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INTRODUCTION

The search for methods of assiching stereochemistry
has long been a subject of interest and concern. Therefore,
the development of ermpirical rules of optical rotation which
could indicate confisuration of asymmetric centers was re-
celved with enthusiasm and in turn generated increased in-
terest in optical rroperties of compounds., Tlowever, 1in spite
of the considerable experimental investizations into the re-
lationship between the specific or molar rotation and chemi-
cal structures, very few general rules have been derived,

The basic concept for all of these rules is that of
the principle of "optical superposition," which was first pro-
posed by J. I, van't loff in 189&.1 The rotatory power of a
substance 1s, according to the orinciple, the algebraic sum
of the contribution of each separate asymmetric carbon atom,
the value of which is a definite amount and is independent of
the configuration of the other atoms.

In 19C9, €, S. "ludson rroposed his now famous "iso-
rotation rules".,2 These rules represent an advance on van't
Tloff's princinles of superposition, particularly in regard
to their wider applicability. “These rules are still frequent-
ly used in the determination of anomeric configuration and in
some cases to determine ring size.

C. S. Hudson published his mosgt sipnificant "lactone
rule of rotation"3 in the following year. !e observed in his

worli: with aldonic acids that the configuration of an aldonic



acid determined the rotation of the derived lactone. This
rule was one of the earliest generalizatlions of configuration
and optical properties and was inferred from very extensive
data. In its simplest form the rule states that "the ¥-lac-
tone derived from an aldonic acid will be strongly dextroro-
tatory if the ¢ -hydroxy group that engages in lactone form-
ation is on the right of the I'ischer projection of the aldonic
acid". As an example, lactone I should have a more positive
rotation than lactone II. This rule was later extended to in-

. . £
clude amides® and phenylhydrazides.®s7

O=f——————- f=0
H-C——————J C-H
l I
R R
I 1T

In 1942 N. K. Richtmyer and C. S. Hudson observed an
empirical correlation between the sign of rotation and con-
figuration of the benzimidazole derivatives, The benzimid-
azole rule states8 that "whenever the hydroxyl group on the
second carbon atom of an aldonic acid is written on the right
in the conventional projection formula, the rotation of the
derived benzimidazole 1s positive and, conversely, when the
hydroxyl is written on the left, the rotation of the benzimid-
azole is negative." This correlation between sign of rotation

and configuration appears to hold true irrespective of the con-



figuratlion of other asymmebtric centers in the molecule.
e benzimidazole rule allows one to discern the con-

fieuration off the Lirst hydroxyl group of reducing sugars by

- e

converting them to bhenzimidazole derivatives (i~,1) and ob=-

b}

serving the sicn ol rotation : lum 2-line., The rule
has been of great value in elucldating C-2 stereochenistry of
new susars, ceskeclally the synthetic heptoses yrepared by hy=-
droren cyanide addition to hexoses, in which case, two eplmer-

ic heptoses are obtaincd, Iudson's benzimidazole rule ic

@

[e)
. , . o vs s . %9
novm to cive the correct precdiction in 31 test cases. s~

Puring the development of this thesis, Ihaden'0 ang

11111s1t extended thie benzimicdazole rule vy formulating & cor-

"phenyl osotriazole rule.,”" This rule 2-ain relates

regponcing
confisuration vith the sign of rotation 2t the s»dium T-line.
Tt states that "when the hydroxyl ~roup attached to (=3 of the

N

susar resldue 1s to the ri-nt in the Tlschor projectlon formu-

1o, the si-n of rotation of the derived osotrlazole is nosi-
. - . . oo . 12,1 et
tive, and whien to the left, it is nejzative " <2 3 ‘This rule

has since been jenervalized to correlate thne sinn of rotation
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with the confisuration of the asyrmetric carbon atom adjacent
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0 & neterocyclic or eromatlic rins,

Although these rules arc strictly empirical correla-
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tion of rotation at « single wavelencth (570 mp) with confip-
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uration at a sin~le asymiebric conter, no inown exceuntil

n to
them has as yet been reported. “xtension of the rules to pre-
dict the conficuration of ad’itional centers of zsymmetry in

the molecule has shown tHhat the econbtribubions o the rotation

of the centers are not strictly ad7itive, as would be assumed
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Fige. 2., Assignment of Configuration at C-3 of a Reduc-
ing uu;ar.

It seemed desiratle to examine these sugar derivatives
with the view of correlating the configuration with the optical
rotatory dispersion (O.R.D.) curve. As Djerassi17 pointed out,
"Configurational assignments based on rotations obtained at the
D-line are at times equivocal or even impossible, especially
when a plain dispersion curve crosses the zero rotation line
somewhere below 589 mp. This change in sign is, of course, not
known to the experimentalist relying only on a measurement of
E{h and several such examples have been encountered by
Sjoberg,l8 who demonstrated the utility of plain dispersion
curves for settling certain configurational relationship.”

It was felt that such an investigation would allow one
to ascertain if the correlation of sign of rotation and config-
uration observed at the sodium D-line reflects the sign of an

anticipated Cotton effect in the O.R.D. Since the 2-phenyl-



2,1,3-triazoles have an aromatic system which absorbs at ap-
proximately 268 mpu, this class of compounds should produce Cot-
ton effects at accessible wavelengths in the 0.R.D. due to a
weal absorption band in an asymmetric environment. It was fur-
ther hoped that a detailed study of the optical rotation of

the 2-phenyl-2,1,3-triazoles of the complete aldo sugar family
could produce some further correlations between strength of
rotation and configuration of secondary aicéhols as well as
information on the partial rotation of secondary hydroxyl
groups at varying distances from a chromophoric group and in
differing conformational environments. Thils latter comparison
was suggested by J. A, 1Mills in a cormunicationtl published dur-
ing the course of this investigation. In this comﬁunication

he stated: "Attempts to correlate tie magnitude of rotation

of lactones and 2-(polyhydroxyallkyl)-benziminazoles with the
configuration at several contlguous asymmetric centers have
been partially successful, and the rotations of the benzimin-
azoles show a trend broadly similar to that shown by the
phenylosotriazoles. The latter are, however, the only acyclic
derivatives of sugars that show such wide differences hetween
the molecular rotations of different confipurational groups.
The main reason for this may merely be that pyridine has been
the preferred solvent for phenylosotriazoles, whereas water

has normally been used for obtaining the rotations of the other
derivatives., It is very desirabhle that more extensive data
should be provided for the optical rotatory properties of all
these cderivatives in several solvents, because of the practi-

cal value of more precise configurational deductions, and con-




tributions that might be made to theories of conformational
analysis and optical rotatory power. The rotations of the 2-
(polyhydroxyalkyl)quinoxalines derived from reducing sugars
may also be a source of configurational correlations when more
data are available."

To determine information on the partial rotation of
secondary hydroxyl groups it would be necessary to assume the
existence of some sort of additivity relationship in optical
rotation. In reference to this Djerassil9 stated: "Until now,
it has been difficult to inquire into the extent of validity
of such an assumption. MNumerical values of individual rota=
tional strengths do, however, provide the proper criterion for
such an investigation, and it is in thils broad sense that the
concept of the rotational strength may play 1ts most important
role, First, it opens up the possibility of a reliable set of
emplrical rules for the structural chemist, and second, the
theoreticlian will at last have an experimental guide with which
to test his hypotheses of the intramolecular interactions that
affect optical activity." The synthesis of these aryl-substi-
tuted polyhydroxylated compounds in a systematic manner would
permit a relatlively complete analysis of the physical and op-
tical properties of the 2-phenyl-2,1,3-triazoles of all of the
members of the aldotetrose, aldopentose, and aldohexose fami-
lies and could lead to correlation between stereochemistry and
strength of rotation in the 0.R.D. Such correlations could be

of considerable value in assigning stereochemistry to new sug-

ars.

P e )




DISCUSSION




DISCUSSION

The current investigation involves the systematic
study of the optical and physical properties of an aryl-
substituted polyhydroxy system. The investigation was ex-
pected to lead to a correlation between the stereochemistry
and strength of rotation of polyhydroxy systems. To accom-
plish this end, the T-aldo sugar family as cshown in Fig. 3
was chosen as the polyhydroxy moiety. It was then necessary
to decide upon a convenient aryl derivative for this system.
A literature search for such an aryl substituent produced

the possibility of the quinoxaline derivatives.

N
Ha-(=0 (:)
-G ~0H i
10-C-H i 0-C-H1
+ 2 > [
1 -G =0K 1L HeC-0H
|
H-C-0' H—f—GH
CHZQH CHZOH
VIII v IX

In 193l, Y. 0h1le20 obtained a quinoxaline derivative
of an aldo sugar by fthe direct combination of ortho-phenvlene~
diamine (IV) with T-zlucose (VITI) yielding 2-(nN-arabino-tetra-
hydroxybutyl)quinoxaline (IX). This aromatic derivative was

very stable and showed no mutarotation in acid or base., These
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features macde the quinoxzsline derivatives desirable for the

. aromatic moiety lor this investigation.
features mace TIE YUINOXKL.LLNE UBILVUTLVES CESLIUDLEe LUL Ll

aromatic moiety lor this investigation.

In the initial study of tizls reactlon, 1t was observed
that many of the quinoxaline compounds were produced in low
sield alongs with a substantial quantity of other side reaction
products, presumed to e the compounds indicated in Tiz. L.
Since geparation of the quinoxaline derivatives from the side
products was not wnossihle by crystallization, a more desirable

aryl system was sousht.

HE K T 1% TE, T
P . N 2 N,
P I s s
U-?-CH T—T—OH H—f—OH HeC =0l
H-f— I I-f—OH T—r—@h —f-ud
HO—?— HO=C =1 H(—f—h HO=C =11
*-?-C=I ?I-f—OI{ EI-fLO I ll-f-CII
Cri CI CH,CH It Cit ", 0H
2 2 2 C‘.2 "
Tige o Sicde Reaction Troducts from the Preparation of
Quinoxaline Derivatives
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2-PIENYL-2,1,3-TRIAZOLE DIRIVATIVES

During the course of their work with aldonic acids,

Hann and Hudson found that a satisfactory procedure for con-
verting phenylhydrazides of aldonic acids was possible by de-
composing the phenylhydrazide in hot aqueous copper sulfate
solution to the free sugar acid, nitrogen, and benzene.2l The
reaction appeared to be a quantitative one. These investiga-
tors next tested the action of aqueous copper sulfacte on the
phenylosazones of the aldo sugars. Iilowever, unlike the hydra-
zides, the sugar osazones such as X were cycllized to the cor-
responding 2-phenyl-2,1l,3-triazole derivative XTI and aniline

(XTI).22

H-C=11-TH-C, Hy H-G=i
o T T
rl* M-1TH=C ¢ 11 (IJ 1T>'-06'I5
C=1T-TT=C 1] =1 -
| T 645 _ I . I-I2
HO-?-J aqueous 5 Io-f-h +
H-?-OH CusS0y, H—T-OH
H—f—uﬁ L—f—OB
CH 0% O, 011
X XI XII

Hann and Hudson based thelr structural assignments
on the fact that the product XI had a molecular formula of

012}115113011L which differed from the formula of the starting
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osazone X by 06H7N. The product gave a tetraacetate and a
tetrabenzoate both of which could be hydrolyzed with mineral
acid to the starting 2-phenyl-2,1,3-triazole, thus indicating
the presence of four hydroxyl groups. When one mole of the
free material was oxidized with sodium metaperiodate, three
moles of periodate were consumed with the production of one
mole of formaldehyde, two moles of formic acid and one mole

of a white crystalline material which was found to be an alde-
hyde. The compound was compared with 2-phenyl-L-formyl-2,1,3-
triazole (XIII) which was first prepared in 1°%91 by von Pech~-
mann,23 from mesoxaldehyde-l—ﬁ-acetyloxime (XV)s The compounds

were found to be identical, thus indicating that the osazone

had been cyclized into a 2-phenyl-2,1,3-triazole ring systenm.

f >N—CéH5

C=N H-G=1 2 HCO M + HCHO
70 é n 3 Walo é N/NH—C6H5 .
HO =0 - e I = ’
it é oF g i é 0 NaIO, + 1.0
‘.‘L"' - —I 1l = + -

| 3 Nalo) + 1,
H-f—OH Vi\\\\

CH 0 .

3

XI XIII XIV
H-g=N(0Ac) H-C=N(0Ac) H~C=N

é—o NH_NHC, é—m NH-C, H. Alkali N ' >N-06H5

| QMG = -NE-C,H, Alkali ?—N
H=C=N-0H HeC=1=0H H-C=N =0T

XV XIV XVIT
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All of the 2-phenyl-2,1,3-triazole derivatives, when
subjected to sodium metaperiodate oxidation gave 2-phenyl-li-
formyl=-2,1,3-triazole with modifications of the other oxidative

by-products depending upon the number of hydroxyl groups.

Mechanism of Osotriazole Derivative Formation

Hann and HFudson pronosed a mechanism for thils reaction
in which the coprer ion formed a complex with the osazone.zl’22
This was evidenced by the production of a red color upon the
addition of copper ilons to the osarone which faded as the for-
mation of the 2-phenyl-2,1l,3-triazole derivative procecded.
The copprer ion presumably complexes with the TF=system of the
osazone, and in so dolng holds the two bulky phenylhydrazine
sroups iIn one plane and cis with each other. This would be

in contrast to the more desirable trans configuration which
they would presumably be in if they were not coordlnated with
the copper ion (Fig. 5). This planer cis configuration of

the phenylhydrazine molety thus allows for the elimination

of aniline from the osazone with the production of a highly
resonance stabilized 2-phenyl-2,1,3-triazole ring. It has

been shown that copper readily forms complexes with semicar-

2l

bazones and hydrazones,25 thus offering further support for

the comnlexing of copper with the osazone.

Tige. 5. Complexing of the Copper Ion With an Osazone




H

Hann and Hudson®2 also noted the precipitation of a
small portion of copper as cuprous oxide which they attributed
to reductive side reactions. Subsequent work showed that
ferric chloride, ferric sulfate, and potassium ferricyanide,
all of which contain iron{III) cause 2-phenyl-2,1,3-triazole
formation, Ilowever, ferrcous chloride, ferrous sulfate, and
potassium ferrocyanide, all of which contain iron{II), rail
to cause 2-phenyl-2,1,3-triazole formation, The aut:iors stated
that these results showed that an oxidizing agent was necessary,
thus indicating that an oxidation is involved in at least one
step of tne mechanism.26=27’28

The second question involved in the mechanism of the
2-phenyl-2,1,3~triazole formation was whether aniline was
removed from the hydrazone resicdue of C-1 or C-2, This ques-
tion was solved independently by Weygaudggand Henseke,30
Weygsaud examined the question by using the p-bromophenylosa-
zones., Vhen they were treated with 82pyp-laveled (p=-bromo-
phenyl)hydrazine, the transhydrazination31 procecded unequal-
1y, such that most of the label appeared on C-1 (Fig. 6).
Cleavage of this transhydrazinated (p-bromophenyl)hydrazoéae
showed that 23% of the label was on C-2., When the unequally
labeled osazone was subjected to 2-phenyl-2,1l,3-triazole for-
mation, it was found that only 18% of the label remained, in-
dicating that the C~1 hydrazone rezidue had been eliminated.
Henseke and co-workers>C also obtained similar results by the

P

use of mixed substituted osazones.
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Br
@ 02 rdriid
H-C=1-1T{- H-f=H-NH- By~ (777 of Label)
I=N—TH4<::>FBr f=N—YH (237 of Label)
Lo Q.-
C

( cH0I)

Ie n ;:‘2 l n

R Brt2 (18% of Label)

Tige b " 2Rp Study of Cyclization lMechanism

The conclusion is, therefore, incscapable that the
conversion of osazones into 2-phenv1-2,1,3-triazole deriva-
tives involves an oxidaticn, at least at one stage of the

reaction, and complexes of the metal lon with the osazone

may also be invelved, The exact mechanism of this cyclization,

nowever, 1s still uncertain.

The 2-phenyl-2,1,3~triazole derivatives are colorless,
crystalline compoundcs with sharp‘melting points., They are
very stable toward strong oxidizing agents, concentrated alk-
alis or acids and exhibit no mutarotation, This system has a
strong absorption in the 260-270 mp region of the ultraviolet
and, therefore, should produce Cotton eflects at an accessible
wavelensth In the 0.2X.D. Althoush tie rreparation of the 2-
phenyl-2,1,3~triazole derivatives Irom the aldo surar family

requires an addiitional step over thalt of the auinoxaline de-
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rivatives, the overall yield of their preparation was reported
to be much higher and the products were less contaminated wlth
side products thus indicating the desirability of these deriv-

atives.

