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PREFACE

L6

! s

This Thesis is the result of work that was undertaken in order

. to mdke contributions to the synthetic.chemistry of amino cyclitols and

-

to a better understanding of epimerization reactions .that occur in

R - S
nitrocyclitols. In the introdgct1on, therefore, the significance of

. . . . v . . P .
amino cyclitols in the conteXt of antibiotics chemistry will be outlined

and the megﬁods,avaiiable for ‘their synthesis will be reviewed.

Similarly, background will be giveh conccrning the problem of cpimeri:\
zations ih nitroinositol;.-' : _ : o ,

| In the main part of the thesis ig‘deséribed the sy%;hgsis of
some new‘aminodééxyinositol derivatives. In‘thé 52L6nd pdrt; é study of
fh% epimérization of stereoisome;ic deoxynitroinositol £on6mcthyl ethers

’,

- : ' . .
at different pH values is recorded. Kinetic and thermodynamic’aspects
- -f N ) ’ ’
_of the cpimerization are considered. - _ _ r -

The candidate wishes to express her deépest gratitude to

Professor Hans H. Bacr for his stimulating guidancet kis vafjiable

-~
1]

instructions and his patience and ehcourqgement throughout the whole

process of. this research. The candidate also wishes tg\express sincere

thanks to Dr.Chan Kovar for his kind suggestion and his continuous help.
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I. INTRODUCTION. R
o ' ) . , ) ( .
3 3. R K . ‘ . . = B )

) 7 1. On Antibiotics

A

The word ''antibiotic™ was first dsed. by Waksman1 to refer to

[

-ﬁ;hemidal substances that are ﬁroduceﬂ by microorganisms and that have °

PEPNPEES PR

the capacity to inhibit ‘and even destroy other microorganisms".

-Benedict and Lénglykkéz suggested*thét the definition should include
: < i

1

R R R

S

inhiﬁitbry substances of plant or -animal origin. Vonderban3 préposcd
tth“éqﬁibioEibs be defined as combounds poSSessiﬁé iﬁﬁibitoryyi.e.‘

stafic,vdeéenerative,'lyzing-o§-killing-activiti;% for plant or animal
@icrgofganism;,-such as v;%usqs, rickettsia, bacteria, fungi, algae or

-,

protozoa. = Such a broad definition takes into account a number of more

v

- .

the field.  To date, morg than 600 antibiotics
_ K . ’ ' T
have been discovered in nature, and although the majority of thenm are

recent developments in

“of limited or nd medical value, many have found clinical applicafion,;

and several of these have proved beneficial in the combat of a great
, C i e

‘variety of infections. From the chemical point of view, antibiotics
i) , ‘o . ; . l_ “! )
are not eaéily“c&assifled-chause of the great 'variety of structures

v . i LY ) ) _ - s
%hﬁt are _encountered. However, many of the more important antibiotics’

A .
!

are bhil; of, ,or contain, :carbohydrate moieties. Prominent among the - .
carbohydrate units,fOund in thesc compounds -are branched-chain suéars,

‘ {

amino sugars and amino cyclitols. ' As a background rgview,some aspects

)

- -

: - : "l-‘.. "."v“ . - N - .J: - . . - P P . PRI P -
e e e s i a2 s R i i i i

of the chemistry of those antibiotics which contain amino cyclitols
|:,:'.' - P B

[ 4
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- Table 1. Amino Cyclitols found in Antibiotics

i ) . ‘
“Amino cyclitol - . structure igiibiotic
: o . o
4 3
L OH -
a CNH, Lo :
- SR 2. . . -
r . . . -
scyllo-inosamine _— ' bluensomycin
' neo-inosamigﬁ—2> hygromycin
, /
N actinamine; -actinospectacin
1t
streptamine streptomycin-

: ' dihydroxy-streptomycin
mannosidostreptomycin
hydroxystreptomycin

. 2-deoxystreptamine neomycins’
- ' ) paromomycins
kanamycins .
) gentamicins
r j . - : V . B L)'



(Table 1, p. 2. ) will be discussed in the following section.

v

2, Amino Cyclitols as Constituents of Antibiotics

a- chlloFIﬁqsamine in Bluensomycin
—==

- Blzensomycin is an antlblotlc which has been 1sothed in the

i

UPJOhﬂ Co.. Lﬁboratorles; structural studies on this antibiotic were

undertaken by Bannister<and Argou&elisA'who obtained a degradatibn pro-

‘duct, bluensidine, on mild methanolysis at room ‘temperature. Hydro-

TS PUSIIE U U Y

. lysis of bluensidine under Teﬁiyx with saturated barium hydroxide gave
P : '

two moles of barium carbonate, three moles. of ammonia, and an optically

E)

A Bttt

inactive amino cyclitol.  This amipo cyclitol consumed six moles of -

:

periodate and-was'found to be identical with s _Eyllo-inosamine (1), by

PP T

o

gfmparlson of the N- acetyl and hexaacetyl derivatives with authetlc
sampless. Bluen51d1ne is 3 -0-carbamoyl -1- deoxy l-guanidino- scyllo-

L o inositol (_).-

co
Egyllo;}nosamine bluensidine. '
1 | 2 ’
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b- neo-Inosamine-2 in Hygromycin

Hygromycin-is an antibiotic having activity against Gram-negative

. . .. ,“"" " 7 ’
and_Gram-positive bactefia and actinomycetes. ' It was exiracted from

fermentation broths of Streptomyces hygroscopicus. The main struc-

¢

tural features of hygromycin were established by Mann and W001f6.

<

When hygromycin was refluxed in hydrochloric acid, an inosamine hydro-

chléride was isolated. The amine and hexaacetyl and N-acetyl deri-

e s - i
vatives showed no optical activity. d% deamlnatlon with nitrous acid,

u

the inosamine yielded myo-inositol (5). Posternak had shown tﬁat

~ deamination of both myo-inosamine-2 (4) and scyllo-inosamine (1) takes

place with Walden inversion leading to the formation of __yllo inositol
(6) and _yg;lnositol (5), respectively (Fig. 1). Assuming that Walden
inversion also occurred in the case of the aminoinositol deriyhtive

from.hygroﬁybin, Mann and Woolf6 suggested that the formation of 5 .

would imply formﬁla'é_or 1 for their compound. Only these-two of the

A~

"&igﬁf possibie, optically inactive inosamines should yield § by this

me¢hanism. The infrared spectrum and X ray_dlffraction pattern of the

inosamine differed from those of an authetic sample of 1.  Therefore,

the eompound was tentatively identified as the previouslf unknown neo-

il

inosamine-2 (3). h

[

]

¢- Actinamine in Actinospectacin
. _ ‘ | v
Wilely8 in 1962 isolated a basc called actinamine from the

N 3

hydrolysis products of a new antibiotic, actinospectacin, which originated

P ! . /

L]



HO o N
N, . | - |
| ‘ 1/oh

¢ . _OH ) , N OH

HO OH
7 " OH :
neo-inosamine-2 - myo-~inositol

3 ' . 5

OH OH ‘ .

myco-inosamine-2 : - n

4
< . . 9 l

scyllo-inosamine

HNO ‘ e

scyllo-inqéitol
.6

aren

Figure 1. Identification ofneo-inosamine-2.
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F

of Streptomyes griseus by Waksman, Schatz and Bugie

from Streptomyces spectabilis. . Actinamine was found to be an inositol -

derivq&ive bearing twg'methylamino groups. °The clucidation of its

. ’ /
structure and configuration, which was done largely by n.m.r. spectro-
-~ ! I
SCOP}Q, led to formula 7 . ' . B .

‘

- 1
d- Streptamine in the Streptomycins

The antibiotic streptomycin was obtained in 1944 from cultures
10 g

. Tbé substance

has a low toxieity and is activo\gggiﬁst Gram-positive and Gram-negative

- organisms. It is used in treatment of many infections which are

- /
resi%tant’to penicilin, such as typhoid fever, tularemia and brucellosis.

Dihydroé@geptomycin, mannosidostreptomycin and hydfox&streptomycin are
closely related to streptomycin; in particular, they contain the safe
aminotcyclitol mofeti, ﬁamely, EEyllo—inosadiﬁﬁinefl,S (1,3-diamino-1,3--

— . 9 k4
dideoxy-scyllo-inositol; streptamine) (8). The complete structure11’1121°

" of streptomycin is shown in Fig. 2, p. 7.

-



~

"OH

\

streptidine

4

> streptdbiosamine

P

4

% “streptidine

. streptamine (8)



S
- l‘ ..
e- 2-Deoxystr;%tamine in Varicus Antibiotics

. - - : f_« -

A number of antibiotics-isolated from various streptomyces
_strains contain the amino fyclitol 2-deoxystreptamine (9), p. 10 .
The neomycins are the most important in this group. The antibiotic,
neomycin, was discovered by Waksman and Lechevalier14 in 1949, It
was found active against Gram-positive, Qram-negativé,-andﬁacid—fast

.yacteria. Studies by Waksman and co-worqusls revealed that the anti-

biotic consisted of at least three active components subsequently

desiganted as neomycinS'A, B and C (Fig. §). . These active components
' ' [N
. 1
- were isolated by Folkers et al.16,'Regna ct a1.17, and Wintersteiner

B

et al.ls, respectively. The compound originally described as neomycin
T N

w A was'recognised laderito be a fragment of both neomycin B and C rather

than a true neomycinlg._' The structure of the neomycins was determined

chiefly by Rinchart??,

. The paromomycins, which possess a high. degree of effecigﬁeness
) - 7 .
in the tr@atﬁgnt'of intestinal amebiasis, are structurallyzo related
/i N
/ to the nfggycﬂns; see Fig. 3.

