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The experiment was repeated as above with the following 
modification. Instead of separating the phenylhydrazine 
derivative on the basis of its solubility in alcohol into 
fractions A and B, the product was recrystallized from boil- 
ing distilled water. The material obtained was dried first on 
porous tile and second under reduced pressure, 3 mm., at  
room temperature; Formula XIV-HzO. 

Anal. Calcd. for CtJ3s20&10.2H,0: C, 60.26; H, 6.25; N, 
15.60. Found: C, 60.04; H, 5.98; N, 15.77. 

The reaction of diethyl acetonedicarbozylate with n-xylose 
in coneenlrated hydrochloric acid at 0'. To a solution of 3 g. of 
xyloee in concd. hydrochloric acid a t  Oo, 2 ml. of diethyl 
acetonedicarboxylate waa added with stirring. The mixture 
waa placed in a refrigerator and allowed to stand for 3 days, 
then the calculated amount of sodium acetate was added 
to neutralize the hydrochloric acid. The mixture was shaken 
with ether and petroleum ether to remove any unchanged 

ester. The product in the water layer was converted to a 
phenylhydrazine derivative in the usual way. The precipi- 
tate was dissolved in alcohol and reprecipitated with d i s  
tilled water. The precipitate was filtered and ,dried in a 
desiccator, m.p. 176"; Formula (XV). 

Anal. Calcd. for ClJ3wOsNl~.2Hn0: C, 60.26; H, 6.29; N, 
15.60. Found: C, 60.14; H, 5.95; N, 15.91. 

Further work is in progress with other reagents having 
active alpha carbon hydrogen adjacent to a carbonyl or other 
appropriate group, with the aldoses, ketoses, and dialdehyde 
monoses. 
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A rapid and simple method of hydrolysis of 5,5disubstituted barbituric acids to the corresponding amides is reported. 
High yields are obtained when the reactions are carried out in dilute aqueous ammonia a t  200" for five to ten minutes. 
In only one case was acylated urea obtained. Twenty-three of the compounds reported are new. 

Amides of the type RlR2CHCONH2 (where RI 
and R2 are one or both of alkyl, unsaturated alkyl, 
and cycloalkyl groups) are widely reported. They 
normally are prepared from disubstituted acetic 
acids -RlR2CHCOOH- by classical methods. 
The substituted acetic acids generally are obtained 
by hydrolysis and decarboxylation of dialkylated 
malonic or cyanoacetic esters. 

The conversion of these esters t o  the correspond- 
ing acetic acids is time consuming and often trouble- 

0 

of sodium ethoxide2 gives 5,Misubstituted barbi- 
turic acids in good yield. Therefore it appeared ad- 
vantageous t.0 investigate their hydrolysis as a 
method of preparing disubstituted acetamides. 

The hydrolysis of barbituric acids proceeds first 
by opening of the pyrimidine ring and decarboxyla- 
tion to form an acylurea (C), followed by decom- 
position to the corresponding amide (D), carbon 
dioxide, and ammonia. More vigorous hydrolysis 
leads to E. 

A B C 

E D 

some.'aPb However, it is well known that the con- 
densation of such esters with urea in the presence 

(1) (a) F. F. Blicke and P. Centolella, J. Am. Chem. Soc., 
60, 2923 (1938), (b) E. H. Volwiler and D. L. Tabern, 
J. Am. Chem. Soc., 58, 1352 (1936) report on the difficulty 
of hydrolyzing certain higher substituted malonic esters. 

(2) W. J. Doran, Medicinal Chemistry, Vol. IV, John 
Wiley and Sons, Inc., New York, N. Y., 1559, p. 5. 

The alkaline hydrolysis of A at atmospheric 
conditions and at  100' in a bombIb has been 
reported to give ureas (C). In a study of the hy- 
drolysis of &substituted barbituric acids at  5-10 
atmospheres pressure under various pH conditions 
Ruhkopfa obtained both ureas and amides. He 

(3) H. Ruhkopf, Ber., 73,  938 (1940). The author also 
cites references dwcribing the path of hydrolysis. 
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suggests that formation of either is dependent on 
pressure and the bufTer. 

