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the filtrate was warmed and evaporated under reduced pressure. A chloroform solution 
of the residue was washed with dilute sulphuric acid and then with dilute sodium car- 
bonate solution. The solution was dried (sodium sulphate) and evaporated. The residue, 
a yellow oil, distilled under reduced pressure, yielded an almost colorless oil (230 mg), 
b.p. 70-72"/10-l mm, showing strong absorption a t  1644 cm-I in the infrared. Anal. 
Calc. for CI3H170N: C, 76.81; H, 8 . 4 3 ; E ,  6.89. Found: C, 76.98; H, 8.43; N, 6.84. 
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SCISSION OF STERICALLY HINDERED vic-DIOLS* 

The scission of vic-diols by lead tetraacetate (1) and periodic acid (2, 3) is strongly rate 
dependent on the stereochenlistry of the glycol group attacked. This property has led to 
the view (4), now generally accepted, that the reaction usually involves formation of a 
coplanar cyclic intermediate complex between the glycol and oxidant. Complexing of this 
type is unlikely to occur if the projected valency angle of the glycol group is held rigidly 
in the region of 120-180" ( 5 ,  6, 7). Such a steric arrangement is found in several com- 
pounds that contain a trans-glycol group situated in a fused or bridged ring system, and 
the fact that these cornpounds fail to react with lead tetraacetate or periodate is in 
excellent agreement with the concept of the cyclic intermediate.$ In this group of sterically 
hindered glycols are 1,6-anhydro-fi-~-glucofura1~ose and -a-D-galactofuranose (8), the two 
trans-2,3-camphanediols (9), cholestane-3fi,6fi,7a-triol (lo),  4,6-0-benzylidene methyl 
a-D-altropyranoside (11), and 2,6-anhydro-fi-D-fructofuranose (12). 

Steric effects that are strongly evident for oxidations with lead tetraacetate in acetic 
acid were noted by Hoclcett and Mowery (13) to be much less marked when pyridine was 
used as solvent. This observation suggested that the steric requirements for lead tetra- 
acetate oxidation are less critical in pyridine than under the more usual reaction conditions, 
and prompted us to test the stability of the sterically hindered glycols towards lead tetra- 
acetate in pyridine. Several of these compounds have now been esamined and found, in 
fact, to be oxidized readily (Table I). That  the reactions constitute true glycol cleavage 
is indicated by the degradation of 4,6-0-benzylidene methyl a-D-altropyranoside (I)  (as 
well as the corresponding D-glucoside) to the dialdehyde isolated, as the hemialdal hydrate 

*Issued as 1V.R.C. No. 6973. 
tNational Researclz Council of Canada Postdoctorate Fellow, 1068-1060. 
$Trans-9,10-Decalindiol also appears unable to at tai?~ sz~ch a transition state 6z~l i s  nevertlzeless oxidized by 

lead tetraacetalc, possible via a n  acyclic pathway (7) .  However, this conzpound resists attack by periodate (10). 
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NOTES 

T A B L E  I 
Scission o f  vic-diols b y  lead tetraacetate in pyridine (moles o f  oxidant consumed/mole 

a t  0" C )  

2,6-Anhydro-8-D-fructofuranose trans-2-Exo-3-endo-camphanediol* 
T i m e  

( m i n u t e s )  ( 2  mo1es)t (4.5 moles)  ( 3  moles )  (4.5 moles)  

4,6-0-Benzylidene methy l  a-D-glycopyranoside 

( 5  moles)  

E t h y l  8-D-fructofuranoside and derivatives 

1,6-Di-0-trityl-f 1,6-Di-0-tosyl- Glycosidef 

(1.6 moles)§ ( 5  moles )  (1.7 moles)§ (2.0 moles)  

*Closely similar data were obtained for the 2-endo-3-eso-isomer. 
?Figures in parentheses give the number of moles of lead tetraacetate used per mole of substrate. 
$Closely similar data were obtained for the a-anomer. 
$Temperature, 25' C. 