Kanﬁmycid was isolated from cultures of Streptomyces kanamyceticus.,

‘It shaﬁs a fairly low toxicity and is very active agalnst Gram- p051t1ve
. and Gram negatlve bacterla including streptomyc1n -resistant strains.
The crude antibiotic was separated into a major component, kanamycin A,

and a minor component, kanamycin 3?1 (fig. 4.

.. 22 . . - .
Gentamicin ™~ was isolated from Micromonospora species, which are

‘micro-organisms that differ from streptomycetes. The structure of

BT ‘ -



Neomycin,B: R', R''"" - CHZNHZ; R = H

Neoymeyin C: R, R'' .= CHzNHi; R' = H

Paromomycin I: R' = OH,NH,; R’= H; R'' = CiL,0H
Paromomycin II: R = CHZNHZ; R' = H; R'! = CHZOH
Figure 3 Structure of the neomycins and paromomycins

CH

Kanamycin A: R
Kanamycin B: R

g

Structure of the Kanamycins

-

Figure 4



Figure 5 Gentamicin .
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- gentamicin is shown in Fig. 5. : . (™

e

-

—

3. Methods of Syﬁthesis'of Amino Cyclitols
s

a- Reduction of Oximes or Phenylhydrazones of Inososes

- . . . R
Reduction of :C = N/‘bonds in phenyihydrazoﬁés and oximes of "
inpsoses has been emp}oyed extensively in partial synthesqs of inosamines,
and less frequently in tﬂbse of,inosadiaﬁiﬁes.' Carfer and co—workers23
investigageq the-catal?tic reduction, with Raney nickel, of the pﬁénfl-

25 and of

hydrazone 10 and the oxime 11 of ketodeoxy-sczl1o~inosit0124’
the phéﬁylhydrazone 12 of DL—Z-keto-Z-dcoxy—epiFinosi£0126. The

phenylhydrazone 10 and oxime 11 gave the same mixturé of myo-inosamine -2

' (13) and scﬁllo-inosamine (14). Under the same conditions, the

. " ~ - )
phenylhydrazone lg_yielggd only one of the two possible epimers, 15 or.

16; it was later shown to be 15;

May and Mosettig27'reported that:iydrogenatibn Products'of the

“oxime 17 of DL-2-keto-2-deoxyrepi~inositol varied with the reaction

conditiors employed. Thus catalytic hydrogenation with platinum oxide
: : .

: I , .
in 70% methanol gave one of two epimers, 15 or 16, in a yield of 70%.

When hydrogenatiop Was cbnducted.in dilufe.acepic‘acid, a mixture éon--
sisting of.ggi-inositol 18 (yield 15%) and a small proﬁqrtion of 15

(of ;ED was obt;Ehed. . When thelcatalytié hydrogenation wa§ pérformcd
in dilute hydrochlérié acid, no nit;ogenous'products but only deoxy-.

" -
inositol 19 and a very small amount of epi-inositol 18 were formed.
|8 - '_

Pl
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Anderson and Lardy28 showed that the phenylhydrazone 10 and oxime ll_u

gavé almost exclusively a single isoﬁer"(lé) iﬁ‘ﬂigh yields when platinuh

B /
oxide in glacial acetic acid was used.. However, when oxime 11 was-

reduced with sodium amalgam, sczllo;&nosamine (14) was prodﬁced.

; . 2 . .
. .Latham, May and Mosettig 9 also investigated the catalytic

hydrogenétion-of oxime 11.. Using platinum 6xide in 50% aqueous

methanol, they obtained only one product, mzd-inosamine—Z'(lé), in a

yield of 55%. .

. The configuration of the i;osamine (lé_or lgi'which had been
prepared by Cérter“ef al.-23 from the phéhylhydraione 12 and by May and -
ﬁA;ettigz7 from the oxime lz.was not establishea untii Anderson and
co-workerésoobtained, by sodium amalgam redﬁn{}on of the same oxime 17,

a second inosamine,- They were then able to assifh to their new product <
;he confiégration of DLiEXE"igfsami“°'4 (l§) andlto the prévious.product;
the configuration of DL-epi-inosamine-2 (1S). _

Alleps; pérfqrméd the syrthesis of Egg—inosémine—z (21), a
component of the antibiotic hygromycin. The compound was obtained in a §

yield of 53% by platinum-catalyzed hydrogenation of phenylhydrazone 20.

The steric direction .of an amino group formed by reduction of an

‘oxime or a phenylhydrazone is specifically influenced by the reducing

agent used and thé conditions employed. The experiments cited above show

-

that catalytic reduction tends to direct the new group into cis positions’

with respect to its ﬂeighbouring substituents,fﬂlereagﬁsodium ahalgam

reduction favours the trans configuration.

f
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b- Reduction of Deoxyn1troinos1tols obtained by Cycllzetlon )
Reactlon w1th N1tromethane
Ano;her principle for_the.synthesis of nitrogenous inositol
derivative§was elaborated hy H. 0. L. Flscher dnd his assoc1ates
When a '6- ~-deoxy-6-nitro- aldose is exposed to mild alkall, it ‘cyclizes to
a mixture of stereoisomeric deoxy—nitroinositols, e.g:' gg;—»g§: In-

thii reaction, two new asymmetric centers'are generated. Moreover,

epimerizations may occur at the carbon atom adjacent to the nitromethyl

and nltromethylene groups. Consequently, a total of 8 ste;e01somers
. ' o f .
can theoretlcelly'arise. In practice, howevér, this number is reduced
. 7 - '_)_'_,——" V
. to two or threg_hggguseﬂoffcoﬁfﬁfﬁﬁzzena1 preferences. Thus, Grosheintz

e

and‘Fischer31 obtained -three deoxyn@teggnositols upon cyciization of
6-deoxy-6-nitro-D-glucose (22), and the sape product mixture ahqse from
6-deoxy-6-n§tro-L—idose (24); the S-epimer of 22. . The configurations of
the products were not<€etermined at the,time3'nor was Teduction tq the .
amino stage one of the maln_objectlves of the work although such reductlon:
was shown to be feasible. - Later, the configurations'were_established
to hehseilld (26), EZQLL.(EZJ' and muco-3 (28). The corresponding

f : S . '
inosamines are now available through this route. The starting compounds-

b

for the above cyclization, 6-deoxy-6-nitro-D-glucose (g?) ~and-L-idose

‘(2&), were obtained " by condensation of 1,2-0-isopropylidene-D-xylo-

dialdose (25) with nitromethane followed by ac¢id removal of the isopropy-

1lidene blocking group. It has subseqﬁbntly'been shovn that the free

xylodialdose (xylo-trihydroxy—glUf%fié dialdehyde) can be cyclized wi;h\

6
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o15a

;///' e ‘ . o
nitromethane directly and without isolation of 1ntermcdlates, to yleld

the scyllo and myo-1 deoxynitroinositols 26 and 27‘:SS

Baer and Rank 36 reportcd that the methylpyran051des of '6- deoxy—
6- nltr% hexoses readily undergo base -catalysed deglyc051dat10n to the
free sugars, which do not accumulate but cyclize rapidly (to inositol

derivatives. The process is visualized to proceed via a nitroolefin

- hemiacetal (é) (fig. 6, p- 16} which ;nstantly loses methoxide iontto’

furn{sh a nitroolefin aldosgr(b) The latter is attacked by hydroxyl
10n, giving hexose nitronate (c) predlsposed to F}scher cyclization.
U51ng the same pattern that Groshelntz'aqg Flscher32 34 “have
used,)Kovar ﬁﬁd Bacr> in 1973 reported the gynthesis of four deoxy-
nitro inositol monométhyl ethers. Thé first step in this sygthesis
was the methylatlon of 1,2: 5, 6-di-0- 1sppropy11denq-a Dkglucofuranose (29).
Partial hydr01y51s of 29 w1th acctlc acid gave 1,2-0-isopropylidene=3-0-
methyl—ﬂ—D-gluCofuran6§e '(30), and treatmen; of 30 with sodium,periodate
;fford;é.;,2-2;1soproﬁyl%déng-S«Q;metHYI;u-Diizlg—pcntodialdo—l,44\
furanogc (31). Addition of ﬁitromethanc to 31 afforded a mixture of
bjﬂeoxy—l,2;gfisopropylidene-S-gfmethyl—6-nitro-a~D-g1ucofﬁ§fnose (32)
and -B-L-idofuranose (§§3.'¢'Removal of 1,2-ketal érdﬁps led to a hixs
lfure of 6-deoxy-3-0-methyl-6-nitro-D-glucose (34) and -L-idose (§§).‘
. The S—anomér of éﬂ_couid be isoiéfed-in cryséziline form. Cyclization
of tﬁese nitrqhexosés fgénished four étercoisdmeric deoxynifrpinositolt
monomethy1 éthefé,. ﬁ;mély l-deoxy-d-g;methyiul-qitroiisxllg;inbsitol (36), |

