁidentiy
competes to a noticeable, if small, exteﬁt, as must be concluded from
the formation of 22 and 23, which requires the intermediacy of the
2-tosylate 16 and the manno epoxide 19. Furthermore, if the by-product

A does indeed possess the structure of a 3-deoxyglycoside 2-tosylate

as tentatively suggested, a third mode of reaction would be indicated

for 15, namely, direct desulfonyloxylation at C-3 without the inter-

.vention of an epoxide; most of the resultant product (A) would sub- -

ééquenply,guffer detosylation to give 20, which would account fo; a
ratio of 20:21 grééter than *that produced in the reduction of i8.

The ability o% LTBHE FO‘;ause such dire;t desulfonyloxylation was
demonstrated with methyl 4,6-g¢benzylidene—2f97metpyl~3-grp-tolylsulfouyl-
ﬁ—g;gluCOpyranosidg (24). It gave the products of 0-S fission (25) ;;d
C-0 fission (26) i; vields of 58 and 35Z, respectively. Still, 0-§
fission was the favo;ed.event, agd it could be expectéﬁ to predominate
even more strongly in the‘isoper{c, 3-methyl ether 2-tosylate 27. This

was borne ‘out when 27 was found to -give solely the alcohol 28, isolated
in 957 yield. The reactions of the methyl ethers 24 and 27 were both
rather slow, requiring 1 day at 67° for completion. On account of this

slowness. it may be concluded that a direct desulfonyloxylaticn, such as

occurs in 24, makes no significant contribution to the yield of 20
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_pro&uced in the fast reduction of the momotosylate 14 (that seems
wholly epoxide-mediated), although it may play an appreciable ;ole in
the relatively slow transformations of 13. The non-occurrence of .
desulfonyloxylation in 27 reinforces the conclusion that 16 yielded

v ' -
22 by way of abnormal cleavage of iptermediary 19, and not by direct

substitution.
»
AN
n
CHy OCH:, OCH,
c/ O\ OMe / OMe / 0. OtMe
Ph\ % _LTeH PM-< OH + P"‘-{\ .
0O -
Y OMe OMe OMe
24 25 16
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*

Reactions with Lithium Aluminum Hydride

In sharp contrast to the %foredescribed, facile reduction of the
‘ditosylate l:with LTBH, to give almost quantitatively the 2-deoxyglycoside
7, reaction of ;_wi;h LAH to boiling tetrahydrofuranm for 16 h, first
performed by Vis and Karrer,so‘was claimed éo afford a 667 yield of the
3—deoxyglycoside_§; no other products except for a small aﬁount of the
diol 4 were detected at the time. The formation of S was difficult to
explain by a mechanism involving a 2,3sanhydro glycoside iﬁtermediate, .
a; both the @-D-allo (6) and the a~D-manno (1l) epoxide had 5een shown"®
to give, on reduction with iAH, not 5 but the deoxyglycosides 7 and 12,
respectively.. The matter was reinvestigated in detail by Jarfas and
Umezawa36 énd their co-workers, who employed chromatogféphy35'36 and lH—
n.m.r. spectroscopy36 for the isolatiog and identification of products,
a;d who included in their studies also the monotosylates 2 and 8, and -
soﬁe related compounds. The chemistry proved rather more couplicated
than had previously been presumed. Ta@le 2 shows the pertinent results
of the Czechoslovak and Japanese workers together with those of our own
experiments thaé were performed for confirmation. Considering the
variations in such parameters as reactiqn—times, polar excesses of
reductant used,'and total percentages of products accounted for after
c?romacqgfaphic processing, the results obtained by the three groups are,# |
in the main,.in good harmeny. | |

In 1, LAH first causes detosylation of 0-2 to give‘g; thus behaving
qualitécively like LTBH, or like sodium methoxide whose strong perference

. 4
for hydrglytic cleavage of the 2-0-tosyl group in 1 is well established. 3,45

However, from this point onward the principal actions of the two re-
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" ductants di%fer. “"The formation, by LAH, of the main product (3) from 2
i\\\\/ (or from 3 following debenzoylation) has been explaiped35’36 in terms -
of desulfonyloxylation at C-3 by an intramolecular transfer of hydride
ion from an alkox&aluminum hydride complex (R-0-AlH3 ) that incorporates
0-2. (Such.complexation évidently lessens the propensity.of the oxygen
atom to engage in an epoxide~forming displacement.) Similarly, the
moderate proportion of the 2~tosylate 8 which escapes initial dgtosylation
to 4, reacts through a C-3_alkoxyaiumiﬁum hydride comﬁlex to give the
2~-deoxyglycoside 10. This mechanism, proposed earlierBA for a similar
desulfoanyloxylation, was supported by studies35’36 on secondary tosylates
lacking a freé, or potentially-free, adjacent trans-hydroxyl group, and

analogiles can be cited for some other LAE reductions in the carbohydrate

field and elsewvhere. However, complexation at 0-2 does not

completely forestall formation-of the epoxide 6, as is seen from the

fact that 7 (which requires 6 as a precursor) is a minor, although by

no means negligible, product in the reactioms of 1, 2, and 3 (see Table 2}.
Contrary te the situation with ;AH, an internal transfer mechanism

‘cannot operate for the monovalent hydride, LTBH, so that 2 and 8 are in

'i;s presence freely transformed into the corresponding ox;ranes wherefrom

the deoxyglycosides 7 and 12 arise as single products. There are, in

thgse cases, no impediments to the approach of the reductant as required

for the favored, diaxial ring-opening (Scheme l,.éfz and 11712). 1In the

ﬁlélycoside 18, omn the other hand, axial approach to C~2 involves ;

transition state that seems sufficiently disfavoged, for polar reasons,

to allow for predominance of the altermative attack leading to 20. In 19,

the "normal" approath (to C-3) is cis to 0-4, which may imply, a certain
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degree of hindrance so that the "abnormalh, but unhindered, approach to-
C-2 becomes competitive. Thislalternatibe venue is unavailable for 11,
as it is effectively blocke@‘by the adjacent, pseudoaxial nethoxyl -
group (Scheme 1). The very factor that maf be responsible for thevlack
of regiloselectivity in the reaction of 19 with LTBH, namely the
orientation of 0-4, might well contribute to' the reglospecificity

[

apparently prevailing in its reaction with LAH. Thus, prior coordinationayd
of aluminum hydride with O-4 could be o% significance in this)case. |
One point in which our findingé differed from those of Unezawa
_gg_gl.36 concerns the formation of a smali proportion (~7.5%) of 10 in
the reaction of 1, presumed to have arisen following a partial detosylation
to 8, with the latter being isclable after a short reaction-time (Table 2,
3rd and 4th entries). We did not detect any 10 among ;he products from
1 (Table 2, 5th entry), although this deoxy-glycoside is readily dis-
tinguishable from S and 7 in n.m.r. spectra (see Table 1)*. Given the
aforementioned, superior reactivicy exhibited by the G-glycoside ;:at
0-2, in fission by alkali or LTBH, it 1s counsidered that a noticeable,
competing detosylation at 0-3 in this compound would be unlikéiy,-
al:hough‘a somewhat lesser selectivity exists in its B-anomer.
Further, the reaction mixture produced from 1 showed a spot in t.l.c.,

slightly less mobile than that of unconsumed 1, that had been ascribed to
. |

an unidentified substance.36 Noticing this spot, too, we found it con-

*We did observe 10 among the products obtained from a sample of 1
that was contaminated by 8. Originating from incomplete tosylation of
4, the contaminant was present in recrystallized 1. The two compounds
are difficult to distinguish by melting points or t.l.c., and, in our
experience, purity can only be ensured through n.m.r. spectra.
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spicuous by an olive color (f%ding with time to brownish) that was seen
after application of a sulfuric acid spray. The material glving this

spot (designated B) was obtained by column chromatography as an inhomo-
geneous syrup that containéd, in addition to some 1, three spectro-
scopicﬁlly discefnible components in roughly comparable proportions.

They appeared to be benzylidenated glycoside monbtosylates, as judged

by the presence, iq the lE-n.m.r. spectrum, of the appropriate aromatic
sighals, 3 benzylidenic methine singlets, 3 methoxyl singlets, ard 3 EfMe.
(tosyl) singlets, in addition to the signals attributable to admixed 1
(Table 1). Compounds 2 and 8 could be excluded-on both spectroscopic

and chromatographic grounds; and as there were no resonances for methflene
groups, in the high-field region, saturated deoxyglycoside tosylates

could also be ruled out. There were, however1 three small (presu?ably
one-proton) singlets at §6.98, 7.02, and 7.11, which were possibly due

to alkenic protoms. It is conceivable that these by-~products were un-
saturated specles originating from dehydrotosyloxylations akin to those
effected48 by soda-line in 4,6-0-benzylidene-2 (or 3)-deoxy-3 (or 2)-0~
tosyl-hexopyranosides.

It has been sfated that LAE reduction of 8 or 9 gives 10 as.the sole
deoxyglycoside?5’36 and we, too, could isolate only 10. However, t.l.c.
of the crude product clearly indicated the presence of a very small pro-
portion of a substance which we assume was the isomer 12, and in one
fraction of processed ﬁotherhliquors were noticed n.m.r. signals tentativély
assignable to it. Its occurrence would be in harmony with the isolation?5
in 1.6% yield, of its epoxide precursorae‘ll, under conditions of incomplete

reduction of 8. Although these observations imply that LAE does not reduce
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8 exclusively by the internal-transfer mechanigm, it doubtless shows

a2 high tendency so to operate.

CONCLUSION

\

Lithium triethylborohydridé ﬁroved to be an extremely efféctive
reagent for desulfonyloxylation of some secondary tosylateé-of glycosides,
producing certain deoxyglycosides smootgly in high yield and pdrity.when
a free, or potentially free, hydroxyl group is present trams to the sulfonic
ester function. The reaction ﬁroceeds,'in such a case, through an inter-
mediary epoxide. Initwo of the examples studied, ;he reductive oxirane
ring opening obeyed the Furst-Plattner Tule, ﬁhereas in two other examples
the rule did not hold and regioselectivity was lacking. Desulfonyloxylation
in the absence of a vicinal hydroxyl gzé;p is difficule, with desulfony-
lation (8-0 cleavage) tending to prevail in that case. Generally speaking;
though, LTBH appears td compare very favorably with lithium alumipium
hydride as a reagent for the purpose of generating deoxy sugars from
secondary tosylates. It shopld be interesting to extend future studies
to further examples from among the numercus sugar tosylates that are
available, and'also to examine the behavior of other sulfonic esters, sucﬁ

as mesylates and triflates.
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SECTION III

SYNTHESIS OF 4~DEOXYDAUNOSAMINE
AND 4-DEOXYRISTOSAMINE
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INTRODUCTION - ]

A large number of aﬁtitumer-drugs, with differegt origins, structures,
and mechanisms of actioﬁ, are nowadays in clinical use.49 They include
synthetic chemicals, antibiotics, plant products, and enzymes. Adriamycin
(l),Aa drﬁg which has recentiy become commercially available, is adding
significantly to the successes achieved in cancer chemotherapy. Adria-
mycin is an anthracycline derivative, which contains the amiﬁodeoxy
sugar daunosamine (3-amino-2,3,6-trideoxy-&:;ngrhexose), and isPobtained

by aerobic fermentation of Streptomvces peucetius.50 Its analog daqnorubicin

OH
HC
3 o)

qu
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Z

I .
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x
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l,Adriamycin,R=0H
2

,»Daunorubicin,R=H
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(2), found>somewhat earlier, has also been used clincally in the tfeatment
of leukemia’ . The administration of these antitumor drugs is, however,
accoapanied by variocus undesirable side effects, especially a cumulative,
dose-~related cardiopathoggnicity, which seriously limits their usesz.
Intensive,promis;ng efforts are currently being directed in several
laboratories towards the deJ;iopgent of semisynthetic, modified analogs

of daunorubicin aud adriamycin which wight display increased efficacy
and/or lower toxicity. A large variety of anﬁlogs modified structurally or
stereochemically in the amiu6§ug;r portion have been synthesized and,

in part, evaluated pharmacologicallySB?GO. Among the substitutes for
daunosamine whose attachment to the anthracyclinmone aglycons showed
promise in early screening was the coﬁpound configurationall& inverted

at both C-3" and C-4', ﬁamely, ristosamine53 3:; 3—amino;2,3,6-t:ideoxy-

L-ribo-hexose).. This amino sugar was 6riginally obtained as a component

of the antibilotic, ristomycin A, isolated from Proactinomyces fructiferaGl

- -

Interestingly, attachment of the synthetic D-enantiomer (4) of ristosamine
alsc proved effectivess. Further, it was found, by attaching the stereo—~

isomeric sugar acosamine (5; 3-amino-2,3,6-trideoxy-L-arabino-hexose), that

53b

«

inversion at C-4' alone leads to improved pharmacclogical properties
However, useful modification apparently need not be limited to configurationmal
changes. Thus, replacement of the 4'-hydroxyl group by hydrogen gave .the
semisynthetic anthracyclines 6 and 7, containing L'-deoxydaunosamine instead
of daunosamine, and these derivatives displayed high activity against
experimental tuﬁors in micesg. The 4'-deoxy analogs ﬁaving an axial amino

group at C-3 should be worth evaluating as well, but the requisite sugar,

4-deoxy-L-ristosamine, has hitherto been unknown.
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fhese-deveIOpments prcmpted.the search for ne; and convenient,
synthetic approaches to these and similar amino sugars. Of particular
advantage would be designs furnishing the desired compounds in a form
suitable for subsequent linking to aglycons, e.g., as N-trifluorcacetyl

derivatives.
*

4-Deoxy~N~trifluorcacetyldaunosamine (8) had been prepared previously
}P‘a four~-step reaction sequence from methyl N-trifluorcacetyldaunosaminide

which, in turm, had béén elaborated ffom natural daunorubicinSBb’sg.

It
would of‘course be‘pqggéélg_to produce it similarly from synthetic dauno-
samine for which there 1is now available a practical method of preparation
starting matefial from methyl a-g;mannopyranoside and'comprising 9 stepssz.
A mu%;iscep, achiral synthesis>of racemic, Q-deoxy-gg é:daunosémine has

63

also been achieved ~, but this approach seems not very attractive from a

practical standpoint. A short and reasonably economical synthesis of 4-



deoiy—é—'daumsan;ine would clearly be desirable, as wou:'l.d"be the completion
of a first synthesis of 4-deoxy-1.-ristosamine.

To reach these .goals, it was decided to make use of the chemistr‘y
of nitro sugars. Nitro sugars are readily accesgible compounds that
- have s.erved well, on numerous occasions, as intermediates for amirio sugars
sy‘nthesisﬂ -69. In the present. case, 'the E—trifluor'olacetyl derivatives
8 and 9 of 4—deoxy-é—daunosamine apd &-deoxy—g—ristosa.mine, respectively,
were prepared by application of this methodology. The point of departurg
was commercial, fairly economical é—rhamnose whoq'e readily-prepared

methyl a-pyranoside 37.1.&1"156"5-’66

crystallice methyl 3,6—dideoxy-3-nitro-
a—D—glucopyranoside (10) on application of the nitromethane cyclizationea
method. From this known starting sugar (10) compounds 8 and 9 were
jointly syuthesized in acceptable overall yields, in a sequence involving

five preparative steps.

k
OMe
1.Nalg,
—
. 2.MeNQO
- OH OH OH™
L - rhamnose ) . methyl a-L-rhamnoside
HNCOCE
HC g OH
- o - '
OMe . '9
HE . =
HO 3 = OH - — — +
0
2 .
~
10 H:’C : 0 OH
HNCOCE
8

-,
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 RESULTS AND DISCUSSION i

The niﬁro glycoside 10 was first ;onverted into-its 2,4~dimesylate
ll (80% yield) by application of the procedure previously described by
. Baer .and Georges for its D—enantiomerssa. Introduction of the required
deoxy funﬁpions in the positions 2 and 4 was ££en achieved, either in
a stepwise fashion or in a single operation: For the former mode, 1l
was treated with sodium acetate and acetic acid in acetone solution, in
order to produce the Z—Q—acetyl-}-enoside 14. This procedure had previousiy
been appliea in this laboratory to thé g:enantiomersead; as expected, it
was a successful route to compound 14. However, it was discovered during
the synthésis of compound 14, through the use of a different solvent for
monitoring the'reaction by t.l.c.; that under the previously.specified
fénditions (namely, after 10 min of heating at the reflux tempefature),
an additional product waé actually present in the reaction mixture. This
compound disappeared when the reaction time was extended to 1h, and p;re
crystalline 14 was tﬁen isolated in 707 yield. To investigate the nature
of the intermediary compound, the reaction was performed at room temperature,
at which the rate was conveniently slow. The intermediary product was
seen to arise first, and it could be isolgted in crystalline form upon
work—ug of the reaction mixturg after 2h, af the time of incipient
appearance of 14. It proved to be the isomeric 4~0-acetyl-2-enoside 13,
identified by comparison of its n.m.r. spectrum and optical rotation with
reported data. When crystalline 13 was resubjected to the aforementioned
reaction coﬁditions, it was cémpletely conveé%ed.into 14,

The discovery of 13 as a kinetic-inte%mediate between 1l and 14 pro- -j

vides an interesting clarification to the elimination-addition mechanism

.
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proposed by Baer and Georgessed’&c, for this reaction: (in the D-series).

Two possible paéhways had been considered, but no preference was é:cpr’essed.
One of them, path 2,was assumed to lead, via the 4-0-mesyl-2-emoside 30,

to ﬁ_directly, while the other omne, path b, was formulated to give, via
the isomeric Z-Q—mesyl—B-egoside 12, an intermediary 4-0-acetyl-2-enoside
(13) which would then 'rearrange to 14. The actual occurrence of 13 as
such intermediate can now be t:aken'.as' evidence for the second pathway k.

| It 1s thought that this pathway is favored for electronic reason. An

Me
OMs

12 N02

+AcO | -MSO _ +Ac61—MS(-)
. Me

‘Me
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, : e
initial elimination of mesylate anion 11 should preferentially occur

from position 4, rather than from position 2‘where_the inductive effect
of the neighboring anomeric center renders anion departure more difficult.67b
Moreover, compound 13 cannot have arisen from an inipially-formed 4-0-

mesyl-2-enoside 30 by an SN2 displacement, in view of.thé retention of

the C-4 configuration. The facile isomerizatioﬁ of 13 to thermodynamically
1,2)

more-stable 14 can be ascribed to relief of A allylic strain. This

- condition exists in six-membered, endo-cyclic clefins, substituted at ?
the double bond, éhen a neighboring allylic substituent is present in
pseudoequatorial orientation. -

Reduction of 14 with sodium borohydride followed by acidification
gave in up to 90% yield a mixture of'methyl 2,3,4,6-tetradeoxy-3-nitro~
«-L-threo-hexopyranoside (18) and its «-L-erythro isomer (19). The
ratio of 18 to 19, visually estimated by t.l.c. as approximately 1:2 or
5:3, did not appear to change materially with variations in.reaction
temperature (-30 to +2$°) or solvent (ethanol, methanol, or t-butanol).

A similar mixture was obtained, wmore counvenlently and in nearly
quantitative yield, by treatment of the dimesylate 1l with sodium boro-
hydride in dichloromethane-ethanol (1.5 ﬁ at+25°). In other words, it
was not necessary for prepgrative purposes to isolate any of the inter-
mediates (12 - 17) in this reductive, double deadylation procedure.
Whereas part of tﬁe preponderant isomer 19 crystallized directly from
the acidified reaction mixiuré, the bulk of the products had to be
separated by column chromatography on silicé gel, whereby it was essentia;
to maintain the mediumslightly acidic throughout the operation. Pure 18
and c;ystailine 19 were thus isolated in yields of 26 and 562,re5pec£-

ively. Compound 19 was thermodynamically unstable and tended to eplmerize
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to 18 in meutral to slightly sasic medium. This conversiom, occurring
for example in methanolic solution in the presence of silica gel and

a trace of triethylamine, could be.readily monitored by t.l.c.; after
6 h, ;nly a trace ;f 19 was left. By making preparative use of this-
épimerization, pure 18 could be isolated; after chromatography, in a
yiéld of 71X based on 1l.

' The formation and interconversion of 18 and 19 must involve the
nitronate anion common to the two epimers. Evidently, protonmation leads
to 19 as the kinetically favored product. The n.m.r. spectrum of 19 -
is consistent with the normal chair ;onformation having an axial-nitro
group. Although a limited distortion cannot ‘be ruled out, aay significant
deviationr(e.g., adoption of a skew form) should have manifested itself
clearly in the ring:proton coupling p;ttern. Since axial-nitro epimers

are rarely encountered in sugar nitronate protomation (see refs. 68 for

discussions), 19 provided a surprise,'not s¢ much in that it/was formed .

in the present case but in that it was sufficiently stable for isolation.’ _

Although not required for the planged amino sugar synthesis, the
free nitro sugars 20 and 21 were prepared from their respective glycosides
18 and 19. Whereas the hydrolysis of 18 was.performed under customary
conditions using hot, 0.5 M aqueous sulf;ric acid (1.5 k), that of 18
was achieved best at room temperature by treating the compound for 2 h
with moist chloroform saturated with hydrogen chloride. Hydrolyses with
hot, aqueous sulfuric or acetic acids resulted in considéfable deé;ees of
decomposition and gave poor yields of 21. The 2,3,4,6-tetradeoxy-3-nitro-

»

L-hexoses crystallized in the form of upward-mutarotating G-anomers.

