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Note 

Symmetrical phenylosotriazoles from inositols’t 

ALEXANDER J. FATIADI 

Division of Analytical Chemistry, Institute for Materials Research, National Bureau of Standarris, 
Washington, D.C. 20234 (U.S.A.) 

(Received December 3rd, 1973; accepted for publication in revised form. February 4th, 1974) 

As part of a study of the chemistry of inositol derivatives’**, the D (la), L-, and 
DL- forms of 3,5/4,6-tetrahydroxy-1,2-cyclohexanedione phenylosotriazole (1,2- 
diketo-myo-inositol phenylosotriazole) have been prepared from the corresponding 
inosose phenyIosazones using mercuric acetate; the yields are better (40-50%) than 
those obtained with the cupric sulfate reagent3. 

Based on p.m.r. studies, inositol phenylosotriazoles are either (I) symmetrical, 
having a simple, two-fold axis of symmetry (C,) and, hence, equivalence of the protons 
interchanged by these symmetry operations (e.g., in the AA’BB’ system, for la and its 
esters, and the analogous p-bromophenylosotriaoles2), or (2) non-symmetrical. The 
latter group involves alkyl-substituted inositol phenylosotriazoles and those having a 
methylene group in the cyclohexane ring. 

The inositol phenylosotriazoles were prepared from lo- or lr_.-clziro-inositol via 

the corresponding inosose osazones4, and numerous esters (lb-j) were prepared. The 

CIR 
bR 
CR 
dR 
eR 

OR 

1(0 form) 

2 refers to the L form) 

=H f R = i-C,H,CO 
= AC 
= c&co 

9 R=C,H,,CO 

= ,-,-C3H,C0 h R= Me3cco 
= i-C,H_FO J R= BZ 

3 

H 

4 

*Dedicated to Dr. Horace S. Isbell, in honor of his 75th birthday. 
*art Ix: Methods in Inositol Chemistry. For Part VIII, see Ref. 1. The nomenclature used is in 
accordance with the IUPAC-IUB Tentative Nomenclature for Cyclitols [Eur. J. Biochem., 5 (1968) 11, 
with the triGal name in parentheses. The trivial name Uinosose” for any pentahydroxycyclohexanone 
is used where convetient. 
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osotriazole la (and the L and DL forms) was degraded by sodium metaperiodate to the 

known 2-phenyl-2H-l,2,3-triazole-4,5-dicarboxaldehyde3. 

The p.m.r. spectra of incsitol phenylosotriazole (after decoupling of the 
hydroxyl protons with a trace of strong acid) and of a variety of ester derivatives 
(Table I) revealed the presence of a simple, two-fold axis of symmetry (3), and the 
ring-proton signals were symmetrical about a midpoint, making them a new example 

of the AA’BB’ system’-‘. Only the p.m.r. spectrum of the DL-tetraisobutyrate 
showed the maximum resolved lines (Fig. 1; AA’ 8 lines, and BB’ 8 lines) of the 24 
transitions required for an AA’BB’ system. 

The molecular parameters (L, M, and N) needed for calculating the coupling 

constants and chemical shifts (vO~, see Tables II and III) were calculated by the 
procedure of Pople and co-workers5slo, and parameter K was deduced from the 
equation of Dischler and Englert”, as applied by Abrahami and by Garbisch7. 

From inspection of Dreiding models, it appeared that the favoured confor- 

mation for the tetraisobutyrate was the half-chair conformation 5H4 (4). The JBBe 
value of 10.0 Hz for H-4 and H-S indicates a traJz.s-diaxial orientation; the ‘H4 
conformation would also have H-5 and H-6 axial, and this fits the value (JAB, 8.5 Hz) 

calculated. The small coupling-constants for H-3/H-6 (JAA. 1.0 Hz) and H-4/H-6 

(JAB’ 0.5 Hz) indicate the influence of the neighbouring, planar osotriazole ring, and 

TABLE I 

OBSERVED CHEhlICAL SHlFl-3 OF INOSITOL PHENYLOSOTRIAZOLES 

Compound Sobent Chemical Approximate cJzemica1 sltift (6, p.~.m_)~ 
SJnfta 

(Hz) HA protons (center) H, protons (center) 

la+2a 
la+2a 
la+2a 
laffa 
2b 
2b 
2b 
lbf2b 
1c+2c 
ldf2d 
ldf2d 
lef2e 
lfflf 
lg+2g 
1kl+2h 
ljC2j 