,l-dqpxy-d-g;methyi—l;nit:o—DL—mxo-inositol {37}, 3—deoxy-6-g:methyl-3-
~ - - ! -
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nitro-muco-inositol (38) and-3—deoxy—6-0—methy1-3-nitro-eEi—inositol {ég):
. : . q. .
Subsequently, by'cyelization of 34 and 35 under condition of kinetic

control, the optically active D- and L- enanticmers of the m X derlvatlve were

1solated

WOLann'and aséociétessg had previously utildigzed the principié'
"of Fischgzjs.nitrninositol ﬁsynthesis-for the first ;ynthesis J& stre-
.ptamine (sczllo—inosadiam&ne—l,S). .D-Glucosamine (40) was cnnventedu

in a number of’stens,'into ethylthdo 2—acetamid%-z-deoxy-s—aldorD—xylo—'

furan051de {(41), which was condensed with ‘nitromethane to give & mixture

of ethylthio 2-acetam1do —2 ,6- dldeoxy 6-nitro-D- glucofuran051de (43) and
-L—1dofuran051de (ﬂg),-' yydrolysis of these thioglycosides with mercuric

-

chloride was followed by,alkalinization whereby ring closure occurred and

a mixture of 1,3-dideoxy-l-acetamido -3-nitroinositols Tesultéd. Reduption
¥ E
with nické} and acetylation gave a readily separable mixture of hexa-

acetylstreptamine (44, major component) and of a minor stereoisomer to
. ) ¢ . ‘ '
which formula 45 was tentatively_assigned.' “However, in 1974 Rinehart

¢

and his co;workergd'fe-investigated some aspects of th;t wonk énd reported
that the minor coﬂponent-suggested by_Wolfrom tb-bc muco-inosadiamine (45)
is in fact.Ezg:inosadiamine—l's (46) . The synthesis of two new, optlcally
active 1nosad1am1nes 1L__x__1nosadlam1ne—l 5 (47), and 1L=-epi-~ 1nosad1am1ne— '
1,3 (48), was reported4 in this connection. ‘

-Peracetylated streptaminé'and several of its stereocisomers were
also obtained by.Hascgawa and Sable?! who snbjeFted l-acetamido-2,3-

dihydroxygiufaraldehyde derivdtivés‘of different configurations to nitro-

4
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i) {\czo : .
ii) EtSH:HC1 - OHC o~ 7 . C o
> J
ii1) HgCl,;HgO, H,0 OH t

iv) Pb(OAc),

4.

g C i) HgCl,/H,0
© o 1ii)  pa(on),

iii) H,/Ni

OAc /Qg’\"ﬂo e

OAc ‘
) AcQ 0

NHAe S NHAC
® . : 44 scyllo-inosadiamine-1,3 45 muco-inosadiamine.

]

OAc

NHAc
46 myo-inosadiamine-1,3
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mgtﬁane cyclization followed by reduction and qcetylﬁgipn:

r

. o
. ) | i) CH_NO
. Hi——-o 372
. S R— b=
H ___O>X< ii) reduction

iii)-acefylation

CHO
.1/ s
= - THO | E
AcO—CH -
i) CH,NO
AcO —CH 22
ACHN —CH o ii) NigH,
. iii) acetylation
CHO
o fHO
'»u?--OAc <///’*J/.
ACO—CH . . i) CHpo, AP -
.. - ‘ _-—\———-_ﬂ- b -
JHE—NlA %) Ni/H,
“ CHO . iii) acetylation




& -
c- Displacement of‘Sulfonyloxyl Groups or Bromine by Azide ¢

‘ D15p1acement of sulfonyloxyl groups by azide has been employed

extensively in the syQ;h051s of inosamines as well asg 1nosad1am1ncsh

especially bynSuaml and co—workers42 43 44. In 1966, they,reported42

. -

+

the, synfheéis of muco-inosamine-1, scyllo—inosaﬁine, Eggg—inosadiaminej

| 1,5 and myo-inosadiamine-1,2 frjm _X_ &nosltol Monomesylatlon of 1,4,5,6-
tetra 0- acetyliQK_-1n051tol (éé) gave 1,4, 5,6,~-tetra- O -~acetyl- 3 -0-mesyl-
Ezg-ln051tol (50) in 725.y1e1d. Apetylat1on of this-product gav;)the

.-31Q-mesy1 pentaécetate Sl. When 51 was trcated with sodium azide in
boiling aquéoqs 2~méthoxyethanol_§hd éﬁbs uéﬁtly acetylated an azidc
acetate 52 was.obtained * Catalytlc reddction of 52 ‘followéd by
acetylatlon gave hexaacetyl—muco -inosamine-1 (53) in 32% yield. . Coﬁ1 '

o

sidering the configuration of the product obtained, the demesylation of Sl

el

'}seems to proceed through an intermediate formation of a dioxolane ring by

Earticipation of 'the vinical, trans oriented acetoxy group, whiéh is then
+# cleaved by nucieophilic attacx of the azide ion in the ;;ﬁnggzéé a diaxial
0pening. -
Suanmi algb'rcpoftcd42 that tetra—g;acetyl-ng;bégggl—2~£ymésyling-
inositol (§§);lprcpare%af}om-tetra—g:acetyl-Exé—inosﬁtol by selective
Eeqzoylaéion féllowed by mesylation, wasbdemesylat¢d‘by sodium azide in

boiling-dqueous 2-methoxyethanol through a direct S, 2 substitution; the

N

hexaacetyl scyllo-derivative 57 was obtained. This was expeéted because

35 does not, possess a’ trans v1c1na1 acetoxy group capable of part1c1pat10n

e v

Upon treatment of 49 with two moles of mcthane sulfonyl chloride in



o= 22 =~

OAc

OAc

OMs
50
1 mole

CH,S0,C1 B . S,

OAc

.0AC : Ok . OAc

2 moles . 55:R =Ms

CH3802C1 c . -

- 2-methoxyethanol
v . NaN

OAc

3

oA OAc

DMF




- 23 -

A
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pyridine,_2,3-di—9;me§y1tgzg—inositol-tetraafetate t§§) was obtained in
/good yield.  Treatment 0fi§§_with sodium.géidé in aqueous 2—metho;yethand}l

gave a diazido derivative (59) which was converted into hexaacefyligggg-

inosadiamine-1,5 (60) by hydrogenation and by subsequent acetylation.

When 58 was treated with sodium azide .in aqueous dimethyl-formamide

instead of 2~methoxyethéﬁdl_the product was the vicinal diazido compound
61 from which Héxaacetyl-mzo—inosadiamine-l,2 (62) was subsequently obtained,

_ The mechanisms of formation of 59 and 61 are depicted in- chart 1.

"In the case of production of §2_(routg A}, displacemeﬁt with twofold‘anchimeric

-

assistance of an acetoxy group is involved, whereas formation of 61

(route B) takes place by two direct displacements with Walden inversion. N
Y 'In 1970, Suami and Vehida45 carried.out simi}ar displacement

reactions with sodlum azide on the four bromodcoxy1n051tol pentaacetates
62°- 65.  Again, nelghbourlng group part1c1pat10n played a role in Cost ) T
of these reactions which are sumnerized below. The seven azido -inositols

. 66 - 67 were -‘Obtained in 60-80% yield, and each, of them was transformed

as before into ‘the corresponding hexaacetyl-inosamine.

? | ‘ .

d- Ammonolysis of kpoxides and‘Haloﬁ}drins
o © Cyclitol epoxides may react with ammonia to give two isomeric -

amino cyclitols ﬁccording to the following séheme.

NH2 H NH H H - H HZN
|~ 3 NV N . N\ an
) < .~ =7

H HO 0- OH., H



‘ 65 « " | -
( ' - ACO@

AcO 3
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The hydroxyl and amino groups formed are trans relafed, and the
proportion of isomers depends on the stereochemistry of the epoxide

employed.

- [

—_—

Cyclitol epoxldes (1,2- anhydrocyclltols) are readlly prepared
by two generalsmethods: (a), the action of bases on tosyl derivatives 1n’J
which an adjacent hydroxyl group is Iggggiorlented; and (b) treatment of
cyclic olefin derivative with peracids. The former method has been used
by Angyal and co—worke;s46 41 the latter by Nakajima and co-workers48

- Employing - the above principle, Allen49‘reported a synthesis of
two new inosamines. When L—l,2-anhydr053,4;5,6,—ai—éyisopropylidene—*

allo-~inositol (73) was treated with ammoniacal methanol at 1000, a

mixture of L-2,3; &;S-di-g;isopropylidene-neo—inosamine-l (74) and 1,2;

~ 3,4-di-0-isopropylidene-L-inosamine-3 (75) was obtained. Upon removal

of the iiopropylidene groups the inosamines were separatedﬂgy fracticnal
crystallization and characterized b} N—acetylation
Startlng from condurltols (tetra—\ydroxycyclohexenes) Nakajlma,
Kurlhara and Hasegawas performed the synthe51s of eight different ino-.
ﬁam}nes, three of which had been unknown. The condurlpols 76, ZZJ 78, 79
and 80 were first convérted into epoxides47. The latter were then
treated with ammoﬁical methanol and the.prbducts were acetylated without

prior isolations. Fractional crystalization afforded the eight isomers.
49 23 27 51

-

‘of which 81, 82 *°, 83°°, -87°/ and 84°* had been isolated and characterized

previously. The newlinosamines isolated were myo-inosamine-5 (85), allo-

inosamine-1 (86) and muco-inosamine-3 (88).