G

]
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Aéart from the fact that reduction of 18 followed by N-acylation
and hydrolysis led to the known amino sugar 8 (see below), the config-
urational assignment of 18 and 19 was readily derived from n.m.r. spectra
(100 MHz in'CDCla). Thus, the nitromethine proton fH—B) in the equatorial-
nitro‘glycoside 18 gave a lowfield, éymmetrical triplet of triplets
whose spacings of 12 and 4.5 Hz indicated diaxial relarions with HE-2a
and H-4a and axial-equatorial relations with H-2e and H-4e. These
splittings were mirrored in the well-separated, highfield signals of

B-22 (a symmetrical triplet of doublets) and H-4a (a quartet) showing,

- Tespectively, additional coupling with H-1 (3~5 Hz) and B-5 (12 Hz) as

- well as geminal coupling (12-13 Hz). Spacings found in the well-

separated multiplets for'H-5 (a sextet of doublets) and H~2e and H-4e
(partially overlapéing) accorded therewith. ‘The spectrum of the free
sugar 20 showed almost the same features except for some reasonably
expected differencés in chemical shifts and, of course, for the absence
of a methoxyl resoﬁance. By contrast, the glycoside 19 displayed for its
(equatorial) H-3 proton a narrow multiplet cbntéining only small vicinal
couplings. Deshielding of H-3 was somewhat weaker, and that of H-5 was
slightly stronger, than in the epimer 18. The clearly separated.signals
for H-2a (an octet) and H-4a (a septet) reflected the small vicinal coup-
lings with H~3 (5.5 and 4.5 Hz) in addition to 14.5 - 15 Hz geminal
couplings and 3.7 and 11.5 Hz couplings with H-1 and H-5, respectively.
The free sugar 21 gave a less weil—resolved spectrum (taken in dimethyl
sulfoxide-dg because of insufficient solubility in chloroform). Eowever,
the character of the clear signals for H-3 (a narroﬁ multiplet) and H-4a

(a2 septet as in 19) corroborated the assignment.



Platipum-catalyzed hydrogenétion of the nitro glycoside 18 furnished
methfl 3—amino—2,3,4,6-tetfadébxy-a-g;gnggfhexopyranoside, isolated

in >90% yields either és the acetate salt 22 or the hydrochloride gg-
{both crystalline). When 22 was treatgﬁ for 5 min at room temperature,
'with chloroform saturatfd with hydrogen chleoride and containing O.ZSi

of ethamol*, it was converted im high yield into the corresponding ethyl
glycoside hydrochloride 24. Next, the salt 22 was quantitatively N-
trifluoroacetylated in the presence of triethylamine, to give crystalline
‘methyl 4-deoxy-N~-trifluoroacetyl-a—daunogsaminide (25) which was hydrolyzed
with 3.5 M acetic acid, éffordfﬁg in 942—yield the crystalline 2,3,4,6-

tetradeoxy-3-trifluoroacetamido—a~L-threo-hexose (8). The overall yield

intermediates.

An analogous sequence of reactions was performed in the 3-epimeric,
é;erzthro series. Thus, éatalytic hydrogenatioﬁ of 19 in the pregence.
of acetic acid gave methyl 3-amino~2,3,4,6—tetradeoxy—a-;;erzthro—hexo-
pyranoside acetate (26) in virtﬁally quantitative yield. Although
crystallizable, 26 was both hygroscopic and rather volatile, subliming
in vacuo; it was characterized by its n.m.r. spectrum but, for elemental
anal?gis, it was first converted into the highly crystalline picrate 27.
The ethyl aminoglycoside hydrochloride 28 was obtained f{rom 26 exactly like
24 from 22. N-Trifluorcacetylation of 26 provided in 927 yield methyl
4—deoxy-N~trifluorcacetyl-c-ristosaminide (29) as a chromatographically

pure, velatile syrup that was characterized‘spectroscbpically and

hydrolyzed with acetic acid to afford crystalline 2,3,4,6-tetradeoxy-3-

*
Ordinary, ethanol-stablized chloroform was used.
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trifluvoroacetamido—a-L-erythro-hexose (9). The overall yield in the

In summary, a convenient synthesis of 4—deoxydaunosamine starting
from a readily available nitro sugar was elaborated. In the course of
this synthgsis, the hitherto unknown isomer, 4—deoxyristosamine,‘was
also obtained. Both amino sugars were prepared in the form of their
N-trifluorocacetyl derivatives, suitable fo; attachment, if desired, to
anthracyclinones (or other aglycons) so as to genmerate modified antibiotics

of potential, medicinal valiee.
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SECTION IV

] .
42,3-(1'-PYRAZOLINO-3",4"') HEXOPYRANOSIDES AND

TBEIR PRODUCTS OF THERMAL DECOMPOSITION
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INTRODUCTION

By the end of the 1960's mumeroug nitroalkenic sugar derivatives

had been subjected to fﬁnctionalization by way of Michael additions;64

‘3_;] + Nu . ' * \‘NQZ /

N -~
02 . _ . Nu

It seemed logical to extend these studies to, 1,3—dipblar additions,
which would lead to compounds having a five-membered hetero-ring annellated
to the sugar ring. Nitroalkeﬁes are énown to be good dipolarophiles,70-72
and the use bffd;azoalkanes as dipolar addends comstitutes one of the

73,71

classical ways of pyrazoline synthesis.’™’ Thus, a 2,3~unsaturated, 3-

nitro sugar should give a 2,3-pyrazolino derivative:

hHoR |
ROQ—:R | CENZ RO OR ———- o—é and /or ‘!‘C’@
Ne, '

‘QN,SHZ NO CH
Such pyrazolino sugars would be expected. to be degradable, by

thermolysis according to well-established principles of pyrazoline chem-

-

istry, to yield C-methyl branched'n;troalkenic and/or nitrocyclopropano
sugars as novel types of carbohydrate derivatives. Althéugh-a number of

sugars beafing various annellated hetero-rings were known by 1970, pyra-

zolino pyranosides were not among them.

. c'? .
These considerations prompted Dr. F. Lirhard, who served as a postdoctoral

fellow in this laboratory 1970/1971, to undertake research along these lines,

o
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He employed the four knpownm, sterudsomefic methyl 4,6127benzylidene-2,3—
dideoxy-3-nitrohex-2-enopyranosides 1 " 4 and ob;ained,.by reaction with
diazomethane, four pyrazolino derivatives which he was able to convert,
by heating them in an inert solvent, into products of thermal decomposition,
as schematically indicated in the foregoing equation. The gross
structures of his products were ascercained by elemental analysis and
lE-n.m r. spectra, and the results were included in a conference commun—
ication7§ in 1972. Unfortunately, Dr. Linhart's sojourn ended before

he was able to unravel the stereochemistry of the products, which could
not be deduced deéinitively from availab%e data, and full publiéation of
the work had therefore-'to be held in abeyance.‘ Upon comﬁencement of his
Ph.D. studies, t@is candidate was charged with the task of repeating
Linhart's experiments, optimizing conditionq’. where desirable, gathering
additional and more detailed spectral data, and settlin?f/gg unresolved

questions’ of configurational assignment.
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RESULTS AND DISCUSSION

-

The nitroolefinic glycosides 1 - 4 reacted smoothly with a moderate
excess of diazomethane in ether-tetrahydrofurarn solution, giving high yields
{80 .- 95Z) of the pyrazolines 3 - 8. The reactioms of the g;egzthro
glycoéides 1 and g_ﬁere performed at an initial temperature of 0° for 1 h
a;d went -to completion at toom temperature during ;n additional 30 min.

The ggggggg glycosides 3 and 4 (especially the latter) proved-even more
reactive and under the conditions just mentioned gave rise to by=-products.
However, gdood results were obtained by treating the B-glycoside 3 with
diazomethane at ~5° f?r 20 mig, and the a-glycoside 4, at ;20° for 5 min.
(Compound &4 can literally be titrated with diazomethane solution.) The
products 5, 6 and 7 crystallized readily whereas 8 was obtained as a color=-
.less, amorphous solid. They displayed 1iﬁited stability and tended to
decompose on storage but could be kept under refrigeration for some weeks
or months. Aithough érogrgss of the reactions and purification procedures
could be monitored by t.l.c., 7 and 8§ in particuigr exhibited a certain
sensitivity towards silica gel which caused in some instances the appear-
. ance of a minor spot due to a degrédation product. This point will be

referred to again in a subsequent paragraph.

The constitution of the pyrazolines was revealed by elemental analysis

1

and spectral evidence. There was no infrared absorption above 3000 cm »

which indicated absence of N-H. Strong nitro bgnds were present at 1555~
1560 cm—l, a2nd these showed shoulders around 1530-1540 cm‘l presumably due

to N=N vibrations of the l-pyrazoline structure.76’77

~ The typical benzy-
lidene acetal bands occurred in the 700~-800 cm-l region. The compounds

showed low-intensity ultraviclet absorpﬁion near 325 nm as do l-pyrazolines



generally.

76,77 The.lH-n.m.r. spectrum of each product contained a 1-

proton, highf;eld multiplet attributable to H-2 of the pyranose ring.

' Ihe multiplet showed spiittiggs due to coupling ¥ith E-1 and the two

methylene protous of the fused ring. These methylene protons were de-

T

shielded g}\the adjacent azo group, giving well-separated AB signals of

an ABX system at medium field ( & 5-6 region). .The spectral features

* thus. established the heterocycles to be l-pyrazolines as expected, rather

than 2-pyrazolines as might have resulted from tautomerization, and
indicated the orientation‘oﬁkring fusien, E;g.,‘attachment of‘the azo-
methylene bridge to C-2 and C-3 of the pyranose ring throuéh CHy and N,
respectivel}. This mode of 1 3—dipolar addition of diazdmethane to a-~nitro-
alkeues was in line with expectations based on previous findings and

70-73 All the remaining lH-n.m.r. signals coul&

general considerations.
also be accounted for in terms of the constitution depicted (Tablesl and 2).
The discussion of configuration is reserved for later paragraphs.

'Whenli,_g, and 8 were heated at 130°‘i5 réfluxing chlorobenzene, they

-incqrred pyrolysie yielding mainly methyl 4,6~0-benzylidene-2,3-dideoxy-

ngrmethyl—B-ﬁitrohex-z—enopyranosides (9, 10, and 11, respectively),
isolafed crystalline in 51 - 67% yiei&s. By contrast, the pyrazoline 7
onrsimilar treatment afforded in 71Z yield he crystalline cyclopropano
sugar 12. According to the n.m.r. spe the crudetgg seemed to contain
a minor proportion of what may have been the corresponding 2—§7me€pyl
olefin (i.e., the B-anomer of 11), but this could not be verified by
ieolation. Conversely, in the pyrolysis of 8 the corresponding cyclopropaee
13 apparently was a mimor by-product. The cyclopropanes 12 aed lgzwere

also formed slowly on exposure of 7'and 8, respectively, to silica gel.

This observation, first made during chromatographic tests, could be utilized
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'ﬁo produce ;rystalline 13 on a preparative scale in high yiéld.

- The structure of the unsaturited glycosides 9 - 11 was proved by
their 1H-n.m:r._spectra which contained a 3-proton éignal near 62 owing
to the 2-C-methyl group. In 9 and 10, this signal was a nmarrow doublét

because of long-range coupling with H-4 (;ga =.2 Hz).' The E—é signal

»Me
-

occurred near §4.7 and, in the case of 9, showed long-range coupling also

. wich BE-1 (?gi i 2.5 Hz). No long-range coupling was evident in the

e

o J :
corresponding signals of 11. These findings were consistent with the
geoﬁetry of the protons involved, in relation to the clefinic double

8

'bond.7 The three products gave infrared bands at 1530 cm-l as  expected

for nitroalkenes.

 The-cyclopropanc derivatives 12 and 13 were characterized by high-
field signalé ( 8§ 1.7 - 2.5) for the two methylene protoms of the cyclo-~
_propane ring and H-2 of‘thé pyranose ring, in addition to well-separated
signals at lower field that accounted for the remaining protons required
of these structures. Assigmment of configuration was possible on the basis
of chemical shift and coupling parameters in comparison with the variods,'
structuraily analogous 2,3-anhydrd—3-ni;ro gl§éoside étereoisomers obtained
earlier in this 1ab6ratory79, and with the 2;3-cyclop;opano glycesides
described by Hortonso and Ftaser-ReidBl.. Thus, the H-4 sig;als of lg;and
13 were found at quite similar, conspicuocusly low field ( § 5.48 and 5.59,
respectively). Conﬁidering that pyranose ring protons are noticeably de—
‘shieided by vicinal, trans disposed oxirane79’82 or cyclopropane81 rings
but shielded by such rings in cis orientation, one may coaclude that 12

and 13 bear thelr cyclopropane rings on the same side, most likely trans

to H-4.

-
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’

stereoisomers studied79 the range was § 4.0 - 5.05. Furthermore, tge

H-1 signals of lg_an&-lg alsc showed very similar chemical shifts

(S 4.76 ané 4.90); the difference of only 0.14 ppm is unusually small
for a pair of anomeric protons but is readily explained on the same basis.
Thus, a cyclopropane ring locateﬁ on the upper face of the pyranose will
deshie_ld the axial, g-anomeric pr:'ot:oh situated-trans to it but shield
theequatorial, g-anomeric—proton and thereb} diminish the shift difference
normally characteristic for the two. The configuration showm w;% strongly
supported in the g-glycoside 13 by zero coupling between B-1 and H-2 as

had previously been observed in analogous, benzylidenaied 2,3-anhydr079’80’83
and (non-nitro) cyclopropaﬁoal stfuctures having an H-1,2 trans arrangement
(i.e., the a-g;ggég_or a-D-manno configuration). In conformity with

;1’2 = 0 Hz, the H-2 signal of 13 was a quartet, split onlf.by H_7exo and

H-Tendo' In the event of an opposite, downward orientation of the cyclo~-

. _ ‘ ,
propane ring (H-1,2 cis) ome would expect a large 51 s value as indeed was

80,81

found for a non-nitro analog having the a-gﬁ;ild'configuration {J

d1,2 7
5 = 6 Hz). That the 3-C-nitro substituent does not have much influence can
be seen from the value of 6.3 Hz observed in methyl 4,6~0-benzylidene-2,3-

dideoxy—z,3—gfmethylene—3-nitro;c-Qr"allopyranosidEJ, a stereoisomer of

these compounds recently obtained84 in a diffgrent way-by Sakakibara and

Sudoh*. Hence the designation of 13 as methyl 4,6-gfbenzyliaene—2,3-

. *The authors based their assigrment, correctly no doubt, on the similar-
ity of ctheir Jj 2 value with that of the non-nitro analogso’él having the
&¢~D-allo configuration. However, their adoption of the same configuratiomal
prefix alle is unfortunate since substitution of H-3 by the nitro group implies,
in terms of nomenclature, an inverted configuration so that the gluco design-
ation should be applied. Compare the usage in other branched-chain sugars
containing quaternary centers; see also footndtes 2 in refs. 85a,b.
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dideoxy-Z,37§rmethylene—B—nitro—c-gridopyr;noside appears to be seéure.

The B-glycoside 12 showed gi;z = 2 Hz, and the H-2 signal at $§2.54 was a
septet reflecting that splitting. This coupling goiétant compares well with
. those in 2,3-anhydro and cyclopropano amalogs haying an B-1,2 cis strﬁcture .

79 81

as in the 8-D-manno comfiguration, for which was found'” 0.8 Hz and"~ 3.5 Hz.

For B-glycosidic 2,3-anhydr$ anélogs possessing the grggiéfand D-gulo con-
figurations, 51’2 = 0 Hz was found79; and 51’2 =1 Hz was reported81 for-
the Bfg;gilg cyclopropano analog. Despite some ambiguity present in these
cowparisons it 1s believed that the data support the view of 12 being the‘
anomer of 13, i.e., it bears the ring in like disposition and is to be’
désignated as a B-E:igg compound. As will be seen from the following
discussion, the ancmeric réfationship is borme out by a consideration of
the strucutre of thé pyrazoline precursors from which 12 and 13 arose by
extrusion of nitrogen, most éértainly without inversiom at C-2.

To begin with, some problems we:é encountered in the allocation of
configurations to the pyrazolino derivatives 5 - 8. From the origin of the
compounds by 1,3-dipolar cycloaddition, cis fusion of the heterdcycle to
the pyranose éing.could be inferrgd with certitude, bu;.iés upward or down-
ward orientation in each individual case was difficult to establishl:
Although aIl the required lE—n.m.r. data were available (Tables.l and 2), .
they did not yileld unambigous information right away in thi;‘regard. This
. is so because, for each of the products, a reasonable conformation (distorted
chair, half-chair, or skew form) that is consistent with the data can be
coﬁstructed for either configuration. Nevertheless, some of the parameters
were helpful in corroborating the configuratioms determined by other means,

as will be mentioned below. Next, lsC-n.ﬁlr. spectra of 5 - §_weré evaluated.

THe 3C chemica? shifts obtained from proton-decoupled spectra (Table 3)
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clearly confirmed thé constitution of the products and sﬁggested at least
a partial answer to the éuestion of qpnfiguration. In the latter regafd,
inspection of the data reveals certain significant trends when the com-
pounds are compared with each other, even though the over-all spectra are
very similar. Thus, thé normally expected 1ncre;ses in shielding of C-1
and C-5, and to a lesser dzgree of C-2 and C-4, are observed on going from

a B-glycoside (5 or 7) to the respective a-glycoside (6 or 8). There are

86~88

few conspicuous differences otherwise. It Hag been pointed out by Perlin

that the sums of all 13C chemical shifts occurring in

of diastereomers mirror the total -steric interactions and should therefore

ch member of-a set

bear relation to the overall configurations. For compounds 5 and Gasuch
(.
summation (leaving out the phenyl group) gives £_ = 711.0 and I, = 697.9 ppm,

2 )]

and the difference ¢f 13.1 ppm is very nearly-the same as that (13.6 ppm)
derived from the'reported89 shifts of the dnomeric methyl 4;6fg:benzylidene-
g;glucopyranosides. This fact suggests that the steric influences exerted
upon the molecules 5 and 6 by the structural features surrounding C-2 and
C—3‘gust be quite similar, which in turn justifies the conclusidn that the
‘pyrazoline rings are attached&in like orientations, causing th; twe compounds
to be e pair of anomers. Simiiéfly‘for 7 and 8, the diffefence of the sums
27 = 701.4 and 28 = 685.9 fpm is 15.5 ppm. Although d§ta of comparison for
the corresponding methyl 4,6-beenzylidene—g;galactopyranoside anomeric
paif were unavailable, the differedce is close to that (14.4 ppm) of the
methyl B- and éafgrgalactopyranoside586, which supports the assumption of |
7 and § being anomers also. This result fits the aforeﬁentiéned indication

. e N
that the degradation products 12 and 13 represent an anomeric pair. It

should be noted, however,/that the deductions based on the 13C chemical.

shifts do not interrelate the pairs 5/6 and 7/8 configurationally; they
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merely advocate anomerism and leave open the C-2;3 configuration of either
pair. " Additiomal evidence was needed, and this was provided by optical

J

-
rotatory dispersion measurements.