(CD&SO-D,O’ 65.9 3.77 4.85 
(CD&SO-CF&O+H 65.2 3.56 4.65 
D,O-NaOMe 64.8 3.78 4.86 
CsDsN 63.3 4.44 5.39 
CDCIB 42.4 5.63 6.33 
CDCla + Eu(fod)sd 44.0 6.0Sd 6.76d 
CF,CO,H 40.4 5.80 6.46 
(CD&SO 43.0 5.70 6.41 
CDCls 44.0 5.60 6.33 
CDC& 42.9 5.62 6.35 
CDCla +Eu(fod)z (5%) 43.9 5.95 6.66 
CDCls 43.1 5.68 6.40 
CDClj 43.5 5.65 6.38 
CDCI, 44.0 5.66 6.38 . 
(CD&SO 30.6 5.23 5.71 
CDCls 35.0 6.23 6.82 

“Cakulated chemical shifts (~6). bMeasured from tetramethylsilane between transitions AA’ (lines 
1,2; 9,6: 7,12; 3,4) and BB’ (lines 1,2; 9,6; 7,X2; 3,4), respectively. ‘Addition of 5% of Eu(CI), in 
DiO caused broadening of the quartet lines. ‘Original solution of 2b (180 mg in 0.85 ml of CDC&) 
was mixed with Eu(fod)e (25mg); the observed, Ianthanide chemical-shift was compared to the 
chemical shift of 2b in chloroform only. 
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‘Jar- 1.4 Ju* 1.45 Ja. -a3 JAA* -0.2 JAA. -0.1 JAA. -0.05 
JEW 7.6 Jsa* 6.55 &a. 8.4 Jew as JBEV J 9.4 
J AB 9.6 JAB 8.10 JAa 6.5 JAB 6.6 JbB 

it; 
J""' 6.4 

J AB. --?.s J *B -&8 J-e 0;s J AB' ck4 sfi* -0.1 2: ix2 
V0S 65.9 V0S 65.2 v,,S 42.6 VoS 42.9 v,S 43.9 v,s 42.4 

4n Me,SO-&-D,O. *In Me2SO-&-CF3C02H. CPrepared according to Ref. 1. % CDCIB . 

H- 

i-h 0 
A /N\ 

‘. 
0 G i-&lo 

OButi, /a 
0’ A’ 

OBu-i 

(HZ) 
J,,.= I.0 

J q BC= 10.0 

J IB= 85 

J *B’= 0.5 

voS ‘43.1 

Fig. 1. P.m.r. spectrum (60 MHz, CDC13) of the ring protons of DL-inositol phenylosotriazole 
tetraisobutyrate. The transitions I-+3, 9-212, l+k7, and 2d were used to calculate vA and 
vB, and the Jvalues (see Tables II and III). 

are consistent with the half-chair conformation, which is isoconformational with a 
half-chair conformation of the cyclohexene ring ’ 3g 14. Using values calculated from 
an electron-diffraction study of cyclohexene15, the dihedral angles (4) for vicinal 
hydrogens in 4 (compared with values, shown in parentheses, deduced by application 
of the Karplus equation16) were $5,6 15O.O (123, @4,5 57” (0, and @3,4 47” (50). The 
correlation fits only approximately with one of two possible half-chair conformations 
of the tetraisobutyrate shown in 4. 

For the inositol phenylosotriazoles in methyl sulphoxide-d, pabie III), the 
coupling constants (J&) of 9.6 and 8.1 Hz for H-5 and H-6 indicate a trans-d&al 
orientation and an almost exclusive existence in the half-cl& conformation, in 
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contrast to most of the esters (Table I), which have JAB vaIues of 5-7 Hz; the iso- 
butyrate is exceptional in having JAB 8.5 Hz. Literature”* l8 J values for trans-diaxial 
protons are in the range 5-9.6 Hz. 

In addition to the expected solvent and lanthanide shifts, the chemical shifts 
for HA and H, of the inositol phenylosotriazoles (‘Table J) reflect stereoelectronic 
factors. With increase in length of the carbon chain in the ester group, the chemical 
shift is generally lower, and electronic deshielding of the protons by the ester group 
(particularly by the benzoate) is apparent (Table I). For example, the obs&ved 
chemical shifts of HA and H, of the unsubstituted osotriazole la are 6 3.77 and 4.85 

(VOAAB -65 Hz; Me$O-+D,O), 6 5.70 and 6.41 (vodAB -43 Hz; Me,SO-d,) for 
the DL-tetraacetate, and 6 6.23 and 6.82 (v,d,, -35 Hz) for the DL-tetrabenzoate. 