(11) (14), formed by periodate oxidation of 4,6-0-benzylidene methyl a-D-glucopyranoside* 
(14, 15, 16).f 

A nornlally "slow" diol (17), trans-l,2-cyclopentanediol, was very rapidly oxidized, the 
observed uptake being 0.9 to 1.0 mole of lead tetraacetate per mole in 5 minutes reaction 
time, irrespective of whether the excess of oxidant used was 0.25, 1.0, or 3.0 moles per 
mole. By contrast, the rate of oxidation of the hindered diols fell off sharply a t  well below 

*4,6-0-Benzylidene methyl a-D-glucopyranoside i s  oxidized at a n  unuszlally slow rate by periodate (11,16).  I t  
also i s  extremely resistant to attack by lead tetraacetate i n  acetic acid, a Property that i s  exhibited also by e,e trans- 
diols situated on  1,4-bonded central uni ts  of oligosaccarides (18). I n  pyridine, however, the benzylide7ze derivative 
i s  rapidly oxidized by lead tetraacetate (Table I and E.tperime?ttal section). 

tcholestane-38,68,7a-triol (10)  (a  sample of wlzich was kindly provided by Prof. S. J .  Angyal)  i s  more resistant 
to oxidation than the other co?npounds examzned: the observed rate of lead tetraacetate uptake (mole/mole(min)) 
was 0.34 (16), 0.66 (go), and 0.80 (360). This  result contrasts strongly with the behavior of I (Table I ) ,  which 
also contains a diaxal glycol group, and may  be related to the greater rzgidity of ring B in the clzolestane derivative 
than of the pyranoside ring zn I .  
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the theoretical level if an excess of only 1 to 2 inoles of lead tetraacetate was used (Table 
I ) .  With an excess of 3 to 4 illoles the data were much inore satisfactory (Table I) .  The 
marked drop in reaction rate a t  the lower level of coilceiltratioil may possibly be related 
to Criegee's suggestioil (4) that acetic acid, formed in the reduction of lead tetraacetate 
to the diacetate, can depress the rate of oxidation in a solveilt other than acetic acid 
by a mass-action effect. Such an effect nrould be most readily apparent with the   no st 
highly hindered glycols. 

Although the stoichiometry of the various reactions examined is close to the theoretical 
value under suitable conditions, slow overoxidation is always evident (Table I ) .  Because 
of this 11011-specific overoxidation several hydroxylated compounds, other than l,2-glycols, 
mere examined. In this group were 1,2,3,.1- and 2,3,.1,6-tetra-0-acetyl-D-ficopyranose; 
1,3-dihydroxypropane; 1,3-dil1ydroxy-2,2-dirnethylpropa1le; pentaerythritol; 1,6-dihy- 
droxyhexane; 2,5-dihydroxyhexane; and 1,3,6-trihydroxyhexane. Of these compounds, 
oilly 1,3-di11ydrosypropane was attacked to a significant degree during the period of 1 to 
2 hours (Table I)  required for complete oxidation of the hindered glycols, the consun~ption 
in 2 hours reaction time being 0.12 mole of lead tetraacetate per mole. \\'ith a more 
prolonged oxidation period (8 to 24 hours), several of the compounds reduced a small 
proportion of oxiclant (0.1 to 0.2 n~ole/mole), and with pentaerythritol the consumption 
reachecl a value of 0.6 mole/mole in 24 hours. I t  is clear, therefore, that in testing for the 
presence of a 1,2-diol group in an unkno\irn compound with lead tetraacetate in pyridine, 
prolonged reaction periods should be avoided. 

Pyridine is particularly suitable for the glycol-cleavage oxidation of certain classes of 
coi~~pounds which might be unstable or poorly soluble in illedia used more coinnlonly. 
Hockett and co-worlters (13, 10) first employed this solvent for lead tetraacetate osidatioil 
of sucrose and trityl ethers of methyl D-ai-abop>.ranoside, compounds unstable in acetic 
acid. Similarly, n-e have found these conditions of oxiclation useful for determining the 
structure of trityl- and tosyl-derivatives of ethyl a- and p-D-fructofuranoside (12). The 
1,6-ditrityl ether of these glycosides exhibited behavior that is characteristic of the highljr 
hindered diols described above, in that their oxidation rates clropped sharply when a 
small excess of lead tetraacetate mas used (Table I ) .  As shown b). Smith and co-worlcers 
(20), periodate oxidation may be inhibited when a trityl or phenyl group is in close 
proximity to the vic-diol, the effect being attributed to steric interferei~ce. However, 
interference by bulky substituents does not appear to account fully for the retarded 
oxidation rate of the ditrityl-D-fructofuranosicies, because the corresponding 1,G-ditosyl 
derivative reacts readily and quantitatively (Table I) .  

EXPERIMENTAL 

Lead tetraacetate was dried in vacuo over solid po t a s s i~~~ l l  h~,droxide, and pyridine 
was freshly distilled over solid potassiuin hydroxide. 