/

]
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4

The principle of introducing an amino group by ammonolysis of
epoxides and the prirciple of reducing a ﬁromphydrin to generéte.a deoxy
function52 were combined by Nakgjima et al.ssto prepare sev

. .53 e e R 54
inosamines™ . and deoxyinosadiamines

The diacefoxy—epoky-cyclohegénegg, for instance, gave upon .
ammonolysis and subsequent,ace;ylation thgrtwo”stereoisomeﬁx:aceta; ‘
midotriécetoxycyc1ohexenés'gg_énd 91.(- Reaction of 90 with hypobromous
acid foliowed_b} acetylation afforded .the bromo compound 92 which w35u;
debromlnated with Raney nickel to glve pentaacetyl D S -anino-1,5-dideoxy-

/
allo inositgl (95a).  The cyclohexene 91 was converted with peroxy benzoic

.,ac1d into the epox1de 93 from which pentaacetyl DL 1-amino-1,3 -dideoxy-

N

_ILfln°51t°1 (94a) was obtained by successive reaction with hydrqb;omic
acid, acetylatlon and reductive debromlnatlon Similar reaction'sequences
startlng from stere01somers of 89 led to the pentaaCetatés of DL-l-amino-
1,3-dideoxy-alio-inositol (962) and DL-l-am1no-1,S-dldgo%yigzg—lnos;tol

97a). The, four stereoisomeric acetqﬁido-tri-O-acetylinosamines 94b,

95b, 96b and 97b on oxidation gave the correspoitding deoxyiposgmiﬁoscs

94¢, 95c, 96¢ and 97c. Three of these were converted‘intd deoxy-
inosa&iamine554 v§3 their oximes.

,

l .

4 Epimerization in Nitro Cyclitols ; g
It haé been demonstrated by Grosheintz and Fischer32‘;hat 6-de$xy—

6—nitro—D:g1uco;e and -L-idose botﬁ undergo base-catalyzed cyclization

T‘
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yielding the same mixture of three sterecisomeric deoxynitroinositols

which were leter shovm33 to possess the scyllo (26), DL-myo-1 (27), and

muco-3 (28) configurations,_p; 16. 'Lichtenthaler's33 studieqxsuggested

~

that the muco isomer arises by kinetic control; when allowed to remain in

alkaline mediun it was said to epimerize to an equilibrium mixture of the

scyllo and myo cbmpoundg.

y _
Recently, the thermodynamically controlled: epimerization of such

55

nitrpinositols was investigated in greater detail by Kovar and Baer

These authors studled the behaV1our of four stereoisomeric monomethyl

7 ethers, namely,gl deoxy -4-0-methyl-1-nitro-scyllo- 1n051tol (G%), 1-deoxy-4-~

O-methyl-l-nitro-D, L myo —1n051t01 (37), -3-deoxy-6-0-methyl-3-nitro-muco-
inositol” (38), 3- deoxy -6- O-methyl -3-nitro~epi-inositol (39) (p. 17) The

compounds were found to be mutually_lntercovertlble by base, and the

‘resulting thermodynamic equilibria were determined.  In the presence of

excess base, the compounds exist as nitronate salts 36, 37, and 38 (the
latter being the salt common to~ 38 and 39 which are eplmerlc at the
carbon bearing the nitro group), and the thermodynamlc stability of the
salts was demonstrated to increase in that or&ﬁgf\ On the other hand,
‘whgn epiméfizétion is allowed to take place‘in_the presence of a tatalytic
amount of base, a different equilibrium i; reached which'is determined by

the thermodynamic¢ stabilities of the fred nitro compounds. These follow

the order of 36 > 37 > 38 >> 39.  The results werc accounted for by con-

’
'

. . 5
formational analysis >
Concerning the mechanism of these.epimeriggtions, Grosheintz and

ST . - 2 .
Fischer in their original work3 have proposed that-a retro Henry reaction
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(i.e., a reversal of nitromethane-aldehyde addition) is responsible:

OH ) , . H ? H 0
——C——(!-—- CL_—".-T -—-(!———-C—-— i — .-.J: + I..._.
" - i | N o 1 - 1
N02 - H ‘ NOZ. H . ’ NO2 H-

C_

—€ b . (——C—

TN — i
N02 OH . N02~ -

However, the authors did not support”this proposal by experi-

'

ments. = By later work in nitro sugars, a considerable amount of evidence

.

accumulated to suggest that epimerization at a position vi;ihal to the

nitro group may proceced through nitroolefin intermcdiatcsSG_sg:
H OH + CH -
| | NI | +Ol -
———C~ =/ G C— " -— —C CH—
o, b de kT T
) 2 . 2 )
~OH || +OH"
‘H H o . H
I | — |
+
. -H : ~
-NO,- OH. NO, OH
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On the basis of more Tecent work_if is now believed that both
' {
mechanisms may apply, depending on the constitftion and stereochemistry

of the particular substrate®? 62

v

Thus, it was ﬁhown that the nitro-

~

olefin mechanism does not operate, but that the re%efz§>Henry mechanism

applies, in cases where the nitro compound possesses @ particularly low

, N 60-62 . . . e
acidity. In nitro sugars and n1tr01n051t01554, pkg -values have
been found to vary in the range of 8.0 - 11.0 and to be ﬂuite\sensitive

to the steric environment of the nitro éf?up.

[y

7]
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II. SPECIFIC AIMS OF THIS THESIS

*

1,

- ‘¥

As has been detailed in.the Introduction, amino cyclitols play
an important role as-constituents of #ntibiotics. ~“Although amino
cyclitols themselves have not been found to possess antiﬁiopic activity,
they are of interest as .building stones for synthetic antibiotics or as
analogs that may potentially be useful in. biochemical oxr medicél'rcsearch. v
- dne purpose'of the present ygmk{ thereforg,'was to synthesize some new
members of this family of compounds. = Specifically, the nit¥oinositol
monomethyl ethérs. recently obtdined iﬁ tﬁis laboratory were to be con-. B\
verted‘into amines and, "if -possible, into partially blocked derivatives
that might serQe as stafﬁing materials for future syntheﬁes. Secondly,

a study was to be undertaken to demonstrate the rclation between the Co.

acidity of gig;oinositols and kinetic as well as thermodynamic aspects

Exl
~ . .

of their epimerization.

&
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III.  RESULTS AND DISCUSSION

N

1. Synthesis éf Aminocyclitols
The first'tésk was the preparation of partially'blocked nitro

ino;itols to be used for the synthe;is of aminoinositols and also for

epimerization studies Following the procedure of Kovar an& Baer37

s
1,2:5,6-di-0- 1sopropy11dene -3-0-methyl-a -D-glucofuranose was conveéted
1n four steps, into a mlxture of 6- ~deoxy-3-0- methyl -6-nitro-D- giucose
(34) and -L-1dose (35), from which the crystalline B—D—glggg-anomcr (B-34)
could be isclated (see scheme, pw17 }. . -
Basercatalyzed cycllzatlon of the 6- -deoxy- 3 0-methyl-6- n1tro—
L-idose (35) furnished a mixture of two nltr01n051tol monemethyl ethers,
which were separated after acetylation. Deacetylatidn éf ;he-tetra-
acgtylated derivatives gave pure, crystalllne l-deoxy-4- 0 methyl-1-
nitro-DL-myo inositol and l-deoxy-4-0-methyl-l-nitro-scylio-inositol (ééJf
Cyclization of 6-deoxy}3—g—methyl-6-hitro-8—D~glucose'(g;;i)
under conditionsof kinetic control38 furnishcd a migture of mainly two
nitroinositol monomethyl ethers which were separated by crystalllzatlon to
give ohtlcally active 1- deoxy-4 -0-methyl-1-nitro-L-myo-inositel (37) and
3-deoxy-6—g;methyl-3-n1tro:ﬁggg—1n051tol (38). 1
' Acetylation of the Ltgzg;nitroinositol 37 gave optically active