Proton shielding can arise from molecular charge-distribution, the electric field, 
magnetic anisotropy, dispersion forces, ring currents, and hybridiqtionlg, and, as 
found for acyclic alkanes, on C-H bond electrons”. 

Deshielding would be expected” with progressive replacement of a C-H bond 
by a C-C bond, as in the sequence -CH3, C-CH,-, and (C-)Z-CH-. For the esters in 
Table I, the increased deshielding of HA and H, by the adjacent ester group in the 
series acetate-hexanoate is only slight and contrasts with the appreciabIe deshielding 
observed for the DL-tetrakis(trimethylacetate) (see Table I)_ It was also expected that 
H-3 and H-6 in la and its esters would be deshielded most by the osotriazole ring, 
whereas H-4 and H-5 would be less shielded in the half-chair conformation 4. 
Additional deshielding in the unsubstituted inositol phenylosotriazoles (e.g., la in 

OAc 
2 C=N 5: (AROMA;c, 

c-3 c-4 

C-6 c-5 4 Me (Acl Me4 Si 

Fig. 2. Fourier-transform, ~13C-n.m.r. spectra (CDCls, 22.6 MHz) of D-inositol phenylosotriazole 
tetra-acetate (a) with proton decoupIing, and (b) with dffkesonance, continuous-wave, proton 
decoupling. 
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Table I) might also arise by the formation of intramolecular hydrogen bonds between 
HO-3 or HO-6 and N-l or N-2 of the triazole ring; a similar effect has been observed 
in the phenylosotriazoles of sugars’ ‘. 

The symmetrical structure (AA’BB’ pattern) of L-inositol phenylosotriazole 
tetra-acetate is indicated by the simplicity of its proton-decoupled 13C-n.m.r. 
spectrum (chloroform-d, Fig. 2a). To facilitate chemical-shift assignments, a partially 
decoupled (off-resonance decoupling) spectrum (Fig. 2b) was also recorded. The two 
singlets (Fig. 2a) at 6,71.4 and 66.2 p.p_m. must have derived from two equivalent 
pairs (C-3,C-6 and C-4X!-5, respectively) of 13C; on partial decoupling (Fig. 2b), 
these singlets became doublets, thus indicating their association with methine carbon 
nuclei. The tentative chemical-shift assignment of a pair C-3,C-6 (Fig. 2a) to lower 
field (6c71.4 p.p.m.) reflects the influence of the neighbouring phenylosotriazole 
grouP. 

Whereas the i.r. spectra of the D (la) and L forms of inositol phenylosazone 
were identical, that of the DL form showed extra bands at 1290,1280, and 1250 cm-’ ; 

bands at 1220, 1200, and 1110 cm- 1 were absent (characteristic doublets at 980 and 
890 cm- ‘, and characteristic triplets at 980,770, and 660 cm- 1 were observed for the 
D and L forms only), and band intensities in the region 1350-1250 cm- ’ were different 
from those of the D and L forms. 

Essentially similar results were obtained for the tetra-acetateb of the D and L 

forms, particularly in the regions 1400-1300 and 850-600 cm- I. The DL form did not 
show clear bands at 1030, 1010, 950, and 850 cm-l, or the doublet at 1530 cm-’ 
observed for the D and the L forms. 

Materials. - DL-3,5/4,6_Tetrahydroxy - 1,2-cyclohexanedione bis@henyl- 
hydrazone) (DL-??zp-iIIOSOSe 1-phenylosazone), and the D and L enantiomorphs were 
prepared and pused as already reported4. 

N.m.r. spectra were recorded* with Varian A-6 60-MHz and Bruker 90-MHz 
spectrometers. Fourier transform, 13C-n.m.r. spectra were recorded using a Bruker 
HFX-11 instrument, equipped with a pulse amptier (model B-SV-2P) operating at 
22.6 MHz (f,), a phase-modulated, broad-band decoupling amplit?er (model B-SV-2) 
at 90 MHz (f,), and internal, heteronuclea: field-frequency stabilization on the lgF 
signal of hexafluorobenzene at 84.7 MHz (fc). 

A solution of D-iIIOSitO1 phenylosotriazole tetra-acetate (180 mg) in CDCl,- 
C6F6-Me& (1 ml, 9:1:1) was excited either in the single-coil, or crossed-coil modes 
with pulse-widths (fI) of 40 psec. For confirmation of spectra assignments by off- 
resonance, proton decoupling (ORPD technique)22 was used. “C chemical shifts 
@p.m. i-O.1 p.p.m. from tetramethylsilane) were measured by means of a programme 
written in symbolic coding for the 1074PDP8E computer combination, and were 

*Mention in this article of certain commercial instruments does not constitute endorsement by the 
National Bureau of Standards. 
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4Me (AC, 20.7, 20.9), C-4,C-5 (66.2), C-3,C-6 (71.4), SC (aromatic, 119.5, 128.7, 
129.5),+N (139.9), 2C=N (142.2), 4C=O (169.7, 170.0). 