The formation of two gaseous products of hy- 
drolysis, ammonia and carbon dioxide, the volume 
of reactants, and the void of the reaction vessel 
wil l  all have an effect on the pressure temperature 
relationship. ks the size of the autoclave is not 
mentioned in Ruhkopf's experimental data, placing 
dependence on pressure could lead to erroneous 
conclusions. 

We therefore thought more reliable results 
would follow if the c o m e  of the reaction were 
observed and the temperature and pressure noted. 
We found that at  about 200" a si&cant surge of 
pressure took place. This rise, up to 25 atmospheres 
and above, suggested that this temperature was the 
point of optimum hydrolysis to  the amide. This 
observation led us to conclude that most inter- 
mediate ureas would not be stable under such 
conditions. The absence of any urea (IIIc) in the 
hydrolysis of 5-ethyl-5isopropylbarbituric acid 
and a comparison of this h y d r o l w  with that of 
a-ethyl-pmethylbutyrylurea in exceas dilute a q u e  
ous ammonia for five to ten minute reaction time 
at 200" e m s  to support this conclusion. From 
each reaction I11 was obtained in 91.8 and 93.5% 
yields, respectively. 

7 C&CH(C&)CH( G&)CONHr 
III 

C&CH(C&)CH(C2&)CONHCONHz 
I I I C  

In  order to  determine the best, reaction medium 
we hydrolyzed 5-ethyl-5(1-methylpropyl)barbi- 
turic acid in water or with an equivalent of aqueous 
d u m  hydroxide, and in excesa dilute aqueous 
ammonia for the five to ten minute period at  200". 
When Ruhkopf's conditionsa were used with this 
Same barbituric acid, the yield obtained compared 
well with the other procedures. However, its p i t y  
was questionable, as it melted over a wide range. 
When the reaction temperature was raised to 200" 
for six hours, a good product resulted. 

Hydrolysis in water proved satisfactory only if 
the reaction were carried out a t  higher temperature 
and for a longer heating period (one hour). At 
200" 95% of the starting barbituric acid was re- 
covered. Lower yield was obtained with d u m  
hydroxide. The use of excess d u m  hydroxide in 
hydrolysis is known to give mal~nsmides.~ When 
the best yield of X (90%) was obtained by hy- 
drolysis of 5-ethyl-5(1-methylpropyl)barbituric 

(4) H. Aspelund, Acta A d .  Aboemia, Math. el Phyu., 20, 
16 pp. (1955) or C h .  Abstr., 50,11351 (1956) reports that 
hydrolysis at 100' with two or more equivalents of sodium 
hydroxide  lead^ to malonamidea. With 5,5diethylbarbituric 
acid at 200" we obtained diethyl"ic acid. 

acid in dilute aqueous ammonia, we u88d this 
medium as the one of choice in most of the experi- 
ments. 

With a few exceptions, hydrolysis a t  200" with 
aqueous ammonia gave good yields (75-97.5%). 
In only one experiment was any acrylurea obtained. 
When 5- (1-methylbutyl)-Spropargylbarbituric acid 
was hydrolyzed we were able to isolate and identify 
2-propargyl-3-methylhexsnoylurea in addition to 
compound XXX. It should be noted that, while 
we were able to obtain an amide -11) from 
the corresponding thiobarbituric acid, in general hy- 
drolysis of this group of compounds gave materials 

Of particular interest was the hydrolysis of 5 
allyl4-@-hydroxypropyl) barbituric acid. Even un- 
der the mildest conditions (at 120") the lactone 
was formed and in no instance were we able to b 
late either amide or urea. 

diflicult to purify. 