It was found that the absorption band near 325 om is associated with
a negative Cotton effect in 5 and 6, and with a positive ome in 7 and 8.
Ip order to assess the significance of this, let us consider some analogiés.
It is known that the Cotton effect isj;ptermined largely by chirality in
the immediate enviromment of the chromophore. Thus, in the structurally
related methyl 2,3—anhydr074,G-beenzylidene$3-nitro-2;hexopyranosides,
which also display an effect in that region79, the sign is ind;;endent of
the anomeric configuration and determined only by the configurations at
C-3 and C~4. (The configuration of C-2, being by pecessity linked to that
of C-3, need not be considered separately here.) Figure 1 -shows Newman
projections of these nitroepoxides viewed along the C-3,4 bond. (Absence
of perfect staggering is a consequence of the half-chair conformation in
which these compounds must exist.) Thes Cotton effect appears to obey the
s
following empirical_rule: When the C-3 nitro group is written at the top
of the projection and 0-4 then appears on its righthand side, the sign is
positive (cases 4, B, and é); if 0-4 ;ppears on the lefthand side, the
sign is negative (case D). The same was found to hold for the nitroalkenes

« -
1-4and 9 - 11, although in.these unsaturated sugars (A .y 325-330 am) C-3

-

is achiral and'fhe sole determinant -for "the sign of the Cotton effect is
C-4. The sign is negative in the a~ and Bfgfegztﬁro compounds (Fig. 1,
* case E) and positive in the o- and B-D~threo compounds (case FJ. On the

grounds of these observations the pyrazolino sugars 5 and 6, if indeed

-

they”are anomers as indicated by the 13C—n.m.r. data, may be ascribed the
L4

configuration represented Ey D (with —N=N—CH2 replacing 02 3). The alternate
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possibility, corresponding to A, should be associated with a nositive
Cotton effect. Compounds 5 and 6 are therefore designated as 8- and a-D-
Rluco isomers;,respectively.* As for the isomers 7 and 8, which would
correspond to B or C (Fig. 1), their_Positive effect is in accord with the
rule elaboraged above.but evidently camnot afford a distinotion between
theoe possibilities. {The nitro epoxy and nitroo}efinic glycosides just
mentioned exhibit a second cotton effect at short wavelengths (approximate}y -
275 and 285-290 om, respectively). The same appears to apply to 5-8
although technical difficulties precluded aécurate determination. At aay
~rate, it has not yet been possible to correlate these second effects“with
'configuration ) However, since, the configuration of the cyclopropane
derivative 13 is well supported by the n.m.r. spectrum, the same a-D-ido

_ configuration follows for its progenitor 8, and with the additional

evidence® for an anomeric relatiomship, 7 can be accorded the B8-D-ido con-

- -

Jfiguration.,

Giﬁen;hhe configurntions of.é_- gfno assigned, one may now review the
lH-n.m.n. data of Table 1 and 2 and be oatisfied that these are consistent
with a conformation close to the SH4 half-chair for 5, and with distorted
lC4 chair conformations for 6§, 7, and 8, as is best visualized with the aid
of molecular models. It is worth noting, in particnlar, that the splitting
values of 16. 5 - 17 7 Hz for the geminally coupled pyrazoline protens at
C-7 in 6 - 8, and also the large vicinal couplings between both of these
protons and H-2 in 7 and 8, are in good agreement with corresponding data

reported77 for simple pyrazeolines. The smaller 22 7 couplings present in

* - )

The nitro group, as the .substituent of highest configurational prierity
at the geminally disubstituted C-3, is thought of as teplaciag the hydroxyl
group in the parent sugar, D-glucose. Note that the analogous epoxide having

like orientations of the niTro group and fused hetero ring is termed a D*allo
compound. —
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5 and 6 likewise accord with the dihedral angles occurring in models of

the conformations mentioned. The slightly increased gq 7 value (18.7
. ) »

Ez) for S could be a consequence of change in the pyrazoline ring shape
caused by its fusion to a pyranose half-chair. That 5 appears to stand

apart conformationalli; f-rom its three isomers is also suggested by the

chemical shifts of the C-7 protoms. These protons are.influenced primarily
by the anisotropy of the N=N double bond77’90. Thus, groups pseudoaxially
oriented with respect to the plane of the double bond are placed in the

shielding cone and are shifted to higher fieldgo. ‘This applies to 37239

in 6 and to HTendo in 7 and 8, which are shielded quite strongly relative
to their geminal partners (Table 1). The difference 1s small in 5, implying

4 more nearly equal space_arrangement of the C-7 protons with respect to
/

the double bond, and this uccords with a wmore planar S-membergd’ring as
would result from fusion to a half-chair. In the latter situation there

is little puckering possible, contrary to the case of fusion to a (distorted)

chair.

The highly stereoselective nature of diazomethane addition to each of

the nitroolefins lﬁ% 4 invites comment. One might perhaps have anticipated

at first sight that| the orientation of the anomeric methoxyl group would
l" .

influence the appromch_gf the reagent to C-2; this is normally observed in

79,85b,91,92

kiﬁ;tic- guntrolled, nugs

ecphilic addiqiqns However, such

is evidently not the case. Instead, ; directing effect is‘associated with
ﬁhe'orientation of 0—4,‘and it seems possible that coordination of the
diazomethane molecule precedes, and facilitates, addition which fhen produces
the pyrézbline ring cis to this acetal oxygen. This might also explain why
in § and 4, wT:::in O-A is in a better geometric position for this purpose,

the reaction praceeds faster than in 1 and 2.

-t

~
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Concerning the differential behavior of the pyrazolines in thermal
decomposition, ome may s;ggeét that in 5 and 6 tﬁe geaﬁetry emerging
concomi tant with the loas of N2 favors hydrogen migration from C-2 to Cc-7,
leading exclusively to olefins as depicted in partial formulas in Scheme

o

2 (upper sequence). (See ref. 93 for iomic mechanism in activated pyrazolines.)
o

Cyclopropane 12 Olefin 11

Ry = H, Ry = OMe

o |~

SCHEME 2

B

r

Cn the other hand, in 7 and 8 the same process may require, for a facile
hydrogen shift, transition through a skew conformation. In the case of 8
such conformational change could be attained relatively easily; indeed, it

would be promoted by relief of a severe 1,3-diaxial interaction between the

nitre and methoxy groupspresenf in the normal chdir. Hence, the olefin 11



. i3 favored as the main produgt (Schéme-Z,‘lower sequence). The same
dfiving force for confo;mation#l‘ch;nge does not exist in 7; moreovér,
attaimment of the skew form would likely be opposed by the P-glycosidic
methoxyl c&ming into tnreraction with 0-4. Ring closure to give the
i?clopropane 12 thus appear§ to be a reasonable alternarive. Fin#l;y,

it should be noted in this context that the decoﬁposition of pyrazolines
to cyclopropanes -Ja-much—investigated subject* - frequently involves
configufational inversion at the carbon atoms adjécent_toAthe azo,Bridge.
However, the central pyrazoline carbon (C-2 in our derivatives) is not.
affected §y this compliéation and consequently, the oriemtation of ring

fusion in the cyclopropano sugars must remain the same as in the .parent

pyrazolines.

CONCLUSION

The work described 4in this Section elucidated the steric course of

the 1,3-dipolar addition of diazomethane to the stereoisomeric, nitro-
~ . ; - ‘

olefinic sugars 1 - 4 to give the pyraz iﬁes‘g - 8, and established the -

configuration of the cyclopropane derivatives 12 and 13 obtained by
pyrolysis. These cyclopropanes, as well as the Efmethylnitroalkqnes 9,

10 and 11, which were also produced from the pyrazolines, should be use~

ful incermediates for further syniheses of nitrogenous deoxy sugars .

*References 76, 81, 90, 93-95 -

QO
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GENERAL TECENIQUES

Solvents. - Solvents were reageat grade and were used without
further purification, except where indiqated otherwise. Petroleum ether
normally refers to the fraction boiling at 30-60°. The solvent systems
used for chromatography are listed at the beginning of each of the foﬁr
individual Sections. Solvént evaporation during processing of reaction
mixtures and chromatographic fractions was performed in a rotary evap-
orator, mormally at 30-35° (bath'temperature).

..Handling of moisture—- and air-sensitive materials. - Glassware used

in the experiments with organometallic Teagents (Section I) was dried by
heating it overnight in an oven at ca. 120° and was then purged, while
still hot, with a stream of dry nitrogen. An atmosphere of dry nitrogen
(or ?arbon monoxide, as required) under slight}y p9sitive pressuré was-
maintained in the apparatﬁs during reactions. Reactant solutions were
transferred, and test samples withdrawn, by means of §yringes, rubber
septa, and Teflon tubing.

T Similar precautions were observed for the reactions with lithium

. -
triethylborohydride (Section II). - . o

The tetrahydrofuran employed as reaction medimf in Secrions I and
II was freshly dried immediately before each experiment by refluxing it
over, and distilling it from, pobassium:agsiiain the presence of benzo-
phenone radical anion. ‘ / !

[ -

Chromatography. -~ Analytical thinklayer chromatography (t.l.c.) was

Toutinely employed to monitor reactions and éolﬁmn-chromatographic

separations, and ‘to check the purity of products. It was performed on’

precoated silica gel plate§E§IL G-25 UVZS&’ whereas preparative thin

-

<

2 ) . -
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layer chromatography (p.t.l.c.) was dome on glass plates coated with

HN-Kieselgei G/UVZSA {both products manufacéured by Macherey-Nagel % Co.,
West Germany) ’ Spots were made Vi..ble by UV light an.d (or) by spraying
the plates with 5% sulfuric acid in ethanol and heating them briefly on
a hot-plate. Silica gel 60 (E. Merck A.G., West Germany) was used as
support for column chromatography, ;nd a Prep. LC/System 500A (Waters

Scientific, Ltd.) was used to perform some large-scale separations.

N.M.R. spectroscopy. - lﬁrn.m.r. spectra were recorded at 100 Mz

with a Varian HA-100 spectrometer, or at 60 MBEz with a Varian T-60 or a
Varian EM-360A spectrometer. The 13C-n.m.r. spectra were recorded at
20 MHz with a Varian CFT~20 ‘spectrometer. Unless otherwise indicated,

-

.r. data refer to spectfa obtained from CDCl3 solutions containing

tetran thylsilane as an internal standard, and chemical shifts are

expressed as p Tts per million downfield from the MEASi signal (8§ wvalues).
}

Proton-proton c?uplings‘@{ values} given for.new compounds were in most
— ~

cases determinéd from éxbandedlloo-MHz spectra (250 Hz sweep width).

Other spectroscopic techniques..— Infrared spectra were obtained

. from Nujol mulls unless otherwise specified, by use of a Beckman IR-20

‘or IR~20A, or a Unicam SP 1100 infrared specfromhter. Ultraviolet and

visible absorptions were recorded cm a Perkin Elmer spectrophotometer,
model 202. Mass spectra were obtained with an AE-1-MS902 mass spectro-
meter fitted with a-direct-inlet probe and operating at an ionizing

otential of 50 55 eV, : ‘

Optical rorationms. - Optical rotations ([a] values) were' determined

~at-ambient-temperat¥¥£r(usually about 25°) in a Perkin Elmeér automatic

polarimeter model l&l and refer to chloroform solutions unless otherwise

stated.’ A Jasco ORD/UV 5 lnstrument serVed for the measurement of Cotton
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effects. ¥

Melting points were determined by use of capillaries in an

electrically-heated aluminmmm block apparatus (Gallenkamp).

Microanalyses were performed by M-E-W Laboratories, Phoenix,

-

Arizona.
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Experimental. Section I

Solvent systems: - The chroma:ographic solvent systems (v/v) used in

this section were: (A) 1 : 1 ethyl acetaceahﬁténes, B 1:2 ethyl acetate—
hexanes, 1‘) l1:1 ether-petroleum ether, (D) the same solvents, but 1 : 2.
(E) the same, but 1, 10; (E) the same, but 10 : 1, and (g) 9 :'1 methanol-

ether.

Preparation of the starting glycosides,A. Methyl 2,3,4~tri-Q-acetyl-6-
96

étﬂgftolyISulfonyl)—B-g;glucopyranoside.(lg). — The procedure of Compton

was modified, for.an improveh yield'a;d'a'éimpler mode of processing, as
. follows. To a chilled (-20°) solution of methyl B-grglucopyranogide ' -
(10.0 g) in dry pyridine (So-q;? was added dropwise a solution of P
tolylsulfonyl chloride (17.7-3, 1.8 mol. equiv.) iﬁ dfy dichloromethane

(18 ml). The mixture was kept overnight at room temperature, and acetic
anhydride (15 ml) was then édded.and allowed to react for 24 h. The
mixture was cesged uiﬁh crushed ice and water, to giﬁe a-crysﬁalline
solid whicﬁ'was isclated ahd,theﬁ dissolveﬁ in ethyl acetate. After .
washing wiéh water, aqueous sodium hydrogencarbonate, and watef, the
solufion was dried (MgSO4) and evaporaigg./ The residue of evaporation

was recrysta{lized once from hot ethyl acetate, to give 10 (12 g, 507),

m.p. 170-171°, [a]p +5.7° (c 3); 11¢.%8 D.p. 169-170° (after 3 recrystall-

.

.1zations from ethamol) and [ealp +7.4° (c 3.7). The mother liquor of
;\_/éecrystalliiation cbntained additional 10 :ogether with a (ver? slightly).-.
' faster-moving, second product (c l.c. by triple irrlgation with 1 : 3
ethyl acetate-hexanes), which presumably was a ditesylate. X.m.r. data‘
(100 MHz) of 10 : 47.3 (g, &4 H, arom.), 5.19 (s, J2,3 % 93,4 9 Hz, #-3),
492 (~vt, J3.4 9, J4,5 10 Hz, H-4), 4.89 (dd, Iy 7 7.8, J3,4 3 Hz, H-2), "

N

s
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4.38 (4, 33 ; 7.8 Bz, B-1), 4.12 (4, 2°B, J 4.2 Hz, B-6,6"), 3.75 (m, J
4.2 gnd 10 Hz, E-5), 3.44 (s, 3 H, OMe), 2.46 (s, 3H, tosyl-Me), 2.04 (s,
~ 3 E) and 2.00 (s, 6 H) for 3 QAc. . .

B. Methyl 2,Hi-g-acetyléd-g#benzcryl-6-bromo—6—deoxy-8—9_-glucgpyrano-

side (14). — Compound 14 was obtained in 74X yield from methyl 2,3-di-0~

acetyl-4, 6-0-benzylidene-B-D-glucopyranoaide97 »98 by applicat:ion of the .
Hanessian-ﬁullar reactiongg. Recrystallized from ethyl acetate—ether,

14 showed m.p. 169—170° [cx]D -57° (e 0.65); La-n m. r. data (100 MHZ) : &7.7
(m, 5 H, OBz), 5. 43 and 5.20 (two symmetrical one-proton triplets, J 9.3,
H—Band—&),sos(dd,__]_z?a 393Ez H-2),454(d J1,2 7.8 Bz,

Hrll, 3.84 (o, B~5), 3.58 (s, 3 H, OMe), 3.5 (m, 2 H, B-6,6" ), 2.07 and

-

2.00 (s, 3 B each, OAc).

C. The glycosides 15, 22 and 28 — Prepared according to the

literaturegg’loo, compound 15 showed m.p. 123-124.5° a [alp -11.4° (c 3);

repoz:tedloo, m.p. 120-121°, [a‘]D -9°. Ccu:r;.\ouncilOl

22 had m.p. 126.5-128°,
[elp +45.7° (¢ 2.6, chloroform)} and +91.8° (c 2, pyridi.:\:e); lit.ml m.p.
125-126° and™®? [a]p +90.9° (pyridine). Compound:®P 2W exhibited m.p.

~129-130° and’[alp #1267 L 0.5)5 146.% m.p. 130-131°, [a]y +118°

D. Methyl A-Q:benzoyl-ﬁ-bromo-é—deoxy—z,3—di—g-methyl-s—g:glucopyrano-

side (&) and its g-anomer 25. — Methyl é,6-g-benzylidene—2,3-di-g-methy1-

.‘E’a-g-glu.copyr:anasidel03 and its a—ancmerloa were conveniently prepared by
-_— Fa

Kuhn me'thylationlos of the corresponding diols, with the procedure following
a r‘ecent exampleloe, andrthen subjected t® the Hanessian-Bullar reac::‘.ongg.
— The B-.ano;neric ace'tal gave 1_5_ as a syrup in,\792 yield after flash
ch:omal:;:graphy on a shért column of silica: gel (eluai}t,A petroieum _echer

folldwed by solvent E); [aly -47° (2 2.5). ‘H-n.m.r. data (100 MHz) £ 37.7
e - v
(m, 5 &, 0Bz), 5.06 {t, b.i =-_.J;{"5 = 9.3 Bz, 8~4), 4,31 (Cl _]_’2 7.3 Bz, L

. T
- . -
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B-1), 3.69 (o, B~-5), 3 60 (s, 6 H) and 3.48 (s, 3 H) for 3 OMe groups.
The protons H~2, -3, -6, and -6' gave ill-resolved mulciplets, partially
overlapped by the OMe signa;s, in the 63.6-3.1 rggion. )

The a—anomeric aéetal gave syrupy 25 in 881 yield after column-
chromatographic purification; [alp +56:1°,[a]573 +58.3° (c 4.1); 11¢.107
[d]578 +68 and +71°. lﬂ-n.m.r. data (lOOTHBz) : 7.7 (center of m, 5 H,

082, 5.07 (dd, I35 9, I 5 10 Hz, B-4), 4.93 (4, Jy_ 7 3. 7 Bz, B-1),

~

4.03 (m, B-5),3.75 (¢, J 9.3 Hz, B-3), 3.6-3.3 (unresolved multiplets
for B-2, -6, and -6', suberposed by 3 singlets for OHe)u Assignmentlo7
of the E-4 signal as .an 8~Hz doublet at &§5.13 (GO-HHz spectrum) appears

to be in error.

E. Héthyl'2,3—dizﬂ-acetyl-&-O-benzoyl—G-bromo-G—deoxy-a—n-gluco—

anogide (23). — Compound 23 wa$ prepared from methyl 2,3-di~0=acetyl~

98,103a,108 by application of the

N ) @
Hanessian-Hullar reaction’ ' %) . It was obtained im 95% yield as a

4, fgrbenzylidene-a—grglucopyr\noside

slightly impure syrup wh crystallized from ether—pet;oleum ether after
purification by flash chromatography (eluant, petroleum ether followed
by solveat E)5 m.p. 106-107°, [aly +57.2°, [als7g +59.0° (¢ 2.9); 1tc. 0]
oil, [als7g +61°. YH-n.. r. data (100 MHz) : §7.7 (center of 2m, S5 H,
0Bz), 5.69 (ct, 35 3 = J3 4 = 9.2 Hz, H~3), 5.19 (t, J3,4 ~J4 5 ~9.5 Hz,'
B-4), 5.04 (4, J ,2'~3.6 Ez, H-1), 4.95 (dd, Jd1,2~3-6, 2.3 9. 2 Bz, H-2},

" 4.13 (sp, HB-5), 3.50 (s for OMe superposed on m for H~6 and -6'; total
intensity; 5 H), 2.09 and 1.90 (s, 3 H each, 2 OAc). Récordedl 7 60-MHz

data were incomplete and contained some obvious errors in assignments.

F., Methyl 2,3,4-tri-Q-benzovl- o-deoxy-o-*odo-a-D-mannonvranoside (31).

— Methyl afgfmaqnopyrgnoside_(B.O 8) was counverted into its S-deoxv-6-iodo

derivative by treatment with tri henylphosphine, iodine, and imidazole,
, P pnosp \

) . -: : ; . . "-.-\‘ S—



- 79 -

essentially as described by Garegg and Samuelssonlog, except that hhe
-.reaction wag performed in tetrahydrofuran solution at 70 (oil bath
cemperature) for 4 h rather than in boil%luene for 5 h. The
crude product was benzoylated by treatment ﬁith benzoyl chloride and
pyridine for .90 min atproom temperature. Upon customary processing the
material was crystallized by trituration with ether, and recrystallized
from ethyl acetate~petroleum ether, to give pure. 31(4 2z, A&Z, the
isolated yield was low because of losses incurred during an unSuccessfql
attempt at purifying, by column chromatography, the crude lodination
product prior to benzoylation). Compcund 31 showed m.p. 207-208.5°,
[olp -120° (¢ 0.65); 11e.M? m.p. 202-203°, [ely -101.6°, and?! m.p.
199-201° [a]D ~106%; m.s.: m/z 616 (1), 585 Q4 - (QMe), and 495 o
0Bz) 4 lH—n m.r. data (100 MHz) : 67.7 (m, 15 H, 3 OBz), 5.65-6.0 (over-
lapping m, 3 H, H-ZV -3, and —4), 5.00 (d, Wy 3 8z, H-1), 4.06 (sx, H-5),
3.60 (s, 3 H, OMe), and 3.30-3.55 (m, 2 H, H-6,6').

Dicarbonyl-ns—cyclopentadienyl (methyl 2,3,4-trifgracetyl-Bﬁg-gluco—

pyranoside-6~yliron (11l). — For gemeration of sodium dicarbonyl -ns-

cyclopencadienylircnllc (NaFp), the procedure described by Bock end
toihitesi.desl]:2 for the analogous molybdenum ‘nplex lwas used. A flame-
dried, 25-ml vessel ‘equipped with a magnetic 's.tirriﬁg ba‘ nitrogen inlet,
and outlet was charged with mercury (2 ml), and sodium (200 mg) was added
to, form an amalgam, with rapid stirring under nitnogen After cooling

f the amalgam to room temperature dry tetrahydrofuran {20 ml) was
introduced, and nitrogen gas was passed through it for a few minutes.
Commercial dicarbonylcyclopentadienpliron dimer (355 mg, 2 mequiv. of
Fe) was then added and the mixture stirred vigorously for l h, during

which period the color of the solu:ion turned from dﬁrﬁkied to an orange

|
- R e

.
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oé olive ;hade. Stirring was discontinued, the amalgam allowed ca\\)
gsettle, and the supermatant tréﬁsferred by means of Nz-;reséure, ./)
thééugh Teflon tubing, into a second reaction flask (also flame—dr;ed)
that contained the crystalline sugar 10 (0.71 g, 1.5 mmol). The sugar
dissclved in che'réageﬁt upon stirring, and, after 10 min, was completely
converted into 1l (t.l.c. with solvent A; the slow-moving spot of 10,
visible after spraying the plate with Si ethanolic sulfuric acid followed
by heating, was ab;eﬁf, and a strong, faster-moving, yellow spot of 11
was seen prior to spraying; some‘unidentified trace spots were also
present). In general, the solution of‘gl so obtained was used directly
for the-preparation of 12, and similarly,'the solutions of analogous iron
derivatives made in-the same way from other sugars G:re employed, without
isolatiﬁn of intermediates, for the syntheses of hepturonates described

in subsequent sections. : .

