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The Preparation of Some Fully Acetylated Aldonic Acids and Nitriles' 
BY K. LADENBURG, M. TIEWER, J. W. WELLMAN AND R. D. BABSON 

Fully acetylated aldonic acids may be prepared 
from the corresponding aldoses by the methods of 
Major and CookZ and of Hurd and Sowden' or 
from the corresponding aldonic acids or lac- 
t ~ n e s . ' J ~ ~ ~ ' ~ *  The choice of a suitable procedure 
for the preparation of an acetylated aldonic acid 
would depend on the relative availability of the 
aldose and the corresponding aldonic acid. Ordi- 
narily the aldoses are more readily available as 
startang materials than the aldonic acids, but for 
reactions where the glyconic acid is accessible, the 
method of widest application is that reported by 
Robbins and Upson6 which involves the series of 
reactions: aldonic acid + lactone ---f acid amide 
--f acetylated amide + acetylated acid. 
In search for a simple and direct method for 

preparing tetraacetyl-d-ribonic acid we applied 
the method of Robbins and Upson,b consisting of 
acetylating free aldonic acids to d-ribonic acid. 
Aside from the diEculties in preparing d-ribonic 
acid, this procedure gave poor results. The de- 
sired acetylated acid was obtained in 15% yield 
along with triacetyl-d-ribonolactone and an in- 
tractable oil. As triacetyl-d-erythronic acid may 
be prepared from potassium erythronate and 
acetyl ch l~r ide ,~  we subjected the potassium d- 
ribonate to the same reaction with .poor results. 
However, the nature of the acetylating agent as 
well as the nature of the cation seem to play im- 
portant roles in this type of acetylation reaction. 
A mixture of acetic anhydride and hydrogen chlo- 
ride was found to be au excellent acetylating agent 
and when used with cadmium ribonate, tetra- 
acetyl-d-ribonic acid was obtained in 85% yield. 
In a similar manner cadmium arabonate was also 
converted to the fully acetylated aad  in the same 
yield. 

The importance of the nature oi the cation in 
the acetylation is borne out by the yields o tained 
with the following salts of d-ribonic acid : J a ,  4% 
Ca, 22%; R, 25%; "I, 46%; and Cd, 85%; 
The striking dzerences in -yields among these 
salts may be related to the ease with which the 
cation is neutralized I$ the stronger inorganic 
acid and to the activity of the resulting salt as a 
promoter of acetylation. 

As to the mechanism of the acetylation reac- 
tion, the following facts must be considered. Tri- 
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acetyl-d-ribonolactone is formed in good yields 
when d-ribonolactone is acetylated with acetic 
acid and hydrogen ehloride. Free d-ribonic acid, 
as stated prewously, does not form the fully 
acetylated acid in significant amounts. Salts of 
ribonic acid lead to triacetyl-d-ribonolactone when 
acetylated with acetic anhydride and zinc chlo- 
ride. 

Although many methods are now known for 
preparing the acetylated aldonic acids, only one"Q 
exists for the synthesis of the fully acetylated d- 
donic nitriles. As this well-known method starts 
with aldoses, a general scheme which utilizes the 
sugar acids is of importance. Zempldn and 
prepared ad-hexaacety lucoheptonic nitrile from 
the cotresponding ami 3 e by dehydration with 
phosphorus oxychloride. We have found that 
this method can be applied to the fully acetylated 
gluconamide, ribonamide, and arabonamide. This 
procedure, undoubtedly, has wide application and 
should find utility in those instances where the 
sugar acids are readily available. 