Nomenclature of Derivatives

The current investigation involved the synthesis of
the 2-phenyl-2,1,3~triazole derivatives (Fig. 7) of the D-
aldo sugar family. Due to the expense of D-arabinose and
D-gulose, however, L-arabinose and L-sorbose (L-sorbose being
the conjugate of L-gulose in the keto sugar family) were used
as the starting sugars for preparing these two respective 2=~
phenyl-2,1,3~-triazole derivatives. Thus, L-enantiomers will
be designated by a L arfter the compound number. For example
2-phenyl-li-(D-erythrose-trihydroxypropyl)-2,1,3-triazole's
number is X¥I and its L-enantiomer will be X¥XI-L. Also, when
referring to the 2-phenyl-2,1,3~triazole derivatives, they
will be called by their common names (which in most cases 1is
the name of the sugar from which the osazone was prepared) in-
stead of the systematic name., When the compound is mentloned,
the number assigned to the comnon name (corresponding to the
systematic name used 1in the experimental sectlon) will also be
given. Therefore, for example, 2-phenyl-li-(D-arabino-tetra-
hydroxybutyl)-2,1,3~triazole which was prepared from D-glucose
wWill be referred to in this dissertation as D-glucose osotri-
azole (XI) and that of 2-phenyl-li-(L-crythro-trihydroxypropyl)-
2,1,3-triazole which was prepared from L-arabinose willl be

named L-arabinose osotriazole (¥XI-L).
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\ H-C=N\ H-C=N\ H-C=N,
- V-C H N-C,H N-C,H
A-Cetls Ly C6s bey? U6Ms Lot Cets
H=C=0H HO—$-H H-f—OH HO-C -H
> ~0H H=-C-0H HO—?~H HC-C~-H
H=C=0OH H=C-0H H-?-OH H—f—OH
CH.OII CHzOH CH20H CHZOH
XTI XIX XX
H-C=N\ H-?=N
N=C,H N-C,H
L2706 e
H-f—OH HO-?-H
H-f—OH H—f—OH
T 17 eht T
Cﬁ20* uHeOH
XTI XIT
H-C=K
\yy-
l=r (N CeHe
H-C-0:
XXTIT
H-C=Y, H-0=N
l \N-u H \N-C H
?=u’ 675 H-g=N/ 675
CHEOH
XXIV XXV

I'igs 7. Osotriazole Derivatives of the D-Aldo Sugar Family
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Mechanism of Osazone Formation

The first step in making the osotriazole 1s to make
the phenylosazone derivative of the aldo sugar. Osazones are
usually prepared32 by the action of three molar equivalents
of hydrazine (or its hydrochloride) on one mole of the car-
bohydrate in aqueous acetic acid (or sodium acetate). Fischers
described the steps leading to the osazone as occurring in
three parts: (1) the formation of a phenylhydrazone XAVII
from the aldose, (2) the oxldation of the phenylhydrazone with
a second mole of phenylhydrazine to XXVIIT, (3) the reaction

of XXXVITY with a third molecule of phenylhydrazine to form the

Os8azZona.,
H-?=O H-f:N-NH~C6H5
G, He N ¢, H_WHYH
H-?-GH i J-?-OH 65 2
_I,0 IR
R 2 R -NﬁBS 2
YVI KHVIT
H (=Y -NH-C K H-Q=N-1H-C  H
[ 675 ORI NHNH, | 675
=0 C=W-VH-C, H
f ~H,0 - | ! 6"
R R
XXVITT XX IX

Since the second step in the formation of the osazones
involves oxidation of C-2 and thus destroys the asymmetric cen-

ter, epimeric carbohydrates will produce the same phenvlosazone.
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For example, both Z-mannose (X'7{) and D-glucose (VITII) yield
osazone X, The same osazone was also formed Irom D-fructose
(1¥27I), thus indilcating that the conjugate carbohydrate in
the keto sugar family also produces the same ocazone, The
structural formulas for the osazone derivatives are shown in

Tig. 8, The names of the two aldo sugars and one keto sugar

from which each osazone is derived are zlven in Table I,

H-f=0 H=C=0 CHEOH
iI=C=01 10 =0 =II i=0
WO—?—” HO=( =~ HO-%-H
Heg=0I1 =0 ~0I1 -0 =01
iy . , .
H=0 =011 H=O 01 He(=0H
Cigﬁﬁ VIiTT JHEOH N &Kﬁ@ﬁ R AL

=TT, H
675
10 -C -
!

H=-C=-01

C._cH
2
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H-G=1-NH-C ¢ He H—?=N—HH-06H5 H-G=-NH-C(Hy  H- T=} ~NH-C gl
=1 - H-C g Hey ?=N-NH-06H5 C=1-NH-C ¢ He f=N-NH-06H§
H-C-0H HO-?-H H-( =011 Ho-f-ﬁ
H-C-0H H—?-OH 0-C -1 HO—?—H
H=C =01 H-?-OH H-C =0l H-?-OH
); 1,01 1
0,04 CH,OH CH,0H CH,OH
XXXIT X XMXITI XXNIV
H- ? T-ITH-C ¢ He H- f N -WH-C g g
7 =N-HI-C  Hy C=N-FH-Cg{lg
H- ? -01l HO- %
1 ? -0H H- ? -0H
CH CH,OH
WXV XXKXVI
H-G=N-1T-C gHg
=N -NH-C gHe
H- ?-O{
CH,01
XHXVII
H- ?—Y—Iﬂ Cellg H-G=N-NH-C gHo
f =N -1TH=CH H~-C=N-NH-C Hg
CH,0H
XXKVIIT XXX IX

Fig. 8. Osazone Derivatives of the D-Aldo Sugar Family




Relationship of Sugars to Derived Osotriazoles

Osotriazoles May be Prepared

TABLE I

21

llay be Prepared

Osazone™™ D-Aldo Sugars i D-Ketose Sugars
from which from which from which
Osotriazole Osazone Osazone

May be Prepared

LVIII

X1

AIX

XX

XX

KHIT

AXIIT

LXIV

XXXII

X

AXXIII

AXXIV

XXXV

KKVI

X¥XAVII

XXXVIIT

D~Allose
D-Altrose

D-Glucose
D-Mannose

D=Gulose
D=Idose

D-Galactose
D-Talose

T=-Arabinose
D-Ribose

D-Xylose
D-Lyxose

D-Lrythrose
D~Threose

D-Glyceraldehyde

#Ior structures of osotriazoles see Tig. 7.
=:For structures of osazones see Fig. J.
wwsifor structures of D-aldo sugars see Tig. 3.

D-Alluloss

D-Fructose

D-Sorbose

D-Tagatose

ID-Ribulose

D-Xylulose

D-Erythrulose

Dihydroxyacetone
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The Nature of the Osazone Intermediate

Fieserdlt sun-ested, on theoretical grounds, that osa-
S (1] b [

zones exist in tautomeric, chelated forms which stabilize
these unsaturated compounds and prevent the reaction of hydra-

zines with carhonvdrates from proceeding beyond C-2 (Fig. G).

-Gy T :I-Ilr—oéz{E
A — T,
N TR N R

Pige 9. Tieser's Tautomeric, Chelated Torms of Osazones

0. L. Chapnan 35 nas presented evidence wiich shows
that there exists an equilibrium bhetween a non-cielated struc-~
ture XL, which is stablilized ty hy’roren bonding to the gol-
venty end a chelated structure LI, which 1s stabilized by
intramolecular hydrogen bonding. Thls equilibrium bhetween
structures XL and XI.I is dependent upon the size of the R group
and on the strength of the hydrogen honding of the solvent,
The author further nresents evidence as to the lack of aromat-
icity of this chelated structure due to the absence of a ring
current, and concludes by saying: "The major portion of the
stabilization of the chelate form (which is still small) in
poor hydrogen bonding solvents thus is primarily due to the
chelate hydrogen bond and not to a substantial Jdifference in

TT-electron cdelocalization energies in the two isomers.”
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Synthesis of Osazones

The preparation of the osazones was effected as pre-
viously indicated by the direct combination of the aldo sug-
ar with phenylhydrazine hydrochloride in a sodium acetate
solution, It was found, however, that the yield could be in-
creased by preparing the sodium bisulfite addition product of
the aldehyde ancd then proceceding as above.

In all cases prolonged contact of the osazone with the
reaction mixture produced substantial decomposition of the osa-
zone., 1t was, therefore, necessary to separate the precipitate
by filtration shortly after the reaction was complete and wash
it very well with acetic acid and water to remove all traces of
unreacted phenylhydrazine. The best procedure found was to
wash the osazone and recrystallize it immediately before allow-
ing it to dry.

In the case of L-arabinose osazone (X¥XV-L), this de-
composition from contact of the osazone with phenylhydrazine

was so rapid that the osazone could not be collected, To cor-
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rect this problem the osazone was prepared as a solution.
Methyl cellosolve was found to be an excellent solvent for
this preparation as it mecets the three necessary require-
ments, narely: (1) tue starting materials are soluble in
metayl cellosolve; (2) the final product is soluble in meth-
v1 cellosolve; (3) methyl cellosolve is miscible with water
and the osazone 1is water insoluble, therefore the product
can ve easily precipitated by the addition of water to the
mizture, Thls technique was found to ve very successful for
both L-~arabinose osazone (I¥MXV-L) ond ~lyoxal osazone (777NIY).
Jue to the expense of erybthrose and thrcose an indi-
rect procedure for obtalning the osazone of thesge tetroses
was undertaken., It wvas observed in the literature3® that when
starch is oxidized with sodium metapceriodate, the glyvoxal link-
ages are oxidized to oxystarch which readily hydrolyzec to al-

dehyde sugar groups (Fis. 10).

T-(-R! -C -R! R Rt
H-C-0H Nall H-Ce0H T0Ac N HI-C-R! + -C-R'
L> 5 —>
MG =011 z-clon H-C=0 H~-0=0
(=Rt H-C‘J—I—" '
R 1Y J{l Tt

1

"lge. 10. OCxidative Cleavapge of the Clyoxal Linkages of
1

-y

Starc
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When potato starch was subjected to the above oxida-
tive degradation {ollowed by hydrolysis with acetic acid in
the presence of phenylhydrazine, components of the degraded
linkarse were D-erythrose phenylosazone (XHXVIT) and olyoxal
rhenylosazone (XXXIN) along with some P—acetyl phenylhyvdra-

zine (XLIV). The latiser compound was produced from the re=-

action of phenylhydrazine with acetic acid,

H-f‘“—lh-6< I
?ZU—ITH-Cé_flC{
[ ] [ © T H-IC-O"Z
|/O_ | O 7 OTF
ll‘é—ff’ T—A—OII LIXVIT
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I E> T >
. =0=- - A
H-%“"" T e H-G=11-171-C ) Ty
4 ; -:r-n-x(rI'x(
Gk i Q7] .
| > n 1 —C_-Zk L. —k n
+
‘ N
C" !‘! "*"'{" ';TT
YLIT XLTIT 1,0 gl
XLIV

These componente can e separated on o neutral 2lumina
column to obtain the free D-erythrose phenylosazone (2777VIT1)
or the mixbure can he gsubjected to osotriawole formation con-
ditions leading directly to C-srythrose osotriazole (IL7IT1).
This was the one remaining unknowun osotriazole of the aldo
sugar family and is the most inmportant link in the curront

investigation,
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Svynthesis of Osotrizoles from Osazones

The preparation of the osotriazoles was effected as
previously indicated by a cyclizatlon reaction on the isolated
osazone (with the exception of D-crythrose osotriarole (YITITII)) .
In all cases, the cvclization was accomplished by the use of
copper culfate in an acueous medium. Tho adqueous solution of
copper sulfate was added to a water susvension of the insolu-
ble osazone. Solution of tﬁe osazone and the concurrent de-
velopment of a red color occurred in the first few ninutes of
refluxing. Some of the osazone was decomposed by Tthe copper
sulfate as evidenced by tie black insoluble residue produced
during tine reaction. When the osazone was finely powdered, 1t
discolved wmucih more readily, and decomposition of it was kept
to a minimum., If this decomposition was not extensive, at the
completion of the reaction an emerald sresn colored solution in-
dicating the presence of free copper ions was produced. In ei-
ther case, filtration of the solution at completion of the re-
action to remove the black decomposition products snd the small
cuantity of red copper oxide also present yielded an emerald
green solution.

Tue to a problem in solubility and the complexing of
the copper sulfate with the osotriazoles, the hest procedure
found to isolate the osotrlazole product was to remove the
copper sulfate. This was achieved by precipitation of the
copper ilons with hydrogen sulflde ond the sulfate jons with
barium carbonate, thus leaving the media free of inorganic
ions. Concentration of tiis slightly basic, yellow solution

usually produced a syrup which was dried thoroughly and re=-

erystallized from an appropriate solvent.
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CPTICAL ROTATORY TISFURIION STUDY

In order to obtaln the optical rotatory dispersion
curves of the optically active osotriazoles, 1t was necessary
to employ three different spectropolarimetsrs. It is inter-

esting to compare the results from these three instruments,

P

Rudolph Recording Spectropolarimeter

Prom the ultraviolet data it was observed that the 2-
phenyl-2,1,3-triazole ring system absorbs Iin the region of 265-
270 mp with a rather larpe extinction coefflficient of 15,000~
20,000. Although thls regilon is accessible to the Rudolph in-
strunent the absorption of the 2-phenyl-2,1,3-triazole ring
system vroved to be too strong for its hE0 watt xenon light
source. A4S 4 consequence, no appreclable data below 300 mp
could be obtained due to the lack of tronsmittance even with
very low concentrations (1 x 10_4£) of the absorbing material,
The lon~ wavelength Jata, nowever, appeared to he reproducible
from samples of relatively high concentrations. The molecular
rotation at the 5490 ml wavelength of the C.R.D. curves obtain-
ed on the Rudolph instrument compared very closely with those
reported in the literature (Table II), Thereforc, in the fol-
lowing study, the long wavelength data obtained from the Ru-
dolpii instrument will be taken as quantitative. 'This fact
maikes the zZudolph an excellent instrument for conducting a

solvent study in the long wavelength region.
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TABLE II

Comparison of Sodium D-Line Rotation: Values

Moleculapr Ilolecular

Osotriazole of: Rotation CM;JDg Rotation [IcI]D;::;:_:_
L-Arabinose (XXI-L) =76 (P) -61 (p)8
L-Arabinose (MXI-L) -51 (W) -5 (W)@
D-Xylose (XiII) ~7h (V) -76 ()P
L-Sorbose (MNIX-L) =133 () -123 ()P
D=Glucocse (XI) =219 (T) =210 (¥)°C

Values from the Rudolrh Instrument
i#Literature values (F) = Tyridine; (VW) = Yater
a v, T, Hasking, R. M. Hann, and C. S. H
soc., 68, 1766 (19L6).
1y

L 1.1
Ve

udson, J. m, Chemn,

Taskins, . ¥, Hann, and C. £. HTudson, J. Am. Chemn,

T,
67, 939 (1945).

S0Cey

¢ R, ¥, Hann and C. 3, Judson, J. Am. Chem. Soc., 66, 735

(1o4l)

Cary Recording Spectropolarimeter

The low concentrations (1 X 10_6K) handled by the Cary
made it possible to obtain transmittance of the polarized 1licht
through the solutlon in spite of the strong absorption of the
medla., Therefore, C.7.7, curves throush one Cotton affect in
the cases of the stronger rotating compounds such as N-glucose
osotriazole (XI) could be obtained (Fig. 21). These shorter
wavelength data tended to couple quite nicely with the long

wavelength data obtalned from the Rudolph instrument, and the
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midpoint of the peak: and trough of the Catton eff'ect coincicded
with the maximum absorption wavelength in the ultraviolet. In
t1e case of the more weakly rotating compounds such as D-galac-
tose osotriazole (¥¥) and L-arabinose osotriazole (¥WXI-L), less
favorable results were obtained (Fig. 18). Although these
curves indicated the presence of a negative Cotton eflect, the
strong absorption producing low transmittance made it necessary
to use a high sensitivity setting such that the "background

noise" was extensive a2nd thus the amplitude, zero point cross-

I,_Jo

ng and midpoint wavelength of the first Cotton effect were un-
certain, L-Arabinose osotriazole (®ZII-L) possessed such a weak
rotation compared to 1ts absorption that no worthwhile data
could be obtained on the Cary in the chort wavelength repgion,
Tlowever, it was observed that the shapre and anplitude of the
curve apreared to be similar to that of D=-galactose osotriazole

AT
st ) o

Bellincham-Stanlev Recordine Snectropolarimeter.