-

For the isolation of 11, the aforemeﬁéioneé tetr;hydrofuran solutio;_
was evaporated to éive a thick, dérk syrup which by means of soivent‘g
was passed quickly through a short column of silica gel. Salts.and other
contaminants were retained, and the ;ffluent fielded a'?ellbw syrup that
was purified further, without delay, by preparatfve t.l.c. (solvent A).
The yello% band was excracéed with ethyl aceﬁate,fquﬁishing 0.56 g (787)
of-11. In another ‘experimenr, 300 mg of 10 gave 283‘ﬁg of 11 (922);

v .

apparently, the yield of this rather unstable compound is influenced by

the speed of work-up operations. Compound 11 showed Agziﬁ 412 nm; yreat

-y ’

2015 and 1940 (strong; ligand CO), and 1745 et (strong; acetyl CO)} '
:..lH-«‘.m'.r. data (100 MHz) : §5.13 (t, J 9.3, B-3), 4.95 (m, H-4), &4.80
(s, 5 H, for Cp, superposed on m, 1 H, for H-2), 4.35 (d, d1,2 7.4 Hz, H-1)]

3.53 (s, 3 H, OMe), 3.27 (o, E-5), 2.07, 2.04, and 2.00 (3 s, 9 H, 3 OAc),

Ry



- 81 -

'1.62 (dd, J5 ¢ 2.7, 35'5. 11 8z, B-6), and 1.24 (m, B-6').  Con.m.r.
data : 8§217.4 and 216.8 (ligand CO), 170.4, 169.9, and 169.5 (acetyl CO),
101.9 (C-1), 85.4 (Cp), 79.4-71.9 (5 C, C-2 to C-6), 57.1 (OMe), 20.9
and 20.7 (acetyl Me). M.s.: n/z (in parentheses, relative intensities)
480 (10), M' for CogHp0yoFe; 452 (15), M' - CO: 424 (70), ¥ - 2 co;

359 (100), ¥ - 2 €O - Cp; 350 (30), M* - 2 co - C3HeO0p; 304 (50), M -

Fp + H).

Methyl (methyl 2,gﬁ—tri—g-acetyl-G-deoxy-B:gzglgco—heptopyranooid-

//"uronace (12). — A solution of 1l was prepared as juot described, from

10 (400 mg) and a 1.3-molar excess of NaFp in tetrahydrofuran (40 ml).
< The solution was cooled (0 to -5°), a stream of carbon monoxide was.
pasoed through, and absolute methanol (20 ml) was added, followed by
bromine (0.4 ml). The reaction was revealed by—t.l.c; (solveok A) to
be complete after a few minutes: The ycllow spot of ll (R 0.4, visible
without spraying) was replaced by a strong spot of 12 (Rp 0. 3) accompanied
by a very weak spot of 13 (Rp 0.4, visible after spraying and heating).
The mixture was concentrated to a-small volume by evaporation, diluted
with eggy; acetate. (or ether), and the solution washed sequentially with
sodium thiosulfate solution, sodium hydrogencarbonate solution, and water,
_and dried (MgSOa). Removal of the solvent gave a dark s}ruo,'which was
passed through a short column of silica gel by flash chromatography with

solvents A or C. TH//effluent furnished a s¥rup that was subjected to

»

p-t.l.c. (solvent A), giving pure 12 (247 ng, 812) Crystallized from
ethyl acerate-petroleum ether, it had m.p. 149-150°, [alp -9.6° (¢ 0.7).

Anal. Cale. for CisHo®hg (362.3): C, 49.72; H, 6.12. -Found: C,
| .49.52; H, 6.17.

~

The faster-moving by-product (13) was isolated by p.t.l.c. as crystals

* L]
. d

~
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(v50 mg, 152), m.p. 124.5-125.5%, [aly -2.4° (c 0.9 11¢.113 m.p. 125
6°, [a]D -1.4°.. The n.m.r. specttum was in accord with the structure
of methyl 2,3,&—trifgracetyl-6-bromo—6-deoxy—B-g;glucopyranoside. . f!
fn a similar experiment, lodine (1.0 g) in methamol (20 ml) was
substituted for the bromine, and the reaction was performed at room
temperature; it was complete after ~0.5 h (c.1l.c. with solvent a)};ﬁ-

Processing as described before, and column chromatography with solvent E,

yilelded crystalline 12 (250 ug from 400 mg of 10 821) identified with

- the p‘evicus product by n.m.r. spectra.
; : - ~ :
Alsolution of 11 prepared from 10 (1.00 g) and NaFp (made from 0.75

g of dicarbonyleyclopentadienyliron dimer) in‘tetfaﬁydrofuran {30 ml) was

: {
. cooled to +5°, methanol (10 ml) as added,_ and carbog/glonoxide was bubbled

through the mixture to which was then added anhydrous cupric chloride

(2 g). The reaction was nearly complete after 20 min; it was allowed to
go to completion'by stirring at room temperature of another 15 min, with
some additional cupric chloride (0.5 g). The mixture was filtered, and
the filtrate was evaporated to give a syrupy product that was dissolved
in ethyl acetate, washed several times with water, and recovered by
solvent .evaporation. After purification by flash chromatography as

previously described, 12 (0.45 g, 597) was obtained crystalline, m.p. 149-
150°. -

Y

Y

A-solution of 1l (prepared from 500 mg of 10 and 1.3 molar equiv. of
‘NafFp) in tetrahydrofuran (40 ml) was treated with methanol as Just described
but in the-presence of anhydrous ferric chloride (720 mg) at an initial

-~ .
tempE@acure of~+12°. The reaction 33§,then allowed to proceed at room

tempefﬁture and required 6 h for completion (t.l.c. with solvent a) .-

Solvent removal then gave a syrupy produtt which was dissolved in ether, .

.



-~ 83 -

washed several times with water, recovered by evaporatioﬁ, and finalldy,
‘purified by p.t.l.c. (solvent A). fhe yield of crystalline 12 was 239
mg (622). | : ' N

"Methyl (methyl 2,3-di-g-acetyl-4-0-benzoyl-6~deoxy-g-D-gluco~

' heptopyranosid)uronate (18). — In a oreliminary experiment designed to

demonstrate the formation of the sugar-iron int iate 17, the‘ oma

sugar 14 (450 mg) was treated with NaFp (1.3 molar equiv.), exactly as

described for the preparation of 1l from 10. The t.l.c. showed complete

consumption of 14 Ry 0.45, prior-to spraying; compare 1ll) together with

traces of slow-moving impurities: The reaction mixture was filtered

through a bed of silica gel, the solvent evaporated, and the sSyTupy f:oidue

. dissolved in ether and purified by p.t.l.c. (solvent €). Compound 17 was

isolated as a yellow syrup (228 wg) that was homogeneous initially but

tended to decompose with time. (P:ogreesive darkening_gas dbserved, within -

a day, on storage in a refr;gerator.) The 1H—n.m.r. data (100 MHz) : §7.7

(center of m, 5 H, 0Bz), 5.34 and 5.06 (two t, J~9 Hz, -3 and ~4, or

reverse), 5.03 (dd, 4, 2 7. 8 42,3 9 Bz, B-2), 4.74 (s, £ H, Cp), 4.43

4, 31,2 7.8 Hz, B-1), 3.55 (s, 3 H, OMe), 3.43 (@, B-5), 2.06 and 1.86

(s,.3 H each, 2 OAc),.1.68 and 1.34 (centers of two m, 1 # each, H~6 and 6').
for the preparation of 18, the bromo sugar 14 (500 mg) was converted

intoeég.by the aforedescribed methed, exceot that the reaction cempereture

wasd;§%;>> (Cooling at that stage, also employed in some ‘of theé subsequent

syntheéses, did not appear to have any marked effect, it was probably aoc

essential. ) For the following, oxidative insertion Gcompare the reaction

- 11—12), the aixture was cooled to =350°, methanol (’0 1l) was added, _and

) bromine (0.5 1) was administered dropw1se as a solution in metharol (10 al),

—"

at a fairly rapid race. After a few 2inutes, t.l.c. was performed to



_ascertafn that.tésyreaction was complete; it showed ;g;cgr 0.2) as the
main product and 14 (Bp O. 3) ds a minor by-product, the yellow spot of
17 having completely disappeared (solvent D, double irrigation)

Cooling of the reaction

ke was discontinned while the t.l.c. was

performed, and the mixture, hav attained .a temperature near 0°‘ddring

this period, was immediately ther af ter processed as described for 12,

except that the solvents were evaporated completely (bath temperature, -
35°), and the residue was dissolved~in dichloromethane for performancc of
the aforementioned (cf. 12) washing operations. . It was found advisable

to process with utmost dispatch'in order to minimize losses in yield due

to secondary reactions.. Solvent removal than gave a dark Syrup containing

-

;g and 14, which were separated by put.i,cﬂ (solvent‘g). Compound_&ﬁ
(340 mg, 71%) crysctallized fron ether—petroleum-ether and showed m.p.
131.5°, [o]D -69° {c 0.75).

Anal Cale. for 020324010 (&2& 4): T, ' 56. 60; H, 5.70. Found: C,
56. 36 H 5 64.

‘Compound 14—(114 mg, 232) was identified by its m. P., Rp value, and

lH-n m.r. sSpectrum.

Hethyl (methyl &fgrbenzoyl-é-deoxy—B-D-gluco-heptopyranosid)uronate

=i (13). — .For Preparation of 1?, the procedure just described for 18 was

.applied to 15 (700 ‘mg), with appropriately adjusted quantities of reagents

.~ and solvents T.1. t. (ether) indicated formation'of sloubmoving 12 and a

‘- (-

~
small proportion of the faster-moving by-product le The ‘products were

separated by p.t.l.c. (solvent F), giving i9 (530 mg, 80%) as a syrﬁg,
lelp -13. 22 «c 1.5). e S ,

- e - .

-~ . . - L

Anal. Calc. _or olsuzbos (360.3): €, 36.46; H, 5.92. Tound: C, 56.31;
‘H, 5.97. - - L .. A

A

K
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The faster-moving mh'terial was isolated as a slightly impure syrup
(63 mg), shown by its lﬂ-n.m..r. spéctru:m to consist mainly of 15.

Methyl (methyl 6-deoxy-8 g-xl go-heptopyranosid)uronate (9.

The benzoate 1! (400 mg) in absolute methanol (20 ml) was treated with
.a.catalytic amount of sodium'methoxide (16 k, 25°). It was seen by
t.l.c. (-s::)lvent G). that.l*?‘..al? 0.5) was"gou;pletely debenzoylated to 20
. - .o
Ry 0\?)' ‘Deioniiaticn, treatment with activéteq charcoal, and evap-
cration of the solution gave 22_(257 mg, 92.5%) as colorlesstcrystais
(from methanél-etﬁer), m.p. l§6-187°, [alp -13.6° (¢ 0.5, methanol).
© Anall Calc. for CoH107 (236.2): C, 45.76; H, 6.83. Found: C,

45.56; H, 6.73.

Methyl (methyl 4-0-benzoyl-2,3-di-0-methyl~B-R-gluco-heptopyranosid}

-urénat:e (é_l) . — The procedure detaﬁ.e& for prepararion of 12 and ﬁ
was applied to ‘1_6_ (0.57 g), except thét the reaction temperature during
the bromine oxidation was -25° initially and alloved to rise to +15° in
the course of 1 h. _Ether was used as the medium for the washing operatioms.
T.l.c./apsi_‘%.l..c. were performed with 1 : 1 : 6 ethyl acetate-ether-
petroleum ether. Compound 21 (Rp 0.25) was isolated as a syrup (485 ng,
90%) showing [alp -48.9° (c 1.5).

- &nal. Calc. for C18H240g (368.4): C, 58.69; H, 6.57. Found: C, 58.94;
H, 6.53.

-The faster-moving band le.ut;ed from the p.t.l.c. plate;s gave a svrup

(~0.1 g) that contained ﬁ,’ identified ‘by its Ry value of 0.4 and its
o.m.r. spectrum, together with some '2_1 and ur_;identi:‘ied impuricies.

\ -
Methyl (methyl 2,3,4-tri-0-benzoyl-6~deoxy-a-D-gluco~heptopvrano-

sid)uronate (26). — Compound 26 was prepared Zrom 22 (600 mg) as described

for 1b. Im t.l.c. (solveat D), 22 had R¢ 0.4, and 26, R 0.3. In one
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experiment, no 22 was detected in the product, and 26 (462 mg, 80%)

.waé obtained- as a ho;axdéeneous syrup, [alp +37.5° (c 1.6), after the re— '
moval of minor impurities by-flash chromatography. In another experiment
(which yielded 78% of 24) the formation of 22 could be observed; it
amounted to 13% and was identified by its n.m.r. spectrum upon isoclation
by p.t.l.c. (solvent D). All attempts at crystallizing 26 failed.

Methyl (dethyl 6-deoxy-a-R-gluco-hep topyrémo sid)uronate (27). —

—
e

Treatment of 26 (1.00 g) in methamol (25 m1) wich a éatalytic amount of

s;:adium methoxide effc;cted complete debenzoylation within 3 h at 25°

(t.l.c. with solvent A). Pr;cessing included deionozatioen, trehtmgnt:

with charcoal, and passage of the crude material through a §hort column

of silica gel by séquencial elutions with petroleum ether and ether (to

elute bénzoic acid) followed by ethyl acetate (to obtain 27). Crystallized

from ethyl acetate (or warm ether) and petroleum ethér, 27 (420 mwg, 977)

showed m.p. 92-93°, [a]y +146° (c 0.5). .
Anal. Calc. for CgH1407 (236.2): C, 45.76; H, 6.83. Found: C, 45.84;

H, 6.84.

Methyl (methyl 2,3-d:f.—_Q_—acetyl‘—&—O-benzoyl-é—deoxy-a—g-gluco-hepto-

-

pyranosid)uronate (28). -— Compound 28 was prepared from 25 (700 mg) as

described for 18. The mediim for the washing operations was ether. T.l.c.

with solvent C showed 28 (Ry 0.6) as the major product, and traces of 2

(V]

(EE"O-D as well as several, slow—wfoving mpurities.-" Separation'by p.t.l.c.
was.a_ccomplished b}; double irrigation, first with solvent C and then with
solvent &, giving 590 mg (887) of 28 after crystallization from 99%
 ethanol; m.p. 95-101°, 3 +56.3° (¢ 0.9).

| Anal. Cale. for CppHq014 (424.4): C, 56.608; H, 5.70. Found: C, 36.39;

g, 5.75.
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Only a very small amount of by-product 23_could be isolated; it was

identified by t.l.c. -only.

_Meth'yl (methyl 4-0Q-benzoyl-é6-deoxy-a-~ D-gluco-heptopyranosid)uronate

(29). — The procedure for preparation of 18 was applied to 24 (700 uwg).
For processlﬁng, the procedure for 12 was first followed and then a second,
identical washing sequence was applied to the product in dichloromethane
- solution. The product showed a stong spot of 2_5 (&3 0.4) together with
traces of more— or less-polar impurities, but little if any % (3? 0.5)
was seen (t.l.c. with ether). The crude, ygllow syrup of processed
Teaction product crystallized in part from ether-petroleum ether to give
pure _2_9,. and additiomal, crystalline 2§ was obtained by p.t.l.c. of the
mother liguor (solvent F), for a total of %61 mg (70%); m.p. 154-155.5°,
[a]D +124.9° (c 3.5)."\‘? ’

Anal. Calc. for C16H2008 (3&0.3): C, 56.46; B, 5,92. Found: C,
56.00; #, 5.87.

Methyl (methyl 4-0-benzoyl-6-deoxy-2,3-di~0-methyl-a-D-gluco-hepto-

pyranosid)uronate (30). — Compound 25 (1.00 g) was comverted into 30

at an initial reaction tempefature of -20° (compare the preparation of 21).
Solvent B was used to monitor the reactiom by t.l.c. and to purify the
-product by p.t.l.c.r; 30 was obtained as a syrup (0.80 g, 84.5%), [a]D
+62.1° (¢ 0.7). Yo by-product was isolated.

Anal. Cale. for C, _H, O, (368.4): C, 58.69; E, 6.57. Found: C, 58.59;

1872478
H, 6.83.

Methyl (methyl 2,3,4-tri-0~benzoyl-6-deoxy-c~D-manno-heptopyrano-

sid)uronate (32). -— Compound 32 was obtained from the mannoside 31 (0.60 z)
as described for 1§. T.l.c. with solvent B showed 32 (R 0.5) as the main

product; also present was a weak spot which migrated slightly faster, like
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starting 31, but was due to.its bromo analog ggl 'PLt.l.c. with solvent
B gave 32 (0.40 g, 75%), crystallized from ether-petroleum ether; m.p.
136.5-138°, [a], -135.6° (¢ 0.7).

. Aphl, Cale. for C30328010 (548.5): C, 65.69; H, 5.14. Found: C,

65.74; H, 5.24.

A small amount of crystalline 33 (70 ng) was isolated, and recrystall-

100

ized from methanol; m.p. 178-180°, lit. m.p. 180-182°. The mass

spectrum showed the characteristic pattern of twin peaks due to bromine
. . + +
isotopes: w/z 570, 568 (M for CZBHZSBrO); 539, 537 (M - OMe); 510, 508
+ + +
M - HCOzMe); 448, 446 (M - BzOH); 447, 445 (M - BzOH -~ H); 417, 415

. +
CH+ - OMe - BzQH); 489 (H+ - OMe - Br); and 429 (M - HCO

2Me - Br).

P
\
|
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Experimental. Section II

Solvent systems: The chromatographic solvent systems (V/V) used in
this section were: (A) 2:1 ethyl" acetate—hexane, (B) the sames solvents,
but 1:1, (C) the same, but 1:2, (D) the same, but 1:3, (E) the same,
but 1:4, (E) 1:2 ethyl acetate-petroleum ether (b.p. 30-60°), (G) the
same, but 1:3, and (E) the same, but 1l:4.

Preparation of the starting sulfonate esters. -- A. Methyl 4 GﬁQ:

benzylidene-2, 3-di—212-tolysulfonyl—a-D-glucopyranoside (). Compound 1

was preparedl from methyl &,6-gfbenzylidene—a—D-glucopyranoside (4).

e

The stout prisms, [a]D +13.6° (g 3), melted at 154-155° as reportedlla,
but a chromatogrqphically purified éampie had m.p. 159-160° aﬁd showed'
small differences in the fingerprint region of the i.r. spectrum (Nujol
mull). The dimorphous formlla (needles of m.p. 147-148°) waé not encount-
ered. The lEjn.m.f. data égréed‘with thosereported40 for the 6,6' -d'

compound; additional data : 64.18 (dd, J 3.6, J 9 Hz, H-6e), 3.58

5,6e —$a,6e

{t, B- 6a 5 6a " 9 Hz), and data in Table 1.

.
’ B. Methyl 4,Gﬁg—benzylidene-B-g:p—tolyISulfpnyl-a-grglucopyranoside
' 115,116

(2) and its Benzoate (3). The diol 4 was selectively benzoyvlated

to give its 2-monobenzoate, m.p. 169-170°. If the product was judged by

its n.m.r.'spectrum36 to be not entirely pure, 1t was purified by h.p.1l.c.
. . \. - . . .
using solvent D. The benzoate was E_-—toluenesulfonylatedll7 to give 3,

m.p. 187.5°, [a] +89.8° (¢ 1); 1i .117 n.p. 188-189°, [a] +88. 5° Lin.m.r.
data : §8.09 and 7.45 (m, 0Bz), "5.40 (s for PhCH superposed on t for H-3),

5.2-5.1 (m, 2 8, B-1, 2), 4.32 (dd, J

25 6e 3.8, Eﬁa,éetg Hz, H-6e), 3.97
(dt, B-5), 3.75 (t"is,ﬁa = iﬁa,ée-= 9Bz, H-6a), 3.71 (c, £3,4\=.£§,5 =
9 Hz, H-4), and data in Table 1. ) .

’
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Toggénerate.g, a partial suspension of.LAH (50 ng) iﬁ a @mall amount
of ether. was introduced wiéh swirling, iﬁto an ice-cold solution of 3
(600 mg) in tetrahydrofuran (lo‘ml) and ether (20 ml). Inspection bf
t.l.c. (solvent B) showéd fhat, althougﬁ most. of g_(3¥ 0.75) had reacted
within 5 min, some of it still remained after 15 min. An édditional 10 mé'
of LAH was added and the mixture was processed after a fuéther 5 min by
pouriﬁg it into ice-water containing some sulfuric acid. The aqueous
phase was extracted twice with ether and twice_with ethyl ac;taté, and
the combined organic ph;ses‘were dried (K2C03)f and evaporated, to give
crude g_(gF.O.QO) as a dry,_crystalline mass. Chfématography on silicé
gel (15 ml in a 15~cm column) using solvent B as eluant removed ﬁra;es of .
coniéminants (3 and 6, §¥ 0.75 and 0.5) énd gave pure 2 (&él mé, 897),

36

m.p. 167°, [a]D‘+33° (¢ 1); lit.”" m.p. 165°, [a]D +33° (for 2 prepared

similarly, but in boiling tetrahydrofuran,anle m.p. 164%, [a]D +385°

(for 2 obtained from 1, in-17%7 yield, by partial, alkaline hydro®ysis).