:2,3,5,6-tetra-Q:acetyf—l-deoxy—4-g;methy1-l-nitro—L-mXo-inositol (37c) in

pure crystalline form. This tetraacetate had not been prepared pfeviously.
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. 4.
Catalytic hydrogenation of the nitroinositols 36, 37 and 38 in -

the presence of platinum énd,l-z molar equivalenté of hydrochloric acid
was_performed‘at room temperature and at atmospheric pressure. Thé
torre5ponding aminoinositol hydrochlorides (36a, 37a, and 38a) were
obtained as colorless, high-melting, chrbmétographiéaily homogenc ~us
crystals in yields of 75-85%. The structure of the products was con-
firmediﬁy elemental analysis an% by infrared spectra showing medium strong
bands near 1600 ém_l which'were due to the amine salt function (figs. 13-h
15). N.m.r. spectra of the products were .poorly regplved, but they did
at least confirm the presence of the methoxyl groups by exhibiting three-

nroton singlcfs in the expected region (1.2 - 1.35 p.p.m. downfield from

acetonereference signal, in DZO solution). Compound 37a was optically
. : ‘ o :
active whereas 36a and 38a wére inactive. Since the hydrogenations were

performed in' an acidic medium it is safe to assume that no configurational
changes occurred during the reaction.
o . .
The aminoinositol hydrochlorides were then N-acetylated by

treatment with acetic anhydride in an aqueous-methanolic medium in the

- présence of an anion exchange resin. The corresponding N-acetyl

derivatives 36b, 37b, and 38b ‘were obtained cr}stalline in yields of

85-90%. The products gave correct microanalyticél data, and their infra-
red spectra (figs. 16-18) showed ghara@teristic amide-I and amide-II bands
in the‘1650—1620'and‘1560a1550 cm_1 regions, replacing the amine hydrochloride

bandskof the étarting_matcfials; The n.m.r. spectrum of each product

contéinéd a three-proton singlet attributable to the N-acetyl group, in

)
]
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addition to the methoxyl singlet. i
3-Acétamido-S-dgquTG:g-methyl:mggg:inositol (38b}) was converted
into crystalline'I,Z,ﬁ,s-teérazg:mesyl deriyative (§§E} by treatment with
methanesulfonyl chlqride'in pxridiné.. It wa# hoped that the mgsyl groups
in positions 2 and 4 in this tetrame;ylate coﬁld Se selecéively removed
through neighbouring group participation of the acetamido function at C-3.
The expected, pﬁ:tially blocked product could serve useful purposes in“
the désign of future syntheses. Unfortuﬁately, several ttemptg at
achieving such partial démesylation, by refluxing 38c with sodium acetate
in 80% ethanol, did not-"lead to useful results. .Mixturééxﬁhpwing five
spots in t.l.é. were obtained (wi;h-diﬁfércnt intensitiés ﬂépending on
reaction times which were varied bctweeﬁ 3 and 24 h), and no crystalline

product except for some unféacted starting material could be isolated.

2 Epimerizaiiou of Nitro Cyclitols
ft has been mentioned in the¢ Introduction fhat compouﬁds 36, 37,
38 and 39 are epimerized by base, and that the epimeric equilibrium esta-

‘blished in the presence of excess baSe‘differs from that produced by a’

catalyfic amount of base. In the former case, equilibrium exists between
nitronate salts, and in éhe latter case, largely between free nif}o com- -

pounds.  However, equilibration'between free nitro coﬁpounds must proceed
through their anions (formcd by the actioﬁ'of the catalyst), and therefore,

for a pair of free nitro compounds HA and HB, the equilibrium constant KﬂA/HB
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and the equilibrium constant of their salts, K , must be interrelated

A /B-
with-their acidity constants K1 and K2 according to the.@olldwing scheme:
Kl = +

HA ° o H + A

VL | D -

/ Ka-/8

R T —
HB - [ H+ + B
. ha=s ) ‘ -

It follows that the ratio of equilibrium constants should be équal to the

‘ratio of acidity constants (equati?nll)
~

NG W SO ,
Kiin/up ) *

1

(1)

‘govar ana.Baérss obtained experimentgl thues ?Pich‘ﬁere iri reasonable
agreement with equati;n 1. Hoanef; ?n order to test the validity of the
data it was considered that several series of additioﬁal measurements should
be made under different condltlons In particﬁlar, epimerizations shou}d
be studied in buffer solutions over a range of alkalinity 1ntermedlate
between the prev1ously used pH-values of 7 and ~ 13,

Bef&re embﬁrking on the investigation, of equilibrium comﬁositions o
at various pH-values it was desirable to determine the time requlred for
eQUilibrium to occur. Best suited for klnetlg experiments was the optically
active L-myo compound (37)1\35 the course of its reaction could casily be

folloWCd by polar1mctry The change in specific rotation of 37 at room

temperature in buffer solutioné of ﬁH 8.3, 9.2, 9.5 10.2, and 10.65 was
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recorded. In Figs. 7 - 11, the logarithms of optical rotatjion values
are plotted against time, and it is seen that a linear relationship exists,
.indicating first-order kinetics. The reaction half-times (t%) which were

determined from the graphs are given in column 2 of Table 2, From the
reaction half-time observed at each pH-value was calculated the rate
: constant,’KObs that applied to the reaction at that particular pH—value.

The values for K ps. 2T€ given in column 2 of Table 2, and they were obtained

according to equation 2:

C
Kps t = 1In co. ‘ @
t » -
where
C, = initial concentratio?,of nitro compound
Ct = gongcentration at time t. T /

The reaction half-time being defined as the point where Ct =&C , it

follows that o
R
= 1n 2, hefice K =/

Kobs © bs

obs &

. Clearly, the observed reaction rate is dependent on the pH of the medium.

= ’ L - - 13 ‘\ - ) - -
_Now the assumption is that the epimerizing species is the nitronate anion

rather than the nitroinositol molecule. The observed rate should there-
fore be proportional to the anion concentration, [A71, and the proportionality
factor (Ktrue) should be characteristic of the structure of the anion and

)

independent of hydrogen ion concentratien,
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‘Thus,

rate

1]
-~
(@]

obs = Kiue [A"], consequently

K = K Al

obs true C. S ‘ I )

[

b

A
~

We note that L%?ll is the mole fraction (N) of anion present in the nitro-

inositol solution. The mole fraction N is, of course, dependent on the
hydrogen ion concentration of the medium but not proportiohal to it. It

can be calculated for a given pH value from the acidity constant Ka

using equation 4% -

- + = O ;.[A_]
5 N

L

4)

The pKa—value-for’thé ﬂitro compound in qdcétionl(§1) has béen determinedSS
to be 9.9, and with this, the values of N shown in célumn 4 of Table 2

were obtained.  If the ?ssu?pfion leading to equation.3 is corre;t, it
lfollows that'Kogs/Nmust.be constant. Column.sj(Table 2) shows reasonable
constancy of this parameter. . If, on the othcr hand, the rate would be
diréctly proportional to the hyd;oxyl ion concentration, the ratio -

afobs/[OH-] should be constant. This is notrtheﬁbase as 1s clearly

demonstrg}ed by the entries in column 6 (Table 2).

%

W
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Table 2. Kinetics of epimerization of L-myo nitroinositol 37 at

various pH-values

[»]
- . o -1 - ' 4 -
‘ pH tlﬁ 1n.hr. _Kobs_sec N Kbbs/leo Kobs/[OH ]
. \ . ) . . -. ‘s . . . .
8.3 . 72.0 0.26 x 10 0. 024 o 1.0 1.3
9.2 9.00 2.1 510° 016 1.3 . 1.3
N 9.5 .. ° 5.40 3.6 % 107° 0. 23 . 1.3 1.1
L g - : | '
©10.2- 72,50 . 7.7__::-10'5 0.66 1.2 0.48 : N
10.65 . 2.30 8.5 x 107 0.85 . 1.0 . 0.15 9
/ &

|’ a

Turning now to -the study of thermodynamic equilibrium of the

‘ﬁi;roinositol QGriY?;iVCs)Aone.m;y see'fromtgyéﬂqbove k;netic‘mcasurément:
that,.a; leést as far as the isomer 37 is c0nccrned? a reaction time of
2.day5 (about 5 half-times) should be sufficient to reach equilibfium at
pH 9 2 or higher. "'Réactions at lowerlpH were considered too slow to be
E practlcal for the purposes of the present %tudy I% was a'reasonable
assumpthn that thc stere01somers 36 and SS\rould eplmerlze at rates of

comparable magnitude, " . : Voo

[

.
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a

iy

Compounds 36, 37 and 38 were thereforc allowed to eplmerlze for

-2 days at room temperature in buffer solgtlons of pH 9. 4 10 0 11.0, and

12.0. For analysis of the equilibrium comp051t10n of the reactionrmix—
' . ' ] . . . . : 0:: !
tures, the ‘solutions were acidified, deionized, and evaporated. The

“residues were trimethylsilylated and analyzed_by vapor phage chromatography.

N

The results (Tables 3-6) show gooﬂ'agreement of equilibrium compositions

[

arrived at from any one of the three stercoisomers at a specific pH value;
and the compoSitions Jdiffer with different pH-values.

Baseﬁron the scheme and accompanying dzscu551on on page 40 one
can derive an equatlon (equatlon S) which ‘relates the equilibrium ratio of -

any two isomers with the pH of ‘the medium. The~der1vat10n of ‘this, equation

¢ b— Y
o K

will be presented on .pages 75-76-77.
A ' | K * [H'] N Lo

- . : . ‘ “(5)
EB% Kia/nB K + 1] - .

- l e

where [A] = the equilibrium concentratién of one isomer;.és determined
by v.p.é. (that is, the sum of the concentrations of |
free nitro compound HA and its anion A—).‘ |
Com— " ¢=_ . "
[B] = .the same for the other isomer .~
KHA/HB =  the equilibriu@kconstant_of thg.?air of free nitro
compounds.
Ky »= the acidity constant of HA*' v
K .=U the acidity constant'of HB.

w

o
Y
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.The acidity consténts Qf n1tr01n051t01 36, 37, 38 and 39 were reported55

to be 1.99 x 10 ilu 1.25 10 0, 3.02 x 10 -9 and 4.47 x 10 -9 respectively.