Optical rotations were determined (1-dm path length) with a Perk&Elmer 
Model 141 automatic polarimeter. 1.r. spectra were recorded with a Perkin-Elmer 
Model 257 grating spectrophotometer, and U.V. spectra with a Beckman DK-2 or 
Car-y 14 spectrophotometer. Analyses were made by Craig Olson of the Spectro- 
chemical Analysis Section of this Division. 

DL-3,5/4,6-Tetrahydroxy-1,2-cyclohexanedione phenylosotriazole. - To a warm 
solution (85-90°) of mercury(U) acetate (25.5 g, 80 mmoles) in 5~ acetic acid (200 ml), 
finely ground, crude DL-3,5/4,6-tetrahydroxy-1,2-cyclohexanedione bis(phenylhydra- 
zone)” (7.2 g, 20 mmoles) was introduced portionwise, with stirring, during 5 min. 
Stirring was continued for an additional 10 min, 10 g _of decolourizing carbon was 
then added, the suspension was stirred at 85O for 5 min and filtered while hot, and 
the insoluble material washed with warm, 5M acetic acid (50 ml). After the combined 
filtrate and washings had cooIed, the precipitated mercury(I) acetate was collected, 
and the dark iiltrate was treated with additional decolourizing carbon (5 g). The 
almost clear tiltrate was passed through a column of Amberlite IR-120(Hf) resin 
(150 ml), which was then washed with water (600 ml); the eluate should not produce 
turbidity with methanolic phenylhydrazine solution [a very sensitive test for 
mercury(I) and (II) ions]. The eluate was mixed with gIacia1 acetic acid (50 ml), 
coricentrated at 60” to 120-150 ml, and cooled to give the title compound (700 mg), 
m-p. 276-277”. Concentration of the mother liquors and cooling gave more product 
(total 2.1-2.5 g, 4047%). Recrystallisation from methanol gave material having 
m.p. 277-278”, AZ;:” 273 nm (E 34.2); lit.3 m-p. 278-282” (dec.). 

When prepared in a similar manner, the D form had m-p. 234235”, [aIf: + 108” 
(c 0.2, pyridine), and the L form had m.p. 233-234”, @Ii5 - 105” (c 0.18, pyridine). 

Ester deriuafiuex - A mixture of the foregoing DL-OsotriazoIe (0.1 g), acetic 
anhydride (5 ml), and pyridine (1 ml) was stirred at 95” until dissolution was complete 
(2 min), and then kept for 2 h at room temperature. Decomposition with ice-water, 
followed by recrystallisation of the precipitate from 80% aqueous ethanol (carbon), 
gave the tetra-acetate as colourless needles (0.15 g, 70%), m.p. 193-195”, AzgH 274 nm 
(E 31.5); lit.3 m.p. 194-195”. 

In a similar manner, the following esters were prepared*: D-tetra-acetate, 
m-p. 146-147” (from 80% methanol), c$‘” 272 run (E 31-l), [oiJL5 -23” (c 0.02, 
chloroform); L-tetra-acetate, m.p. 145-146”, [a]~’ +21”; DL-tetrapropionate, m.p. 97- 
98” (from 80% ethanol), AE:i;“” 272 nm (E 31.2); DL-tetrabutyrate, m.p. 103-104” 
(from 90% ethanol), ;Zzz* 273 nm (E 29.6); DL-tetraisobutyrate, m-p. 145-146“ 
(from methanol), 2::” 273 nm (E 29.4); DL-tetraisopentanoate, m.p. 120-122” 
(from methanol), AzH 273 run (E 29.2) ; DL-tetrahexanoate, m-p. 80-81” (from 
methanol), etiH 273 nm (E 29.1); DL-tetrakis(trimethylacetate), m-p. 273-275” 
(from methanoi;, ezH 273 run (E 29.5). 

*All new compounds gave satisfactory elemental analysis. 
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The tetrabenzoate, prepared conventionally with pyridine and benzoyl chloride, 
had m.p. 260-262’ (from aqueous ethanol), A,,, MeoH 232 (E 55.7) and 277 nm (E 32.6). 
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