The C.R.D. curves of D-malactose osotriazole (7I¥), L-
arabinose osotriazole (TKI—L) and Te-erytirose osotriazole
(XXITT) were also obtained on the “ellingham-Stanley instru-
ment (Fig. 12,16 & 17). iHere again however, the licht source
was not sufficiently strong to permit quantitative data. his
point was exhibited by the poor agreement of the midpoint of
the first Cotton effect with the maximum absorption wavelength
in the ultraviolet and also by the lack ol coincidence of the

long wavelengtih data with those obtained from the Rudolph in-
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strument. These results indicate that only the shapes and

signs of these Cotton effects are of value in this comparison.
From studying the results of these three instruments

it appears that the following generalizations can be made con-

cerning them:

Rudolph Recording Spectropolarimeter

1., This instrument reqguires too high a concentration and has

too weak a lirsht source to obtain short wavelength data for

stroncly absorbing compounds.

2. It appears to give quantlitative results in the region out-

side of the absorption band which, 1in this study, is at wave-

lengtihe longer than 300 mp.

Cary 60 Recording Spectropolarimeter

l. The low concentrations necessary for satisfactory results

from thils instrument permit data to be obtained at low wave-

lengths on compounds having strong absorption bands if they

have strong rotations.

2. 1t appears, however, to give quantitative results only for

stroncly rotating compounds.

3. The agreemént of the midpoint of the Cotton effect with

the wavelength of the mexirum absorption in the ultraviolet

indicated its excellent resolution.

Bellingham-3tanley Recording Spectropolarimeter

l. Tt is able to obtain data on weakly rotating compounds

having strong absorption of ultraviolet light.

2. The lack of agreement of the midpoint of the Cotton effect

with the wavelength of the maximum absorption in the ultra-

violet indicates its lack of resolution and points to the fact
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that the data are not quantitative.

3. Only the shape of the curves can be used in any comparison
of data. The accuracy of the results has been takén to be
of significance to only one figure. The data reported in this

study support this limitatlon.

Analysis of Cotton Zffect Curves

A1l 0.R.D. data in the reglon below 300 mp of the oso-
triazoles were obtained from the Cary 60 and the Bellingham-
Stanley using methanol as the solvent. These data were used
to calculate the molecular rotation fM] of these compounds and
were plotted as molecular rotation versus wavelength (mp).

The C.R.D. curves for the osotriazoles were expected
to show a Cotton effect due to the aromatic chromophore in the
presence of an asymmetric center. I-Erythrose osotriazole
(XXIITI) contains only a single center of asymmetry at C-3.

The hydroxyl group 1is adjacent to the aromatic system and lies
on the right side in the Fischer projection. The 0.R.D. curve
of X¥III as obbtained from the Bellingham-Stanley showed two
Cotton effects (Tig. 13). As shown in Table IIT, the lirst
Cotton effect is positive and has an amplitude* of +52.,0 with
the midpoint at 268 mpu., The second Cotton effect has an am-
plitude of +31.8 with a midpoint at 22l mp. This double Cot-
ton effect sugpgests that two separate electronic transitions
are occurring in the ultraviolet region. IExamination, however,
of the ultraviolet spectrum obtained from a Cary lodel 15 re-

cording spectrophotometer showed no fine structure in the 225-

“Amplitude of a Cotton effect is defined by the expression.37

M first extremum - B9 secondg extremum _ .
100 = amplitude (a)




TABLE ITI

0.R.D. and U.V. Data of the Osotriazoles

Osotriazole MNo. of Config. Sign Amplitude Midpoint of Ultraviolet:ists
of Carbons at C-3 of C.E.% of C.,E.# C.E. (ma)* Anax (mp) € max, Instrument
D-Erythrose L Right + +52.,0 268 265 20,1L7 Bellingham-
(XXIIT) + +31, Bt 22l Stanley
+hl1 .6 263 | Cary 60

D-Xylose ' 5 Left - -59,2 261 267 20,239 Cary 60
(3XVIT1)
L-Arabinose g Left - -76.3 2L8 266 19,827 Bellingham-
(XHI-L) , Stanley
D-Galactose 6 Left - =h7.3 2L9 266 19,545 Bellingham-
(XX) Stanley

- -21.9 258 Cary 60
L-Sorbose 6 Left - -68.8 268 266 18,812 cary 60
(XIX-L)
?:%%ucose 6 Left - -195.0 267 267 2l,L50 Cary 60
Al
D-Galactose 6 Left - -37.7 279 261, 22,070 Cary 60
Tetraacetate
(XLVI) - =Ll .8 258t

#Data for First Cotton Wffect wuxData for Second Cotton Effect 33tdn 95% FEthanol

49
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275 mp region which would be indicative of two separate elec-
tronic transitlons.

The curiously shaped curve for Dl=-erytarose osotriazole
(¥3IX) could actually have been composed of a negative Cotton
effect superimposed on a positive background curve., In this
case, the peak at 279 mp would not be related to the peak of
the absorption band but would represent thne partilial, positive
rotation in the loncer wavelength region now falling under the
influence of a stronz:er, negative partial rotation owing to
entry into the optically active absorption band around 250 L,
the I'irst extrermum of which is the trouzh at 256 my.BQ

The possibility that the double Cotton eflects were
the result of instrumental error must be considered. In an
attempt to distinguish between these two possibilities, the
0.R.D. of D=erythrose osotriazole (XTIT) was also obtained

from the Cary 60 (Tis. 1 & 22), The curve obtained from the

Cary 60 possessed a sinrle, positive Cotton effect which had

[6)
o
=
o
o

an amplitude of +!l, midpoint of 263 mp. Therefore,

the curve obtained Trom the Fellincham-3tanley (Tig. 13) was
probably'ﬁue to instrumental error, caused by the strong ab-
sorption of the chromophore in the 215-290 mp reanion and thus
causing loss of transmittance of the polarized lisht.

oth the non-symmetrical shape and the breadth of the
)
Cotton effect curve would indicate that more than a single
electronic transition contributed to the 0.R.:2. Turthermore,
lacik of agreement of the'lo value obtalned from the solution

of & one term Drude equation (see page 55) and ﬂua)o value

(midpoint of Cotton effect) obtained from the 0.R.D. curve sup-
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ported this fact. Therefore the Cotton eflect curve obtained
from an osotriazole ring system attached to an asymmetric car-
bon atom possessing a hydroxyl zroup probably is composed of
riorc than a single electronic transition. This guestion could
best be resolved by examination of the circular dichroism of
erythrose osotriazole (XXIII).

It is significant that the "vhenyl osotriazole rule!
correlating the configuration of the hydroxyl groun alnha to
the aromatic molety with the rotation at the sodium D-1line has
been observed t apply to a larse number of derivatives. One
may &ascume, therefore, that this rule reflects a more funda-
rnental relationship evidenced in the Cotton effect curves of
these sugar derivatives., If this is true, it should be possi-
ble to devise a more meneral explanation for the correlation
in the form of a simple FYartition 2ule analogous to the Octant
Rule wnicn has been devised for ketones.

The phenvlosotriazole system contains thé aromatic
rinz system attached to an asymmetric center, the original
C=3 of the sugar. The phenyl and triazole ringss must be co-
planar in orcder to provide maximum resonance stabilizetion.
The unsubstituted rings (R=H) possess two planes of syrmmetry
(XY and Y%, Tig. 1la), but only that plane which vasses throurh
all atoms of the rings will also include R or the asymmetric
center C-3, 1l.e., plane ¥, These syrmmetry planes are also
nodal planes of the aromatic chromophore and theatoms in the
plane will not affect thc Cotton effsoct curve. ~Ahoms outside
of the nodal planes, however, will perturb the orbitals asymme-
tricolly if they zre not frece to rotate equally over oplosite

nodes.,
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Orienting the phenyl osotriazole on a Partition Dia-
gram shows that the substituents at the C-3 asymretric center
will perturb the nodes to different extents. Due to the Iree
rotation of the C-2, C-3 bond, ti:e relative free energies of
the poseihle rotomers determine the time a iven zroup has
one particular orientation. It is necessary, thereforc, Tfor
an external force to play a role in the conformational choice,
and the most lonical force is the possible hydrogen bond which
can be established between the nitrosen attached to C-2 of the
original sucar and one of the hydroxyl croups,

The orientation of the aromatic chromophore must be
sclected to conform with experimental results. Two possible

arrangerients are shown in Fig. 1lb, c.

+Y
l N
7
] ; / : /
I S /AN 1.,
1Y, A A D 7Y 7
| QAL NG
C— C - O -
Al L VI &/C “H- e 8
i 130H 4
(a) (b) (c)

T'ig. 1ll., Comparison of the Orientation of the Osotri-
azoles on an Octant and a Partition Diagram
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If the sign of the quadrants is the same as those des-
ignated by the Octant Rule, conformation (b) would be expected
to show a positive Cotton effect since the CHZOH substitusent
would be in the lower left front quadrant (-X,-Y;+Z) while con-
formation (c) which has the hydroxyl group at lower left rear
quadrant (-%X~Y%-7) would have a negative Zotton effect. An un-
equivocal decision between these two conformations will re-
quire much additional data, but a logical choice betwesen them
can be made on the basis of the "phenyl osotriazole rule.,"
Since this rule has been shown to apply in a large number of
cases, it is evident that the dominant factor is the absolute
configuration of C-3. Since conformation (b) would be much
riore serlously altered by a change at C-3 than would confor-
mation (c), it seems logicel that the major conformation in-
volves hydrogen bonding between the C-3 hydroxyl and the ni-

trogen attached to C-2. There is evidence of such bondling in

similar systems, such as 2-0Gpyridylpropan-2-ol (xzv) .39

O

1N~
: l\\FW
o L .A-3

He———0

XLV

Such a diagram as drawn in Pig. 11 may be an over-

simplification, but it is consistent with the experimental
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results. D-Erythrose osotriazole (YXIII) which has the con=-
figuration shown in the illustration (Fig. 11) shows a posi-
tive Cotton effect centered at 263 mu, a wavelength which is
in good agreement with the maximum absorption in the ultra-
violet. If the chain of this tetrose is lengthened as in the
5- or 6- carbon sugar series, the additional atoms will have
little effect on the sin of the Cotton effect. The confor-
mation shown by Mig. 11b would not be changed by lengthening
the chain, but the size of tns group in the lower left front
guadrant (-XrY&Z) would be increased. Thus, one would predict
a larzer amplitude for the Cotton effects of the larger sugars.
Above b-carbon sugars, however, the chain may become so in=-
volved that a maximum in amplitude would be reached.

If model Tig, llc were the correct one, the prediction
would be much more complex since substituents at C-l would
cause marked alteration of the sign of the Cotton efflfect. 1In
other words, there should be no consistency of sign of Cotton
effect with configuration at C-3 for model (c). On this basis,
model (c¢) was eliminated from consideration.

The Fartition Diagram selected on the basis of D-
erythrose osotriazole (XXII') predicts a positive Cotton effect
in the rezlon of maximum absorption by the aromatic substituent
for any osotriazole having the hydroxyl group alpha to the aro-
matic system to the risht in a standard Tischer projection.

The rule, therefore, predicts a positive Cotton effect for oso-
triazoles derived from D~erythrose, D-arabinose, D-allose and
i-gulose. Unfortunately, D-allose osotriazole (XVITI) has not

yet been prepared in a pure form. T-gulose osotriazole (¥XIY)
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was actually prepared from L-sorbose, a keto sugar, and is
referred to by that name below, and Le-arabinose osotriazole
(X%I-L) was actually used in the synthesis. The consistency
of results is discussed in the sequel.

The asymmetric hydroxyl group attached to C=3 of D-
xylose osotriazole (XXII) is on the left in the I'ischer pre-

jection formula, The C.R.D. curve for this compound is shown

n "ig. 15. It contains a negative Cotton effect with an am-
plitude of -59,.,2 and a midpoint of 261 rip. This compared
fairly well with the maximum absorptlon at 267 mp obtained
from the ultraviolet spectrum. The amplitude of its Cotton
gffect 1s very similar to that of D-erythrose osotriazole
(X¥III). '"he additidnal asymmetric center at C-li produced
the effect of increasing the Cotton effect amplitude by 7.2
over that Tfor D-crythrose osotriazole (XJIII), This would
indicate that the asymmetric center at C-l has only a 1 er-
fect on the magnitude of the Cotton effect, and 1s concsistent
with the prediction that the amplitude ol the Cotton effects
of the pentose osotriazoles will exceed that of the tetrose
derivatives,

L-Arabinose osotriazole (XXI-L) also contains an a-
symmetric hydroxyl sroup at C=3 which is on the left in the
Fischer projectlion formula, and the 0.3.7., curve for this
compound (Iig., 16) also showed a negative Cotton effect. The
midpoint of the Cotton effect is 2L° mp. This is comnared
with a maximum obtained from the ultraviolet spectrum of 266

mpe. This poor agreement of midpoint absorption coupled with

the poor resolution indicated by the "background noise" in
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the originally recorded curve indicatecd that the amplitude of
this curve is not quantitative and that only the sign and
shape of the Cotton effect are meaningful. Thus, its ampli-
tude of -76.3 is not a quantitative value; however 1t indi-
cates that its amplitude is probably larger than the +52.0
obtained for D-erythrose osotriazole (XIIIIL).

The curves for D-galactose osotriazole (XY) were ob-

tained from the Dellinzham-Stanley and the Cary 60 as shown in

"ige 23. The discrepsney in Cotbon effect amplitude as ob-

1

o+

ained from the two instruments is again due to the strong
absorption of the chromophore in the region of the Cotton ef-
fect. This amplitude discreyancy is reflected in the dis-
agreement of the midpoint absorption of the Cotton effecct and
the dmaximum of the ultraviolet spectrum., The curve however
coes indicate that the compound which possesses a hydroxy
group on the left at -3 in the Tlscher projection formula
~ave & negative Cotton effcect in the C.i.v.

L-Sorbose osotriazole (XIX-L), which again contained
a hydroxyl group on the left at C-3 in the IMisclier projection,
elso yilelds a negative Cotton effect in the C.R2.D. (Fig. 20).
The first Cotton effsct nhad an amplitude of =62.0 and a nid-

point absorption of 260 mp as compared with the 266 mu ob-

t

ained from 1its ultraviolet spectrum. This compound has a

$=-3 and C-li conliguration equal to that of D=xvlose osotri-
azole (¥IIL). Towever, 1t contains an additional asymmetric
center at 0-5, TIts Zotton effect amplitude is Q.56 higher than
that for D-xylose osotriazole (XITIT) indicating that the hy-

droxyl group attached to the asymmetric center at C-5 has only
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a 109 effect on the magnitude of the Cotton effect.

D-Glucose osotriazole (XI), which also has a hydroxyl
group at C-3 on the left in the Fischervprojection, gave a
negative Cotton effect in the C.,R.D. of exceptionally high
aﬁplitude of =195 (Fig. 21) and a midpoint absorption at 267
mp as compared with maximum absorption at 267 mp in the ultra-
violet spectrum. Its amplitude is more than two and a half
times greater than any of the other osotriazoles. This high
amplitude indicates that no calculations of hypotheoretical
contribution to the Cotton effect amplitude will be meaningful,
for if it is assumed from D-erythrose osotriazole (XHIII) that
C-3 contributes ¥52.0 to the amplitude of the 0.R.D., then C-L
and C-5 must contribute more than tSZ.O each in order to give
a total rotation of =195, As the model from the Partition
Rule indicated, however, and subsequent data will also show,
all facts support the hypothesis that C-3 rmust be the strong-
est rotational center in the moleculs.

It may e of some significance to point out also that
all of the osotriazoles except D-slucose osotriazole (XT) had
an exceptionally small ultraviolet extinction range {from
19,006-20,000) and also a small 0.R.7. amplitude range (from
+52.0~+68,8). D-glucose osotriazole (XI) on the other hand has
an extinction of approximately 25,000 and an amplitude of -195.

D-galactose osotriazole tetraacetate (XLVI) gave an
0.R.D. curve (Fig. 19) containing two Cotton effects. The
first Cotton effect had an amplitude of ~37.7 and a midpoint
of 279 mp while the second Cotton effect had an amplitude of

~Lli.8 and a midpoint of 257 mp. This represents a considera-
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ble shift in the midpoint of the first Cotton effect from
that of D-galactose osotriazole (XX). This shift in mid-
point absorption coincides with the incrcased steric re-
quirement which attend the exchange of hydroxyl for acetatse,
anc thereby sugcrests that conformational factors may be im-

[

portant. In roing from D-galoctose osotriazole (XI) to D=
calactose osotriazole tetraacetate (XLVI), the possibility
ol a hydrogen bonded conformation is removed by acetylation
of the hydroxyl sroups. Thls would cause a change in con-
Tormation of the molecule with probably an increase in the
randon FTorm and thus a loss in amplitude ol the Cotton effect
(Pig. 19 & 2l). llowever, in destroying the possivility of
nydrogen bonding, the steric requirement of the former hy-
droxyl group nas been drastically increased. This increased
steric requirement would now produce conformationally pre-
ferrec structures of a zig-zag form, such as to recduce steric
interactions as much as nossible. Therefore, a comparison of
the amplitude of the Cotton effect with respect to the effect
of hydrogen bhonding as an important factor in the molecular
conformation of X% is not possible.