55 ‘ : :
From publlshed equ111br1um data®>- one can also obtain equilibrium constants

KHA/HB for the palré 36‘37 (3.2}, 36: (38+39) (24.0), and 37: (38+39)- (7.5).
Insertion of these data in equatlon 5 gave the calculated equ111br1um
percentage shown in Tahle;?. These calculatlons based on the preV1ously

reported constants show considerable disagreements with the present experi-

mental results. ‘Even if slight adjustments in the constants are made;
‘no Fighifigantly'improved fit is-obtained. ~ For ecxample, it was tried

uto,ﬁse a KHA;QB value of 30 as found at the lowest pH instead of the

reported faluesseof_24 for ggzllp/@gsg,+ EBi pair (it follows from the
equation S that KHA/HB can never be lower'than any‘ratio bf A/B found

experlmentally), and to adjust sllghtly (by not more than 0.2) the pK--
valuég in order to galn a better fit between the pK differences and the

1ogar1thm of KA /B -/K HA/HB ratio (see equation 1), but agreement remained

. unsatisfactory, However, if an arbitrary linear shift of all pK-values

<
by 1 unit is made, a meaSure which does not dlsturb the aforementloned

requlrements of equatlon 1, a reasonable agreement between found and
calculated values is obtained (sec Table éj. This would imply that the
publiéhed pK-yalues, which were determined by half-titration, were all

1n error by 1 unlt or alternatively that a nitro compound may differ in

1ts ph by 1 unit depending "on whether it applies to a buffer medium as in

the present experlments or to a dilute aqueous solutlon as in half-titration.

.To clarlfy the situation, the pK value of one of the nitro compoundsdﬁlﬁ

e - “

X
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be lower and may not necessarily

nénely 37, was determined by an independent method both in the sodium

b1carbonate«sod1um hydrox1de buffer and the S¢rensen (glycine) buffer that

‘I

had been used in the pre k. By use of ultraviolet spectroscopy for

\ﬁetermiqing the nitronate concentra®on and thus the nitronate/nitro

‘concentration ratio at a given_pH (9.85\in both buffers), a value of 10.1

-

was obtained in both buffers. This value is very close to the half-
titration value of 9.9:and it therefore appears that, within experimental

error, the compound shows the same pK ’ 1ndepondent of the med ium and the-

\

method of determination. Consequently, it does not seem JUStlfled to
. aete . T ;

ass;me shifted pK, values as aldevice fot bringiné the observed and calg
culated results into agteenent )

: It is known tﬁht equilibrium constants should reflect ratios of
act&vities rather than concentrations. An activity coefficient of‘l.O has
been tacitly assumed throughout.tho work so far. This may well be
justified for pK determinations, particulayly tor the determination using
the WV technique; because the concentrations in questson are of the order of

- * \ - - v . - - N -
10 4 mole/l However, in the equilibrium experiments, higher concentrations

were used and it 1s rcasonablc to assume that- act1v1ty coefficicnts may then

S

he same for the anion and the undis-
sociated nitro compound. Thié could account for concentrations of anion
‘appearlng to be lower than requlred by the pH-pK relation (equat1on 4); nd
1t would be equlvalent '1n calculatlon to shlfts of pk as suggested above

1.

(Table- 8). No attemﬁb have been made to determlnc the activity coef-

ficients experimentally.
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Tab}e,3- Epimerization of nitro compounds at pH 9.4

starting % of'products formed
compounds’ : .
38439 37 36
37 - ' 32.5 / 77.9
38 7.2 18.5  73.5
36 0.3 16.4 83.3,
Mean - 2.5 19.0 " 78.2
o

/ ' ot

Table 4- Epimerization of nitro gompoun&s at pH 10.

startiﬁg % oprroducts formed
compounds : ;
38 + 39 . 37 38 - ' /
37 .. 3.6 251 705
38 5.8 . 24.2. 69.9
" 36 - 0.8 26.3 - 72,3,
" Mean - 3341 '25.4 70.9 ’
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Table 5- Epimerization of nitro compounds at pH 1

1

J‘
starting % of products formed
compounds : : -
38+ 39 37, - 36
) 37 16.20 - 34,90 48.80
38 18,40 - 29,50 .  51.98
28
36 v 20.3 56.30 - 43.2
- ) - L C
Mean 18.3 33.5 47.9
. ( .
' = ‘:’
3

{/
.
-

Table 6- Epimerization of nitro compounds at pH 12

starting % of products formed
‘ compounds :
386G 39 37 36
37 ° 44.7 ' 36.0 - 19.1
38 ~ 51,0 37.7. 10.6
36 : 42.9 ©44.0 12.5.
Y |
Mean 46.2 - 39.2 "14.06
s ’

L
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Table 7 Composition of equilibrium mixture at different pH values

’

% scyllo 36 % of myo 37 % of muco + epi 38+39
pH
‘cal exp. = |cal. exp. ~ cal. exp.
9.4 62.0 78.0 | 24.4 19.1 13.7 | 2.5
10 - 44.6 ) 70.9 26,37 25.4 29.23 3.41
11 29.46 47.9 28.8 33.5ﬁ_ 50.76 18.3
12 15.5 14.06 |29.4 - 39.2 55.5 46.2
. . : Sczllo - '
Constants used: KHA/HB for: muco * opi 24,0
mo . .75
muco + -epi .
pKa for: - scyllo = 10.7

myo = 9,9

) \ : muco = 8.75 : .
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% Table 8&: Compositions of equilibrium mixture at

-

different pH values.

) A )
% scyllo ‘§g % of myo él- % of muco + epi 38+30
pH - -
L ~
" cal. exp. cal exp. cal. exp.
) -
9.4 76.9 78.0 | 19.6 19.1 3.5 . 2.5
10 73.6 - - 70.9 | 20.6 25.4 5.8 341
11 50.6 47.9 | 26.2- 33.5 23.2 18.3
12 18.9 14.06 | 33.9 39.2° 47.2 46.2
{ ; ~
_ . . Seyllo |
Constants used.. KHA/HB for. mico + €pi 30.0
/Y
for: 2O . = 7.5
i - -Muco +'ep1 ’
PKa .for: scyllo = 12.0 . - \
\\\; ‘ nyo = 10.9
muco + epi = 9.85

e
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IV. RESEARCH EQUIPMENT USED

Optical rotations were measured in a l-dm tﬁbe in a Perkin-
Elmer 141 autométic polarimetef using a mercury lamp as the light source.
V.p.c. was perfofmed.in a Varian AEfograph, series 1200, wiih hydrogén
flamc‘detecior and a recorder equipped Qith a 224 Disc. Mod. integ:ator.
The stainless-steel column (length, 6 ft; diameter, 1/8 in:) was packed
withJS% OV17 on chromosorb W and was operated isothermally at 160-170°.
The carrier gas was helium applied at a ﬁresspre of_80?90.p.s.i; N.m.r.
spectra were recorded on a Varian T-60 instrument. The pH Qeisureménts
weré made using a glass electrode and a Philips pH meter. For infrared
measurements, a.Beckman IR 20 A spccfropho;ometer was used. T.L.C. waé“'

.

performed on silica gel G plates. o
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V. EXPERIMENTAL

u

Ia. Deoxynitroinositol monomethyl ethers 36, 37 and 38

Starting from 1,i:5,6 di-0-isopropylidene-a-D-glucofuranose (29),

the following deoxynitroinositol monomethylfcthers were prepared as
: . A

/féported37’%§.
| | | | )
Nitro- Name ' Found Reported
inositols :
. : 1 , .
mp - ~-QOCH -0OCH m
\ signal 365| 365(signal
36 1-deoxy-4-0-methyl-1- | 251-259° | &:1.39 | 5:1.41| 258-260°
— nitro-scyllo-inositol -
57 | 1-deoxy-4-0-methyl-1- | 176-179° | &:1.39 |-182° | -1847 8:1.39) 178.5-179.
— | nitro-L-myo-inositol . » i
. - o
38 3-deoxy-6-0-methyl-3- 150-151° | 6:1.15 | 6:1.15] 151-152°
- nitro-muco-inositol :
/

LT

]
4

* 3-proton singlet in CESCOOD/Dij,with acetoneas internal standard.

{
N
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1b. 2,3,5,6—Tetra-g;acety1—1—deoky—4-g;methy1-1-nitr01E:Ez2-inositol (élgj

_E:Exg—Nitroinositdl (37) t314 mg) was acetylated with acetic |
anhydride (3.1 ml) in the presenee of boron triflpqride etherate (12 drops)
by st1rr1ng for 10 h at 0°C and anothér 10 h at room temperature ~ The

reaction mixture was then evaporated in vacuo. Crystalllzatlon of the

- residue from ethanol furnished white crystals of. 37¢ (373 mg, 68%),

m.p. 107-110°C. The product was optically active:[ﬂ]578 -15°» Qﬁ

[l -17°, [°]436-"210 (€= 0.93, in MeOH ) .