Experimental 
Salts of d-Ribonic Acid.-The barium and calcium salts 

were prepared by treating a hot water solution of d-ribono- 
lactone with barium or calcium hydroxide, removing the 
excess base by treatment with carbon dioxide, concentrat- 
ing the resulting solution and adding methanol. Potas- 
sium ribonate was made similarly in methanol and crystal- 
lized by removing moat of the methanol by distillation. 
Ammonium ribonate was made in water, heated, concen- 
trated, and the residue recrystallized from water and 
methanol. 
Acetylation of Cadmitnn d-Ribonate, Tetraacetyl-d- 

ribonic Acid-A suspension of 50 g. of dry cadmium 
n i n a t e  in 260 cc. of acetic anhydride WBS cooled to  10' 
and dry hydrogen chloride was passed through the suspen- 
sion with stirring until the mixture was saturated with 
hydrogen chloride. The temperature of the reaction 
mixture was raised to 60' and maintained for one hour. 
The mixture was concentrated in vacuo and the residue 
slurried with about 300 cc. of ice-water to dissotve the 
inorganic salts. A good quality product (m. p. 137-139') 
was obtained by dltering the mixture and washing with 
cold water yield 85%.(64.5 g.). 

Tetrsscetyl-d-ribonrc acid IS sparingly d u b k  in cold 
benzene, ether, water and acetic acid. It may be recrystal- 
lized from hot acetic acid from which it separates as 
needles melting, when pure, a t  13%140°; [CY]"D - 27.5' 
(C, 5% in acetic acid). 

Anal. Calcd. for C18H18010: C, 46.71; H, 9.43. Found: 
C, 46.50; H, 6.20. 

The other salts of d-ribonic acid were acetylated and 
worked up in the Same manner. 

Tetraacety1-J-uabonic Acid-Cadmium arabcmate (pre- 
pared from ambornlactone and cadmium hydrmide) )pps 
aeetyhted in the same way as codtn i  ribonate. Tke 
yield of e c e t y h t d  acid (m. p. lab138') was 86%. 

d-Ribonic Acid-We were unable to prepare d-ribonic 
acid by the procedure of Robbins and Upson' used for 
arabonic add and other free acids. The following method 
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works well: A mixture of 10 g. of potassium tibonate and 
80 cc. of glacial acetic acid was heated a t  60" for twenty 
minutes. The mktard was filkered and kept n t  16' for 
three hours. The resulting acid (6 g.), m. p. 11U-112°, 
was purified by recrystallization from methanol (m. p. 
112-113'). 

Anal. Calcd. for C&IIOOS: C, 36.15; H, 6.07. Found: 
c, 36.33; H, 6.25; JCY]*'D -17.0' (c, 4% in water); 
Ial% -17.3' (C. 4% rn methanol). 

d-Ribonic acid is &table at room temperature as indi- 
cated by a lowering of the melting point of several degrees 
after twentyfour-hour storage. Acetylation of the acid 
by the procedure of Robbins and Upsons gave tetraacetyl- 
d-ribbnic acid (15%), triacetyl-d-ribonolactone (about 
10%). and an intractable oil. 

Triacetyl-&ribonolactone.-Dry hydrogen chloride was 
passed into a suspension of 20 g. of d-ribonolactone in 100 
cc. of Acetic anhydride at  10' until saturation was com- 
plete. The solution WBS heated to 50' for one hour and 
then concentrated to dfyness under reduced pressure. 
The residue was recrystallized from a mixture of acetic 
acid and water; yield 88% (81.5 g.), m. p. 51-56'. 

Anal. Calcd. for Cl tHllq:  C, 48 17; H, 5.15. Found: 
C, 48.36; H, 5.44; [ P ] ~ s ~  + 27' (C, 2y0 in chloroform). 

Tetrahcetyl-d-ribonitrile.-A mixture of 5 g. of tetra- 
acetyl-d4mnamide, 6 g. of phdsphorus oxychloride and 
20 cc. of alcohol-free chloroform+wris refluxed for three 
hours. The cooled @utios was cautiously stirred into 50 
cc. of ice-water and the organic layer separated. The 
aqueous fraction was extracted with three 20-cc. portions 
of chloroform and the combined chloroform extracts were 
washed with ice water and aqueous sodium bicarbonate 
solution. After drying over anhydrous sodium sulfate, 
the chloroform was removed completely by distillation 
in vacuo and the crystallbe residue was recrystallized 
from 10 cc. of ether; weight 4.4 g., melting at 66-68". 