The two Cotton effects of D-galactose osotriazole
tetraacetate (XLVI) could be due to two separate possible

electronic transitions, namely:

AI‘}T?-R AI’-CH—R

C:O-U-CP 100 ~-CH
T THEE
C :0

A B
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The second Cotton effect has a midpoint absorption of

257 mp walch is identical to that of the osotriazole XX hav-

d

ng free hydroxrl groups and this could be indicative of an

x"'./

n

electronic transition of Type 4. Thus the [irst transition
could then have bheen due to a transition of Type L.

The conclusions obtained from this study are as lol-
lows:
(a) The asymmetric centers other than that at C-3 have only
small effects on the O0.R.De curves.
(b) Tae shapes of tihie molecules of the osotriazoles are rel-
atively similar.
(¢) The similarity of tne ii-galactose osotriazole (¥X) curve
with that of the D-zalactose osotriazole tetraacetate (RIVI),
reclative to the long wavelength Cotton effect, may indicate
a relative unimportence ol coniormation to the 0.R.D. curves.
The “=-galactosc osotriazole tetraacetate (XLVI) would be ex-
pected to be quite dilfferent from the tetrahydroxy cormound
in shape (f-bonding etc.) and yet the amplitudes are approx-
imately equal if one considers only one Cotton effcect, tow-
ever, this is a comparison of two <ifferent electronic transi-
tions and two different types of conformational structures.
The tetrahydroxy compound would possess a conformational struc-
ture wnich allows for intramolecular hydrogen bonding whereas
the D-galactose osotriazole tetraccetate (XLVI) possesses a
different coniormatcional structure wnich better accommocdates
the increased steric requirements ol the hydroxyl proup.
(d) Hudson's rule points to the correlation between the
stereochemistry of an optically active group adjacent to a

chromophore and the sign of rotation at the sodium D-line.
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The rost significant fact from the 0.R.D. curves is that this
investigation shows that iludson's rule can be extended to cov~-
er the sign of the Cotton effects of the osotriazoles and may
be stated as follows: Whenever the hydroxyl group attached to
C=3 of the sugar residue is to the risht in the Fischer pro-
jection formula, the sign of the Cotton effect obtained from
the derived osotriazole is positive, and when the hydroxyl
group is on the left, it is negative. It is =snticipated that
this rule may have general application and thus include the
correlation of sizn of the Cotton effect with the configura-
tion of an asymmetric carbon atom adjacent to a heterocyclic
or aromatic ring.

Turthermore, for the rule to hold true, tihie hydroxyl
group at C-3 nmust dominate the sign of rotation and auplitude
of the Cotton efiect. Therefore, C-3 rust be greater in ro-
tation than the total sum of the incdividual rotations of all

other centers in the molecule.

The Long Wavelength Recion Solvent Studw

The long wavelenmth solvent study data »f this work
were obtained on the Rudolph instrument using methanol, acetic
acid, pyridine and water as solvents. Although other solvents
may also have been desirable for this investigation these com-~
pounds have the handicap of belng insoluble in most solvents
and, in addition, their solubility varies quite marlkedly fron
the larger molecular weight members to the lower molecular

welght mermbers,

The long wavelength solvent study of the osotriazoles



was carried out in a 0.1 dem. tube from 300 to 600 mpe All

of the curves obtained within this spectral ranse of experi-
mental obscervation exhibited no mazximum (peal) or minimum
(trough) and were therefore all vplain curves (Tig. 25-42).

fyridine. D-"rythrose osotriazole (XNIIT) is the
lowest molecular welght, optically active osotriarocle, It
contains a hydroxyl mroup attached to an asymmetric carbon
atom which 1is adjacent to the triazole ring. This hydroxyl
zroup attached to the optically active group C-3 1s on the

— .

risht in the Discher projection and, as predicted by Tudson's

~
2

rule, the sodiwan D-line was positive. The 0.,R.D. for this

T )

cormpound as shown in Fig. 25 showed that it

nosseseed

a pogi-
tive plain curve zbove 203 mu,

D-¥ylose onsotriazole (1IIY) i1s the next optically ac-
tive member osotriazole of the aldo suzar family. It contains
two optically active centers at €-3 and C=li respectively. In
the Iischer projection the hydroxyl -~roups attached to these
centers are trans to one another, The C=3 hydroxyl croup oad-
jacent to the triazole ring is on the left. :igaln, as pre-
dicted by ludson's rule 1t rives 2 negative rotation at the
gsodlunl *-~line and also glves a negetive plain C.R.L, curve a-
tove 206 mp (Fig. 25).

In order to compare more easily the poslitive curve of

D-erythrose osotriazole (XXIII) with the negative curves ob-
tained for the other osotriazole compounds, the data for D-
erythrose osotrilazole (XYIIJ7) have bheen plotted as necative
values. This mirror image curve would be that cxpected for

L-erythrose osotriazole (XXITI-L)., Therefore, herealter this
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negative plotting of the data obtained for D-erythrose oso-
triazole (¥XIII) will be referred to as L-erythrose osotria-
zole (XXIII-L). A comparison of the 0.R.D. obtained for D=~
xylose osotriazole (XXII) with that obtained for L-erythrose
osotriazole (XUTIII-L) shows 1t to be symmetrical to the lat-
ter but higher in rotatory power.

L-Arabinose osotriazole (¥¥I) also contains two hy-
droxyl groups at C-3 and C-4. 'owever, unlike M-xylose oso-
triazole (XXIT), in the Fischer projection these two hydroxyl
groups are cis to each other. Vhen this curve was compuared
with the 0.2.7:. curve for Leerythrose osotriazole (XXJTII-L)
it was found to be similar in shape but lower in intensity
(Fig. 28). The symmetrical spacing of these curves suggested
a possible pattern. If this pattern is compared with the
different pattern in stereochemistry of the osotriazole fami-
ly, it 1s observed that there 1s a similarity in the two pat-
terns such that the rotational amplitude for the osotriazole
' family can be correlated with their conformation in the Fis-

cher projection formulas.

H-C=] H-0=N H=C=]
, N \
c|:= ) ~Cy¢, I-IS [_N /1-,-06_15 ézF N-CéI-IE
| L
710 -(IJ - HO -l oI 110 -% -1
110 -C =H . (H OH -C-0H
| 2 |
Cir 0H CH_OH

XXI-L XITI-L XXIT




However, Djerass:l’fg'O has pointed out that an 0.,R.D.
containing a Cobtton effect is made up of contributions from
the partial rotations of the asymmetric centers in the com-
pound and also from the "background rotation" produced by
the chromophore in the presence of an asymmetric center.
This "background rotation" will be most significant in the
region of the absorption band., Therefore, in malkling a com-
parison of the stereochemistry of the members of the osotri-
arole Tamily to their rotatory power in the 0.R.L:. curves
one is dealing with the same chromophore such that the ef-
fect of the "backsround rotation" produced by it should he
nearly the same in each compound, ITurthermore, since the
solvent study has been conducted in the long wavelength re-~
gion, the background effect in this area should be insignif-
icant and almost nesligible. In this comparison of plain
curves the differences in rotatory power between the curves
rather than the «bsolute indensity of the curves are of most

.
o
L

snificance,
llathematically the difference in magnitude of rota-

tion between L-arablnose osotriazole (¥XI-L) and L-erythrose
osotriazole ({XITI-L) at equal wavelengths on their respec-
tive curves 1s approximately equal to the difference between
L-crythrose osotriazole (XXIII-L) and D=-xylose osotriazole
(XMIT) at the same wavelensgth., Since the only structural
difference in these three compounds is that of the second -
asymretric center (C-l) then this difference in intensity is

due to the effect of the asymmetric center C-l.., This equal

spacing may imply bthe existence of some sort of additive re-
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lationships for optical rotations., Since L-erythrose osotri-
azole (77XIIT-L) contains only the one optically active center
at C-3 adjacent to the chromophore and since the rotation is
negative, 1t indicates that an hydroxyl sroup on the left at
C-3 pives a negative rotation which is in agreement with Hud-
son's rule.

L-Arabinose osotriazole (XXI-L) possesses the L-ery-
throse osotriazole (XXIITI-L) structure at C-3 plus a second
hydroxyl gsroup C-l. cis to the C-3 group. Since L-arabilnose
osotriazole (Z¥I-L) gave an optical rotation curve less neg-
ative in rotation, this would imply two Tacts about C-l in
L-arabinose osotriazole (XX{I-L) if the additivity relation-
ship is valid. Tirst, it contributes a rotation opposite in
sign to that of ¢-3, Second, its rotational strength is nu-
merically less than that of C-3.

-Xylose osotriazole (X7II) possesses the L-erythrose
osotriazole (XXITI-L) configurabion plus a second group at
C=li trans to the ¢-3 hydroxyl ~roup in the Fischer projection,
In this case the 0.R.,., curve was more negative in value than
that of L-erythrose osotriazole (XIITII-L), thus indicating
that C-li in D-xylose osotriazole (TI) contributes a rotation
the same in sign as that of the C-3 center.

From this comparison the following correlations bet-
ween stereochemistry and strength of rotation are indicated:
1. ‘hen the hydroxyl group is on the left at C-3, a negative
rotational contribution is observed; conversely, when on the
right, o positive rotation 1s observed.

2. Vhen a hydroxyl group is on the lelt at C-=li a negative
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rotational contribution is observed. If the hydroxyl is on

the right at C-l, a positive rotational contribution is ob-

served approximately equal in magnitude to that observed for
the hydroxyl group on the left.

3. The rotational contribution for the asymmetric center at
C-li is lower in magnitude than the rotation contribution for
the asymmetric center at C-3.

Since L-gorbose osotriazole (XIX-L) is cowmposed of
the same stereochemistry at C-3 and C-lL as D-xylose osobri-
azole (¥XII) with an addiitional asyrmmetric center at C-5 con-
taining a hydroxyl group on the left in the Fischer projec-
tion, the difference in their rotational strengths may be in-
dicative of the effect of this hydroxyl group at C-5. The
0.R.D., curve for L-sorbose osotriazole (XIX-L) is less nega-
tive in amplitude than that for D-xylose osotriazole (XIT)

(

the left in the Flscher projection may be correlated with

.

i

"iz. 27), thus indicating that the C-5 hydroxyl sroup on

rotatory contribution positive in sign. Conversely, the
0.R.D. curve of D-glucose osotriazole (XI) 1s more negative
in intensity than that for D-xzylose oscotriazole (XXII), thus
indicating that the C-5 hydroxyl group on the richt in the
'ischer projection may be correlated with a negative rotatory
contribution.

If the above correlatlion is valid, T-malactose oso-

“ras

triazole () which has its C-3, C-lL configuration identical
to that of L-arabinose osotriazole (¥¥I-L) and its C-5 hy-
droxyl ~roup on the right in the Tischer vprojection should

be more negative in amplitude than L-ara™inose osotriazole
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(X#%I~L). A comparison of these two O0.R.J. curves in Fig. 27
shows the above correlation to be valid,

The data indicate the following correlations bet-
ween stereochemistry of the hydroxyl groups of the osotri-
azole derivatives of the aldo sugar family in the Tischer
projection and the rotational amplitudes in the 600-L0O0 mp
region of the 0.R.Dj:

1. The asymmetric center at C-3 dominates the sign of rota-
tion.

2. The further the asymmetric center Ifrom the aryl group the
smaller its efilect on the amplitude of the O.R.b. Thus C=3%
C-lt ¥ C-5.

3. The rotational strength of the asymmetric center at C-3

is greater in amplitude than the total rotation of all the
other asymmetric centers in the molecule, Thus C=-3 > (C-L +
C-5).

i, The following stercochenistry of the hydroxyl group in

the Tischer projection coincides with the sinn of rotation

as shovwn in Table IVa,

Se The correlations between stereochemistry and rotational
amplitudes which have heen observed in this investigation were
applied to other osctriazole derivatives on the basis of their
sodium D-line rotations in pyridine which are reported in the
literature (Table IVb & Fig. 12). A comparison showed contin-
ued agreement ol this correlation and extended to additional
asyrmetric carbon atoms the éorrelation of the stereochemistry
of the hydroxyl group in the Fischer projection with the sign

of rotation.




Table 1IVa

50

Correlation of Stereochemistry at Asymmetric Centers and

Their Signs of Rotation

Config. of OH group

M1,

Osotriazole in Fischer Projection Sign of Rotation In Pyridine
of: C-3 C-4 C-5 C-3 C-4 C-5 From ORD curve

L-Arabinose Left Left - + -76

(XX1-L)

D~Galactose Left Left Right - + - -88

(XX) ‘

L-Erythrose Left - -109

(XX1I11-L)

L-Sorbose Left Right Left - - + -133

(X1X-L)

D-Xylose Left Right - - -147

(XXI1)

D-Glucose Left Right Right - - - -219

(XI)



TABIE IVb

Correlation of Stereochemistry at Asymmetric Centers and Their Signs of Rotation

Configuration of OH group in

ODsotriazole Tischer Frojection Sign of Rotation [ﬁ]D
Structure C~3 C-l C-5 C-6 C-7 C-3 C=-L C-5 C-6 (-7 In Pyridine

L Right Right Left Right + - + + +h 78
LII Right Right Left Right BRight + - + + + +58b
XLVIII Richt Left  Right Right + + - + +138¢
XLVII Cicnt Left  Left  Left + + + - - +211°¢
XLIX Right Left Left Risght + + + + +231°
LI- Nisht Left Left  Right Right + + 1 + + +251C

Stewart, ¥. LI, Richtmyer, and ¢. S. Tudson, J. Am. Chem. Soc., 7l, 2210 (1952).

Richtmyer, T. S. Fodenheimer, J. Org,., Chem., 27, 1702 (1962).

[

-

Ifaskins, R, ¥. Hann and C. S. “udson, J. Am. Chem., Soc., 69, 1050 (1¢L7).

Karabiros, H, . Hann and C. 8. THudson, J. fm. Cher., Soc., 75, 11320 (1953).
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in Pyridine
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Yethanol. The methanol curves tended to converge in
the long wavelength region (FPig. 27-30). Ifowever, in the L50
mp region, the curves becin to take on their ovn characteris-
tic shape and intensity. This trend of the curves to converge
in the 500~600 mp region exemplified the need lor studying ro-
tatory power of an asymmebric carbon atom by use ol the com-
plete plain curve where the differences in intensity becane
more pronounced and characteristic of the compound. The ro-
tation at an arbitrary wavelength (such as 589 @p) could not
be chosen to maie such an investigation without first looking
at the 0.R.0, curve because this wavelennth would have to be
one outside of the convergence. Also if the arbitrary wave-
length was outside of the converrsence region, there would
still remain thc uncertainity of locating the wavelength at
which the background rotation contribution hecame pronounced,
It was felt that in a study of solvent effects on rotatory
power two things must be done. Tirst, the study rmust he made
at hish concentrations in order to obtain maxiwmum accuracy in
readings and second, the overall plain curves should be ana-
lyzed rather than the rotation at an arbitrary wavelength.

The correlation between rotatory strengths and stereo-
chemistry described in the pyridine solvent study was not as

apparent in the methanol curves. This pattern was lost in

the long wavelength region due to the convergence of the curves.

ilowever, as the curve approached the shorter wavelength region

this pattern was again observed.

Acetic Acid. The Rotatory Dispersion (RD) curves ob-

tained from the osotriazoles using acetic zcid as the solvent
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also showed tlhe convergence of plain curves in the longer
wavelength region. The pattern first described for pyridine
however, is also evident here in the shorter wavelength region.
(Fig. 31-~33). The most striking point observed from the acetic
acid curves was the comparison of these curves with those ob-
tained for the same compounds in methanol (Fig. 36-42). This
comparison showed that both solvents yielded RD curves which
possessed the same shape and intensity, although these sol-
vents have polarities and refractive indexes which are quite
different. The fact that the osotriazoles would bhe protonated
in acetic acid would chanme the nature of the chromophore un-
der consideraotion here. The extent of protonation is unknown,
and no detailed study of the system was attempted. Iurther
study of solvent effects would yield information that could,
hopefully, be correlated with the conflormation of the osotri-

)

azoles in dilflerent solvents.

Water, The plain curves obtalned from the solvent
study using water as a solvent were somewnat dififerent from
those obtained from the other solvents (Fig. 34 % 35). These
curves tended to be much flatter in shape and showed very
little difference in intensity through the spectral range
examined. These features may not be characteristic of the
compounds in this solvent but they may arise from the ac-
curacy of the instrument at the low rotations of these com-
pounds in water. This factor has no doubt introduced error
into the results and due to the low solubility of the osotri-
azoles in this solvent, this problem could not be overcome by

Increasing the concentration to increase the rotation. The



®

1
1

o

data, however, incdicated that the solvent effect is such as
to produce lower intensity curves than those obtained from
other solvents Ffor similar concentrations of the compound.