5 With TMS ds ref):(8)2-2.2(124, 4s, —0~COCI$3

%
©)3.5 (3H,s,0CH,), (8)3.7 (1H,H,),(6)4.50-5.2 (31, H,, H Hc),(6)5.6-6.2

N.m.r. data {in .CDCl
3’
(2H,H2,,H6);' see Fig. 12, p. 66. N

Anal. Calcd. for Cj(H, NO | (mol. wt. 391.3): C, 46.04;

‘ 15721
H, 5.41; N, 3.58. Found: - C, 46.23; H, 5.44; N, 3.58:

II. Hydrogenation of the nitroinositols

a. 1-Amino-l—deoxy-4-o-methy1-Egzllg;idositoi hydrochloride (36a)
Platlnum dioxide ( ~ 100 gm).in 5 ml of water containing 0.6 ml
of N hydrochlorlc acid was prehydrogenated at room temperature After
15 minutes the hydrogen uptake ceased. The nitro compound 36 (111 mg)
ip 10 ml of water was then added, and the mixture’was shaken under 4.
hydrogen at ordinary pressure for 7 h. The/catalyst was flltered off

and washed with water, and the filtrate was evaporated The colorless
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residue was triturated with absolute ethanol, and upon scrafﬁhing with a

glass rod and cooling with ice, gave crystals of 36a (91 ﬁg, 78%),

mp 280.2820 Récrystallization of 36a from aqueous ethanol furnished
whltc crystals whlch melted at 270- 272 in an evacuated capiilary.
T.L.C. of the crystals in 1l:1 ethanol-water gave one spote (RE 0.5). The

product was optically inactive. S : J
. ‘ -

IR (Fig..13): strong band at 3300 em™t  (OH)

‘weak band at 1600 cm-l‘(NH;] T
N.m.r. (solvent: DZO,'aceton as reference)E & 1.35 (SH!s,-O-CH3).
Anal. Caled. for C,H; ONCI (mol. wt. 229.45): €, 36:61; H, 6.97; Cl, 15.45
" Found: AC, 36:20; H, 6.99; C1, 15.24. |

—— b~ l-Amlno -1-deoxy-4-0-methyl _:mxg 1n051t01 hydrochlorlde (37a)
A lll-mg sample of 1-deoxy-4- Oﬁmethyl ~-l-nitro 1&_&22 inositol -
(_Z) was hydrogenated as descrlbed in section (a}. After 1.5 h shaking
under hydrpgen, the catalyst was flltercd off and washed W1th water, and

the solution was evaporated. ‘Upon trituration with ethanol, the ino-

samine 37a was obtained as a whlte crystalllne mass, (96 mg, 82%)
melting at 279-282 . Recrystalllzat1on.frqm aqucous ethanol gavé white
crystals, mp 281-285°. T.L.C. of 37a in 1:1 ethanol-water gave one Spot
(R, 0.43). |
(R, 0.43).. |
. " - ar +
IR (Fig. 14): strong sharp band at 3300 cm 1 (OH and NHS)
| 1

" strong sharp band at 1600 cm” (NHS)




‘Found: C, 36.42; H, 7.24; C1, 15.26.
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N.m.r. (solvent, D20 with aceton as reference): & 1.35 (3H,s, - OCHS).

The spectrum was not well resolved.

-

¢ . . j
Rotation: optically active 61)578 +6, 61)546 +12, (adgz * 21 (C = 0.71, /

-
in H O) A : ‘ | e

-

Anal. Calcd for C7H1605NC1 (mol. wt. 229.45): C, 36.61; H, 6.97;

Cl, 15.45.

'

c- 3- Amlno 3= deoxy -6-0- methyl—muco 1n051t01 hydrochlorlde (38a)

- A 111 mg sample of 3- deoxy -6-0- methyl -3-nitro-muco- 1n0S1t01 (38) £
was hydrogenated for 8 h, ard the reaction mlxture was worked up, as
described in sectlon {a). Trituration of the resldue furnlshed white
crystals of 38a (90 5 mg, 780) showing mp 320- 3220 in an evaporated
caplllary T.L. C with 1:1 ethanol- water gave one spot only (R 0.32).
The - compound was oégically inactive.

IR data (Fig. 15): stromg br&ad band at 3300 cmnl (OH and NH;)

Medium band at 1600 em b (amine salt) A

N.m.r. data (solvent: DZO’ with aceton as Teference): § 1.2 (3H,s) OCHS)

The n.m.r. spectrum was'not resolved.

Anal. Caled. for C7H1605NC1 (mol. wt. 229.45): C, 36.61; H, 6.97;

Cl, 15.45. . | - S
3 ' 17 : ra |
Found: C, 36.64; H, 7.17; Cl, 15.40,,

t
.o



III. N-Acetyl Deriyatives'of Inosamines

a- l"Acetamido-1-deoxy—4-0—metﬁy1-scy110-inosifol'(36b) ' : L
A SDlUthﬂ confaining 50 mg of the scyllo aminoinositol hydro-
hlorlde (36a] in 10 ml of water and 1 ml of methanol was stlrred for
QQ min. at 0°-5° with 12 ml of Dowex 1- X8 (CO “ form).and 0,26 ml of
acetic anhydride. The resin was flltcred off and washed witﬁ Qﬁter.
The filtrate and washings were passed through a column containing 2 mi’
of Amberllte DR120 (H+ fofh) which was rlnsed wlth water. The colorless
‘cffluent and washing were heated to b0111ng and then evaporated. “
Trituration'of the residue with ethanol under ice cooling furnlshcd white
crystals of 36b (41.1 mg, 853), mp 270-273°. Rgcrystalliz%tlon ffom
aqueous ethanol raised the melting point to 275—2770. | . ‘ &
. IR data (Fig. 16): strong band at 3300 em (OH)
. strong_medium pand at 1550 cm’? (émidp 11)
and 1620 crn'1 (amide I}.
N.m.r. data: (solvcnf, diméthyl sulfoxide, TMS as_referencc)
g st (3ibs NHCOCH,) , 8 3.46 (3i1,s,-0CH,). |
Anal. Calcd for C9H1706N (mol. wt. 235): C 45. 90 H, 7.20;
Nf 5.90. J
Found: C, 45.77; H, 7.28; N, 6.04. o O,

r
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b-” 1—Acetaﬁid071~deoxy~4~g:mcthy1-L:ng;inositol (§2§)
.- A 50-mg sémplé of pur¢ g:ng aminoineositol hydroc%ﬁoride (37a)
was treated as descfibéd in section Ii(a) to give, upon;tritvration of the
residue with ethanoel, whlte crystals of 37b (40 mg, 85%), mp\242- 245°

“IR datg (Fig. 17). strong band at 3300*Qm (OH) |
o ’strong band at 1550 cm ! (amide Ii),
1620-1650 cm™)  (amide 1.

N.m.r. data (solvent,‘dimethyl sulfoxide, TMS aé reference): & 1.88 (SH,s,NHCOCHs)

8 3,40 (3H,s, OCH ).
. ? ) )
Aqal Calcd for C9H1706N (mol. wt. 235): C, 45.90; H, 7.20; N, 5.90.

Found: c 46.11; H, 7.22; N, 6.03.

B c- 3- Acetamldo -3-deoxy-6-0- -methy1-muco- 1n051t01 (38b)

A 50-mg sample of the muco- am1n01n051t01 hydrochlorlde (38a) was

. treated as descrlbed in section III(a) to give, upon trituration of the

-
’ »

residue gith,ethanol,‘whitc fine crystals of 38b gii>2 mg, 90%), mp 185-
g

-

o . L

IR data (Fig. 18): strong band at 3300 em L (OH)
"strong medium band at 1560 en?! (amide II)
and 1630-1650 cm™! (amide I).

N.m.r. data (solvent—@imé;hyl culfoxide, TMS as reference): § 1.89 (34,s,

. . . 7 /A
NHCOCHS), § 3.37 (3H,s, OCHB) . . :
Anal. Calcd for C9H170 N (mol. wt. 235): C, 45.90; H, 7.20; N, 5.90.
 Found: C, 45.88; H, 7.31; N, 5.94. [i
) .

7
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Iv. 3-Acetamido-3-deoxyF6—g;methy1-1,2,4,5,—tetra-grmethylsulfonyL

muco-inositol (38c).

o " To 101 mg (0.43 mM) of*3-acctamido—3-dcoxy-G—g;methyl-muco-inositol

(385) in 4 ml of anhydrous pypidine, 0.16ml of methylsulfonyl chloride

was slowly added with cooling in an ice bath. The ice bath was removed \*:
and the reaction mixture stirred at room fcmperature for S“Says. , The ,,\
reaction mixture was then poured, into 6 ml of cooled.water. Upon

scratﬁhiné; yellowish crystals of 3Bc were fbrméd-(l?Z.G;mg, 72%); :
O - .l.‘l’ A

"1

mp 177-178°. T.L.C. of the crystals in- 3:1 chloroform-methanol gave

‘one spot (Rf. 0.84). Rccrysthlliiatioh-of‘SSC from acetoné furnished “{f{/

[

whito crystals (104 mg, 45%) of mp 187-189°.
IR data (Fig. 19): ‘strong bﬁﬁdé’at~1654 em ! and at 3150 qm"l
' |

indicating pHe presenég of ‘the -NHTC‘function.'

| o

‘N.m.r. data (solvent CD3COCDS'with TMS“as reference): § 2.0 SH,S, NH—COCHS);
_ : ) ‘ ) !
§ 2.6 (1M, NH-); & 3.28 (GH,s, 2-OMs); & 3.30 (6H,s, 2-OMS)} .6 3.60

(Fig. 20, p. 74). L . Lo
s ' . e |

- : N ‘ . . * ’ H‘ . .
Anal. Calcd. for CISHZSQMNS4 (mol. Wt, 547)3 c, 28_40, ,_4 50;
| : .

S, 23.40. s - .

