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mmol scale, all reactions were carried out on a 100 mmol scale as 
described in the general procedure. b All yields were determined by 
isolation (distillation or recrystallization). CIn this case 1 equiv of 
NaOH was added to titrate the acidic proton. d Several different 
modifications of the Hofmann and Milas procedures were also tried 
on these two trisubstituted olefins. The best yield of diol obtained 
with an H,O, based reagent (Milas) was -10%; ketol (-20%) was al- 
ways the major product. With these olefins our reagent gave a diol 
to ketol ratio of -1O:l). The ClO,-based methods (Hofmann) all 
gave principally recovered olefin and bad mixtures of oxidation 
products in trace amounts. e As in noted above, various modifica- 
tions of the Hofmann and Milas procedures were also explored with 

Table 1.0 Diols from Olefins with tert-BuOOH, OsO,, and Et,NOH 
N.Y. Acad. Sci., 171, 139 (1970). 

% yieldb 
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Osmium Catalyzed Vicinal Hvdroxvlation of Olefins bv 
tert-Butyl Hydroperoxide under Alkaline Conditions " 

Sir: 

this substrate. However, the tetrasubstituted olefin was completely 
inert to these reagents and was recovered unchanged. 

A better means for direct cis dihydroxylation of olefins is 
needed. The existing methods'*2 all have rather serious limi- 
tations, especially when large-scale reactions a re  consid- 
ered. The reaction of an olefin with a stoichiometric quanti- 

priate reductive hydrolysis, is without doubt the most reli- 
able procedure2b*c for effecting this transformation. How- 
ever. the great e x ~ e n s e ~  of osmium limits the use of this 

Table 11. 

fl- =OH + 3 
"OH OH 
2 3 

ty of osmium tetroxide in pyridine, followed by the appro- 1 

Ratiob of 
diol 2 to % 

method a n i  has bekn responsible for the development of al- 
ternative procedures wherein osmium is employed catalyti- 
cally. The  two popular catalytic systems rely on metal chlo- 
rates (Hofmann)2a or on hydrogen peroxide (Milas)2dqe-f as 
the stoichiometric oxidant. With certain types of olefins 
both the Hofmann and Milas reagents give rise to over-oxi- 
dation products (e.g., ketols and compounds resulting from 
cleavage of the carbon-carbon bond). W e  reasoned that 
such by-products might be suppressed under alkaline condi- 
t i o n ~ ~  which would favor rapid hydrolytic removal of the 
diol from the coordination sphere of the osmium. 

W e  found that whereas alkaline solutions of hydrogen 
peroxide decomposed violentlyS (oxygen evolution) in the 
presence of 0 ~ 0 4 ,  solutions of tert- butyl hydroperoxide6 in 
the presence of base and o s 0 4  were stable. These latter so- 
lutions were allowed to react with a variety of olefins to give 
good yields of vicinal diols (Table I) .  

As shown in Table I1 for (E)-4-octene ( l ) ,  this new re- 
agent (case 1 )  gives more diol and less ketol than the Milas 
(case 3) or Hofmann (case 4) reagents. Case 2 reveals that 
the presence of base (Et4NOH) is essential to  the success of 
this new reagent. 

General Procedure. A 500-ml one-necked, round-bot- 
tomed flask was charged with 200 ml of reagent grade tert- 
butyl alcohol, 15 ml of 10% aqueous Et4NOH' (ca. 10 
mmol), and 100 mmol of olefin. This solution was cooled* 
to ca. 0' by stirring in an ice-salt bath and 18 ml (ca. 160 
mmol) of 90% tert-butyl hydroperoxideg was added, fol- 
lowed by 10 ml of 0.5% o s 0 4  in tert-butyl alcohollo (ca. 
0.2 mmol). The resulting brownish purple solution was 
stirred for 2 h a t  0' then stored in a refrigerator (0-5O) 
overnight. At  this point the solution was either pale yellow 
or colorless, and 100 ml of 5% aqueous N a H S 0 3  was added 
and the mixture was allowed to warm to room temperature 
while stirring. This mixture was concentrated on a rotary 
evaporator to remove most of the tert-butyl alcohol and 
water, and the resulting residue was extracted with ether. 

Condition9 ketol 3 yield 

1. rert-BuOOH, tert-BuOH, H,O, Et,NOH, 0" 10 73 
2. tert-BuOOH, tert-BuOH, H,O, 0" 0.5 <1oc 
3. HzOz, tert-BuOH, H,O, 0" 0.6 <20c 

4. KClO,, dioxane, H,O, 50" ?d <5 C 

(Milas reagent) 

(Hofmann reagent) 
a A catalytic amount (0.2%) of OsO, was used in each case. b We 

have found that yields of vicinal diols such as 2 cannot be deter- 
mined by GLC due to great (30%) fluctuation in response factors. 
Thus the GLC determined ratios of diol to ketol reported here are 
of only qualitative importance. C In these three cases yields were 
estimated by GLC; the large amount of ketol and other by-products 
made it impractical to isolate pure diol. d In this case the GLC trace 
was too complicated (four overlapping peaks) in the diol-keto1 
region to allow determination of the ratio. 