9
Alternmatively, sodium methoxide (10 drops of a freshly-prepared,

saturated solution in methanol) was-added during 1 h to a chilled (-15°)
solution of 3 (100 mg) in 1:1 ﬁethanol—chloroform (S‘ml);) The mixture.was
kept at_0—2° for 5 h, after which time the conversion into 2 was complete;
only a trace of 6 was seen-(t.l.q. with solvent-g). De-ionization and
evaporation of tpe_solution gave 2 (79 mg, 98%; d#ied in high vac;um),
m.p. i63—l65°, unchanged-afcer recr&stailization from dichioromethane—
petroleum ether. . The i.r. spectrum was identical wiqh_chat of 2 from .

| - 118 .

the preceding procedure. Similar methaholyses hagi_given36 83 and 527

yieldEJ} lH-n.m.r. data :-64.85 (¢, J =9 Hz; H-3), 4.84 (4, J

2.3 33,4 o

3.5z, B-1), 4.26 (dd, .J . .9 Hz, H-6e), 4.0-3.5 (m, 4'H, H-2,

s, 6e L6a,6
-4, -5, 6a), 2.66 (d, J 9.8 Hz, OH), and data in Table 1.

3.5,



~1it. " m.p. 155° [a]D +63.5°. (A modification melting

" and to avoid refrigeration. The Y-n.m.r. data : 64.82 (d, J

“lation”

-H—h).
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C. Methyl &,6—g—benzylidene—2-g—£-tolylsulfonyIﬁu—grglucopyranoside <f\~h ‘

(8) and its benzoate 8. Compound 8 was prepared from 4 by selective
43,45,119

p-toluenesulfonylation -’ - Recrystallized first from 997 ethanol

and then from ethyl acetate, it had m.p. 154~155° and [ajn +§2° nglJﬁ);
43 40 at 136-138° was

not observed.) Crude 8 temds to contain some ditps;late 1 which is not

revealed in t.l.cl as it migré;es af'almést the same rate. However, it

can be readily detected in thellﬂ—n.m.r. spectrum. For effective retention

of the contamipant in thé mothef liquor during recrystallization of 8, it

is important to allow the hot solution to cool slowly to room temperature,

1.2 3.5 Hz,

H-1), 4.36 (dd, QQ 3 9.3 Hz, H-2), 4.30-3.30 (m, 5 H, H-3, 4, 5, 6,6'),
2.57 (d, J 2.5 Hz, OH), and data in Table 1.
A sample of the benzoate § was desired for purposes of spectral

comparison., It was obtained in 877 yield by customary p-toluenesulfony-

»119 of\methyl 3—beenzoyl-4,ngfbenzylidene—a-gfglucopyranoside,
1 ' =

and showed m.p. 22712 22°, [a]D +52.6° (c 1.1) after recrystallization from

43

%;Byl-acetate—hexane; it. " m.p. 212-213°,[a]D +51.6°. The 1H—n.m.r. data

S&re in full agreement ¥ith thoseﬂreportedlzo; see Table 1 for selected

3.6 9 Hz, H-6e), 4.01

signals. Additional da a: 64. 33 (dd JS be , —6 6
(dt, H=-5), 3.76 (t, gs,éa 9.5 Hz; H-6a), and 3.72 (¢, J,-, 9.5, J 9 Kz,

3,4 7 4,5

D. Methyl A,G—Q—benzylideng-B—ng-tolylsulfonyl-B—grglucopyranoside

(14), merhyl 4,6—g7benzylidene—ng—g-tolylsulfonyl-B—Qfglucopyranoside (16),

and ics 3-acetate 17. Parcial p-toluenesulf onylation of methyl 4,6- -0-

benzylidene— -D-glucopyranosxde (13) proceeds with less selectlv1tv than for

~ the a-anomeric diol 4; invariably, substantial proportions of the ditosvlate



-~ 93 -

ey
15 are produced together with small to moderate proportions of the
monotosylates lé and 16, but the latter can nevertheless be isolated, if
somewhat laboriously. The following modification of published procedureng’ao
proved faifly satisfactory. A solution of 13 (5.0 g) in dichlor;methéne
(301@1) and pyridine (20-ml) was stored in a refrigerator, and_g—toiuene—
sulfdnyl‘ct.xloride (7.0 g, 2 mol. equiv.) was added in several, small
- portions during the course of 7 days. Monitoring bylé.l.c, (solvent B)
indicated after 10 days that only a small amgunt.of starting 13 (&‘_. C‘O.l) s
/remgined beside the tosylated products (§¥ 0.3 and 0.5). VT;eatant of the
mixture with crushed ice and ﬁatér precipitated a solid product which,
after thorough washing with water, followed by drying, was chromatographed
on a column of silica gel (200 g) by use of solvent E, to give a mixture
of lé_and.lg_(EF 0.48 in t.l.c. with solventig; ratio 5.6:1, by'n.m.r.),
followed Ly chromatographically pure ;ﬁ_(§¥ 0.30; 1.64 g, 21.4%), and
unchanged 13 (R; <0.1; 0.36 g, 7.27). — '

Recrystallized from eﬁhanol, the 3-tosylate 14 had m.p. 159.5-160°,

[e]y -78.5° and[al,,, =94.3% (¢ 2); 11c.° ¥

) . .
m:p. 162-163°, [u]s46 -86.5 - 5°. The lH-n.m.r. data agreed in essence with

m.p. 155-156°, [a]D ~81.4° and

those reportedao,,except that all resonances were found at slightly lower

field (by 0.06—0.09 ppm). The H-3 signal was at 3& 75 (t J2 3 _ﬂ 4

8. 7 Hz), and the H-fe signal, at 4.33 (dd J 4.5, J 10 Hz); see

~5,b6e -6a, be

also Table 1.

39,40
Chromatographic separation of 15 and 16, though reportedly possible’
is rather difficult and inconvenlent on larger scales. It was much
facilitated by first converting 16 into its acetate 17. To this end, a

mixture of the two esters (9.0 g, obtained from several experiments as just

described, but not necessarily with exactly the same component ratio) was
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treated.overuight, at room temperature, with acetic anhydride (5,ml) and
pyridine'(ZO ml). Customary processing gave a material (10 g) which was
chromatographed on a column of silica gel (275 g) Elution was started
with 1z ethyl acetate in hexane, and ‘the proportion of the former was
gradually increased to lOZ at which point the acetate 17 began to emerge.
After recrystallization from ethanol, the long needles of 17 (3.6 g) had .
m.p.” 160-161°, [a] -39.3° and [31546 -46.6° (c 0 65); lit 39 m.p. 158-".

° [“1545 1% 2°, “lgn.m.r. dgea: §5.39 (¢, 19 8z, H-3), 4.59 dd; -
511,2 7.7, I, 3. 9 Hz; H-2),-4.38 gd;lg Y'Hz,'H;l)?f4.34 (dd, gﬁfﬁe 1078z,
~6e), 3.9-3.4 (m, B-4,.5) 6a); 2, 06 (s, 3 E, OAcI,‘aud data-in Table 1.

For regenerapion of 16 the acetate 17 (1. 80 g) was stirred overnight-'
in absolute methanol (40 ml) to. which acetyl chloride (2 wl) had previously

been added T.l.c. with ethyl acetate’ indicated the‘eventual replacement )

-

of all of 17 (RF 0 S) by a slow-moving product (R;-vO 3) that resulted

- from deacetylation and debenzylidenation The mixture was stlrred for 5

min with added «, aL-dimethoxytoluene (2 ml) and then evaporated at 35
give a dark syrup. This was passed through a short column of silica- gel

by means of hexane to which were added increasing proporticns (1-107) of

ethyl acetate. ‘Compound ;g (1.55 g, 942) crystal}ized from the chromato-

o ‘ -
graphic solvent as long needles, m.p. 122-122.5%, [o]D -44,8° and EQJSAG
-54.4° (¢ 0.55); 11c.*% m.p. 122-123° [e], -5¢.1°, and>? m.p. 123-126°,

+ -
[33546 -51.5 = 2°. The lE-n.m.r. data were in accord with those givenao,

except that all’signals were found at someuhat lower field (by 0.08-0.1 ppm);

see/ézso Table 1.

E. Methyl 4,sig-benzylidene-z,3-difgfp-tolylsulfonyl—sjg-gluc0pyrano—

. L
side (l5). Compound 15 was prepared by treatment of the diol 13 with p-

toluenesulfonyl chloride (3 mol. equiv.) in‘pyridinelzl’lzz. For an improved
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yield (80%) and a shortened reaction-time (3-4 days at room temﬁerature),
ée found it useful to add to the reaction mixture a small amount {15 mg per
g of 13) of 4;(§J§rdimethylaﬁino) pyridine as a catalysclzB. Recrystallized

from 997 ethanol and then from ethyl acetate {(without refrigerating the

solution), 15 had m.p. 187-188°, [l ~60.0° (¢ 1.2); 11e.>*% m.p. 182-

183°, [o] ) -62.8° and®”

40,121,122

-60.7°. The lower-melting, unstable crystal

modificacion was not encountered. The lH—n.m.r. spectrum was

~

essentlally in accord with the.reportedao.dataﬁ H~6e resomated at 64.25

(dd, 55,6é 4, gﬁa’se 9.5 Hg), and,H-4, -5, and -6a resonated at 63.75-3.25.

(m, 3H): See also Table 1. -

z)_ F. Methyl 4,6fg;benzylidené—z-g-methyl—3—Qrgftolylsulfonyl—s-g:gluco-
124

pyranoside (24). Compound 24 was prepared from 14 by Kuhn meihylation

with the procedure following a recent examplelzs

4
for 3 h afforded crystalline gi in 95% yield, without the need ‘for chromato-

. A single methylation

graphic purification. The long prisms obtained from 997 ethanmol had m.p.

139-139.5°, [al) -84.3° (¢ 2); 11:.1?6

m.p. 135-136°. The lgnim.r. data:

84.80 (ct, 22 3 = 23 4" 9 Hz, H-3), 4.40-4.25 (m, 2 H),'3,80—3.05 (=, 4 H,
H ’ . .

overlapping two 3-proton singlets for 2 OMe groups), .and data in Table 1.

G. Methyl 4,61g;peﬁzylidene—319rmechyl-Z:QrP-tolylsulfonyl—B-Qégluco~

pyranoside-(gl). A mixture of 15 and 16 (see.feaction D) was methylated
" (compare reaction F), and the fast-moving 27 thereby formed was.separated '
from 15 by column chrom;tégraphy on silica gel (solvent H). It crystallized
from ethanol as beautiful prisms, m.p. 137.5-138°, [a]D -32.7° (¢ 3.3);
.lit.izya ﬁ.p, 125-126°, [d]D -34.1 * 3° (solvent no;_given). lH-n.m.r. data:
64.60-&.55 (m, 3 H), and 3.9-3.4 (m, 4 H), and data in Table 1=

Reductions with lithium triethylborohydride (LTBH). - A. General

/)procedure, exemplified on the reacticn of i. To a solution of 1 (3.0 g, 5.08

/
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umol) in tetrahydrofuran (30 ml) was added LTBE (30 ml, E;solution in
tetrahydrofuran), and the mixture was boiled under reflux in a nitrogen
atmosphere. After 30 min, when t.l.c.‘(soivent B) indicated the complete
replacemeﬂt-;f ;_(3? 0.75) by a product (§¥ 0.4), the excess of hydride
was decompoged by careful addition of water (200 ml) to the cooled mixture,
and most ¢f the te:rah&drofuran was removed by evaporation. .The remaining,
largely aqueous phase and semisolid residue were'extracteq three times with
diéhloromethane, and the extract was washed with a small amount of.water

(wvith the addition of sodium or émmonium chloride, if necessary, to dg—

~ stabllize persistent emulsions), dried (MgSOa), and evaporatéd to give a
white, solid product. As t.l.c. revealed a minor contamination by 3_(5% 0.1,
the material was passed through a short column of silica gel by méggé of
7 solvent F, whereby 4 was completely retained and pure 7 (1.36 g, 96%) was
. obtained. Recryéhallized from ethyl acetgte-petroleum ether, it was
isoﬁeridélly pure according to its n.m.r.'spectrum,‘and had m.p. 130-131°

>

[a]D +141.0° (¢ 2.2), 1in good agreement with 7 prepared from 2 and 6 (see
the following reactions); lit.36 m.p. 129-131°, [a]ﬁ +140°, and*28 z.p.
125-126°, [l +140.3°; "H-n.a.r. data: 67.6-7.2 (m, 5 H, Ph), 5.60 (s,
PhCH), 4.77 (dd, J 1.3 and 3.7 Hz, H-1), 4.40-4.05 and 3.90-3.50 (m, 3

and 2 H, for H-3,~%,-5,-5, and-6'), 3.39 (s, 3 H, OMe), 3.02 (d, J 6.5 Hz,

exchangeable, O0H), 2.19 {(ddd, Ei,2e 1.3, £2e,3 3.2, £2e,2a 15.0 Hz, H-2e),
and 1.95 (dt, £1,Za = 523’3 = 3.6, gqa,ze 15.0 Hz, H-2a). The J values agreed
well with those measured3? for 7 in Q6D6.

A sample of 7 was acetylated with acetic anhydride in pyridine. The
lH—n.m.r. data of the acetate were: §7,55-7.25 (m, 5 H, Ph), 5.58 (s, PhCH),
4.27 (q, '-I-Za,3 = £2e,3 =d3,73 H’Iz, H-3), 4.71 (dd, J ~1 and &4 Hz, H-1),

4.45-4.0 (m, 2 H,.H—S, 6e}, 3.71 (t, £5,6a = £6a,ée = 12 Hz, H-6a), 3.67



(dd, J3 4 3> a5 9-2 Hz, H-4), 3.37 (s, 3 H, 6Me), 2. 30 (ddd, J1 e 1,

3, Jza 2e - 15 Bz, H-2e), 2. 12 (s, 3 H, OAC), and 1.97 (center of . N

L2e,3
m for B<2a, partly obscnred by OAc signal).

A sample of 7 was converted into its tosylate \9, lH-n m.r. data:
ot

87.78, 7.70, 7.08, and 7 00 (1lines of AB quartet, 4 H Ts), 7 34 (s, 5 H

Ph), 5.45 (s, PCH), 4.85 (q, J 92,3 gze 333, "3 Bz, B-3), 4.73 (dd,

J..,Q 8 and 4.5 Hz, H-l) 4.4<4.15 (m, 2 H, B~5, 6e), 3.63 (t, J L5 6a _5.68'6‘;
= 12 Hz, H-6a), 3.56 (dd, J 23 4 3, 24’5 9 Hz, B~4), 3.37 (s, ? B, OMe), 2.45
(ddd, Jl 2e 0.8, 32 .3 3, -Qa,Ze 15 Hz, H-2e), %132 (s,.é H, C-Me), and

2.02 (ddd, J 3, 4.5, and 15 Bz, H-2a).

B. Reaction of 2. The reaction of 2 (140 mg, 0.32 mmol) with LTBH
solution (1.0 ml) in tetrehydrofuran (5 ml), was initially mon}:ored at
room temperature (t.l.c. with soivent A). Only traces of 6 (EF 0.66) and
7 (§¥ 0.55) were seen besides unchanged 2 (EF 0. 61) after 45 miu When
the mixture was then boiled under reflux, all of 2 disappeared within 30
min, and 6 appeared to be the main product, with little additional 7 to be
seen. There was no change in t.l.c. after continued refluxing for 30 min,
but, upon addition of further LTBH (0.5 ml); all of 6 was converted into
7 within 15 min. Processigg gave a colorless oil, homogeneous in t.l.c.
Crysrellization occurred spontaneously, and 7 (79 mg, 92.57) was‘isoléted .
after trituratien with a small amount of ether; m.p. 128-129°, [a]D +139.8°

(c 2.1).
.

C. Reaction of 6. The epoxidell& 6 (300 mg) in tetrahydrofuran k3 ml)
was allowed to react with LTBH (3 ml) at room temperature for 30 ﬁin,
affording 7 (290 mg, 967), m.p. 130°,[a]D +141.7° (¢ 1.2). With LAH, the

4
same conversion required prolonged heating at.reflux temperature 6’130.
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D. Reaction of 8. Compound 8 (400 mg, O. 42 mmol) in tetrahydrofuran

(3 T?), and LTBE (4 wl, 4.3 mol. equiv, ), were boiled under reflux for

30 min. T.l.c. with solvent B showed that all of 8 was consumed after

. 20 min. The crude product obtained after processing contained a small
amount pf diol 4 and was therefore purified bf passage through a short
column of silica gel. " Elution was started with 1:10 ethyl acetgte-petroleum

2

ether and continued with increasing proportions of ethyl acetate being

added to the eluant. There was isolated the deoxy élyc&éide 12 (220 ng,
90Z) and the diol 4, m.p. 166-167 (12 mg, 4.62). Recrystallized from

ethyl acécate-petroleum either, ig had m.p. 112~113i, [a]D +94° (¢ 1.5);

127%

5 ) +
lit. m.p. 110-111°, [a]D +95 - 1°, and™ m.p. 111.5-113°, [a]D

+95.5°%; 1H—n.m.r. data: 67.5—7.2 (m, 5 H, Ph), 5.54 (s, PhCH), 4.49 (4,

l, 1.1 Bz, B-1), 4. 23 (dd, J5 6a £6a,6e 16 dz, H-6a), 4.0-3.7 (m,

4 H, B-2,-4,-5,~6e), 3.38 (s, 3 H, OMe), 2.75 (s, broad, exchangeable, OH),
i

and 2.10-1.95 (m, 2 H, H-3,3").

»

Reduction of 8 as just dgscribed, But with only 3 ml (3.3 mol. equiv.)
of LTBE solution, and performed at room temperature for 24 h, furnished a
‘reaction product in which was present an additional component, identified as
_the.géoxideiii. Separation békﬁﬂt.l.c. (solvent B) gave 11 (29 mg),.lg
(200 mg), and 4 (11 mg). Compound 11 ‘had m.p. 149-150°, [a]D +101° (¢ 0.5);
lit.117 m.p. 145-146°, [a]D +103.2°. The identity of the compound was

confirmed by itS‘lH-n.m.r.'spectrum. —_—

119

E. Reaction of 1l1. Independently-prepared™ " 11 (1.00 g) in tetra-

hy&rofuran (10 ml) and LTBH (8 ml, 0.95 M solution in tetrahydrofuran) were
allowed to react for 30 mia~$t reflux temperature. The'reaction was not
quite complete then (t.l.c. with solvent B), but was finished after

.continued heating (30 min) with additional LTBH (1 ml). Addition of a
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iiﬁtle water to the'coc;ed wixture, and evaporation of thg solvent *
togeth;r with severg; added portions of dichloromethane gave a residue
which was extracted with fresh dichloromethane (50 ml). The extract ;as

' washed with water. (4 x 20 ml), dried (KZQOB), and partially evaporated,

to give a concentrated solutiom of 12. On addi;ion of petroleum ether to
Incipient cloudiness, and overnight storage.at -20°, 12 crystallized as
stout prisms (708 mg), m.p. 113°, [a]D +94.6° (¢ 2.3); further crops .
(m.p. 110-111°) from the mother liquor raised the yield to 882 mg (87.5%7).

46,1327

Similar yields were obtained by reduction of 11 with LAH.

F. Reaction of 14. A mixture of 14 (500 mg), tetrahydrofuraa (5 ml),
and LTBH solution (4 ml) uﬁs examinea by t.l.c. (solvent [} after it had
been quzlﬁt 25° for 5 ain. It showed a spot attributable to, the epoxide
lg KEF 0.5) besides that of ;&_(§¥ 0.2). The mixture was then boiled under
reflux, whereupon a third spot (EF 0.3) began to appear shortly. After
30 gin, thelspot at §¥ 0.5 had vanished "and only those at 3? 0.2 and 0.3
remained. Of these, the former showed a scmewhat different shade of color
than was produced by starting 14, and it represented in fact a reduction
product (20) that had the same mobility, whereas the faster Spot represented
the isomer 21. Heating was stopped, ghe mixture was processed, and the
products were separated by p.t.l.c. (solvent C), to give 20 (lél mg, 597)
and 21 (110 mg, 36%), both as long needles crystallizing from ethyl acecaté—
hexane.