:3255' OMe); 6 3:80-4.5 (2M,Hy, H.); *65.2-5.4 (4, Hy, Hy, H,, Ho),
|

Found: C, 28.60; H, 4.61; S, 23.21. "

. i v
El J I\
1
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V. - Attempt to unblock 38c by partial dcmésylaﬁion.'
To 50 mg of S—acetamido-3—deoxy—6-0—methy1-1.2 4, 5 -tetra-0-
{ . mcthylsulfonyl~muco 1nos1tol (38¢c) in 91nl of 80% ethanol was added 15 mg

" of anhydrous sodium acetate. The Teaction mlxture was refluxcd for 4 h.

i

(Experlments with reflux tlmes of 5,6, and 24 h. were also performed) o -

‘ _—

The solutlon was evaporatcd to dryness, and the]aSldue was extracted

4 /’
twice with acetone which was evaporated to dryness,/,/Upon addition of
‘ \ T

chloroform to the residue of evaporagipn,“tﬁé lé;ter partially dissolved.

- A small amount of cTystélline mééerial (16 mp) femained undissolved.
Exaﬁination by t.ilﬁ. (in 95:5 chloroform-methanol} showed that the
‘chloroform solution contained a mixture of 5 compounds. The chloroform
insolublé'crysta%s (16 mg), mpu187—1890, werc examined Sy t.l.c. using the

- same sﬁlyent (95;5 chlorofo;m-me;hanol); they  showed one spot '(Rf,'O.ZS)

jdentical with that of the starting material (38¢).

” el 1 starting matefial 38c
A \ 2 chloroform-insolub%e cryste
0 ) -
o 6 ol 3 c’Hc13 layer.
1 2 3
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///jg;/,Epiméfization of Deoxyniéroinosiféls | o
),/5/?: a- Kinetic stydy of 1-deoxy-4-0-methyl-1-nitro-L-myo-inpsitol (37).
£ The k&nétic study of the epimer{zation of the oﬁtically active
- L-myo inositol'wasfconductcd by following the change of optical rot;tion
of the;nitroinogitol wi;h time at_different pH values.  As an example
for the experimental procedure, the reaction at pH 9.5 will be explained
in detail. The buffe} solution was prepared from 0.1M sodium bicarbonate:
? \ané O.ZM'sodium.hydroxideq3 and itg'pH was checked with a pH_metcr:
) * Procedurc: Exactly 5}65 mg of 1—deoxy-4-gfm§thyl—1—nitro—k:g;g;inositol"‘
- (él)_was'aissolved:in 1Am1 of the buffer solutiohr(pH 9.5) at room.tem—'
perature [330). The OPtical rotatidn measurement starte&‘after 10‘min.
and was continued until the optggéfsrofa£ion remained cons?ant. )
e time . © “436 [0)pe5.  torlely
. NE : ‘ N ‘
“\\,\. - — — g c .
TPy 10 min 0.198 +35 1.544
A i\\‘l h | 0.189 +33 “1.518
E:h | 0.176 > +31 '1.49
"3 h 0.158 . 427 - 1.44
4h —t 0134 . w2377 137
5h ' 0.118 20.9 1.32
6 h N 0.114 “\' +20.0 | 1.30
9.3h . 0.070 C +12.4 1.09 o
<



f

- §l.-

The'plot of 1Qg [a]436 against time (Fig. 3) gives a straight line
indicating first-order kinetics of the epimerization reaction. The half

time of epimerization was obtained from the graph; t, ¢ 9 hrs.
- . 1

l
b- Thermodynamic. equiiibria of deoxynitroinositols 36, §Z.dﬁd 38

at different pH Qalues

‘To exactly 11.15 mg of nitroinositol §§_op_§1'or 38, 5ml of ;J
buffer solution* was added at room temperature [25-2703. The solution
was mixed well, closed tlghtly, and the tlghly stoppered flask was left
at‘fbdm temperature for 2 days. Thcreaftcr, 1.0ml of the solutlon was
neutfdiizcd by pourldéait'into 2ml of 0.1N aceylm acid. The resultlng E

solutien was thgn passed successively through 1 mL Dowex-1 X2(or 8)

(acetate forﬁ) and 1 ml Rexyn-101 (H+). ; The eluate was evaporated to dryness.

The weight of the residue was ~ 2.0- 2. g. The residue was dissolved

..l.

by shaking in 0.15 ml of silylatio reag t. and was left standlng over-

night at room tcmpcfaturc (270). Then, 2 ul of the sample was lanCth
in the vapour phase chromdtograph. Each sample was measured at least

twice. The V.p.c. was conducted at temperatures between 160 170°

R

WRelative retention times T, of the tr;mcthylsllyl derivatives of the myo,

mucof and -scyllo compounds were-Found to be 1. 00 0.80 and 1.33.

* S¢renscn s glycine 1163 ' o -

t Mixture of 17 ml pyrldlne plds 2ml of 1,1,1,5;S,S—hexamethyldisilazane

1

plus. I ml of trlmcthy151ly1ch1011de
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.J B _
c- Determination of the pKa of l-deoxy-4-0-methyl-1-nitro-L-myo

inositol (37) from ultraviolet spectrum. L ' g
The nitrinositol 37 (11.15 mg) was dissulvcd in 50.00 ml of

0.0iN acetic acid, and 10.0 ml uf the solution was diluted to 100.0 ml
with the buffer sclution63. The pH uf‘the ré%ulting mixture waé g,85.
The optlcal density of the solution was determined after 5,7, and 15-18
minutes, no significant change belng recorded within this period of time.
The optical density of the pure nitronate (~ 98u) was determined in a 7
-'solutlon prepared by diluting 5. 0 ml of the stock solutlkn of &7 to. 50 00 ml
with 0.10N sodium hydroxide, which resulted in pH 12,0 The results are
summerized in the Table 9. "Using cquatlon 4(p. 42 ), the pK value of

I'

L-myo n1tr01n051t01 37 was calculated to be 10.1 for Sgrensen as well as
& I '\
for sodium_bicarbonatc-sodlum hydroxidé buffer. L

Table 8  Optical densities of 37 (M = 1.0 x 1074y in buffers

P
buffer pH Xmax mys | " Optical density = -
, N
Sgrensen  9.85 . 250 & - - 0.370
bicarbonate, R oo ' L
NaOH.  9.85 251 N S 0,370
0.1N NaOH 12.0 250 - \ v 1.0s5°
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.Figure 8. Kinetic study of cpimerization of L-myc-nitro
inositol (37) at pH 9.2

s o

e ¢
1.4
1.3 o
mrm
S 1.2
bo ‘ -
o .
-4
1.1
. ' O]
1.0 4 , -
0.9 4 .
I A ! | I
1 3 N 5 7 9 11 h
" .
Figure 9 Kinetic study of epimerization of Lfgxg-nltro'
inositol (37) at pH 9.5
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Figure 10 Kinetic study of epimerization of L-myo-nitro
“ inositol (37) at pH 10.2
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. Figure 11. Kinetic study of epimer‘ization of L—myo»hitro
“inositol (37) at pH 10.65 N :
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Derivation of Equation 5. ‘
1. Compounds A, B, C...z,(the sun of acid and base form as detcrmined
by GLC).
i.e. [A]l = [AH] + [A7] C)
2. Acid base equilibria ,
AHz T+ A
BH=> 1" + B
. e -
where from - .-KA = .[H 1A (1) “
- . ,
KB _. [H 1 [B] Ve
[ BH]
' K, [ [c] B
- 2 [Cl{] -
etc o
\i\u’k‘
3. Thermodyﬁamic equilibria
a) .bf tﬁe acid fbrm
AH =BH
All=2Cll
BH=CH
BH = AH
. “ete T
whelle from‘ Ky o/ AIf - (3) -
' . P AH/BH Bi ' D
. : . [ AH
o Ry 7 Ec% )
Ny g N
. . T . P
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b) of the nitronate form
A B™

Bo———= A

A : '
B ' (5)

where_from -KA-/BT =

~ From equatjon (0)

[A;]- = [AJL - [an] ‘;,' ‘ (éa)

S ] A Tl
. (5a) into (1) -KA = @ ];[ D : . (6a)
’ : ! 7 - [AH] :
_ algq N . f ' S '
' o ] ([B]-[BHD
X = , ‘
B [BH]

From. (3) : -;J' ] . KAQ/BH [BH] @
 From (6b) K, [B1] + [0 [B]-[BH], A

e SRR RN N R / |

. [ulcky + [H'3 = 0] [8]-

N 16 1 AU €
/ Kg # EH ]

A

n

7y into (6a) - LH1-(IA] - Kygy/pu P, & ;\ - \
‘ . : HAR% o ¥, :
f o . KAH/BH [BH] IO -

/ \ Lo - R %

S———



oo

(8) into (9)

From cquation‘(l).

- 77 S

[H‘“.L.] ([A] Ky, /BH" (73 [e]

o Ky - [0
K,- =. : (10) "
A K . [n"] [&]
: . AH/BH € '] - K
iA] - Kawzen -~ Ka ‘[’_3-'] t KP{\H g (18 _
. N . ‘ . /\: — +
e %5 (W]
e (K, + -[H+])'
{a] : A )

IR s

(k, + [HD)

A = nutroinositol 36 K
B = nitroinositol 37
KA = acidity constant of nitroinositol 36
g o . . .
KB = ac1d1ty.constant'of'nltr01n051tol 37
]
r . {:,
~
3 ’1
,/’+‘?
L

S

i
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