The organic extract was washed with saturated brine, dried 
(MgS04),  and concentrated to afford the crude diol prod- 
uct. Purification was effected either by distillation or re- 
crystallization. 

Except in those circumstances where the molecule is sen- 
sitive to base, this new procedure for cis dihydroxylation of 
olefins generally affords better yields than the existing 
methods's2 for this transformation. In rhe case of mono- and 
disubstituted olefins the advantage of this new reagent is 
most apparent when the olefin (e.g., 4-octene and a-methyl 
styrene) is sensitive to over-oxidation; with less sensitive 
olefins (e.g., cyclohexene and 1-decene) the yields are  com- 
parable to those reported using the Hofmann and Milas re- 
agents. However, in the case of tri- and tetrasubstituted ole- 
fins this new reagent is clearly superior to the Hofmann and 
Milas methods. These latter reagents often fail completely 
(e.g., case 1 1 ,  Table I )  with these more substituted olefins 
or they give only poor yields (e.g., cases 8 and 9, Table I )  of 
ketol and diol products. Since it has been shown that the 
rate of reaction of osmium tetroxide with olefins is en- 
hanced by increased alkyl substitution,' ' the low reactivity 
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of tri- and tetrasubstituted olefins toward the Hofmann and 
Milas reagents is interesting. It seems likely that the osmate 
esters generated from highly substituted olefins could be 
slow to hydrolyze, thus creating a bottleneck in the catalytic 
sequence. The  basic conditions used with our reagent proba- 
bly facilitate hydrolysisI2 of such hindered osmate esters 
and enable a more rapid turnover of the osmium ~ a t a 1 y s t . l ~  
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Free Energies of Hydration and Hydrolysis of 
Gaseous Acetamide 
Sir: 

Despite widespread interest in the biochemical properties 
of the acylamido function in aqueous solution,. there seems 
to be little thermodynamic information about the strength 
of interaction between amides and solvent water. An abso- 
lute measure of the hydrophilic character of a solute is pro- 
vided by its equilibrium of distribution between dilute solu- 
tion and the dilute vapor phase, in which intermolecular 
forces a re  absent. This is to report that the hydrophilic 
character of acetamide, which is apparently the first amide 
t o  have been studied in this way, far surpasses that of other 
simple uncharged organic compounds which have been 
measured before. ' .2 

Initial attempts to measure the partial pressure of aque- 
ous acetamide by conventional methods were in vain. Anal- 
ysis by mass spectrometry showed that acetamide was not 
present a t  detectable levels (ca. Torr) in samples re- 
moved from the gas space over stirred solutions of acet- 
amide (1 M) in water a t  25'. I t  was therefore necessary to  
resort to a dynamic technique, similar to that first devel- 
oped by Shaw and Butler3 for use with more volatile so- 
lutes, and use radioactivity as  a means of detection. 

In a typical experiment, water-pumped nitrogen was 
passed (at  a rate of 40 ml/min) through a glass train con- 
sisting of a series of three wash bottles with fritted glass 
disks, each containing 100 ml of acetamide-l-I4C (0.01 M, 
0.03 Ci/mol) in dilute K O H  (0.01 M). The alkali was 
added to  trap acetic acid, which was found to be generated 
in trace quantities during long-term experiments. Continu- 
ing through a spray trap, the effluent gas then passed 
through a second series of three wash bottles, each contain- 
ing water (150 ml). At intervals, samples were removed 
from these traps for analysis of radioactivity accumulated 
as  a function of the volume of gas passed through the train. 
Of the radioactivity transferred, more than 96% appeared 
in the first two receiving vessels, indicating the efficiency of 
the trapping system. The chemical nature of the radioactive 
substance transferred was determined by measuring its dis- 
tribution coefficient between water, containing either HCI 
(0.05 M) or K O H  (0.05 M), and 1-octanol a t  25'. In both 
acidic and basic systems, the radioactive substance exhib- 
ited K d  = 0.070 toward octanol, identical with values mea- 
sured with samples of authentic acetamide in separate ex- 
periments (and similar to a value extrapolated from the ob- 
served behavior of butyramide4). In contrast, the possible 
contaminant acetic acid gave Kd = 0.60 from 0.05 M HCI 
to octanol, and Kd 5 0.001 from 0.05 M K O H  to octanol 
(consistent with literature values4). 

The rate of transfer of radioactive acetamide was found 
to  be proportional to the rate of flow of gas, and to the con- 
centration of radioactivity in the equilibrating vessels. The  
rate was unaffected by varying the concentration of nonra- 
dioactive acetamide in the equilibrating vessels in the range 
from 0.001 to 0.01 M (consistent with the known monomer- 
ic nature of acetamide in water5), or by increasing the vol- 
ume and number of equilibrating vessels containing ra- 
dioactive acetamide in solution (indicating that equilibra- 
tion was complete under these conditions). The observed 
rate of transfer corresponded to an absolute distribution 
coefficient of 7.6 X (with a standard deviation of 2.5 
X lod8 in eight experiments) from water to the vapor phase 
a t  25'. 

The most hydrophilic of simple organic compounds stud- 
ied previously, acetic acid, gave & = 1.1 X for distri- 
bution from aqueous solution (0.05 M) to the vapor phase 
by the present method, in good agreement with earlier de- 
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