The 3-deoxy isomer 20 sHowed m.p. lf6-176;5°, [a]n -58.7° (c 1.2);

lit_33,133-135‘

m.p. 165, 168-169, 174, and 173-174.5°, and [e]) +59.5
(inadvertent reversal of sign?), -60.5, -61, and -61,5°. The lH—n.m.r.

data were ih'complete agreement with thése publishedl35; addicional data:

§4.33 (dd, £5,6e 4.5, gﬁa,se 10.3 Hz, H-6e), 3.36 (s, 3 H, OMe), and 2.56

B
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(broad s, exchangeable, OH). - h

The 2-deoxy isomer 21 had m.p. 103-104°, [a]D -32.3° (c 0.85);

116228 o ol 96-97°, lalp -34°; '8-n.m.r. dataiiz;j;7.2 (m, 5 &, Ph),
5.56-(8, PhCH}, 4:82 (dd, 21,22 2.4, 21,23 9.5 HznH~1), 4.34 (dd, 25,63 4,
Eﬁa,Se 9.5 Hz, H-6e), 4.17 (narrow m, H-3), 3.97 (sx, 24.5"9 Bz, H-S),

3.73 (¢, gé 6a 9.5 Hz, B-6a), 3.53 (dd, partially overlapped by OMe signal,
»
£3,4 2.7 Hz, H-4), 3.49 (s, 3 H, OMe), 2.57 (broad s, exchangeable, OH),

2.15 (dt with broadened lines, 2.4, J,

21, 2e 2e,3 % 235 2
and 1.70 (ddd, gl,Za 9.5, gia, 3f0’ g%a,Ze 14.5 Bz, H-2a). The J values -
128

,14.5 Hz, H-2e),

agreed well with those given for 21 in C.D

66"

G. Preparation and reduction of 18. For the preparationaz’136

of 18,
136

a sample of pure 14 was at hand, and was used instead of iEF benzoate
or42 15. The sample (1.05 g) in chloroform (5 ml) was treated with E

sodium methoxide in methanol (7 ml) for 2 h at room temperature. The

solvent was evaporated and the residue dissolved in dichloromethane (100 ul),
which was then washed several times with water, dried (Mgso&), and
evaﬁorated to give a white soiid (0.63 g). Recrystallization from merhanol

afforded 18 (588 mg, 977), m.p. 140-14F |, o] . -14 (c 0.9); lit‘.42 m.p.

D
136 ° o °
m.p. 1387, [a]D -15.6" . The identity of the

133-132ibf[a]D -15°, and
produét was confirmed by its lH—n.m.r. spectrum.

To a solution of 18 (200 mg) in Cetrahdeofuran (3 m{}zwere ad&ed, at
room temperature, three l-ml pprtions of LTBE solution in the course of 90
- min. All of 18 had disappeared after 2 h, and only two'sl;w-moving spogs
migrating like authentic 20 and 21 were seen in t.l.c. (solvent o).
Processing ¢f the reaction mi;ture, and separation of the products ;y p.t.l.c.

(solvent C) gave 20 (137 mg, 687) and 21 (61 mg, 307), identified by their

i.r. and n.m.r. spectra with the products described under F-
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B. Reaction of 16. A mixture of 16 (800 mg), tetrahydrofuran (8 ml),
and LTBE sclution (7 ml) was l';eated under reflux for 25 min. Processing,
followéd by passage of the crude product over a short column by means of
solvent B, gave a fraction of deoxy-glycosides (470 mg, 96%) that appeared
homogeneous in t.l.c. but contained two compoments (22 and 23), as judged
by the pregence of two methoxyl signals (£3.48 and 3.53) in the n.m.r.
spectrum. Further elution gave the diol 13 (8 mg, 1.5%), m.p. 206°,
identified by iég i.r. spectrum. ~Crystallization ¢f the mixture of desxy-
glycosides from ethyl-acetate—hexane furnished 22, m.p. 155-156°, raised
to 158-159° by recrystallization,.and undepressed in admixture with an
authentic sample; [a]) -73.8° and fal,,, -89.4° (¢ 1.7); 12e.73 a.p. 155-
156° to 159-160° and [5]5 -66.2 to -69° for samples of various origins.

The i.r. spectra of 22 and a previous sample were superposable, and the

lH--n.m.r. data were as reportedl37.

The mother liquor of crystallization gave 23 (slightly contaminated
by 22), m.p. 161-162°, raised to 167-167.5° by one recrystallization from

chloroform-hexane, and 169-170° in admixture with an authentic sample

39

having @.p. 173°; [al) ~65.6° and [a] ., -78.2° (¢ 3.65); 1it.”” m.p.

546
+
172-174°, [elg, o =75 T 2°, and™>* @.p. 171-172°, [a] 5 ~66.3°. The i.r.

spectrun was identical with that of authentic 23 (reaction H), as was also

the lH—n.m.r. spectrum except for the presence of weak signals due to traces

of admixed 22.

1. Reactions of 19. The epoxide 19 was prepared from 16 as de5cribed39,
5
in 877 yield; m.p. 192-193°, [o], -29.3° and [al,, -35.5° (¢ 2.6); 1ic.”?

+ 40

m.p. 185-187°, EGJS&G -28.5 - 3° and  m.p. 188°,[c] 5 -29°. A sémple of

19 (80 mg) in tetrahydrofuran (1 ml) was allowed to react with LTBH boiuﬁion

*

(0.5 ml) for 10 min at room temperature. Processing gave a syrup (80 mgj ..

rl
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from wﬂgch crystals (55 mg, m.p.~137°) were subsequently obtained. The
lH—n.m;r. spectra of the syrup and of the crystalls were essentially
identical with'éach.other and with ghe speptrum—of the mixture of 22
and 23 obtained from 16 (reaction B), indicating the presence of
approximately equai proportions of the isomers.

A sample of 19 (75 mg) was reduced with LAH in boiling ether during-

1 h, exactly as &escribeng, te give pure 23 (56 mg after recrystallization;

747), m.p. 173°. The 1H—n.m.r. data: 7.4 (m, 5 H, Ph), 5.52 )s, PhCH),

4.43 (d, 3

3, , 1.5 Hz, B-1), 4.30 (dd, J 4.3, J 10 Hz, H-6e), 4.1-

5, 6e ' —pa,be
3.2 (m, unresoIved, H-2,-4,-5,-6a), 3.53 (s, 3 H, OMe), 2.50 (s, OH), 2.40

dt, J, o ~ 14 Hz, E-3e), and 1.77 (m,

2, 3e i3e,"4
H-3a). .-

~4 Bz, 12 Hz,

13a,3e I3a,4

J. Reaction of 15. A mixture of ditosylate 15 (1.0 g), tetrahydrofuran

(5 ml9, and LTBH solution (10 ml) was B;iled overnight under reflux. (Ia
a pilot experiment, 3 strong spots for reaction prod;cts were already
indicated by t.l.c. after 45 min, but processing had shown that much un-
reacted 15 was still present at tﬁat point.) From the processed, crude
aixture was‘then obtained pure 20 (205 mg) by crystallization with hot
carbon tetrachloride. The mother liquor was subjected to p.t.l.c. ksolvent
G). There was obtained, in order of decreasing mobility: a) Unidentified
material (~15 mg); b) by-product A (25 mg; see the discussionj; ¢) éompound
21 (50 mg, 11%7); and d) a mixture (140 mg) of 20 and other deoxy-glycosidés.
The last-mentioned mixture was rechromatographed to give pure 20 (51 mg,
thus raising its yield to-256 mg, 56.8%) and a mixture (60 mg, 137) of
deoxy-glycosides whose n.m.r. séectrum showed the same characteristic
features as those of the mixtures 0f 22 and 23 obtained from 16 and 19

(reactions H and I).

~
~
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K. Reaction of 24. A ﬁixture of 24 (200 mg), tetrahydrofufan (3 ml),
and LTBHE solution (4 ml) was allowed to react at reflux temperature for
24 n. ~Adpitoring by t.l.c. (solvemt G) indicated conversion of gﬁ_(gF 0.2)
into 25 R; 0.1) and gg_(gF 0.3) which, afrer the usual processing, were-
separated by p.t.l.c. (solvent F). This yielded 25 (76.5 mg, S8%) and
26 (44-mg, 35%) in crystalline form.

Compound 25 had m.p. 175-176°, [a]D -68.7° (c 0.5); lit.l26 m.p.
170-171°, [a]D -69.2°%; Y-n.o.r. data: 57.6-7:2 (m, 5 B, Ph), 5.52 (s, PhCH),

4.35 (dd, £5,6e 4.3, £6a,6e 10.5 Hz, B-6e), 4.33 (d, J 7.6 Hz, B-1),

1,2
3.8-3.2 (m, 10 H, H-3,-4,-5,-6a, and 2 OMe signals at 63.63 and 3.57),

3.06 (dd, J, , 8.6 Hz, B-2), and 2.74 (d, J 2 Hz, ‘exchangeable, OH).
Compound 26 had m.p. 150-152°,.[a]D -73.6° (¢ 0.6}, and no literature
referenge was found; len.m.r. data: 67.6-7.2 (m, 5 H, Ph), 5.50 (s, PhCH),
436 (d, Ig o vh, Tg o 10 Hz, H-6e), 4.32 (4, I, , 7.5 Bz, B-1), 3.75
(t, 15 6a 10 Hz, H-6a2), 3.56 and 3.47 (s, 3 H each, 2 OMe, superposed on

unresolved m for H-4 and -5), 3.21 iddd, J 2, gi 2 7.5
]

2, 3e >-
~-12 Hz, H=3e) and 1.63 (q,

» £2,3a 11.2 8z,

B-2), 2.51 (m, J ~11.7 Hz,

3.8

3e,4 ? i3a,3e '{Ba,&

H-3a). Minor signals were attributable to a contamination by starting 24,
amounting toa6Z (estimated from the intensity of a C-Me signal at §2.30).

L. Reaction of 27. A mixture of 27 (300 mg), tetrahydrofuran (6 ml),

and LTBH solution (6 ml) was boiled under reflux for 22 h, a?ter which time
.all of 27 (EF 0.4) had been replaced by a single spot (EF 0.1) for 28 N
(c.l.c. with solvent Ej; Processing required no chromatography; the crude
product (187 mg, 94.77) wa; recrystallized from ethyl acetate-hexane to
afford pﬁre 28, m.p. 171.5-172°, [a]D -47.0° (g_i.l); 1ic.127a @.p. 174°,"
[a]D 50 < 2°. Ypenum.r. data (60 MHz): &7.4 (m, 5 E, Ph), 5.52 (s, PhCH),
3.67 and 3.58 (s, 2 Oye7~sppezgosed on ring-proton signals ;hat were all

R
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unresolved in the regions §4.5-4.1 and 3.9-3.6), and'2.85'(d,'£p2 Hz, OH).

~

Reductions with lithiom aluminum hydride! —A. Reaction of 1. To a

L4

paréial suépénéion of LAH (0.50 g, 13.2 mmol) in dr?,petfahydfofgran (8 ml)
"éas added‘dropwise a solution of 1 (3.10 g, 5.25 mmol) in tetrahydrofuran
fl2‘ﬁ1). The mixture was boiled at reflux for 22 h, and for a fprther 4 h
- following the additiom of anmother 0.25 g (6.60 mmol) of LAH. After cooling
of the mixture, it w;s carefully_pogred into chilled ethyl acetate (SO-ml)
and then agitated with ice-water (150 ml) that contained sulfuric acid
(3 g) or, iﬁ similar expériments, sodium hydrogen sulfate (8 g): Sﬁbsequent,
extraction with é%%;z-;:;tate (6 x 74 ®l) and ether (50 ml) gave aﬁ organic
solution, which was waéhed with a small volume of‘sqgium hydrogen carbonate
solution, passed through dry filter paper, and evéporated without pricr
application of a drying aéent. The part}ally crystalline residue of
evaporation. showed, in t.l.c. with sof&ent B, a brown spot of é.(gy 0.1,
a strong double spot having a black front and a dark brown rear part and
comprising 2, gjland‘l (35 0237-0.45), an olive-green spot due to by~
products designated B (EF 0.68), a dark brown spot of residual 1 (EF 0.75), .
and faster-moving trace spots. Separation was performed om a column of silica
gel (25 ml) by use of solvent B, with 10-ml fractions being collected.
Cowpound 1 began to emerge after a forerun (20 ml) chat contained odorous,
non-carbohydrate material and other impurities. Mixed fractions were
appropriately pooled and rechromatographed. Early fractions containing
mainly 1 and B deposited, on standing of the solutions, pure 1 as large
prisms which were collected before the mother liquor was evaporated for
rechromatography. All fractions, éxcepc those containing appreciable-
propottions of B, gave dry, c¢rystalline materiazls ou solvent evaporation.

!
The following substances were elaborated: a) Unchanged 1 (13.3%) in cry-



. -'105 -

stalline crops (177 mg, m.p. IS9—I60?,[&]‘ +13.7° [e¢ 2]; and 125 mg, m.p.

153-154°) and as a partly crystalline mixture (330 mg) composed of 1

N

(~110 mg) and B (~220 mg) as_iédicated by a 100-MHz Yen.m.r. spectrum

(see Taﬁle 1 and the biscussion); b) a'4:3 mixfure (98 mg, ratio estimafed -
by a.m.r.) of B and 2, corresponding tO'Véﬁ and 42 mg, ;espectively; c)

the diol 4 (190 mg, 12.8%) wgose elution was completed by use of solvent

A; m.p. 163-164°, raiséd to 167-168° by recrystallization from ethyl

acetate-cyclohexane (lit.ll&

m.p. 163-164° and? 168-168°).

In the combined mixture fractioms c, the molar ratio 2 : (5 +7) was
deqermined'(n.m.r.) as 1:3, corresponding to calculated amounts of 345 mg
(15412) for-2 and 630 mg (45.1%) for 5 + 7. The deoxy-glycosides were -
present in a ratio of:’é:l. Repeated chromatography of the mixture
furnished 2, m.p. 160-162°, RF 0.63 or 0.45 (t.l.c. with solvents A or B),
free from 5 and 7. The latter glycosides virtuallf coincided in t.l.c.

(EF 0.5 with solvent A, and 0.4 with B), as was verified with authentic
samples, and they were not satisfacterily separable on colummns. On omne
occasion, a small amount (25 mg) of 7 crystallized fortuitously in fairly
pure form (m.p. 122-124°); its lH-n.m.r. and 1.r. spectra agreed with those
of pure 7 obtained by LTBH reduction. F}actions of fairly puré 5 melting
as high as 180-182° were isolated, but they still contained some 7, visible
in thei£ spectra. A vacuuﬁ-sublimed30 sample of 5 appeared free from 7

and had m.p. 187°, [aln +119.5° (¢ 1.4); 11c.°°

m.p. 186.5-187.5°%,[z] 5
4126.9°, and> m.p. 186-187°to 190-191°,[a], +123°and $124°, and ®>138 ap
190-191°, [a]D +115.8 ¥ 3°, Elevated_[a]D values may sigﬁify'a contamination

t
by 7, which is more highly deﬁforotatory (+140°). The lH-n.m.r. data agreed

with those reported36. - =
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B. Reactions of 3 and 2. Compound 3 (590 mg, 1.1 mmol) and LAH
(330 mg, 7.9 mol. equiv.) were allowed to react in boiling-tetrahydrofuran -
‘(30“ml)>a;‘described for_l,;but for ¢ h only. The crude product obtained
on ﬁrocessing; ;s deScribe&, showed spots at gF 0.15 (4), 0.5 (5+ 7),
and 0.63 (2), as well as faster-moving trace spots (t.l.c. with solvent
A). Columnlchromatography on silica gel (16 ml) with solvent A gave pure .
2 (69 mg), m.p. 163°; a mixture fraétion (176 mg) coutaining 2 and the
deoxy-glycosides (5 and 7) ;n the molarrratio 10:30 (by.-n.m.r.), which
corresponded to 62 mg of 2 and 114 mg of 5 + 7; a mixture (35 mg) of 5
and 7; and finally 4 (37 mg), m.p. 167-168°. The ratio of 5:7 was~3.25
| (by n.m.r.). The percentage yields are listed in Table 2.
An analogous experiment using compound 2 (200 mg) géve the results

shown in Table 2. T .

C. Reaction of 8. Reduction of 8 (1.00 g, 2.29 mmol) with LAH (670 mg,

7.7 mol. equiv.) in boiling tetrahydrofurap during 19 h, followed by pro-
cessing as described in reaction A, gave a crystalline; crude product which
showed spéts attribuﬁable to &4 (EF 0.1) and\deoxy-glycosi&es (EF 0.42, al-
most black, due to 10, with a faint, brown satellite spot at 3; 0.37,

- presumably due to 12), and fast-moving traces of impurities (solvent B).

Chromatography on silica gel (12 =ml) with solvent B gave fractions ghowiqg

only tﬁe aforeﬁentioned, black spot togetﬁer with-its weak companion spott

(These were more clearly separated in t.l.c. with solvent A: 3? 0.57 and
0.47.) Therefrom was obtained 10 (114 mg, lQZ)-as.iong needles having m.p.
144-147°, 146-147° after recrystallization from ethyl acetate-cyclohexane

or 952‘ethanolg and 148-149°, from pure ethyl acetate;[a]D +97.5° (¢ 1.3,

139 )

acetone); lit.”” " m.p. 151-152°, [G]D +90° (acetone). The i.r. spectrum

was distinctly different from those of 5, 7, and 12. The lH-n.m.r. data
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(60 MHz): §7.4 (m, 5 H, Ph), 5.52 (s, PhCH), 4.73 (dd, J-*1 and 4 Bz, H-1),

4.3-3.3 (unresolved m, Srﬁo, 3.30 (s, 3,H, OMe), 2.83 (brogd s, OH) » 2.18

(ddd, 3y 5,1y Ty, 3 53|y, e 13 Hz, B-2e), and 1.68 (o, 3) 25~
35 -
;-23,3 ’ iZa,Ze 13 Hz, B-2e). . .
The bulk of the slow-moving product was eluted with solvent B, and’

additional amounts were eluted with solvent A followed by pure ethyl

acetate. A total of 495 mg (76.5Z) of crystalline 4 was thus obtained.



o

SECTION III
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Experimental. Section III

Solvent systems: The chromatographic solvent systems (v/v) used in

this section were: 1:2 efhyl éceca;e—chlorofomm (A), 1:2 methanol-
chloroform (B), ethyl acetate-petroleum ether in the proportioms 1:1
€), 1:2 (D), 1:3 (E);'and'l:&.(fj, and 1:6 ethyl acetate~hexanes (G).

Methyl 3, 6—dideoxy-3—nitro-ﬂ-L-glucopyranoside (10 . The preparation

of 10 from methyl G-Lwrhamnopyranoside as originally pesformed by Baer and
Capek66 yielded 267 of the product by direct crystallization plus ca. 14
‘éy column chromatography of the mother liquor. A pinér modification of

the procedure, employed later onéac iﬁ thelg;serieé, gave 357 of product
by crystallization, processing of the mother liquor being dispensed with.
For the present work, we routinely prepared the mixture of stereoisome;ic
nitro glycosides as previously described and gpplied the whole, crude
wixture (from ;S g of methyl u-é;rhamnopyranoside) te a column containing
800 g of silica gel (packed by suspending the gél in chloroform). Elution
with 4:1 chloroform—ethyl acetate produced syrupy ETEEEEQ isomer followed
by a mixture of the L -gluco and L—galacto isomers. This mixture was passed
through a second colymn of the same size, which was eluted with 1:1 ecthyl
acetate-hexane to give pure ;g (11.9 g, 41%) melting at lél-l&3° as‘recordedss,
follS%ed by a small amount of the é:galacto isomer, m.p. 155-156° (reported,
w.p. 154- 157°CG6). A procedural variant iﬁvolvgd omission of the firs:t-
mgntioned column. The slow-moving L-galacto isomer was separated, by one
chromatography using l:1 ethyl acetate-hexane,from jdlntly eme;ging Ef

manno isomer and 10, and the latter was then obtained pure in good yield

by crystallization from chlorocform.

~

\
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Methyl 3,6~dideoxy~-2,4-di-0-methylsulfonyl-3-nitro-a-L-glucopyranpside’

(11). A solutiom of 10 (2.0 g) 4in Hichloromethane (100 ml; dried over
molecuiér sieve) coutaiﬁing freshly distilled methanesulfonyl chloride
(2.6'51) was cooled to -40°C, and a solution of triethylamine (3.4 ml;
“dried over and distilled from CaHz) in dry dichloromethane (20 mlj was -
then added drppwise over a ﬁeriod of 10 min. [Pilot experiments had
shown that, at ghis point, all of,}g_(g?-O.Z) ha§ disappeared and 2 strong
spot of 11 (§¥o-0.6) was visible together with a weak, faster spot
(gFr'O.S; t.l.c. with solvent A) which presumably represented an elimin~
ation product.] The réaction was immediately quenched by the addition of
| methanel (40 ml) at -5b°@ before the mixture was alloéed to assume room
tem@eraturé. Solvent evaporation gave a residue that was taken up in a
small amount of ethyl acetate whereBy the‘ main part of crystalline tfiechyl—
ammonium chloride remained undissolved. The solution was filﬁered by
suction through a 2-cm layer of silica gel (pre-washed with ethyl acetate)
which remo;ed remnant salt; the filter cake was washed with ethyl acetate
followed by petroleum ether. The filtrate was evaporated and coevaporated
with several portions of added l-propanol. Finally, the residue was dis-
solved in a minimal amount of hot l-propanocl from which 11 crystallized
“upon slow ccoling to room temperature. The yield was 2.82 g (80%); m.p.
133-134°C, [a]D -122.9° (¢ 1, chloroform).l The ilr. and n.m.r. spectra

were identical with those of the D-enantiomer for which was found68a m.p.-

132-132.5°C and [a], +110.5°.