~Veasurement  of Lead Tetraacetate Ufitake 
The stopping solution (1) used (per milliliter of reaction mixture) contained potassiuin 

iodide (1.0 g) ,  sodium acetate (2.7 g, anhydrous) in water (10 1111). Acetic acid (3 ml) was 
added to the stopping solution immediately before an aliquot of the oxidation mixture 
in order to complete the liberation of iodine. A bulky yellow precipitate is formed when 
lead tetraacetate in pyridiile is mixecl ivith the stopping solutioi~; determination of the 
iodine with thiosuiphate was facilitated by adding starch indicator a t  the outset, the 
suspension being titratecl until the pea-green color was discharged. 
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111 a typical experiment, 2,G-anhydro-p-D-fructofuranose (13.0 mg) in pyridine (4 ml) 
was treated a t  0" C with a solution of lead tetraacetate (160 n ~ g )  in pyridine (6 ml). (The 
solution of lead tetraacetate in pyridine is deep bro1vn in color, and the intensity of the 
color diminishes as oxidant is used up.) At chosen intervals, I-ml portions of the reaction 
mixture were transferred to the stopping solution, and the liberated iocline was titrated 
immediately with thiosulphate. 

Oxidation of 4,6-0-Benzylidene Methyl a-D-A-lltropyranoside (I) 
To a solution of the benzylidene glycoside (282 ing) in pyridine (15 ml), lead tetraacetate 

(1.32 g) was added. After 25 minutes a t  room teinperature the reaction mixture was 
treated with oxalic acid dihjdrate (4.0 g) and a few drops of water. The precipitate was 
filtered off, the filtrate concentrated in  ~ a c z ~ o  a t  45" C, and the residue obtained was 
taliell up in hot aqueous acetone. A crystalline product (201 111g) was deposited froill the 
cooled solution, and after recrystallization from aqueous acetone the product I1 (14) had 
a melting point of 130-133" C and [or]A7 +G2.8" (c, 1.9, pyridine). Calculated for 
C14H180i.H?O: C, 53.16%; H ,  6.37%. Found: C, 53.23y0; H ,  6.44%. 

On treatment with hot phenylhydrazine acetate the product yielded glyoxal bis-phenyl- 
hj-drazone, n1.p. 164-1 66" C,  unclepressed. 

The above hemialclal hydrate furnished a b is -c~~clo l~ex)~la i~~i i~e  derivative (14) with a 
melting point of 115-117" C and [or]A7 -32.6" (c, 1.2, pyridine). Calculated for CzoH3804N2: 
C, 70.55%; H ,  8.65%. Founcl: C, 70.48%; H ,  8.86%. 

0.vidation of /,,6-0-Bewzylidene Methyl a-D-Glz~col>yranoside 
The benzylidene gl;\cosicle (282 mg) was treatecl in pyricline (10 ml) with lead tetra- 

acetate (618 mg) for 15 minutes a t  room temperature. Excess oxidant n-as reduced with 
o d i c  acid, ancl the reaction misture was 11-orl;ecl up, affording compound I1 (14), 111.p. 
130-133" C, undepressed, and [or];' +G3.0° ( c ,  1.8,p;\ ricline). Calculated for C14H1807. H?O: 
C, 33.16%; H ,  6.37%. Found: C, 53.54%; H ,  6.16%. 

On treatment u-it11 hot phen~.lhydrazil1e acetate the product yielded glyoxal bis-phenyl- 
11)-clrazone, n1.p. 164-1 GGO C, undepressed. 

The derived bis-c~~clohexylan~ii~e derivative (14) hacl a melting point of 115-117" C, 
undepressed and [or]: -31.9" (c, 1.2, p).ridine). Calculated for CPGH3804N2: C,  70.55%; 
H ,  8.G5%. Found: C, 70.36%; H ,  8.39%. 

The X-ray powder diagraius obtained from the above heinialdal hydrate and its 
bis-cyclol1esylai11ille derivative 11 ere indistinguishable from the corresponding materials 
obtained from 4,6-0-benzylidene meth).l or-D-altropyrrunoside. 

The authors gratefully acknowledge a gift of trans-2-exo-3-endo- and -2-endo-3-exo- 
camphanediol from Prof. S. J .  Ang).nl, ancl of 4,G-0-benzj~lidene methyl or-D-altropyrano- 
side from Dr. A. C. Keish. They also t h a ~ l i  Mr. J .  W. L. C. Christ for technical assis- 
tance. ;\Iicroanalyses xere performed by 1Ir.  311. i\~lazurek and X-ray powder diagrains 
n ere prepared by i\iliss Inez Gaffney. 
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