A second recrystallization from ether or methanol gave 
analytically pure product melting a t  71-72'. Anal 
Calcd. for CaIHl,qN: C, 49.62; H, 5.39; N, 4.44. 
Found: C, 49.58; H, 5.37; N, 4.51; [ a I z s D  4-34.45' (C, 
3% in chloroform). 

Tetraacetyl-d-arabononitrile was prepared by heating 
the acetylated amide with 3 parts of phosphorus oxy- 
chloride at 80' for thirty minutes. The product was iso- 
lated by removing the phosphorus oxychloride under 
reduced pressure, dissolving the residue in chloroform and 
washing the latter with ice watet to remove acidic constitu- 
ents. From this point on, the procedure described above 
was used. From 10 g. of amide, 9 g. of product (94% 
yield), melting at  116-118' was obtained. Recrystalliza- 
tion from benzene gave an analytically pure product 
(m. p. 120-121"). Anal, Found: C, 49.66; H, 5.61; 
N, 4.29; [ C ~ ] * ~ D  -3.5" (in chloroform). 

Pentaacetyl-d-gluconitrile was prepared in the same 
manner as was tetraacetyl-d-arabononitrile; yield of pure 
nitrile 89% (m. p. 84-85'), 

We are indebted to Drs. R. T. Major and J. R. 
Stevens €or their interest and valuable suggestions. 

summary 
1. The direct acetylation of salts of d-ribonic 

acid and d-arabonic acid to the corresponding 
fully acetylated acids is described. 

2, Acetylated aldonic amides may be con- 
verted to the corresponding nitriles in excellent 
yields by the action of phosphoryl chloride; this 
step constitutes a general method for preparing 
f d y  acetylated aldonic nitriles. 
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The Effect of Bases on the Hydrogenation of Alkylphenols in the Presence of Raney 
Nickel 

BY HERBERT E. UNGNADE AND DOROTHY V. NIGHTINGALE 

It has been shown previously that small 
amounts of 40% aqueous sodium hydroxide will 
promote the hydrogenation of ortho disubstituted 
alkylphenols, p-phenylphenol and acylphenols in 
the presence of Raney nickel. The behavior of 
simple alkyl phenols was anomalous since aqueous 
alkali did not appreciably affect their hydrogena- 
tion. 
Further investigation has shown that phenol 

and alkylphenols are hydrogenated more rapidly 
and at  lower temperatures when a small amount 
of the corresponding phenoxide is present during 
the hydrogenation. This effect is masked by 
water, which hinders the hydrogenation, and thus 
could not be observed with aqueous base. 

The hydrogenations were carried out as de- 
scribed previously, with carefully purified com- 
pounds. Sodium or sodium hydroxide was added 
to the hot melted phenols. After the reaction 
was complete, 3 g. of Raney nickel catalyst2 was 

(1) Ungnade and McLaren, Tms JOURNAL, 66, 118 (1944). 
(2) The catalyst WM dried by blotting with filter paper. Portions 

of catalyst were used from the same preparation within a short 
period of time in order to minimize the effect of age All catalysts 

added to the hot liquid and mixed thoroughly. 
The mixture was immediately hydrogenated at  
130-150 a t m a  

The ease of hydrogenation (or activity of the 
catalyst) was determined by observing the tem- 
perature of initial hydrogen absorption and by 
comparison of the isothermal rates. The relative 
order was the same for both methods. 

The hydrogenation products were washed from 
the liner with benzene aqd then distilled under 
atmospheric pressure through a one-foot column 
packed with F'yrex helices. The constants of the 
cyclohexanols are given in Table I. The yields 
were quantitative except for mechanical losses. 

The results of fourteen hydrogenations carried 
out at 100' with 0.53 mole of phenol each show 
the following: 

A quantitative conversion to cyclohexanol can 
be accomplished in 0.6 hr. with 0.4 mole % of so- 
were found to change in activity with time, The activity decreased 
most rapidly when the catalyst was stored under 95% ethanol, least 
rapidly when absolute alcohol was used. 

(3) The catalyst WM partially inactivated if the mixture was al- 
lowed to stand at this point. 