In a comparison of the solvent effects (differences
between the four solvents), the increasing order of intensity
of RD curves of the compounds in these solvents as shown in

Fig. 36=~L2 was as follows:

o

water ¢ methanol = acetic acid £ pyridine
These solvent effects are attributed to bathochronmic

solvent shifts of the 0,7.0. curves, This would imply that

-

the solvents showing hicher intensities of rotation in the

2
loncer wavelength region were those in ualcehr the larcer bathe-

ochromic suift of the ultrsviolet sbsorpntion occurred; there-

* A

fore, the curves obttalned in pyridine were of rnuch higher ro-

>

tatory strencsth than those obtalned in water, acetic weld or

methanol. Such a hypothesis would imply the observance of a

]
%o

Nift of the Tirst extremum of the Cotton eficet in different

-

ch shuld parallel te ultraviolet sbsorption. Un-

17
o
’.J
<
0]
o]
ot
0
.
‘.)n

Tortunately, Jue to the spectral properties of pyridine and
of the osotrianoles in acetic acid, no data telow 300 mp could
be obtained and this shift of the Tirst extremum could not be

investigated.,

Drude Zaquation Study

In 1906 T. Drude published a hook entitled "Lerrbuch
der Optick" in which he prescnted a mathematical relationship
between optical rotatory nower and wavelength outside the re-

slon of an ontically active absorption band. This theoretical
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equation was experimentally proven by many investigators
among whom were T, M, Lowry and T. W. Dickson. A one term

Drude equation,

R —
A /\2 - 202

defines the contribution to the total molecular rotation [i]
at any specific wavelength, A, of a single optically active
chromophore which possesses a nmaximum absorption band,iho,
A being a constant,.

If the Drude equation is applicable to a specific ro-
tatory dispersion curve, muaao value obtalned from solution
of this equavion should be in agrecement with the midpoint of
the Cotton effect at longest wavelength (this being the ex-
perimental value) and with the wavelength of the absorption
band of the compound's ultraviolet absorption spectrum,

Analysis of the rotatory dispersion curves was made
with respect to a one-term rude equation. The data wvere e-
valuated by toae least squares mevhod with the ascistance of
an T...0h. 1620 computor using 16 points from 600-4CC m (Tables
VIIT-UVI)., The results are swmarized in Table V below and
the A o values are compared with the long ultraviolet absorp-
tion bands of the osotriazoles. A soluticn of the ecuation
grapnically shows that xo2 is the intercent and'lo is the
square root of the intercept which is in microns and may be
assumed to In“icate the wavelength at which the compound has
a maximum absorption band. The constant & is the slope of
the stralsht line which should be obtained on plotting the

data as 1/[¥] versus )?.



TABLE V

Thysical Constants of RD Curves from One-Term Trude Tquation

Pyridine I‘ethanol
O er 4 . 2 i) 2 ) QX
Osotriazole of: Ao Ao () A 20 Ao () :
L-Erythrose 0.07L 0,272 -30.3 0,005 C.073 -358,6
XXITIT-L
D-Xylose 0.107 0.327 ~35.7 0.10l 0.323 -24.5
XXIT
L-Arabinose 0.009 0.09L -25.h 0.0%7 0.295 -21.8
XXI-L
D-Galactose 0,122 0.3h9 -19,6 0,036 0.179 -30.1
94
L-Sorbose 0,033 0.288 -35,2 0.020 0.11 -31.¢9
XIX~-L
Q:Glucose 0.076 0.275 -60,0 0.CH6" 0.261 -37.3
Al
D-Galactose 0.136 0.369 -25.1 C.109 0.33C -25.,2
Tetraacetate
XLVI

LS




Thysical Constants of R Curves Trom Cne-Term 'rude Zquation

TABLE V Cont.

Acetlic Acid Vater
Osotriazole of: Roz A0 (1) A Aoz A0 (n) A
L-Zrythrose 0.062 c.2N° -17,6
XXITI-L -
D-Xylose 16.1 l1e02 ~20.0 0.02% 0.168 -30.7
XXIT .
L-irabinose 0.176 0.1:20 <l 6% 0,110 0.37L -10.5
XXI-L - .
D-Galactose 0.122 0,348 ~20.0 0.02L 0.156 -31.8
§:§0£bose 0.030 0.197 -33.8 0.016 0.245 -28.,7
D-Glucos 0.118 0.3Lh =2l
T cose 11 3h 2.1 0.1 0.370 -31.3
D-Galactose 0.059 0420 ~C.0 -
Tetraacetate B -

XLVI

8s
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YUCLEAR MAGNETIC RESONAICE STUDY

In the analysis of the O.R.". of the osotriazoles
the hypothesis of a Fartition Rule was put forth. It was
further stated that such a rule would reduire the assump-
tion of a vreferential conformation of the acyclic side
chain. The most apparent factors which could determine a
preferred conformation of the side chain would be, first,
steric requirements (alignment into a conformation which
would produce the least steric interference).and second in-
tramolecular hydrogen bonding. Compliance with the first
factor would nlace the side chain into 2 zig-zag conforma-
tion such as A or a hydrogen bonding conformation such as C.
The second factor would produce a conformnation involving one

or rore rings in which hydrogen bonding could be formed be-

tween 0=~-H=-0 or W---jI-0 atoms. The I'---1I-0C hydrogen bond
is much stronger than the 0---H-0C hydrogen bonall therefore
the ¥---A-0 bond between the C-2 nitrogen and the C-l group

would produce a six-membered ring (B) while bonding with the

-3 hydroxyl would produce a five-membered ring (4 or C).

The C-conlormation combines the chelate ring of conformation

A along with additilonal rings formed by hydrogen bonding in-

volving the remaining hydroxyl groups and would be predicted

tolbe the most stable because of the combination of the small
number of unfavorable steric interactions and the stabiliza-

tion due to maximum aydrocen bonding,.
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In an attenpt to determine which of these factors, if
any, played the more important role in producing conformational
preference in the osotriazole derivatives, the I'.11.R. spectra
of the osotriazoles were analyzed (Table XIV),

The spectrum of D-glucose osotriazole (XI) in pyridine
showed a sharp low-field proton sincrlet at T1,55 (1H) which
may be assigned to the C-1 proton of the osotriazole ring.
This was confirmed by the Y¥.X.3R. spectrum of 2-phenyl-2,1,3-
triazole ('XV) which showed a sharn low-field, proton singlet
(2H) at T2.09. The thenvl ring protons are masked by the

resonance of the solvent.
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The C~3 proton of D-glucose osotriazole (XI) appears
at 7'3.0h as a douhlet by coupling with the C-l. proton, JB’ME»
1.5 c.p.5., Studles of acetylated sugars have shown that
coupling of an axlial and an equatorial proton (Ja,e) or bhe-
tween two equatcorial protons (Je,e) on adjacent carbons re-
sulted in observed values of 2=3.5 c.pes. Axial-axial proton
coupling, however, results in larger coupling constants (Ja,a
~5-9 c.0.8.). DExamination of the three models for glucose
osotriazole (XI) shows that the zig-zas conformaticn (A) would
have an anticipated dihedral angle of 180° which by the Iarplus
cor'r'elationl!'2 would predict a very large coupling constant.
Conformation B should have a cyclohexene-like geometry and
the dihedral onzle between the pseudo equatorial proton and
the equatorizal hydrogen must be approximately 800,13 The ¢-
conformation would he the one in which the dihedral angle be-
tween these C-1 bonds is approximately 60°, the ideal angle of
the diequatorial hydrogens of cyclohcexane. The spectra of

“
cyclohexane derivatives have shown clequatorial coupling con-
stants of 2-3,5 c.p.s. Conformation 4 can be eliminated on
this basis, however, it does not allow a choice between con-
formation B or C. The C-li and C-5 protons appear as an indis-
cernihle overlapping rltiplet at 1'5.38. The two protons of
the methylene group are nonequivalent because of the adjacent
asymmetric center and give rise to a multiplet, the AR part
of an 4BX system, centered at T5.31. This type of nonequiv-
alence of methylene protons in a terminal group has been ob-
served in acetylated suger vhenylhydrazine derivatives,h”

however, it 1s remarkable that the nonacetylated susar should

Ay
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show this nonequivalence with coupling constants of nearly
the same magnitude as that of an acetylated derivative. This
could imply that the hydroxyl groups steric requirement is of
the same magnitude as that for the acetylated product and is
larze enough to dominate the rotamer state.

If the osotriazole is in the zig-zag conformation,
the tetraacetate osotriazole should also be in a similar con-
formation and show a splitting pattern similar to the non-
acetylated osotriazole. However, 1f the conformation is pro-
duced by hydrogen bonding, acetylation, which would preclude
any possibility of hydrogen bonding, may produce a different
courling constant at C-3.

The svectrum of D-glucose osotriazole tetraacetate
(LITII) showed that the coupling constant for the (=3 proton
is of nmuch larger masnitude than that of the nonacetylated
osotriazole as shown in the Table below. Turthermore, the
spectrum obtained for D-glucose osotriazole tetraacetate (LIII)
is identical in splitting pattern and coupling constants to
that obtained for D-glucose quinoxsaline tetraacetate (LIV) by
dJorton and I—Iille:r.""S These authors analyzed the spectrum for
D-glucose quinoxaline tetraacetate (LIV) and found that the
spectrum indicated a high degree of conformational purity,
and 1t was in agreement with an extended planar zig-zag ar-
ransement as the favored conformation. DI=-Glucose osotriazole
tetraacetate (LIIT) showed this same coupling constant and
splitting pattern; therefore, it may be assumed that it also
is in the zig-zag conformation. The nonacetylated osotri-

azole possesses coupling constants for the C-3 nroton of a

(=%
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dirferent magnitude from that of the acetylated structure;
therefore, this would tend to discount the zig-zag conforma-

tion in the hydroxyl compound.
TABLE VI

¥.K.R. Spectral Data on D-Glucose Quinoxaline Tetraacetatehs

(LIV) and D-Glucose Osotriazole Tetraacetate (LIII) in D0013

a Couplingb
Integral Multiplicity Constant
Protons of Chemical ShiftT Frotons of of (CePes.) Of
LTIT & LIV LIII LIV LIITI & LIV LIIT & LIV LITIT & LIV
c-1 1.10 2.13 1 S
- 3455 .55 ! =3,0
bt S 5 4)_'.. . . ‘?’ 1 . J = DO
c-L e 1l el 1 Q JB’)‘ng.S
}-hS )
c-5 L.50 li.58 1 1M

=12.0
3624663 e

J’S:éb :SQSC

-

d, doublet; m, multiplet; q, quartet; s, singlet.

brhe spectra have been analyzed on a first-order basis, and

the recorded coupling constants are the observed splittings.

The relative chemical shifts of the methine protons in &4 (p. A0)
are sufficiently different than the recorded and J parameters
shiould be close to the theoretical values,

CThe absolute magnitudes may be larger, owing to second-order
effects.

A choice between the hydrogen bonded conformations
(B & C) may be made from some data obtained for the three

hexose sugar derivatives (Table VIII and XIV)., If D-glucose




TARLE VIII

6L

Uydrogen Bonding in the Hexose Osotriazoles

=0 -II

g |

\N:

7

HO-C =L
a

I «C =07
bH

~ 0 =C-01
C

H,,010
IQO‘

D-Glucose (XI)

Cli0H

D-Galactose (X1)

Sugar: Type C Conformation:

APPTOX.,

60°,
Hy

T s

H: al I‘h

Fredicted=2c .1+
Tound=l.5¢C.P+S.

r
4

Iy,

30°

Tor o %

g,

Predicted=6c.Des
Tound=5C.D.S.

1200

" . IIb

..la

Predicted=Cc.p.s.
Pound=6.5c.Des

Dihedral Angles:

#Spectra were recorded by means of a Ferkin-Elmer 60 mc instru-
ment lodel using pentadeutero pyridine (llerck, purity > 99%)
as solvent. The author thanks lirs. I. Richards & l'r, P. Cherry

of the Dyson Ferrins Lab., Oxford, England for obtaining the spectra.
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osotriazole (¥I) and L-sorbose osotriazole (XIX-L) is placed
in conformation B the dihedral angle between the C-3 and G-k
protons in both compounds would be the same and therefore the
coupling constants for them should be nearly the same. The
data shows this to be inconsistant.

In Table VIII D-glucose, D-galactose and L-sorbose
osotriazole are placed into a conformation of type Ce. The
coupling constants predicted by the Harplus correlation for
the dihedral ancles produced tetween the C-3 and C-l. protons
are compared with those obtained experimentally.

These results suggest that the preferred conformation
of D=glucose osotriazole (XT) may be C. Conformation B can-
not be uncuestionably eliminated on this basis, but the
weight of the C.,R.D. and I,M.R. cata favors the C form., A~A-
cetylation of the hydroxyl groups undoubtedly produces the
zig-zag conformation A in which the maximum dihedral angle
of the protons 1s maintained since each conformation would
be such to avoid steric interactions of the bulky substi-
tuents on the asymmebric carbon atoms. Acceptance of these
conclusions must necessarily await confirmation by the syn-
thesis of some cdeoxy analogs of these derivatives wihere hy-
drocsen bondlng would be limited to a few selected sites.

This initial investigation ol the M.MN.R. spectra of
the osobriazoles Indicated that a more detailed study of the
splitting patterns and coupling constants of the comnlete
aldo sugar family osotriazole derivatives could ~ive further
data to indicate if a Fartition Rule could correlate the con-

figuration of an osotriazole and sign of CotbLon eflects,




PR M s b T e

SUMMARY



66

SUMMARY

The 0.R.D. curves obtained from the aldo sugar fam-
ily osotriazole derivatives prepared in this investigation
gave Cotton effects due to the aromatic chromophore in the
presence of an asymmetric center. A comparison of these
Cotton effects showed that the asymmetric centers other than
those at C=3 have only small effects on the masgnitude of the
Cotton effect of the 0.R.D. curves., It was also noted that
the conformations of the osotriazoles must be relatively
similar.

There was observed a correlation between the stereo-~
chemistry of an optically active group adjacent to a chromo-
phore and the sign of its Cotton effect. This correlation
may be stated as follows: Whenever the hydroxyl group at-
tached to C-3 of the sugar residue is to the right in the
T'ischer projection formula, the sign of the Cotton effect
obtained from the derlved osotriazole is positive, and when
the hydroxyl group is on the left, it is negative.

It is anticlpated that this rule may have general
application and thus include the correlation of sign of the
Cotton effect with the configuration of an asymmetric car-
bon atom adjacent to a heterocyclic or aromatic ring. This
correlation between stereochemistry and sign of Cotton ef-
fect was explained by means of a Partition Rule which is

similar in nature to the Octant Rule in that it attempts to
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predict the sign of the Cotton effect by locating the mole-
cule on Cartesian coordinates, the signs of the substituent
groups leading to the sign of the Cotton effect with the
maximum effect resulting from asymmetry at the carbon alpha
to the osotriazole ring.

In obtaining the 0.R.D. curves of the opticelly ac-
tive osotriazoles three different spectropolarimeters were
employed and the following generalizations are made concern-
ing them., The Rudolph Spectropolarimeter gave quantitative
results in the 600-3C0 mp region, but the absorption of the
osotriazole ring system was too strong to allow data below
300 mpe The Cary 60 Spectropolarimeter gave nearly quanti-
tative results for the strongly rotating compounds and was
able to obtain cata on all but the very weakly rotating,
strongly absorbing compounds, The DRellingham~Stanley Spectro-
polarimeter was able to obtain data on all of the osotri-
azoles, but the data were not quantitative and in any com-
parison only the sign and shape of the Cotton effects would
e significant.,

In an investigation of the solvent effect a compari-
son of the differences in magnitude of rotation with config-
uration in the Fischer projection indicated that the asymme-
tric center at C-3 dominates the sign of rotation and the
further the asymmetric center from the aryl group the smaller
is its effect "on the rotatory power." The rotational
strength of tie asymmetric center at C-3 is greater than the
total rotatory power of all the other asymmetric centers in

the molecule. The stereochemistry of the hydroxyl groups in
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the Fischer projection coincides with the indicated signs of

rotation as shown below:

Left Right
c-3 - +
C-li + -
C-% + -

This correlation between the stereochemistry of the
optically active centers and the magnitude of rotation of
the compound further indicates evidence of the existence of
the additivity relationship in optical rotation., Although
the symmetry of the RD curves allowed the correlation of
the stereochemistry of secondary hydroxyl groups with strength
of rotation, the attempt to establish absolute partial rota-
tional values from secondary hydroxyl gsroups zt varying dis-
tances irom a chromophoric group uand in differing conforma-
tional environments will awaif more detailed analysis with
instruments of higher resolution.