‘Methyl &—graéetyl-Z,B,6~crideoxy-B-nitro-c-érervthro-hex—Z-enopyrano-

side (13) and Methyl 2-QO-acetyl-3,4,6-trideoxy-3-nitro-a-L-threo-hex-3-

enopyranoside (14). The dimesylate 11 (1.0 g) and anhydrous sodium acetate

(0.5 g) were stirred at room temperature in acetome (25 ml) containing
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. glacial acetic acid (0.5 ml). Monitoring by :.l,c.‘(solven; E) revealed

the concurrent consumption of l;_(gF 0.15) and appearance of 13

CEF 0.5) as a single product.. After 2 H, traces of a second product,
namely 14 (EF 0.45) begé; tg appear. (The spots of 13 and ;é_were'
clearly separated providea the quantity of mixture applied to the plate
was mot too large.) The reﬁétion was stopped at this point by the addition
of ether (10 ml), which precipitated sodium acetate, and evaporation of
the filtrate therefrom, followed by azeotropic removal of acetic acid with
added toluene. The residue was extrgc;ed three times with boiling hexane.
The_extracts wéfe evaporated giving a material that yielded nearly pure
13 (210 mg, 332) by crystallization from absolute ethanol at -70°C.
Recrystallized oucg’from hot hexane {with slow cooling and storage of tﬁe
solution at room temperature), 13 formed long needles FlBO mg), m.p. 87°C

and [q]y +97.3° (c 1.3, chloroform). The data recorded®’® for 13. obtained

in a different way were m.p. 81-81.5°C and [a]D +99.3 (chloroform); the .

n.m.r. Spectrum of the present sample agreed with the pubiished one67b in

B- .

every detail.

For the preparation of 14, a solution of 11 (1.0 g) and anhydrous
sodium acetate (1.0 g) in acetone (25 ml) containing glacial acetic acid
(1 m1) was boiled under reflux. T.l.c. with solvent §;indicaCed the

! . ' ’

disappearancé of 11 and the occurrence of 13 and 14 early on; the intensity
of 13 (gF-o.S) subsequently diminished and, after 1 h, 14 (BF 0.45) re-
ma;ned as the sole, detectable product. The-feaction mixture was processed
as described above except that the residue obtained after removal of the
acetic acld was passed through a small tube (disposable pipet) filled with

silica gel, by means of solvent C. "After solvent evaporatiom, lé4 crystallized

from a minimal amount of absolute ethanol on storage at -27°C; yield, 0.45 g
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(702), m.p. 81-82°C, [a]D -162.6° (e 1.5, chloroform). Reported67b

m.p. 81-81.5° and [u]D -165°, and for the Qrenantiomerssd, m.p. 81-82°C
and [a]D +163°. The n.m.r. spectrum was identical with the'published67b
spectryz of 14

Methyl 2,3,4,6-tetradeoxy-3-nitro-a-L-threo-hexopyranoside (18) and

" L-erythro isomer 19. Preparation from 14. Sodium borohydriﬁe (500 =g)

was added to a solution of 14 (500 mg) in absolute-ethaﬁol (50 ml) which
was stirred at +5°C. After 15 ﬁin,rﬁethanol (15 ml) and an acidic cation
exchange fesin.wére added. The deioﬁized solution was evaporated to give
a residue froh which several portions of methanol were evaporated to
remove boric acid. The syrupy product was dissclved in ethyl acetate,
treated with activated charcoal, and recovered after filtration through
"Celite and solvenc_removal. The dried syrup (350 mg,_922) was a mixture
of 18 (gF 0.42) and Lg_(§¥ 0.28}, with the latter predominating (t.l.c.
with solvent ¥; droplets of acetic acid were applied with the sample spots
ét the starting line of the plates).

Preparation from 1l. Sodium borohydri&e (1.0 g) followed by absolute

ethanol (50 ml) was added at room temperature to a stirred'solution'of 1l
(1.0 g) in dichloromethane (100 ml). An exothermic riaction ensued,
causing some refluxing of solvent. Monitoring by t.l.c. as just described
indicated complete consumption of 11 after 1 — 1.; h and the formation bf
18 and 19 in proportions similar as.above. The reaction mixture was then
cooled (5 ;le’C), acidified to pﬁ 4 by slow addition of.glacial acetic
acid, and filtered through a layer of Celite (pre-washed gith acetic écid
followed by dichloromethane). ;yaporétion of the filtrate gave ; white
residue which was extracted several times with warm petroleum ether. The

4
combined extrgcts were freed from acetic acid by coevaporation with toluene,

Iy

-
% -
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and the remaipning syrup was freed from residual toluene by short drying

in an oil-pump vaéhum at room temperature. The product.was then redissolved
in petroleum ether, a small amount of insocluble matérial being filtered

off. It was determined in one experimegi that 470 mg (97.5Z) of 18 + 19

was present at that stage.

Separation. Tﬁé mixture of 18 and 19 (from 1.0 g of l;)-contained in
a minimum volume of petrbleum ether depésited long needles of.19 (153 mg)
upon §torage overnight at -27°C. The mofﬁer iiquor therefrom was chroma-
tographed on siii;; gel (20 g). The coiumn_was prepared by first soaking
cﬁe gel in a2 mixture of acetic acid and dichloromethane for 2 h and thsp
washing the packed column with hexane‘(SO ml). Irrigat%on with a mixture
of petroleum ether‘(AOO parts), benzene (100 parts), ethyl acetate (50
parts), and acetic acid (1.2 patts) gave homogeneous bqt syrupy 18 (126
mg, 26%) and crystalline 19 (115 mg, 56Z when added to the previous crystals).
The two isomers gave well-resolved i.r. spectra)(vma - 1550 cm_l, strong, -
NOZ) which were very similar In character but showed significant differences
in band pOSltiOnS and intensities’in the fingerprlnt region.

Compound 18 showed [a]D -139° (¢ 1.3, chloroform); n.m.r..(loo MEzZ):
§4.90 (dd, J1,2e = 2» 3y 5, T 3.5 Hz, H-1), 4.84 (tt, partially overlapping
B-1, J, 5= _.13 4a = 1282, Iy 4 = I3 4o = 45 Hz, H-3), 3.90 (12 lines,
'gﬁe,5‘= 2, J a,5 = 12, JS 6 = 6.3 Bz, B-5), 3.34 (s, 3H, OMe), 2.43-2.18

(m, 2H, H-2e and ‘H-4e), 2.01 (octet, Jl 22 = 3.5, J2 3 =12, gQa’e = 13 Hz,
CH722), 1270 (a5 J5 4, = Jgp 5 7 dug e 7 12 B2, Eoda), 1.23 (d, 3H, =
6.3 Hz, H-6). ~

Compound 19 showed m.p. ¢3°C, [Q]D -145°% (¢ 1.1, chloroform);_ﬁ.ﬁ.r. (10O

- = I: = He-
Miz)t 84.73 (natrow @, J) 5 = 3.5, 3) .= 2, 3 = 0.8 Hz, H-1), 4.49
(w, 16 lines; J, .= 2.7, J, ,=5.5, J = 3.3, J = 4.5 Hz, H-3),

2e,3 . =2a,3 '’ 23 4e * 23,4a
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4.19 (@, 16 Lines; I, , = 2.5,3,, g = 11.5, I &= 6.5 Hz, 8-5), 3.27
(s, 3 B, OMe), 2.72 (d, sx, J, =15, J; 5 =2, J, =27, 3y ;.=

1.2 Hz, H~2e), 2.52 (dm, with low-field m partially overlapping upfield

sx of H—Zeg_{aa’e = 14.5, and J = 9.8, 1.2, 2.5, and 3.3 Hz, H—Qe), 2.09

(das Jp, o =15, 3y 5. = 3.5, Iy, 5 = 5.5 Bz, H-2a), 1.61(dq, I, . =
14.5, 3y 4, = 4:5, 4,73 = 11.5, B~a), 1.22 @, 3 B, J = 6.5 Hz, C-¥fe).
anal. ¢alc. for C3H ,NO, (175.2): C 47.99, H 7.48, N 8.00; Found: C 48.00,

H 7.32, ¥ 8.10. The crystals are volatile; they sublimed. when being kept
overnight in an oil-pump vacuum at room‘tempereture.

Similar yields of 18 and 19 could be obtained by chromatography of
their whole mixtu?e (without prior, partial crystallization of ;g)'in which
case a correspondingly larger proportioﬂ'of silica gel (30 —e35 g) had to |
be used. However, when a mixture of 18 and 19 (350 mg) was chromatographed
on silica gel (35 g) which had not been pretreated with acetic acid, and
elution was performed with solvent G instead of the aforementioned, slightly
acidic solvent, there was obtained pure 18 (202 mg) followed'by mixed

»
fractions totallipng 103 mg, and ne pure 19 -emerged. It appeared that the

-
b

.slower-moving 19 was continuously being isomerized on the way through the
column. To verify this, a sample of such a mixture (from. 50 mg of 1l)
was dissolved in metﬁanol (5 ml) and stirred with silica gel (1 g) in the
presence of a few drops of triethylamine. The isomerization was monitored
'by t.l.c. {solvent gj. After 10 min, the spot intensitiee were reversed,
and after 6 h, only a trace.gf‘ig remained visible.

Accordingly, for the preparation of 18 in optimum yield the dimesylate
11 (500 mg) was treated with sodium borohydride as described before. After

acidification and filtratien througg Celite, the reaction mixture was

evaporated and an ethereal solution (50 ml) of the crude product was washed
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__—with cold, saturated NaH003 solution (3 x) and water (2 x); dried over

MgSO4 and evaporated to give a~2 : 3 mixture of 18 and 19 (214 wg, 897).
This was stirred for 3 h at room temperature with silica gel (1 g) in
methanol (S wl) containing triethylamine (10 drops). Upon removal of the
gel and solvent, the isome;ized material was furified by passage through
a coluﬁn of silica gel (15 g) by ﬁeans of solvent -G. There was obtained
170 mg (70.5%) of pure 18 followed by a small fraction (27 mg) containing

18 and 189.

' 2,3,4,6-tetradeoxy~-3-nitro-a-L-threo-hexose (20). 4 solutioh of 18
(200 mg) in tetrahydrofuran (2 m1) and 0.5 M sulfuric acid (20 ml) were

heated on a steam bath for 90 min. The t.l.c. (solvent E) then indicated
18 to be absent and showed a single, mobile spot (3? 0.2) together with

-

an immobile spot. The cooled;h§drolyzate was extracted several times with

_ethyl acetate, and the combined extracts were washed several times with

. small volumes of agueous NaHCO3 solution and once with water. Drying-(MgSO&)

~J 2.7 Hz, removable by D

and evaporation 6f the .organic solution gave a yellow syrup that was

purified by redissolution in ethyl acetate and treatment with activated
- .

charcoal followed by fiitration through a small quanticy of silica gel.

The product was then recovered as a chroﬁatographically homogeneous solid

P

(112 mg, 61%) which formed colorless crystals from ethyl acetate-petroleum
ether; m.p. 117-118°C, [a]) -96° (3 mim)— -76.3° (21 h, fimal; ¢ 1,
chloroform) and -39.8° (8 min)— -36.0° (20 and 120 min; ¢ 1, water).

N.m.r. (100 MHz): 85.48 (garrow m; d after DZO exchange; 21,2e = 2, gi,Za =

J2a,3 " 23,42 2e,3 - 450 dy 4 T 4 HZ, B3,

. = = = 7 g N
4,19 (m, 16 lines; E&a,s 11.5, £5,6 6.5, i&e,S 2 Hz, 8-3), 2.95 (t,

0 exchange, OH), 2.42 (d sx, J. = 13,
—2a,e

3.5 Hz, H-1), 4.94 (tt, =12, J

2

J = 2 = 4.5 H i- . i i
il,Ze Tre.te , ng,B 4.5 Hz, H-Ze), 2.35 (d of quinrets partially
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overlapping the H-2e multiplet, 54 = 13, =J

a,e gﬁe,S —2e,b4e =% gﬁ,&e

4 Bz, B-be), 2.03, (o, Iy,  Z13, 3, 712, % ,

i.?&_(q, with center lines broadened; gﬁa 5 = 11.5, 23 4a =12, gﬁa e
. * ? 14

13 Hz, H-4a), 1.25 (d, 3H, J = 6.5 Hz, C-Me). Anal. calc. for C.H,,NO,

- (161.2): C 44.72, H 6.88, N 8.69; Found: C 44.75, H.6.93, N 8.54.

= 3.5 Hz, H-22a),

2,3,4,6~tetradeoxy-3-—nitro—8-L-ervthro-hexose (21). A mixture of.
glycoside 19 (100 mg) and ethanol-free chloroform (10 ml) saturated with
gaseous hydrogen chloride was stirred at room temperature for 2 h, with

the additioﬂ‘of a few drops of water., K Evaporation then gave a solid

(89 mg, 97%) which wasc:;;rystallized'from hot ethanol with addition of
‘ethyl acetate, to give colorless 21 (70 mg, 762), m.p: 141.5-142°C; [G]D
59.6° (5 min) —» —46.2° (15 min)— -23.0° (45 min) — +3.2° (17 h, comst;
c 1, methanol). The sugar was sparinzly soluble in'cold water. N.m.r.

(100 MHz) in (CD3)250: 66.07 (m, removable with D,0, OH), 5.06 (garrow m,

2
E-1), 4.70 (nafrow m, B-3), 4.27 (broad m, H-5), 2.5-1.9 (unresolved m,

~

3 H), 1.55 (septet, J = 4.5, 11, and 15 Hz, H-4a), 1.12 (d, J = 6.5 Hz,
C-Me). Anal. calec. for CGHIlNG& (161.2): C 44.72, H 6.88, N 8.69; Found:
C 44.49, B 7.01, N 8.55.

Methyl 3-amineo-2,3,4,6-tetradeoxy-G-L-threo-hexopyranoside acetate (22).

Platinum dioxide catalyst (SOOImg) was prehydrogenaced'in glacial acecicA
acid (30 ml), and a solutiom 5% 18 (500 mg) in absolute ethanol (20 ml) waé
added. The hydrogenation was performed for 10 h at ahbient temperature and
' pressure’. Thereafter, t.l.c. indicated complete reaction of ;§_(E¥ 0.5 in
solvent F or~0.8 in solvent B) and the presence of 22 (BF 0 and 0.2,

respectively). The filtered solution was evaporated, with azeotropic

- -

. Ve .
removal of acetic acid by addition of toluene. The remaining syrup gave

crystals, m.p. 108 C° (with prior sintering), from dichloromethane-ethyl
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aceta:e—petggleum’echer, but these were found te contain 5% of ash (by
combustion analjsié).. An ethyl acetate sclution of the product was treated
with charcoal, filtered through a layer of Celite, and evaporated to give
pure 22 (540 mg, 92%), m.p. 115—1166,‘[a]D -1is° (¢ 1.3, chloroform).
N.m.r. (100 -MEz): §8.20 (s, 3-H, ﬁHBJ, 4.79 (na;}owxg;‘g:}it 3:85-(broad m,
B-3), 3.45 (broad m, B~5), 3.3l (s, 3 H, OCH;), 1.95 (s; 3 H, AcO , '
superpogéd on unresolved m for H-2e andvH-4e in the 2.2-1.9 region), 1.61
(sx containing 1 small and 2 large splittings, H-2a), 1.31 (q, J =12 Hz,
B-4a), 1.20 (d, 3 H, J = 6.5, C-Me). Anal. calc. for C9319NOA (205.3):

C 52.66, H 9.33, N 6.82; Found: C 52.81, H 9.28, X 6.76.

Methyl 3-amino-2,3,4,6-tetradeoxy-a-L-threo-hexopyranoside hydro-

chloride (23). Compound 18 (100 =g, 0.57 mmole) im 957 ethanol (7 ml)
was added té:btatinum.dioxide catalyst (100Q) that had been prehydrogenated
in a mixture of ethanol (2 ml), water (0.4 ml) and N hydrochloric acid
(O.Glml). Complete hydrogenation at ambient temperature and pressure
required 24 h. Removal of the catalyst and solvent gave a soiid which

was dried in vacuo and then washed with éthyl acetate, dissolved in ethanol,
treatkd with cha%coal, §nd recovered by evaporation of the solution. The
colorless matérial then crystallized from ethanol-ethyl acetate and showed
m.p. 175°C (dec.), raised to 182-183°C by recrystallization from methanol-
ethyl acetate. The yield of pure 23 was 98 mg (94.57), EF-O.S_(t.l.c. with
solvent B), [a]D -108.3° (¢ 1, water). XN.m.r. (100 MHz) in (CD,) ,50:
§8.43 (s, 3 H, EEB)’ 4.79 (narrow m, H-1), 3.74 (broad m, E-3), ~3.4

(broad m, B~-5), 3.24 (s, 3 H, OCH3), 2.2-1.9 (unresolved m, 2 H, H-2e and
H-ée), 1.63 (sx, J 3.5 and 2 x 12.5 Hz, H-2a), 1.31 (g, J = 3 x 12 Hz, H-da),

'1.13 (d, 3 H, J= 6.5, C-Me). Amal. calc. for C7H16C1N07 (181.7): C 46.28,

H 8.88, ¥ 7.71; Found: C 46.36, H 9.06, N 7.53,
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A sample of the acetate 22 (27 mg) was dissolved in 1% methanmolic
hyrdogen chloride (10 ml). Evaporatiom gave crystalline 23 (23 mg, 9632),
m.p. 182-183°C after recrystallization from methanol-ethyl acetate. _

- - !
Ethyl 3-amino-2,3;4,G-tetradoexy-cr&rthreo-hexopyranosiderhydro—

Ehioride (24) . Compound 22 (100 mg) was dissolved in chloroform (10 ml)
théﬁ'contained 0.75% of ethanol as a stabilizer and that had been
saturated with hydrogen cﬁloride. After 5 miﬁ the solution was evaporated
and the resiﬁue was recrys:alli;éd from chloroform and a few droﬁs of
ethanol by slow addition of eéhyl acetate. The yield of 24 was 80 mg

(84%7); m.p. 190-192°C (dec.), [a]D ~94° (e 0.7, uater): N.m.r. (100 MHz)

in (CDCl, + CD,O0D): 64.94 (narrow m, H-1), 4.0-3.4 (unresolved m, &4 H, H-3,
H-5, and ethyl CHZ), 2.35-2.0 (unresolved m, 2 H, B-2e and H-4e), 1.80

(sx, J = 3.5 and 2 x 12 Hz, H-23), 1.50 (q,.i =3 x 12 Hz, H-4a), 1.21

(d, J = 6.5 Hz, C-Me), 1.18 (t, 3 H, J =7 Hz, ethyl CH3). Anal. calec. :.

for CSHISCINOZ (195.7): C 49.10, H 9.27, N 7.16: Found: C 48.84, H 9.56,

N 6.91. _ '

Methyl 2,3,4,6—tetradeoxy-3—trifluoroacetamido-u;k—threo—hexopyrano—

side (25). To a cooled (-30°C) solutiom of 22 (300 mg) in spectroscopy-
grade chloroform (14 ml) was added dry triethylamine (1 ml) followed by
trifluorcacetic anhydride (1.5 ml) which waﬁ introduced dropwise while the
temperature was allowed to rise to -20°C. Shortly thereafter, t.l.c.
(solvent D) indicated gg_(gF 0.4) as the sole product. Water (10 ml) was
added at -20°C’ and, after some stirriné, the separated aqueous phase was
extracted three times with chloroform. The cembined organic phase and
extract was washed with sodium bicarbonate soluﬁion followed by waﬁer,

dried (Mgsoé), and evaporated to give a solid residue (365 mg). Recrystall-

ization from ethyl acetate-petroleum ether gave long, cologless needles of
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25 (350 mg, 99%), m.p. 123-123.5°C, [a]) -128.8° (¢ 0.7, chloroform).
N.m.r. (100 MHz): §6.26 (broad signal, NH), 4.83 (marrow m, H-1), 4.37

(11 peaks, sx of overlapping t; 4, J = 8, J. =

J2e,3 T d3,4e T 4 I3 m T 8 Ly, 5

23’43 = 12 Hz, H-3), 3.94 (16 lines, q of dd; iae,s = 2, g&a’s = 12,

I; ¢ = 6.3 Hz, B-5), 3.34 (s, 3 H, OCHy), 2.2-1.9 (m, 2 H, ill resolved),

1.52 (sx with broadened center peaks; 51’23 = 3.5, gea,3 =12, £2a,e =

13 Hz, H-2a3), 1.195 (d, 3B, J = 6.3 Hz for C-Me, superposed on q, 1 H,
J = 3 x 12 9z, H-4a). Amnal. calc. for C931&F3NO3 (241.2): C 44.82,
H 5.85, N 5.81l; Found: C 44.59, H 5.94, N 5.68.