+ 
CHzCHOHCHz 

C H I = C H C H I - - c H d H s  

o=J dHC& 

'0' 

EXPERIMENTAL 

The barbituric acide used in thia work were prepared by 

The following is an example of the p r e f e d  method of 

(0.0945 mole) of kthyl-5-(l-methylbutyl)barbituric acid 
waa dkmlved in 50 cc. of water and 50 cc. of coned. aqueous 
ammonia (29%). The solution waa plnced in a 183cc. 
stainlees steel rocker type bomb and heated for 5-10 min. 
at 200'. The veaeel waa removed from the source of heat 
and cooled to at least 70' before opening. The contanta were 
cooled thoroughly, filtered, and waehed with cold water. 
The product melted at 112' and weighed 13.3 g. (almost 
quantitative). After recrptdbation from dilute alcohol the 
melting point roe to 113.5-114' and the yield waa 90%. 
In general, the sgturated amidea were recryttdbed from 
dilute alcohol or water. The unsaturated amidea were 
r e c e  from petroleum ether (b.p. 63-68'). 

H*olysis in w a h .  Fifty  gram^ (0.236 mole) of 5ethyl- 
S(1-methylpropyl)barbirbituric acid waa placed in a 1 1. 
etainlees steel rocker type bomb along with 500 cc. of water. 
The mixture waa heated for 1 hr. a t  225'. The reaction 
vessel w a ~  removed from the ~ ~ u r c e  of heat immediately 
and cooled. After opening, the contents were cooled thor- 
oughly and filtered. The amide melting a t  112' waa obtained 

tion from dilute alcohol rsised in 82% yield. R a r y s W m  
the melting point to 113-115'. When this reaction WBB mn 
at  200' for 10 min., 95% of the barbituric acid was re 
covered. 

Mdhad of RUhkopf.8 The same experiment was carried out 
a t  180"' for 6 hr. After thoroughly cooling the contents of 
the reactor, the precipitate was filtered and waehed with 
cold water and dried. An 85.8% yield of product melting 
from 90-105" WBB obtained. It WBB suspended in dilute 
d u m  hydroxide, ntirred, filtered. and washed with cold 

(5) The preseure d t i n g  from heating water in a closed 
system at 180' ie about 10 atm. 

literature methods or were commercially available. 

hyddy&. ~ - E t h ~ ~ ~ Z ~  (X). Twenty 

a 
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water. The yield dropped to 70.5% and the product still 
melted poorly (103-1 10'). However, after recrystallization 
from dilute alcohol the melting point was satisfactory. When 
this same experiment was carried out at 200' for 6 hr. an 
83.5% yield of X was obtained. It melted at 110-113' 
before recrystallization. 

Hydrolysis with sodium hydroxide. When the sodium salt 
of the barbituric acid in water (pH 9.0) was heated a t  200" 
for 5-10 min. a 78% yield of X melting a t  110-112' was 
obtained. However, when the free acid was hydrolyzed in 
the presence of an equivalent of sodium hydroxide under the 
same conditions, the yield dropped unless the pH of the 
solution had been adjusted with acetic acid to about pH 
9.0 before reaction. 

6Allyloctanamide (XXIII). Hydrolysis of 5-aUyM-hexyl- 
thiobarbituric acid. 5-Allyl-5-hexylthiobarbituric acid (8.05 
g., 0.03 mole) in 25 cc. of water and 25 cc. of concd. aqueous 
ammonia-were placed in a glass lined Hastelloy bomb and 
heated for 5-10 min. at 200'. After cooling, the vessel was 
vented. A strong odor of hydrogen sulfide was noted. The 
white crystalline solid was filtered and washed with cold 
water. It did not give satisfactory analysis after recrystal- 
lization from petroleum ether (b.p. 63-68'). It was then d i e  
solved in anhydrous ether, filtered from insoluble material, 
and dried in a rotary drier with slight warming while under 
reduced pressure. After thorough drying, the product gave a 
satisfactory analysis (see Table I). 

Several other thiobarbituric acids were subjected to the 
same conditions, but isolation difficulties caused us to 
abandon any further work with them. 

2-PropargybSmethylhexano ylureu.. A solution of 9.0 g. 
(0.038 mole) of 5-propargyl-b( 1-methylbutyl) barbituric 
acid in 40 cc. of water and 40 cc. of concd. aqueous ammonia 
was heated for 5-10 min. a t  200'. After removal from the 
source of heat and cooling as in the other examples a crystal- 
line solid plus some oily material waa obtained. The mixture 
waa treated with anhydrous ether and filtered. The solid 

was ether insoluble. The filtrate was further extracted for 
work up and distillation and isolation of compound XXX. 