In a comparison of the solvent effects among pyridine,
methanol, acetic acid and water the increasing order of in-
tensity of RD curves of the compounds in these solvents was
as follows: water< methanol = acetic acid € pyridine. These
solvent effects are attributed to characteristic bathochromic
shifts of the 0.R.D., curves paralleling the change in solvent.

The data obtained from the lons wavelength solvent
study were analyzed using a one term Drude equation. The
Ao values from the solution of the one term Trude equation
did not agree with the values obtained experimentally. The

data indicated that the optically active chromophores must
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have at least two major contributions of electronic npertur-
bation.

The conformations of the osotriazoles were analyzed
by means of their IT,M.R. s»nectra. A comparison of D-glucose
osotriazole (XI) and its tetraacetate LIII to that of D-
glucose quinoxaline tetraacetate (LIV) which has been shown
to possess a zig-zag conformation indicated that the acetyl-
ated osotriazole also possessed the zig-zag structure, It
also incdicated that the nonacetylated osotrlazoles do not
poscsess this conformation but in fact possess hydrogen bvond-

ed structures. Ifurther investigation of the M.M.R. spectra

Fal

o' osotriazoles, both acetylated and nonacetylated ag well
as deoxy derivatives, may be rewarding by indicating the con-
formation of polyhydroxy side chains. This conformational

analysis coupled with the sign of the Cotton effects could

pive further evidence by which to evaluate the Partition Rule,




EXPERIMENTAL
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LXPERTIEIITAL

General

lielting Foints. HMelting points were determined using

either a ilofler hot-stage melting point apparatus equipped
with a polarizing nmicroscope or with a Thomas-Inover Unimelt
capnillary melting point apparatus and are corrected.

Infrared ibsorption Spectra, The infrared absorption

spectra were determined using a Perliin-Ilmer lodel 337 infra-
red spectrophotometer. The position of the absorption hands
i3 given in wavenumber units, erie=l. The snectra werc cali-
brated with a polystyrene film versus air standard with ab-
sorption bands at 2751 em.”t, 1603 cu.”l and 906 cem.=1., The
spectra of liquids were deterrined as [llms, and the spectra

ol

n

o0lids were <etermined as rulls in Halocarbon oll Trom

1000 eme=t to 1300 em.~t @nd in Tujol from 1300 cm.-1 to 650

e =1, alocarbon oil was purchased I'rom Halocarbon Frod-

ucts Corp., tackensack, Yew Jersey and ujol from Plough, Inc.,
San Francisco, California.

Ultraviolet Absorption Zpectra. The ultraviolet ab-

sorption spectra of the osotriazole »roducts vere determined
using a Yerkin-Elmer “odel l1I0CO recordins spectrophotometer

or a Cary lodel 15 recording spectropnotometer. Those spectra
determined on the Terkin-Blmer ilodel 1000 are indicated by
No.h and those determined on the Cary ilodel 15 are indicated

by To'lﬁ' The spectra were deternmined in 957 ethanol,
e
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Optical Rotatory Disversion Data. Tho optical rota-

tory dispersion curves were determined on:
(a) Rudolph recording spectropolarimeter odel 260/655/850/

£10-61ly, using

]

a 0,1 dem, tube. Those curves determined on
the Tudolph are indicated by 1Moy,
(b) Cary liodel 60 recording spectropolarimeter standardized
according to the data reported by Y. Tominatau and U, Galiield,
Biopolymers 3, 50¢ (1965). Those curves determined on the Cary
are indicated by No.c.
(c) Bellingham and Stanley Dendix-iEricsson Spectropolarlimeter
"Folarmatic 62". These curves are indicated by NO.B.
The solvent, concentration (7. per 100 ml, solution),
and path lensth are indicated for each curve and the data are

expresced as molecular rotations [I-ZJ.

Tuclear lMacnetlc Nesonance Snectra., The nuclear mag-

netic resonance srectra vere determined using a Varian :'odel
A=60 proton resonance svectrometer, The spectra were obtalned
in a Varian .ssociates micro cell, IIit To. ©06733 using penta-
deuteriopyricdine as the solvent, which was obtalned from Iso-
tropic wroducts, Fercii Zharp & loane of Canada Limited, I'on-
treal, Canada, The chewical siifts are given in p.pe.m. rela-

tive to tetramethylsilane, oan internal standard.

Gas Chronmatosrapiiic analysis Data, The gas chromato-

[}

crapaic analyses were deterilned on anderograph i, 90-FC, 15

vapor Iractometer using helium as the carrier zas., The column

2

was a 5 ft. x % in., 207 ST'-¢6, 60/°0 mesh chro. T.

Lnalviical Data. liicroanalyses were determined by

1 1 . 'Y ] 1} * 2 -
Schwarziopl ¥icroanalytical Laboratory, Woodside, lew York,
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2-Thenyl-2,1,3-Triazole (XXV)

Glyoxal bis(Phenylhydrazone) (ZXXIX). To 100 ml. of

methyl cellosolve was added 67 ml. of 307" aqueous ~lyoxal,
The solution was heated to 70° and 150 ml. of phenylhydrazine
was added and the mixture heated on & steam bath for 1 hr.
The red solution was cooled to room temperature, and 1000 ml,.
of ice water was a’ded to it with stirring., The fine, yellow
nrecipitate which was formed was separated by filtration,
washed with cold water, and recrystallized from 957 ethanol

yieldinn 62

. (657) of ~lyoxal bis(phenylhydrazone)

mep. 17093 1it,16 n,p. 179-170°,

2-iThenyl-2,1,3-Triazole ((IV)., In a solution of 7 g

e

of copper sulfate pentahydrate and 350 ml., of water was sus-
pended 7 3. of glyoxal bis(phenylhydrazone) (XYXXIX). The so-

-

lution was heated under rellux for 1.5 hr. and steam distilled.
The distillate (yellow oil) was extracted with two 100 ml. por-
tions of ether., The ether lajyer was washed with dilute hydro-
chloric acid to rerove aniline, and the ether layer was dried
over sodium sulfate. The solution was concentroted to a yel-
low 0il by removing the ether under reduced pressure., The

0ily residue thus obtoined was purified by repeated vacuum dis-
tillation yilelding 2.8 g. (627) of 2-phenyl=-2,1,3-triazole (IIXV),
bene 799 at aprroximately 12 rm.; 11t,29 ben, R0% at 12 mm,

The sample was analyzed by V.r.C. and showed only one peak.

JeWe 3 0. - 65 z 205
UV pectrum Yo 15 lm 265 mp, Emax. 2l, 32l ;

-~ e

Amax, 207 s €a. 21,621

I.R. Spectrum-Fig. I3 T.17.R. Values~Table XIV
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2~Phenyl-li-methanol-2,1,3-Triazole (X{IV)

2-Thenyl-li-Tormyl-2,1,3=-Triazole (XITT), A suspension

of 0.507° g. of 2-phenyl-l-(D-arabinose-tetrahydroxybutyl)-
2,1,3-triazole (ZI) in a mixture of 50 ml. of water and 15 ml,

of 0,b20 11, of aqueous sodium periodate solution (3.35 molec-

. . . a 1 (@] 5
ular equivalents) was agitated at 25° for 2L hr,

[ |

‘he appear-
ance of the suspended crystals changed from that of long, fine
needles to shorter and more thickened ones. The crystals were
removed by filtration, washed well with cold water, and recry-
stallized from 50; cthanol-water to yield 0.28 z. (78) of 2-
shenyl=L-formyl-2,1,3-triazole (XIT1), m.p. 67-639; 1it.22 m.p.

65 =629,

2-FPhenyl-L-methanol-2,1,3-Triazole (¥YXIV), To a sus-

pension of 0.5 me of lithium aluminun hydride in 50 nml., of
dry ether was added 0.28 gz, of Z-phenyl-li-Tformyl osotriazole

(XITIT). The reaction mixbture was stirred until the reaction

aluminum
subsided and wet ether was added until all of the lithium, hy-

q

arid

®

was destroyed., Several drops of water were added and
the mixture stirred until all of the grey solid was replaced
by white salts. The mixture was separated by filtration, and
the ethereal solution was dried over sodium sulfate and air
concentrated to yield a solid residue., When recrystallized
Irom not carbon tetrachloride, the solution deposited on cool-

ing 0.25 g. (907%) of 2-phenyl-l-methanol-2,1,3~triazole (XXIV),

nep. 6l4-659; 11t 047 6L -650,

UuV. Spechirum 0. - 264 mp 18,2109
! - Iy 2max. b Emax. e

b~
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2-Phenyl-l-(D-3lyceraliehyde-dihydroxyethyl)<2,1,3-Triazole

(MXITT

Potato Oxystarch (XLIII). A colloidal suspension of

1s5 g. of potato starch (XLII) and 6.18 g. of sodium metaper-
jodate was Zept stirring in the dark for LS hr, At the end
of this time the insoluble oxystarch was separated by (iltra-
tion and washed with water until free from periodate and lo-
date, The gelatinous solid was washed with absolute alcohol
until a white powder was obtained. The powder was washed
with ether and dried 'y passing alr throuzh the Iilter cake.

The yield was quantitative.

Phenvlosazone of Potato Oxystarch (LV), A mixture ol

2.3 =, of potato oxystarch (XLIII) in 100 ml, of water was
heated under reflux in 200 ml, of ethanol, 25 ml. of phenyl-
hydrazine and 30 ml, of glacial acetic acid, DSolution of the
oxystarcnh took place in about 10 min, after which time the
ethanol was removed under reduced pressure. To the remaining
solution was added with rapid stirring 500 ml, of cold water
producing a golden yellow precipitate. The precipitate was cole
lected by filtration and washed with 50 ml. portions of 107
acetic acid followed by two 50 ml, portions of cold water,
yvieldingz 3.5 z. of the phenylosazone (LV) which was used with-
out furtier purification in the following experiment,

D-Grythrose Osazone ((OXVII). A solution of 2 «. of

oHe

the crude potato oxystarch osazone (LV) wac dissolved in 100
ml. of benzene and absorbed on a 150 s. neutral alumina column.
The column was eluted with 1 1, of ether or until the initial

wilde yellow band came off the column. The ether eluted the
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glyoxal osazone (XKXIX)andé?—acetyl phenylhydrazine (XLIV) as
one band. The column was washed free of the remaining solid
with 95¢ ethanol. The ethanol solution was concentrated un-

der reduced pressure and the erythrose osazone (UIIVII) was

precipitated by the additlon of water to the rapidly stirring

solution. The yellow precipitate was collected by Ifiltration

nd recrystallized from 607 ethanol-water yielding 0.Lh2 g. of

¢

o

Deerythrose phenylosazone (XXXVII), m.p. 175-177°; 1it.22236
IMNePe 175-1770 .

2-Phenvl-li-(D-Glyceraldehvde-dihydroxyethyl)=-2,1,3-

Triazole (¥XXITIL). A& suspension of 20 -, of the crude potato
starch phenylosazone (LV) and 17500 ml. of water was heated

to boiling and a solution of 16.7 5. of copper sulfate penta-
hydrate in 100 ml, of bolling water was adiled, Aifter 30 min.
of heatinc under reflux, the solution was allowed to cool to
room temperature. The solution was set free of decomposition
procducts by filtration. Zydrogen sullide was bubbled thurough
the solution as long as a black precipitate continued to form,
The black precipitate was separated by Ciltration leaving a
yellow solution which was boiled with 20 2. of barium carbon-
ate until the solution was slightly basic to litmus. :ifter
cooling, the mixture was separated by filtration and the fil=-
trate concentrated toa syrup under reduced pressure. The syr-
up was extracted with two 250 ml, portions of carbon btetraw
chloride. The combined extracts of carbon tetrachloride were
concentroted under reduced pressure and cooled for two hours

uncer refrigeration. The white voluminous precipitate was

b

4

dried on the filter. The solild was dizsolved in hot isopropyl
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ether and n-hexane was added until the first sign of turbidity
appeared. The solution was allowed to cool to room temperature
and then refrigerated overnight. The white precipltate was

-

cparated by {iltration and washed with two 25 ml, portions

6]
G

of n-hexane yielding 2.5 z. of D-erythrose osotriazole (XXIIT),

ine

Mepe Hl1=H59,

inal, Caled. for l Hll 3 5 ¢, 57.,53; 11, 5.1'0;
17, 20.03. Tound: C, 590.10; I, 5.23; 1, 19.73.
U.V. Snectrum HO'lS'amax. 265 mp, fmax. 20,117 3
. Aasx. 200 mp, €max. 1,117
T.R. Snectrum-Tig. L5 ... Values-Tehle NIV

Oilele Spectrum-Tis. 13 1)

2-Thenyl-lL-(D-Threose-trihydroxypronyl)-2,1,3=Triazole (X{IT)

O-Xvlose Phenylosazone (3XVI). The D-xylose phenyl-

osazone (XX¥VI) was obtained in a yield ol 13,5 g. (629) upon
treatment of 10 ge. of D-xylose by the method empnloyed for the
preparation of D-glucose phenvlosazone (X). The vellow solid

Y .
melted at 1462-16l; 1it.*" m.p. 163°,

2-Thenyl=li=(N=-Mreose-trihydroxypropyl)-2,1,3=Triazole

(YXII). A solution of 20.0 =. of N=xylose phenylosazone
(Z3XVI) and 16.7 =. of copper sulfate pentahvdrate in 1200 ml,
ol water was heated to boiling under reiflux for 30 min., The
mixture was allowecd to cool to room tempecrature and the fine
red precipitate which had becn deposited was separated by
filtration. The copper still present in solution was pre-

cipitated as sulficde by passing in hydrogen sulfide, and the

copper sulflde was separated by [filtration. The solution was
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boiled with 15 r. of barium carbonate until it was neutral
to litmus paper. The yellow filtrate from removal of the
barium salt was concentrated under reduced pressure to a
volume of 25 ml. and allowed to stand in the refrigerator
overnight. Tne precipitate thus formed was separated by
filtration and recrystallized with seeding from warm ether
yielding 5.8 z. (40%) of D-xylose osotriazole (XXII), m.p.
87-88.59; 1it.4% m.p. 95-890,

20,239

U.V. Spectru.m—l-?o.u—)\max. 267 muy €, 0y

I.R. Spectrum-TFig. L7 v,i1.R. Values-Table XIV

0.R.D. Spectrum-Fig. 15

2-Phenyl-li-(L-Erythrose-trinydroxyvoropyl)=-2,1,3-Triazole (XVI-L)

L-Arabinose Thenylosazone ({XXV-L). A suspension of

25 7. of L-arabinose in 100 ml. of freshly distilled methyl
cellosolve and 32.5 ml. of pglacial acetic acid was heated on

a steam bath to 80° at which time 65 ml. of phenylhydrazine
was added, Solution of the sugar took place almost immediate-
ly and a reddish solution developed durlng the next hour, af-
ter which the solution was poured into 1600 ml. of ice water
with vigorous stirring. 4 voluminous yellow precipitate was
obtained which was separated by filtration with suction and
washed with two 50 ml. portions of 105 acetic acid and four
100 ml. portions of cold water. The nrecipitate was separated
by filtration, partially dried by passing air through it, and
dissolved in 100 ml. of boiling ethanol. The hot solution

was filtered, cooled and the precipitate separated and washed

with three 25 ml. portions of ice cold alcohol yielding 33 o



78

(607) of Learabinose phenylosazone (XXXV-L), m.p. 170-171%;
[J
116,20 mop. 171-172°.