2,3,4,6-tetradeoxy—3-trifluoroacetamidojafthreo-hexose (8). The

glycoside 25 (160 mg) was hydrolyzed with 3.5 M acetic acid (16 ml) at

90°C for 2.5 h, after which t.l.c. (solvent D) indicated complete con~
version of gg.(gF_o.a) into §_(§¥ 0.15). The hydrolyzate was diiuted with
water and extracted five times with chloroform. The extract was washed
five times with small amounts of cold sodium bicarbonate solution and

then once with water, dried (M8504)’ and evaporated. The-solid residue

was crystallized from ethyl acetate-petroleum ether to give 8 (141 mg, 947),
m.p. 166-167°C; ms: m/z 227 (4 ), 210 (weak, M' - OH), and 209 (strong,

¥ - H20); [a]D -85° (initial, extrapolated)— -8C° (5 min}-;+ -740 (15

*min) — -57° (80 min) —+-48° (4 h} — -47° (20 h, ¢ 0.18, chloroform),

and -26.4° (4 min) —» -24.6° (2 h, final, ¢ 0.5, water); lit.sgl Dm.p.

lSQ-lGd’C, [a]D -80° (¢ 0.1 in chlbroform; no mutarotation recorded).
N.m.r. (100 MHz) in (CD3)ZSO: §9.2 (broad,‘NH), 6.49 (d, 0.15 H, J= 6.5
Hz, OH), 6.12 (dd, 0.85 H, J= 1 and 4 Hz, Oix), 5.18 (broad s, W, 6 Hz,
H-le;lintgnsity slightly less than 1 E but supplemented by a weak signai
for H-la at 4.60),\4.4-3.8 (m, 2 H, H-3 and #-5), 1.9-1.4 (m, 3 H, H-2e, -

-4e, and -2a), 1.20 (q, J= 3 x 12 Hz, H-4a), 1.06 (d, 3H, J= 6 Hz, C-Me),
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in good agreement with the'reportéds9 data. ‘Upon addition of D0, the =
NH and OH signals disappeared and, because of progressive mutarotation,

the signal for H~la (dd, J = 2 and 8.5 Hz) grew in intensity and a second

—

C-Me dcublequgsape visible at §1.12. Anal. calc. fii;%§312F3N03 (227.2);
C 42.29, H 5.32, N 6.17; Found: C 42342, H 5.17, N 5.97. v

~ ~

Methyl 3-amino—2:3,4,6-tetradeoxy-q:é;é;xthfg-hgxopyranoside acetate
(26) and Picrate (27). The nitro glycoside ;2.(430.m35.;zgﬂhﬁdrogenated
catalytically in acetic acid-ethancl as described for 18. The reaction
was complete after 6 h a§ indicated by t.l.c. (solvents F and F), and
processing was performed as for 22. The crude product was briefly dried
in vacuo at 25°C (ptolonged drying results in losses owing to sublimation),
then dissolved in ethyl acetate aed-filtered through Celite. Careful
addition of petroleum ether to the concentrated solution followed by
storage at -27° produced- colorless, hygroscopic crystals (26) which were
rapidly dried in vacuo after decanting the mother liquor; yield, 500 mg
(99f). Tﬁorough drying for analysis was imp;actica& because §f the
volatility of the compound. N.m.r. (100 MEz): .§7.28 (broad signal, §H3,
removable by D20 exchange), 4.82 &narrow'ﬁ, H-1l), 4.06 (broad m, E-5),
3.52 (narrower m, H-3), 3.32 (s, 3 H, OcH,), 1.96 (s, 3 H, Ac0 ), 2.1-1.4
(unresolved m), 1.21 (d, 3 H, J = 6 Hz, C-Me).

Concentrated solutions of 26 and picric écid, both in benzene, were
mixedcand cooled to~+6°C. Yellow, crystalline 27 precipitated ir nearly
quantitative yield. Isolat§? and washed with ether, it had m:p. 163-164°C

(dec.), raised to 164-164°C (dec.) by recrystallization from benzene-

ether; [a], -59.2° (¢ 1.4, methanol); n.m.r. (100 MHz) in (CD.).CO: 38.67
D £ ' ;

32
(s, 2 H, arom.), 4.89 (narrow m, H-1), 4.24 (broad m, 12 lines, H-5), 3.94

(rarrow m, E-3), 3.35 (s, 3 H, OCH3), 1.75 (o, iB,&a =
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i{‘a e = 15 Hz, H—Aa), 1-20 (d, 3 H, £=-6_3 HZ, E_Me). The rem-aining
ring proton signals were obscured by solvent signals. Anal. calc. for
C; 381880 (374.3): C ‘41.71, H 4.85, N 14.97; Found: C 41.74, H 4.75,
N 14.86.

Ethyl 3-amino~2,3,4,6~tetradeoxy-d~L-erythro~hexopyranoside hydro-
chloride (28). Obtained from the acetate 26 (150 mg) exactly as described
for the preparat{pn of 24 from 22, compound‘gg_(IZZ mg, 86%) was recrystall-
ized from chloroformfethyl acetate; m.p. 141-142°C (dec.), [a]D -84.6°
(¢ 0.7, water); n.m.r. (100 MHz): §8.47 (broad, removed by DZO eichange,
-I‘?H-,‘), 4.96 (narrow m, E-1), 4.11 (broad m, E~S), 3.85 (m, H-3), 3.5 (m,

2 §, ethyl'CH,), 2.4-2.0 (m, 2 §, unresolved, E-2e and H-4e), 1.86 (dt,

J =J' =3.5, ggem = 15 Hz, H-2a), 1.63' (septet, J = 4, J' = 12 ggem
1;?5 Hz, H-6a), 1.27 (t, 3 H, J = 7 Hz, ethyl CH,), 1.21 (4, 2 §, J =
6.3 Bz, C-Me). Anal. calc. for C8H18C1NO2 (195.7): € 49,40, H 9.27, X

7.16; Found: C 48.88, H 9.56, N 6.91.

Methyl 2,3,4,6-tetradeoxy-3-trifluorcacetamido-a-L-erythro-hexopyrano-

side (29). The glycoside acetate 26, {120 wg) in chloroform (7 ml) was
treated with triethylamine (1 ml) and gtrifluoroacetic anhydride (0.5 wml)

as deséribed for the preﬁaratiOn of 25 from 22, at an initial temperature

- of -30°C, rising to 0°C by the end of the addition. Completion of the
reaction was verified by t.l.c. (solvent E). The mixture was cooled again
(-10°C) before the rection was quenched by the addition of water (iO ml).
Work-up as described for 25 gave 29 as a yellow syrup that was purified by
passage through a small column of silica gel (8 g), with 1:5 ethyl acetate-
petroleum ether as the eluent. There was obtaﬁned 29 (1M0 mg, 927) as a
colorless, chrqmatographiéally homogeneous Syrup, 5? 0.3 (t.l.c:{witﬁ

sqlvent E), [a]ﬁ -4.3° (¢ 2.1, chloroform); n.m.r. (100 MHz): 68.0 (broad
S
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NH), 4.84 (broad s, H’H = 6 Hz, B-1), 4.29 (m, B-3), 3.94 (broad m, H-5),

3.40 (s, 3 H, OCHB), 2.1-1.8 (m, 3 H, unresolved), 1.50 (septet, J 3.5,
J' = 11.5, J = 1S5 Bz, BE-4a), 1.19 (d, 3 H, J = 6.5 Hz, C~-Me). The
= “gem _ = A%

compound was volé._tile in vacuo so as to render drying for anmalysis im-

practical. N o

2,3,4, 6—tetradeoxy-B-trifluoroacetamido—é—erzthro-hexose 9. Glycoside

29 (300 mg) was hydrolyzed for 2.5 h with 3.5 M acetic acid (40 ml) at 90°C.
Complete hydrolysis of 29 (&E 0.6) to 9 (I_LF 0.5) was indicated by t.l.c.
(solvent D). Processing as described for § gave 9 (200 mg, 70%) as color-
less crystals from '.ethyl acetat’e-petroleum ether; m.p. 112-117%F, [c:]D
+28.9° (¢ 1.5, chloroform) and +10° (¢ l.'3,. water); ms: m/z 227 ('), 210

(weak, M- 0H), and 209 (strong, M - H,0). N.m.r. (100 MHz): 68.3 (broad,

2
removable by DZO exchange, NH), 5.43 (narrow m, EH = 7 Hz, contracting to
t with W, %5 Hz after D0 exchange, B-1), 4.3 (m, 2 §, H-3 and -5), 3.82
(narrow t, J 2 Hz, removable by D20 exchange, 0H), 2.1-1.7 (m, 3 H, un-
resolved), 1.5-2 (septet, 53’43= 3.5, 143’5 = 11.5, gaa’e = 14.5 Hz, H-4a),
1.20 (d, 3 H, J =6.5 Hz, C-Me). Anal. calc. for C8H12F3N03 (227.2): C

42.29, H 5.32, N 6.17; Found: C 41.98, H 5.58, N 5.95.
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SECTION IV
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Experimental. Section IV

The methyl 4,Gfgfbenzylidene-Z,3-dideoxy-3—nitrohex-z-enopyranosides

1l - 4 were prepared683’140-1a3 as previously descriﬁed. Diazomethane

was generated from N—methyl—N—nitrosoﬁgftoluenesulfonamide (Diazald.GD).
Methyl 4,6-0-benzylidene-2, 3—didecxy-2 3—methyleneazo-3—nitrq:8—D—
~— e
glucopyranocside (3). To a splution of potassium hydroxide (3 g) in

water (5 ml) and 95%7 ethanol (15 ml), contained in a distillation flask
immersed in a water bath of 65°C, was added dropwise a solution of
Diazald (3 g) in ether (30 ml). The emerging mixture of diazome:haﬁe

and etherivapor wés passed through a condenser and the yellow condensate
was allowed to react, in the receiver, with ;-solution of 1 (1.0 g) in
dry tetrahydrofuran (ib ml, spectroscopy grade) and dry ether (17 ml)
which was maintained at 0°C in an ice-water bath. After,compietion of
‘thg dlazomethane production the reaction mixture was kept at 0°C (for a

- total of 1 h) and then at room temperature for amother 0.5 h. The
solution was evaporated in vacuo to give a yellow syrup which solidified
upon triturgtion with a few-ﬁrops of fresh, anhydrous ether. The material
was chilled under ether (5 ml) for 3 h and then isolated as nearly color-
less crystals‘(l.l g), m.p. 115~116°C with decomp. Recrystallized twice
from anhydrous eithér, the colorless product (0.8 g, 7lﬁ) showed an un-
changed melting poiut; [a]n -157.8°, [°]57é -163.9°, EGJSAG -194.2°,
_[a]&36 ~429.6°, [01365 -1307° (¢ 0.7, chloroform); v::jOI 1563, with
shoulder at 1535-1540 e~ (N0,, N=N); We0K 325 on (c160); ord (c 0.4,
methanol): [¢]4,, -8400°. Anal. cale. for C,.H, X 0, (335.3): C 53.73, H

1571773
5.11, ¥ 12.53. Found: C 53.66, H 5.06, N 12.52.
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X

Methyl a,6-Q§benzylidene-2,3-dideoxy-2,3-methy1eneazo—3—nitroqujg—

o

glucopyranoside (6). The reaction was carried out as described above for

L, on approximately 1/3 scale, using 300 mg of 2 dissolved in tetrah&dro-
furan (20 ml). Complete conversion of 2 into a single, faster—ﬁbving

"~ product ﬁaslindicﬁted by t.l.c. with 1:2 ethjl acetate - petroleum ether
(bp 30-60°C). Processing as describéd furnishéd colorless,\ér?stalline
6 that was recrystallized once frog ethyl acetate-anhydrous ether; yield

328 mg (95%), m.p. 179°C with decomp.; [ely ~2.2%, Talgpq -1.7°, [a]

— o. YL . o ' . Nujol
-5.8%, [a]”6 56°, [a]365 -400° (c 2.7, chloroform); Vmak
shoulder: at about 1530 cm

546

1560, with

1 .
(Noz’ NN), ord (c 0.14, methanol): [@]352

-]
=720 . Anal. calc. for ClSHl7N306 (335.3): C 53.73, B 5.11, N12.53.

Found: C 53.73, H 5.06, N 12.55.

Methyl 4,6-Qrbeuzylidene-2,3—dideoxy-2,3—methyleneazo—3—nitro—84&-

idopyranoside (7). Diazomethane from 0.3 g of Diazald in ether (3 ml)

was allowed to react with a solution of 3 (100 mg) in tetrahydrofuran (5
ml) maintained at -5°C. The reaction was complete within 20 min after

the end of the diazomethane distillation, according to t.l.c. (1:2 ethyl
a;etace-petfoleum ether, bp 30-60°C). The solution was immediately
evaporated to give a yellowish ¢il which solidified upén trituration with
a little anhydrous ether. The crude product (92 mg, 817) contained a very
minor contaminant that moved slightly more slowly than the main product
(c.l.c.). Whereas recrystallization from ethyl acetate-pétroléum ether

or tetrahydrofuran-ether failed to remove the impurity, a pure sample of
7 was obtained by slow ée;rystgllizaéion from ethyl acetate-chlorocyelo-
hexane at -15°C. The white needles had m.p. 115°C (with decomp.); [a]D
+34.3°, [a]578 +40§,-[a]

chloroferm); vNuJOI
max

- =] o
sap 136775 Lol 5q +265%, [a] ¢

1563, with shoulder at 1540 cm (NO,, N=x); ReOH

+1548° (¢ 1.2,
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323 om (¢ 260); ord (c 0.12, methanol): [¢]333 +14000°. Anal. cale.

for C, H, N,0, (335.3): ¢ 53°%3, H 5.11, N 12.53. Found: C 53.65, H 5.20,
157177376

N 12.39. ' _ .-

Methyl4,6-0-benzylidene-2,3-dideoxy-2,3-methyleneazo-3-nitro—d— D~

idopyranoside @&?\\\A distilled, ethereal solution of diazomethane éas
prepared from Diazald (0.5 g) and ether (5 ml). This was added from =
buret to a so;;tion of 4 (100 mg) in tetrahydrofuran (5 ml), chilled by
swirling in 2 bath of -20°C. The diazomethane was. consumed rapidly and
visibly. Within 5 min a2 yellow coloration began to persist in the

\ -
reaction mixture, and the solvent was then immediately removed by

,gvaporétion at low temperature in an oil-pump vacuum. The residue was

'Eo—evaporated once with a portion of added ether; and the resulting,I
- '/ *

colorless foam was dried in vacuo; yield 114 mg. Attempts at crystalliza-

tion from various common solvents failed. [a]D +158.7°, [e]gyq +168.2°,

Nujol
[a]sy6 +202:5°, [aly3q +516-6%, [alygq +1820° (¢ 2.2, chloroform); vmai

1

-

1560, wich shoulder at about 1535 cm” (NO,; N=N); MEQH 323 mm (g 225);
ord (¢ 0.2, methanol): [@]330 +15000°. 1In order to obtain a pure product
it is important to observe the above reaction conditions carefully. ~Pro-
longed exposure of 4 to excesé‘diazpmethane, or a higher reaccion‘tempe;- .
ature, tends_to‘lgad to side products whereas an insufficient exposure may
cause sqmé 4 ro remain umreacted as seen by the occurrence of minor n.m.r.
peaks due to 1. |

T

Methyl 4,6-0-benzylidene-2,3-dideoxy-2-C-methyl-3-nitro-f-D-ervthro-

hex-2-enopyranoside (9). The pyrazolirno sugar 5 (582 mg) was boiled under

reflux in chlorcbenzene (15 ml)'for 6 h, after which it was lérgely replaced
by a faster-moving product (t.l.c.). The solvent was evaporated and the

residue chromatographed on a column of silica gel (20 g) by means of 4:1

S )
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carbon tetrachloride - ethyl acetate. The main fractilouns containing
9 together with some impurities were collected and evaporated to give
270 mg (51Z) of 9, m.p. 180-183°, raised to 185-187°C by recrystallization

from ether at low temperature. The colorless needles showed [u]D -248.5°

.  Nujol -1 L. -
(¢ 1.06, chloroform); Voax \\ESBO em © {(nitrcalkene); cd: [0]327 16500
(0.0017 M in dioxanme). Anal. calc. for C,_H. _NO, (307.3): C 58.63, -

157176
H 5.58, N 4.56. TFound: C 58.53, E 5.66, N 4.50.

Methyl 4,G—Qrbenzylidene—Z,3-dideoxy-zﬁﬂ—methyl-3—ni:ro-ajncg;xéggg:

hex-2~enopyranoside (10). The pyrazolinmo sugar 6 (330 mg) was boiled

under reflux in chlorobenzenme (10 ml) for 6 h, after which time no 9 left,
according to t.l.c. The solvent was evaporated and the dry residue (304
mg) was recrystallized from ethyl acetate-petroleum ether to give 197 ml

(65%) of colorless needles, m.p. 181-182°C, unchaﬁged on a further re-,

g
crystallization from ether at low temperature; [G]D -117.8° (¢ 1.1, "

N . Nuj ol -l'. . )
chloroform); v_ - ISFS.sm (nitroalkeye), cd [ ]328

in dioxane). Amal. calec. for C15H17N06 {307.3): C 58.63, H 5.58, N 4.56.

-18600 (0.0025

Found: C 58.67, H 5.63, N 4.70.

Methyl 4,6-2:benzylidene~2,3—dideoxyf2—c;methyl-Bhnitro~a-D:£hI£thex

2-enopyranoside (;l). A solution of the pyrazolino sugar 8 (122 mg) in

chlorobenzene (5 ml) was boiled under reflux for 1 h and then evaporated

to dryness. The t.l.c. (1:2 ethyl acetate-petroleum ether) indicated that
the residue contained a major product (11) together with a slightly faster-
migratiné, minor product (the cyclopropano-derivative 13). The n.m.r.
spectrunm of the crude product was also ‘consistent wit@ this. The macerial
wWas recrystallized twice from echer and then weighed 75 mg (677) and had
m.p. 212-213°C but was not completely pure. It was further purified by

chromatography on a2 column of silica gel (25 g) by use of 4:1 carbon
\
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tetrachloride - ethyl acetate as the eluent, and by anothér recrystall-~
; p

ization from ethyl acetate - ether, after which it showed m.p. 214-215°C;

[e]p +109° (c 1.04, chloroform); viod°! 1520 et (N0,); cd: [€]

330
+11500 (0.0048 M in dioxame). Anal. calc. for C15H17N06 (307.3): C 58.863,
H 5.58, N 4.56. Found: C 58.48, H-5.66, N. 4.68.

Methyl 4,ngrbenzylidéne—z,3-dideoxy-2,3fgymethylene—3—nitro-sg-

idopyranoside (12). A solution of tha pyrazolino sugar 7 (200 mg) in
toiuene (10 wl) was refluxed for 16 h. Coumpletion of the reaction was

checked by t.l.c. The crystalline residue resulting from evaporation
. ™~

of the.solvent was recrystallized from methylcyclohexane to yield 130 mg
n
(712) of 12, m.p. 115-116°C; [a], _-40‘_', [els7g -43°, [0l --46.8"',
- ] i - o . NujOl -1 .
[u]436 43.6°, [0]365 43.6° (¢ 2.3, chloroform); Voax 1545 cm (NOZ)’

mass spectrum: m/z 307. Anal. calc. for C15H17N06 (307.3): C 58.63,

H 5.58, N 4.56. Found: C 58.50, H 5.46, N 4.46.

Methyl d.6—Q:benzylidené—2,3—dideoxy-2,3ﬁQ:methylene—3—nitro~aﬁg—

idopyranoside (13). In the preparation of 1l (see a preceding reactiom),

the formation of a minor by-product that moved slightly faster in t.l.c.
was nqted. The same spot, attributed to 13, was sometimes observed on t.l.c.
of the s:artiﬁg pyrazoline 8. Its strength was variable and seemed to
depend on incidental con&itidns of manipulation, one of which appeared to
be the time elapsed between sample spotting and irrigaﬁion. This led us
t& consider that action of silica gel upon 8 was responsible for an
accelerated formation of 13, which was borne out by tﬁé following preparative
experimen;.

A samble of 8 (520 mg) dissolved in a small amount of 4:1 carbon tetra-
chloride-ethyl acetate was §llowed té drain into the top of a column

(diameter, 1 cm) of silica gel (20 g). moistened with the same solvent
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. mixture.. The sample was kept stationary in the top of the column over-
night, during which period a slow evolution of gas took place. Trapped
bubbles were released by careful stir;ing of the upper layer with a
rod, and elutiqu of ;he column using the azbove solvent mixture was then
commenced. The maiﬁ fraccions_containing 13 were evaporated to give
348 mg (75%) of white-crystals of 13 contaminated by a swall proportion
of 11 (t.l.c. and n.m.r.). The material was recrystallized twice from

ether to give pure 13 as colorless needles, m.p. 169-171°C; [a]D +87°.,

, [33578 +91°"[°]546 +104.5°, [31436 +200°, [31365 +395° (c 2.0, chloro-

Nujol

. 1 _Chlf
form); Vnax

doublet 1550-1530 ca ~, v -’ singlet 1540 ca ~. Amal.

calc. for C15H17N06 (307.3): C 58f63, H.5.58, N 4.56. Found: C 58.52,
H 5.56, N 4.62.

Circular Dichroism Data of 1 - 4. “Ellipticities are given for the

first extremum in dioxane solution, with molar concentrations in

parentheses: 1, [9 -11700 (0.0026); 2, o -12100 (0.0023); 3,
=? 330 = 330 -

[0]5,5 #2120 (0.0036); 4, [6]

330 +3370 (0.005).

N
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