The ether insoluble product weighing 2.0 g. was recrystal- 
lized from dilute alcohol. It melted at 200". 

Anal. Calcd. for Cl1HlsNeO2: C, 62.82; H, S.62; N, 13.32. 
Found: C, 62.92; J3,g.S; N, 13.32. 

a-Allyl-r-methylbutyrolactone. Thirty-thee grams (0.146 
mole) of 5-allyl-5-(2-hydroxypropyl)barbituric acid was 
hydrolyzed in 75 cc. of water and 75 cc. of concd. aqueous 
ammonia for 5-10 min. a t  200'. The resulting product was 
an oil which was extracted from the reaction mixture with 
ether. The ether extract was dried over anhydrous mag- 
nesium sulfate and then the ether waa removed. The residue 
was distilled and the fraction b o i i g  at 77-80'; 1 mm., 
n% 1.4519 was collected. The yield amounted to 60%. 

A w l .  Calcd. for CgH1202: C, 68.54; H, 8.63. Found: C, 
68.87; H, 8.77. 

Similar runs a t  150' and even at 120" yielded the same 
product. All were shown to be identical by infrared analysis. 

a-Ethyl-Wnethylbutyramide (111). A mixture of 17.2 g. 
(0.1 mole) of a-ethyl-&methylbutyrylurea and 75 cc. of 
water was heated in a 183 cc. stainless steel bomb for 5-10 
min. at 200'. After cooling the bomb and contents, 12.0 g. 
(93.5% yield) of I11 melting at 137' was obtained. 

In a similar experiment with 5-ethyl-5-isopropylbarbituric 
acid in diluted aqueous ammonia 91.8% yield of I11 melting 
a t  137.5' was obtained. The melting point did not change 
after recrystallization from water. 
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A novel approach to the incorporation of Nc-tosyl-Llysine into thc peptide chains is outlined. The syntheses of several 
sequences appearing in the ACTH and MSH molecules are described in detail. 

Lysine figures prominently in the active portions 
of the adrenocorticotropic hormones,*b melano- 
tropic hormones,2 and other biologically active 
peptides.a Thus, efficient methods for linking 
lysine into peptide chains are of considerable 
interest. Such methods must, however, take into 
- 

(1) (a) Supported by a grant from the American Cancer 
Socicty, this investigation was carrird on in the Biochem- 
istry Department of thr School of Meciirine, University of 
Pittsburgh. It waa presented in part a t  the 136th Meeting of 
the American Chemical Society in Atlantic City, N. J., Sep- 
tember 1959. 

(1) (b) P. H. Bell, J .  Am. Chem. Soc., 76,5565 (1954). 
( 2 )  I. I. Geschwind, C. H. Li, and L. Barnafi, J .  Am.  

Chem. Soc., 79,620 (1957). 
(3) F. Sorm, B. Keil, V. Holeysovsky, V. Knesslova, V. 

Koska, P. Masiitr, R. Meloun, 0. Mikm, V. Tomasek, and 
J. YancccL. Collrctwn C " A .  Chou. Con~n~u,r . ,  22, 1310 
(1!)57). 

account the difficulties inherent in the condensa- 
tion reactions involving the carboxyl group of 
l y ~ i n e . ~  These difficulties are compounded when 
two lysine moieties are to be coupled together. 

Best results with this general type of reaction 
have been reported when both a- and +amino 
groups of lysine were protected by a carbo- 
benzyloxy radi~al.4.~ However, such products 
cannot be used effectively for selective reactions 
involving only one of the two amino groups, since 
both amino groups are protected by the same 

(4) J. S. Friiton, Bdvunces in Protein Chem., 5 ,  58 (1949) ; 
M. Goodman, and G. W. Kenner, Advances an Protean 
Chem., 12,507 (1957). 

(5) B. F. Erhnger and E. Brand, J ,  A m .  Ph" Soc., 
7.3, 4025 (1951); 8. C. Waley and J. Wti(soit, J .  Chem. Soc., 
475 (1963) 