2-Thenyl-li-(L-Erythrose-trihydroxypropyl)-2,1,3 -Tri-

azole (¥¥I-L). A suspension of 10 g. of L-arabinose phenyl-

osazone (XXXV-L) in 1000 ml., of water was heated to bolling
and a solution of 8.l ., of copper sulfate pentahydrate in
100 ml, of boiling water added, & cherry red color develop-
ed at once and after 15 min. heating under reflux the color
changed to green, at which time all of the osazone was dis-
solved and the fine red precinitate had settled, Ieating
was continued for an adJditional 15 min. and the mixture was
cooled and separated by [iltration. The copper still vresent
in solution was removed as sulfide and the filtrate was neu-
tralized with 10 g. of bariwn carbonate and again filtered,

The solution was concentrated on a rotary evaporator to a Sy~
rup which was dried by three succescive evaporations with ab-
solute alcohol., 7 solution of the syrup in 25 ml, of warm
chloroform was filtered to remove a small amount of insoluble
material and Adiluted just to turbidity with a 507 mixture of
dry cther and hexane, The solution was cooled at room tem-
perature for several hours without disturbance, scratched to
induce precipitation, and cooled in the refripgerator overnight.
The dark colored precipitate was separated by filtration and

recrystallized Irom ether viecldinzg 5 c. (70%) of Le-arabinose

we

N

osotriazole (XiI-L), m.p. 65-67,59; 1it.22 MePe 69-70°,

U.V. Spectrun No’u'mmax. 266 ., € ax. 19,827
I.8. Spectrum-Fig, lié K.MeR. Values~-Table XIV

O«fiD. Svectrum-Tip. 16
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~rsr

2-Phenyl-l-(D-Lyxose-tetrahydroxybutyl)-2,1,3-Triazole (X)

e

D-Galactose FPhenylosazone (MXXIV), The D-galactose

o

phenylosazone (M¥XIV) was obtained in a yield of 20 g. (607)
upon treatment of 10 3. of D=-galactose by the method empleyed
for the preparation of D-glucose phenylosazone () The yel-
low solid melted at 201-2020; 1it.48 m.p. 201°,

N

2-Thenyl-l-(D-Lyxose-tetrahydroxybutyl)=-2,1,3-Triazole

(XX). & solution of 20.0 g, of D-malactose phenylosazone
(YXXIV) and 15.1 ¢. of coprer sulfate pentahydrate in 1200 ml,
of water was heated under reflux for 1 hr. The precipitate
was separated by [iltration and the solution allowed to cool
to room temperature, Hydrozen sulfide was bubhled throush the
solution until no more vlack precipitate was formed. The pre=-
cipitate was separated by filtration leaving a yellow solution
which was neutralized by boiling with 15 g. of bariun carbon-

e
ate until the solution tested neutral or sli-htly basic to pH
paper. Aflter coolinz the solution was filtered and concen=
trated to a syrup under reduced pressure. The syrup was ex-
tracted with warm chloroform until no further color appeared
in the chloroform layer., Xifter cooling the precipitate was
separated by filtration, and the mother liquid concentrated

to nalf of its original veolume and refrigerated overnicsht.

The precipitate was asain separated and the two fractions coni-
bined siving 7 . (IL773) of D-galactose osotriazole (XI), m.p.

100-109°%; 11t.%9 m.p. 110-111°,

Ve 33 n 1o, — b o1 a,5]
Uu.v hectrum 1o L Amax. 26 mya, £max. 19,815

I.R. Spectrum-Tig. L7 T.M.R. Valuesg-Table XIV
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2-Thenyl-L-{D-Lyxose-tetraacetoxybutyl)-2,1,3-Triazole (XLVI)

2-Thenyl-l.-(D-Lyxose-tetraacetoxybutyl)-2,1,3-Triazole

(XLVI)., To a solution of 0.2 5. of phenyl D=-galactose osotri-

s

azole (X¥) in 2.5 ml, of pyridine was added 2,5 ml. of acetic

anhydride. The acetylation was allowed to proceed with stir-
ring at 20° for L hr. The mixture was extracted with chloro-
form and the water-washed extract was dried over calcium chlor-
ide. The solution was concentrated in a stream of alir to a
semicrystalline material wihlch was dissolved in hot dioxane

and sufficient water was added to induce turbidity. The tur-
bid solution was allowed to stand overnight at room tempera-
ture during which time crystallization besan. The whilte pre-

<, (927) of the

cipitate was filtered and dried, ylelding 0.3
C

TLVI, mMepe 100.-105°; 1it,h~

(S

tetrascetate Mmepe. 105-106°,

U.V. Spectrum FOlS_zmax. 26l mp, fnax. 22,070 3

208 » .
Amax, <05 TPy Epay, LT,201

I.2. Spectrum-Tig, ¢, 0.R.D. Spectrum-Fig. 19.

TN

2-Phenyl=l -(L=Xvlose-tetrahydroxybutyl)-2,1,3-Triazole (¥IX-I.)

L-3orbose Yhenylosazone (J7ITI-I). The L-czorbose

ararsr

phenylosazone (MT{IITI-L) was obtained in a wield of 11.2 -,
(565.) upon treatment of 10 g. of L-sorbose by the method em-
ployed for the preparation of D-glucose phenylosazone (X).

The yellow solid melted at 162-163°; 11,51 mepe 1670,

2-Thenyl=l~{L-{ylose-tetrahydroxybutyl)-2,1,3-Triazole

(XIX-L)se 4 suspension of 10 5. of sorbose phenylosazone
(XX¥IIT-L) in a solution of 7.7 g. of copper sulfate pentahy-

drate in 1200 ml, of water was heated to boilin~ under reflux.
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Solution of the osazone and the concurrent development of a
red color occurred in 10 min. Shortly thercafter a fine, red
precipitate was deposited from the solution and, after 30 nin.

additional heating, it was separated by filtration. The solu-

I

ion was allowed to cool to room temperature, and hydrogen
sulfide was bubtled throuch the solution as long as a black
nrecipitate continued to form. The black precipitate was sep-
arated by Ciltration leaving a yellow solution which was neu-
tralized by boiling for 15 min, with 10 <. of barium carbonate
or until the snlution tested neutral to pII paver, . fter cool-
inn the “xture was sewnarated hy filtration and the filtrate

concentrated to 2 syrupn under recduced Pressure.,  ac oL Was

D

extracted with ot ethyl acetate until no Turther color appear-

v

¢

ad in the ethyl acetate laysr,., fter cooling the solutilion was
Tiltered and the mother ligquild was concentrated to hall of its
volume and cooled. Thne preciplitate was again separated and

the two iractions combined giving 3.0 = (LO7) of XIX-L, m.»

] N 2~
181158295 116,49 m.p. 187-150°,

15,012

T.V. Sne M T - £l
Uu.v, MpoctruniLo.h Amax. 264 mp, Emax.

I.R. Spectrum-Tig. 50 ... Values-Table. XTIV

Coley Spectrun-Tig, 20

o ®

2-Thenvl=l ~-(D-irabinose=-tetrahydroxybutvl)~2,1,3-Triazole (¥T)

7 S e

D-Glucose rhenylosazone (X). A mixture of 10,0 7, of

(SR

D-zplucose, 20,0 5. of phenylhydrazine hydrochloride, 25 ml,

Fal

ol a saturated solution of sodium bisulfite, 30 gz. of crystal-
line sodium acetate and 200 ml, of distilled water was heated

with stirring on a steam bath for 0.5 Lr. The precipitate was

-~

JROTR—
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separated by filtration and washed well with cold water. The
mother liquor was returned to the flask and heated for several
hours., The nixture was cooled for 1 hr., separated by filtra-
tion and the precipitate washed with water. The combined sol-
ids were recrystallized from 60% ethanol-water and yielded 25
g. (75%) of D-glucose phenylosazone (X), m.p. 208° (dec.);
1it.52 m,p. 208° (dec.).

2-Phenyl-li-{ D-Arabinose-tetrahydroxybutyl)-2,1,3=

Triazole (XI). To a solution of 180 ml. of water and 10 ml.

of 0,5 N sulfuric acid, 6.0 g. of copper sulfate pentahydrate,
120 ml. of isopropyl alcohol and 2 g. of powdered D-glucose
phenylosazone (X) were added. The mixture was refluxed for

1 hr. The osazone dissolved after 15 min. and the solution
became a deep red which in the next half hour changed to

green and finally to a yellowlish green, The red precipitate
was separated by filtration and the solution concentrated un-
der reduced pressure to a volume of 50 ml. during which a tan
precipitate crystallized. The solution was cooled for 3 hr.
and the tan precipitate separated and washed. The precipitate
was dissolved in hot water, decolorized with norite, and the
mixture separated by filtration and the filtrate cooled over-
night. The long white needles of pure D-glucose osotriazole
(XI), 300 mg. (20%), were separated and dried, m.p. 193-193.50;
1it.22 m.p. 195-1960°,

U.V. Spectrum—No.u-Amax. 267 my, gmax. 2,450

I.R. Spectrum-Fig. 51 N.M.R. Values-Table XIV

O.R.D. Spectrum-Fig. 21




83

2-Phenyl-l-(D-Arabino-tetraacetoxybutyl)-2,1,3-Triagole (LIIT)

2-Phenyl-L-({D-Arabino-tetraacetoxybutyl)-2,1,3-Triazole

(LIII). The D-glucose osotriazole tetraacetate (LIII) was ob-
tained in quantitative yield upon treatment of 0.6 g, of D=
glucose osotriarole (XI) by the meﬁhod employed for the pre-
paration of D-galactose osotriazole tetraacetate (XLVI). The
white solid wilch was recrystallized from methanol melted at
£1-020; 11t.22 n,p. F1-820,

¥,1.,2. Values-Table VI
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OPTICAL ROTATORY DISPERSION CURVES
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Optical Rotatory Dispersion Curve of D-Ervthrose
Osotriazole (XXIII). The curve was obtained from
the Bellingham-Stanley using methanol as the sol-
vent. (Table VIII)
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[l 1 . ]
T 4 LI s

200 250 300 350

Wavelength, rp

Optical Rotatory Dispersion Curve of D-Zrytarose
Osotriazole (¥XIII). The curve was obtained from

the Cary 60 using methanol as the solvent. (Table
VIIT)
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Fig. 15. Optical Rotatory Dispersion Curve of D-Yylose Oso-
triazole (XXII). The curve was obtained from the
Cary 60 using methanol as the solvent. (Table VIII)
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Wavelength, mp

Optical Rotatory Dispersion Curve of L-irabinose
Osotriazole (XXI-L). The curve was obtained fron

the Bellingham-Stanley using methanol as the sol-
vent. (Table VIII)
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200 250 300 350
Wavelength, mun
Pig. 17.

Optical Rotatory Dispersion Curve of D-Galactose
Osotriazole (XX). The curve was obtained from the

Bellingham~Stanley using methanol as the solvent.
(Table VIII) :
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Tig. 18. Optical Rotatory Dispersion Curve of D-Zalactose
Osotriazole (KK%. The curve was obtained from

the Cary 60 using methanol as the solvent,
(Table VIII)
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Plg. 19. Optical Rotatory Dispersion Curve of D-Oalactose
Tetraacetate Qsotriazole (XLVI). The curve was
obtained from the Cary 60 using methanol as the
solvent. (Table VIII¥
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Pig. 20. Optical Rotatory Dispersion Curve of L-Sorbose Cso-
triazole (XIX-L). The curve was obtained from the
Cary 60 using methanol as tae solvent. (Table VIII)
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Opntical Rotatory Dispersion Jurve of D-

triazole (XI). The curve was obtained
Cary 60 using nethanol as the solvent.
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Tig. 22. Optlcal Fotatory Dispersion Curves of D-Irythrose

Osotriazole (XYIII) obtained from the Cary 60 (C)
and the Bellingham-Stanley (BS) using methanol as
the solvent. (Table VIII)



(1) x 10-3

Fige. 23,

.

]_l_.._
2+
0
BS
-2 T
R
| : + :
200 250 300 350

Wavelength, mp

Optical Rotatory Dispersion Curves of D-Galactose
Osotriazole (XX) obtained from the Cary 60 (C) and
the Bellingham-Stanley (BS) using methanol as the
solvent. Table VIIIX
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Fig. Eu; Optlcal Rotatory Dispersion Curves of D-Galactose

Osotriazole (XX) obtained from the Cary 60 (C) and
he Bellingham-Stanley (BS) and D-Galactose Osobtri-
azole Tetraacetate (XLVI) obtained from the Cary 60.
Metnanol was employed as the solvent. (Table VIII)




SOLVENT STUDY ROTATORY DISPERSION CURVES
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Fig RD Curves of D-Erythrose Osotriazole (XXIII), L-

- 250
Erythrose Osotriazole (XXIII-L), D-Xylose Osotri-
azole (XXII) and L-Arabinose Osotriazole (XVI-L).
The curves were obtained from the Rudolph instru-
ment using pyridine as the solvent. (Table IXa)
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?ig._26. RD Curves of D-Glucose Osotriazole (XI), L-Sorbose

Osotriazole (XIX-L), D-Galactose Osotriazole (XX)
and D-Galactose Osotrilazole Tetraacetate (NILVI).

‘The curves were obtained from the Rudolph instru-

ment using pyridine as the solvent. (Table IXb &
XTIl
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XXIIT

! } !
4

1,00 500 600

Wavelength, mp

RD Curves of D-Erythrose Osotriazole (XXIII), L~
Arabinose Osotriazole (¥XXI-L), D-Galactose Osotri-
azole (XX), L-Erythrose Osotriazole (XXIII-L), L-
Sorbose Osotriazole (XIX-L), D-Xylose Osotriazole
(XXII) and D-Glucose Osotriazole (XI). The curves
were obtained from the Rudolph instrument using
pyridine as the solvent. (Table IXa & b)
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Tig. 28.

y &=
Arabinose Osotriazole (XXI-L), and D-Xylose Osotri-

0
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RD Curves of L-Erythrose Osotriazole (XXITII-L), L

azole (XXII). The curves were obtained from the

Rudolph instrument using methanol as the solvent.

Table Xa)

G
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(] x 1072

10O 500 600

Wavelength, mp

Tig. 29. DRD Curves of D-Galactose Osotriazole (¥XX), L-Sorbose
Osotrlazole (XIX-L), D-Galactose Osotriazole Tetra-
acetate (XLVI) and D-Glucose Osotriazole (XI). The
curves were obtained from the Rudolph instrument us-
ing methanol as the solvent. (Table Xa & XIII)
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Fig. 30.
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0

Galactose Osotriazole (XX), L-Sorbose Osotriazole
(XIX-L), L-Erythrose Osotriazole (XXITII-L), D-Xy-
lose Osotriazole (XXII) and D-Glucose Osotriazole
(XI). The curves were obtained from the Rudolvph

instrument using methanol as the solvent. (Table
Xa & b)

RD Curves of L-Arabinose Osotriazole (X¥I-L), D-

101
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Fig. 31.

RD Curves of D-Erythrose Osotriazole (X¥III), L-
Arabinose Osotriazole (XXI-L), L-Erythrose Osotri-
azole (XXIII-L) and D-Xylose Osotriazole (XXII).
The curves were obtained from the Rudolph instru-
ment using acetic acid as the solvent. (Table XIa)
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1100 500 600

Wavelength, rp

RD Curves of D-Glucose Osotriazole (XI), L-Sorbose
Osotriazole (XIX-L), D-Galactose Osotriazole (XX)
and D-Galactose Osotriazole Tetraacetate (VIVI).
The curves were obtained from the Rudolyh insiru-
ment using acetic acid as the solvent. (Table XIb
& XIII)
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RD Curves of D-Erythrose Osotriazole (XXIII), L-
Lrabinose Osotriazole (XXI-L), D-Galactose Osotri-
azole (XX), L-Sorbose Osotriazole (XIX-L), L-Zry-
throse Osotriazole (XXIII-L), D-Xylose Osotrizzole
(XXII) and D-Glucose Osotriazole (XI). The curves
were obtalned from the Rudolph instrument using
acetic acid as the solvent. (Table XIa & Db)
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RD Curves of D-Erythrose Osotriazole (XYWIIT), I-
Arabinose Osotriazole (¥XI-L), L-Ervthrose Csotri-
azole (XXIII-L) and D-Xylose Csotriazole (XXII).
The curves were obtained from the Rudolph instru-
ment using water -as the solvent. (Table XIIa)
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Fig. 35. RD Curves of D-CGalactose Osotriazole (¥X), L-Scrbose
Osotriazole (XIX-L) and D-Glucose Osoitriazole (XI).
The curves were obtained from the Rudolph instrument

using water as the solvent. (Table XIIb)
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Fig. 36. RD Curves of D-Glucose Osotriazole (XI). The curves
were obtained from the Rudolph instrument using acetic
acid - (———), methanol (———), and pyricdine (—r—)
as the solvents. (Table IXb, Xb, XIb, & XIIb)
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Flg. 37. RD Curves of L-3orbose Osotriazole (XIX~L). The
curves were obtained from the Rudolph instrument :
using pyridine (——--—), methanol (————), acetic
acid (— ——) and water (— -—) as the solvents.
(Tables IXb, Xb, XIb, & XIIb)




Fig. 38,

oo 500 600

Wavelengtn, mp

RD Curves of D-Calactose Osotriazole (X¥). The
curves were obtained from the Rudolprh instrurment
using pyridine (——-—), methanol (——), ace-
tic acid (— — —) and water (— -—), (Tables
I¥Xb, Xb, XIb, XIIb)
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Fig. 39.

RD Curves of D-Galactose Osotriazole Tetradcetate

(XLVI). The curves were obtained from the Rudolphn
instrument using pyridine (— :—), methanol (
and acetic acid (— —=). (Table XIII)

)
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RD Curves of L-Arabinose Osotriazole (XXI-L). The

curves were obtained Ifrom the Rudolph instrument
using pyridine (—-—), methanol { ), acetic
acid (— — —) and water (— --—). (Tables IXa, Xa,

XIa, & XIIa)
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RD Curves of D-¥Xylose Osotriazole (XYII). The curves
were obtalned Tfrom the Rudolph instrument using
pyridine (——-—), methanol (————), acetic =cid

(— — ~) and water (— - —). (Tables IXa, Xa, XIa
& XIIa)
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Se. j2. RD Curves of L-Erythrose Osotriazole (NYIII-L).
The curves were obtalned Ifrom the Rudolrh insiru-
ment using pyridine (— :-—), methanol (—),
acetic acid (— ——) and water (— - —). Tzbles

IXa, Xa, XIa, & XIIa)




OPTICAL ROTATORY DISPERSION DATA




Osotriazole of:

Yolecular Weight:

Concentration:
(g/100ml)

Solvent:
Fath ILength:

Instrument:

TADLE VIII

OPTICAL ROTATORY DISPLRSION

D-Erythrose D-Zrythrose
(XXIIT) (XXII1)
205 205

0.0127 0.028
ethanol Xlethanol
0.1 den. O.1 dem,

Bellingham- Cary 60
Stanley

Almp) (M1 Nompn) (1)
300 +560 350 +L57
279  +1300 300 +2811
273 0 203 +3760
256 -3900 250 0
ah2  -1870 2bo  -703
229 -37L0 23l 0
217 -560 215 +2711
211 5100 210 40T
209 ~3360

D-Xylose
(XXII)

235
0.025

ethanol

0.1 dem,
Dellingham-
Stanley
Almp) (4]
325 -1297
308 -2012
2%6 -30l:6
266 0
22 +2870
221 +790
215 +816

L-2rabinose
(XXI-L)

Tlethanol

Co.1 decm,

Cary 60
Alm) 0
300 -870
279 -20860
26, -5550
2Ue 0
232 #2050
217 0

D-Galactose
(xX)

265
0.0267

ethanol
0.1 dem,

Bellingham-
Stanley

Almp) [

oo -510

2L 0
238 +510
228 0
221 +850

LN




TAZLL VIII Cont.

OPTICAL ROTATORY DISFPFLRSION DATA

Osotriazole of: D-Galactose D-Galactose L-Sorbose D~Glucose
' Tetraacetate
(XxX) (XLVI) (XIX-L) (X1)
"olecular Weight: 265 133 265 265
Concentration: 0.0lL5 0,075 0.00L5 0.003
(g/100m1)
Solvent: Tethanol Ifethanol tethanol lethanol
Tath Iength: 0.1 dem, 0.1 decm, 0.1 cdem, 0.1 dcm.
Instrument: Cary 60 Cary 60 Cary 60 Cary 60
Almy) (] Almp) 1] Almp) _f1] (mp) M)
350 =22 350 -589 350 -5ee 310 -1128
290 -1012 32 -3g2 325 -G17 300 -2820
20l -115h 85 -z117 2f5  -3108 286  -7360
256 0 274 0 271 0 563 o
23k +1036 270 +1650 25 +3768 248 +12100
227 0 26l +1303 2lo  +2820 240 +11600
220 -1503 236 +5701 235 +3676

235 +12240
221 0 225  +138L o158

220 =113¢

o)

a1t




SOLVENT STUDY ROTATORY DISPERSION DATA
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TABLE IXa

R.De. Data for D-Erythrose Osotriazole (xX111), D=Xylose Uso=~

triazole (¥XII) and L-irabinose Osotriazole (XXI-L) in Iyridine

Osotriazole of: Delrythrose D-Xylose L-Arabinose
(XXITII) (XXII) (XXI=-L)
Molecular Weight: 205 235 235
Concentration: 0.5268 .0.1.000 0..005
(g/100m1)
Path Length: 0.1 dem, O.1 dem. O.1 dcme
Temporature 22.7° 22,7° 22.7°
A () (+) G (-) 63 (=) 03
600 105 135 76
589 109 17 76
530 117 159 82
5754 118 162 82
570 121 165 £2
560 129 170 nA
550 132 10° ol
5.0 10 200 100
530 18 212 100
5253 150 218 100
520 152 22l 100
510 161 210 106
500 171 2L.7 106

1190 179 270 117
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TABIE IXa Cont.

Osotriazole of: D-?;ﬁ%?i?se Dzig%gie L—A?§§§?E§e
A (mp) _(+y 09 (-) (-) 01
180 195 262 117
L75s 200 290 123
1170 207 300 123
1160 218 329 129
1,50 23l 353 135

#Tot included in Drude equation solvent study
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TABILE IXb

R.D. Data for D-Galactose Csotriazole (XX), L-Sorbose Osotri-

azole {(XIX-L) and D-3lucose Osotriazole (XI) in Pyridine

Osotriazole of: D-Ga%;;?ose L(§2§Eg?e D—G%;§?se
Molecular Welght: 265 265 265
Co?gigggggion: 0.363 ' 0.005 0.3076
Fath Length: 0.1 dem. 0.1 dem. 0.1 ‘dem.
Temperature: 229 22.9° 23°
A (mp) (=) 0] (=) 9 (-) €9
600 73 126 205
589 28 133 219
580 95 139 232
575% 7 13 239
570 102 16 2L6
560 110 153 260
550 117 159 273
5o 12l 172 280
530 131 179 287
525* 135 185 295
520 139 193 301
510 1.6 199 321
500 153 212 341

1190 161 225 362
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TABLE IXb Cont.
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Osotriazole of: D-Ga%;g%ose L(§§§E§?e D-G%§§?Se
A Cp) (=) (] (-) (i) (-) (1)
1180 175 238 390
L7535 180 a5 1100
L70 183 251 1110
1160 190 271 1137
h50 20l 202 h7e

#Mot included in Drude equation solvent study
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R.D. Data for N-Trylthrose Osotriazole (XXIIT), 2-Yylose Oso-
J

triazole (7II) cnd L-Arabinose Osotriazole (I-L) in I‘ethanol

Osotriazole of: D=Erythrose D-Xylose L-Arabinose
(XXIIT) (XXI1) (XXI-L)
iolecular Weight: 205 235 235
Concentration: 0.250 O.uLS 0.193
(¢/100m1) .
Fath Length: 0.1 dem, 0.1 dem. 0.1 denme
Temperature 229 26° 26°
A (mp) (+) 0 (=) £ (=) [
600 110 106 84
569 117 106 96
580 117 106 86
5754 117 106 86
570 117 106 86
560 132 11t 86
550 132 115 11l
5Lo 132 127 11l
530 139 137 11l
525% 139 1,8 12l
520 139 148 12l
510 6 155 12l
500 15l 180 133
.90 161 190 13



TADLE Xa Cont,
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Osotriazole of: D=Lrythrose N=Xylose L-Arabinose

(¥XIII) (XXIT) (XXI-L)

Amp) (+) [19 (=) [vJ (=) (1
180 168 195 152
L75% 175 211 153
.70 183 211 157
L.60 190 222 167
150 205 2h2 172

+:170t included in Drude equation solvent study
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TABLE Xb

R.D. Data for D=-Galactose Osotriazole (¥¥X), L-Sorbose Osotri-

azole (XIX-L) and D-Glucose Osotriazole (XI) in Methanol’

Osotriazole of: D-Calactose L-Sorhose D=Glucose
(XX) (XIX-L) (X1)
Molecular Weizht: 265 265 265
Concentration: 0.519 0.562 0.493
(g/100m1)
Path Length: C.1 dcm. C.l decm. 0.1 dem.
Temperature : 2n3° 280 28°
A () (=) [ (-) ©3 (=) 09
500 92 29 10
589 102 99 10
580 102 108 150
575+ 112 108 151
570 112 108 140
560 112 108 140
550 112 113 161
540 112 113 161
530 112 118 161
525 112 118 161
520 117 118 172
510 138 122 193
500 142 132 215

90 12 11 22g



TABDLE Xb Conte.
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Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
A (mp) (=) 01 (=) 0] (=) [
1180 168 151 226
L7755 17h 160 231
Ly70 163 165 236
1160 168 17k 258
L50 17k 188 290
#lot included in Drude equation solvent study
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TABIE XIa

ar~r

R.D. Datc for D-Lrythrose Osotriazole (XXIII), D-Xylose Osotri-

azole (XXII) and L-Arabinose Osotriazole (MXI-L) in Acetic Acid

Osotriazole of: D-Erythrose D-Zylose L-Arabinose
(XXIIT1) (XXIT) (XXI-L)
lolecular Weight: 205 235 235
Concentration: C.661 0450 0175
(5/100m1)
Fath Length: O.1 dem, Oel dem, O.1 dcmn,
Temperature : 2ho 22.2° 224,2°
A (mp) (+) [1] (-) 09 (=) ()

600 81 110 25
589 8l 115 25
580 90 120 30
575% 90 125 30
570 93 130 30
560 93 136 35
550 99 11 39
540 9 16 50
530 102 151 50
525 102 155 50
520 105 157 Sh
510 115 162 sl
500 121 172 69

ligo 133 193 79
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TADLE XTa Cont.

Osotriazole of: D-Erythrose D=X¥ylose L-Arabinose
(XXIII) (MXI1) (XXI-L)
Almp) ) 0g o (-) [ (=) (1)
1180 10 198 1°
L7555 11,0 20l 85
170 19 209 89
1,60 161 219 e
[150 171 w235 T1h

#ot included in Drude equation solvent study
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TABLE XIb

L.D. Data for D-CGalactose Osotriazole (XX), L-Sorbose Osotri-

azole (XIX-L) and D-Glucose Osotriazole (XI) in Acetic Acid

Osotriazole of: D-Ga%iﬁgose L—?§§ggi? D-G%;§?se

Tolecular Weight: 265 265 265

Co?gjgggig%on: 0.510 0.1126 0.149
Path Length: 0.1 dem. 0.1 dem. 0.1 dem,

Temperature : 22.2° 22.2° 22,20
Al ) (-) 09 (=) 09 (=) G

600 73 °8 12l

569 A 120 12l

580 A 10l 120 12l

- 575% 107 125 12l

570 109 125 12,

560 135 125 12l

550 135 130 160

540 135 130 160

530 135 136 160

525+ 135 137 175

520 135 1 178

510 140 7 213

500 15 152 213

1,90 151 158 213




TALLE XTb Cont.

127

Osotriazole of: N-Falactose L-Sorbose D«Glucose
(XX) (XI¥-L) (X1)

Almp) (=) [ (=) 0 (~) [
1180 156 179 249
L5 158 185 258
Lo 161 190 267
160 182 196 302
50 203. 206 302

#Not included in Drude equation solvent study
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TADLE XITa

R.D. Data for D-Erythrose Osotriazole (X 'III), D-Xylose Oso=-

triazole (XXII) and L-Arabinose Osotriazole (XuI-L) in VWater

Osotriazole of: D—%ﬁ%g?ﬁﬁse pzi%%gie L-?ﬁigig?se

tiolecular Welsht: 205 235 235

Concentratian: 0.395 01775 0.l1625

(g/100m1)
Path Length: O.1 dcm, C.1 dem. O.1 decma,
Temperature 23,29 23° 23°
A(mpa) (+) €3 (=) [ (-) [

600 62 Th LI
589 | 67 7l 51
580 | 72 93 56
575 78 93: 61
570 78 93 71
560 78 o8 7L
550 78 98 76
Sho 78 98 76
530 78 98 76
525% 83 98 76
520 83 98 81
510 83 103 86
500 93 103 9L

1190 104 103 97




TARBLE XITa Cont,

129

Osotriazole of N=-EZrythrose D-Xylose L-Arabinose
(XXIII) (XX11) (X¥I-L)
- Almp) (+) ) (=) [17) (=) 09
4180 109 113 107
L 75 115 118 107
L70 119 18 112
4160 130 126 117
.~ L=0 140 137 127

#Not included in Drude equation solvent study
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TABLE XIIb

R.D. Data for D-Galactose Osotriazole (X¥), L-Sorbose Osotri-

arzole (XI¥X-IL) and D-Glucose Osotriazole (XI) in Yater

Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (X1)
Molecular Weight: 265 265 265
Concentration: 0.386 0.3765 0.0072
(g/100ml)
Path Length: O.1l dem. 0.1 dem, 0.1 dem.
Temperature: 23° 23,.5° 22°
Almm) (-) 09 (=) 4 (-) G

600 82 &L 18l
589 82 aly 221
580 9 92 18]
575% 89 92 18L
570 o 92 18l
560 96 - 92 184
550 103 106 188
540 110 106 221
530 110 106 221
525 110 106 221
520 110 113 221
510 117 127 221
500 117 127 221

490 117 127 221
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TABILE XIIb Cont. -

Osotriazole of: D-Ga%§§§ose L2§§§E£§e D-G%;;?se
A(mp) (=) L) (=) ) (=) )

L8e 117 127 221

L7585 117 1 221

1170 12l L1 29l

LL6G 130 1hl 29l

LS50 130 1 292

#iot included in Drude equation solvent study
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TABLE XIII

R. D. Data for D-Galactose Osotriazole Tetraacetate (XLVI)

in Methanol, Pyridine and Acetic Acid

Osotriazole of: D-Galactose D-Galactose D-Galactose
Tetraacetate Tetraacetate Tetraacetate
(XLVI) (XLVI) (XLVI)
Molecular Weight: 433 433 433
Concentration: 0.339 0.6103 0.670
(g/100 ml)
Solvent: _ Methanol Pyridine Acetic Acid
Path Length: 0.1 dem. 0.1 dem. 0.1 dem.
Temperature: 24° 23.5° 24°
A (mu) (=) M) (=) M) (=) [M]
600 102 106 129
589 102 121 136
580 102 121 142
575% 102 128 155
570 115 142 155
560 128 156 174
550 153 156 168
540 - 166 163 174
530 166 174 177
525% 166 185 187
520 166 192 187
510 166 213 194
500 179 213 207

490 179 241 220
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TADIEZ XTITI Cont.

Solvent: Methanol Fyridine fcetic Acid
A () (=) [ (-) €3 (-) [
480 179 263 226
L75% 192 270 233
1470 20L. 298 ©o2hs
1160 217 312 252
450 230 333 278

#Not included in Drude equation solvent study



NUCLEAR MAGNETIC RESONANCE DATA




TABLE XIV

N.lM.RE. Spectral Data of the Aldo Sugar Family Csotriazole Derivatives in Fyridine

D-Glucose Osotriazole (XI) L-Sorbose Osotriazole (XIX-L)
Coupling Coupling
Chemical Integral Constant Chemical Integral Constant
Frotons Shift T Protons tult.2 CeDeSe Shift T Protons Fult,? CeDeSe
C- . L 1 d J" = ‘U '.l l d J = .
3 3.94 3,72 k.16 3,472°0
C-L 1 m 1 m
5.38 5.3L4
c-5 1 m 1 m
c-6 5.31 2 m 5.61 2 m
D-Galactose Osotriazole (XX) L-Arabinose Osotriazole (XXI-L)
Coupling Coupling
Chemical Integral a Constant Chemical Integral Constant
Protons Shift 7 Frotons Fult, CeDoSe Shift T~ Frotons Mult,.2 CePeS,
c-1 1.73 1 s 1.65 1 S
c-3 27 1 3 I, 1.=7. . a =
C=ly 1 m 5.28 1 bid T4 1,=6.0
5.30 JBth :6
L5
’h=
75,676:0
C-6 5.70 2 m '

d
8rult., Multiplicity; 4, doublet; m, multiplet; q, quartet; s, singlet; t, triplet; x, sextet,

et




D-Xylose Osotriazole (XXII)

TABLE XTIV Cont.

D-Erythrose Osotriazole (XXIII)

¥.M,R. Spectral Data of the Aldo Sugar Family Osotriazole Derivatives in Pyridine

Coupling Coupling
Chemical Integral Constant Chemical Integral Constant
Frotons Shift T Frotons tult.2 CePeSe Shift 1T Protons Mult.® CeDPeSe
G- . = ] OC) = [ ]
-3 .32 1 d JB,h 3.6 .95 1 d J3,H 5.5
C-h 5.L0 1 bd J =3.6 6.08 2 e) J, 1=5.5
[ ] J?,gzsoé 3,1'!_
bs
c-5 5.72 2 m J}—!— 5=LL.5
Ju’szé.é
>
Glyceral Osotriazole (XXIV) Glyoxal Osotriazole (XXV)
Coupling Coupling
Chemical Integral Constant Chemical Integral Constant
Trotons Shift T Protons Mult,? CePeBo Shift T Protons Multg,? CePeSe
c-1 1.8¢ 1 s 2.09 2 s
C-3 ;.90 2 s
aMult., Fultiplicity; d, doublet; m, multiplet; g, quartet; s, singlet; t, triplet; x, sextet.

SeT
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