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fi - (5 -F luo ro -N  1 -uraci lyl)  - ~-alanine, fi - (5-bromo-N 1 -ur  acilyl) - (~-alanine, fl - (5-chloro-N 1 - 
u rac i ly l ) -  a -a l  anine, fi - (N l-thyminyl) - a-alanine,  fi - (N t -cy tos iny l ) -a -a lan ine ,  fi - (2-oxo-4-  
ca rboxymethylamino-1 ,2-d ihydro-N l -pyr imidyl ) -  a-alanine,  u - (Nl-uracilyl) - a  - amino-  
butyric acid, y - (N i - thyminyl ) -  ~-aminobutyric  acid, and y - (N l -cytos inyl ) -  ~-aminobutyric  
acid were synthesized by the react ions involving the cyanohydrin synthesis  and other t r a n s -  
format ions .  In addition, a number of substituted Nl-pyrimidylacetaldehydes and N l -  
pyrimidylpropionaldehydes and their  diethylacetals were synthesized.  

In connection with a study of the purinyl peptides and nucleopeptides [1-5], we have synthesized a num-  
ber  of previously unknown Nl -py r imidy l -~ -amino  acids.  These compounds and the corresponding compounds 
of the purine se r i e s  can be used to obtain peptide analogs of nucleic acids in which the pentosophosphate 
skeleton of the polynucleotide chain is replaced by a polypeptide chain, and the environment of the base 
chain of the macromolecu le  is retained by the corresponding pyrimidine and purine bases .  In this connec- 
tion, a study of the biological activity of purinylpeptides and nucleopeptides is of interest ,  and a study of the 
effect of such s t ruc tures  on the r ep res s ion  and depress ion of gene activity is par t icular ly  worthy of at ten- 
tion. 

We examined the genera l  principles of the synthesis of Nl-pyrimidylamino acids previously in [1,6,7]. 
The conditions for  the prepara t ion  of a number o f /7 - (Nl -pyr imidy l ) -~-a lan ines  are set forth in this paper,  
and methods for the synthesis  of ) / -(Nl-pyrimidyl)-e~-aminobutyric  acids are also descr ibed.  

We have worked out methods for the preparat ion of a number  of analogs of the natural nonproteino- 
genic amino acid willardiine [8-11]; specifically,  we have synthesized the following compounds: fl-(N 1- 
thyminyD-(~-alanine (I), fl - (5-f luoro-N~-uraci lyl)-  ~-alanine (II), fi - (5-bromo-N 1-uraci lyl)-~ -alanine (IH), 
fi - (5 -ch ioro-Nt-ur  aci lyl)-  (~-alanine (IV), fi - (N 1-cytos inyl)- a-alanine (V), and fi - (2-oxo-4-carboxymethyl -  
amino-1,2-dihydr  o -Nl -py r imidy l ) -~ -a l  anine (VI). 

The major i ty  of the enumerated  syntheses are  based on convers ion of the appropriate pyrimidine 
derivat ives  to Nl-diethylacetals  , hydrolys is  of these acetals to the corresponding Nl-pyr imidylace ta lde-  
hydes, and introduction of the la t ter  into the cyanohydrin synthesis .  
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Thus the sodium salt of thymine,  which can be introduced into react ion with 1 -bromo-2 ,2-d ie thoxy-  
ethane without isolation from the react ion mixture,  is formed by the react ion of thymine with sodium hydride 
in anhydrous d imethylformamide.  Pape r  chromatography establ ished that the product of this react ion is a 
mixture  of two compounds, one of which is 1-(N~-thyminyl)-2,2-diethoxyethane, while the other is apparently 
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1,3-dialkylated thymine.  1-(N1-Thyminyl)-2,2-diethoxyethane (VII) can be isolated from this mixture and 
used for subsequent syntheses .  

The alkylation of 5-f luorouraei l  with 1-bromo-2,2-diethoxyethane proceeds via a s imi la r  scheme but 
in lower yields.  In this case we established the formation of 1-(5-f luoro-Nl-uraci ly l ) -2 ,2-die thoxyethane 
(VIII); this compound was also isolated in pure form, the formation of an N3-substituted 5-f luorouraci l  
derivative was not observed.  This is in agreement  with the data in [12] regarding the alkylation of 5- 
f luorouraci l  with benzyl bromide and allyl bromide.  According to Baker and Jackson [12], the direct ion of 
alkylation of the 5-f luorouraci l  ring with halo derivatives in these react ions depends on the conditions used 
to c a r r y  out the p rocess  and is also determined by the react ivi ty of the halogen atom in the alkylating agent. 

Both VII and VIII are converted in good yields to the corresponding Nl-pyrimidylacetaldehydes (XII 
and XIII) by acid hydrolys is ;  Xr[ and XIII are then introduced into the cyanohydrin synthesis .  

An amino acid derivative of cytosine could be obtained from 4-methyl thiouraci l ,  which forms only 1- 
(4-methyl thio-Nl-uraci lyl ) -2 ,2-die thoxyethane (IX) in good yield by alkylation with 1 -bromo-2 ,2 -d ie thoxy-  
ethane. Trea tment  of this derivative with ammonium hydroxide readi ly gives 1-(Nl-cytos inyl) -2 ,2-die thoxy-  
ethane (X), which is converted to Nl-cytosinylacetaldehyde (XIV) by acid hydrolys is .  

The methylmercapto  group in IX can be replaced by a glycine residue by a s imi lar  route to form 
acetal XI, and 2 -oxo-4-ca rboxymethy lamino- l ,2 -d ihydro-Nl -pyr imidy lace ta ldehyde  (XV) is obtained after  
acid hydrolys is  in this case .  

Compounds XIV and XV are conver ted to V and VI by the cyanohydrin synthesis .  

In the course  of our investigations of the synthesis of N l -pyr imidy l -~ -amino  acids we also found that 
III is obtained by the t rea tment  of wiUardiine with bromine in glacial  acetic acid, while t rea tment  of wi l lard-  
line with N-chlorosuccinimide yields IV. 

As expected, the UV absorption spec t ra  of the compounds obtained in aqueous solutions and in 0.1 N 
sodium hydroxide do not display a bathochromic shift when the basici ty  of the medium is increased,  which 
is cha rac te r i s t i c  for the UV spect ra  of Nl-substi tuted uraci ls  [13]. A compar ison  of the UV spect ra  of the 
synthesized acetals ,  the substituted pyrimidylacetaldehydes,  the aldehydes themselves ,  and the co r respond-  
ing pyr imidylamino acids with the UV spec t ra  of genuine samples of N~-methyluracil  and N3-methyluracil  
indicated that the UV spec t ra  of the compounds obtained differ f rom the absorption spec t rum of N3-methyl- 
uraci l  and are  ex t remely  s imi la r  to the absorption spec t rum of N~-methyluracil .  Consequently, the side 
chain in the compounds that we synthesized is in the uraci l  ring at N 1 . 

There are cur ren t ly  no data in the l i tera ture  regarding the synthesis and proper t ies  of Nl-pyr imidyl -  
~-aminobutyr ic  acids.  We have found that these compounds can be synthesized via a scheme s imi la r  to 
that which we used to obtain Nl -pyr imidy l -~-a lan ines  .* Thus a mixture of the corresponding Nl-mono-  
and Ni,3-disubstituted derivat ives  is formed on t rea tment  of the sodium salt  of uraci l  or  thymine with 1- 
chloro-3 ,3-die thoxypropene;  these compounds can be separated because of their  different solubilit ies.  Thus, 
in par t icu lar ,  XVI aad XVII were isolated in pure fo rm.  

Only the Nl-substi tuted derivative (X-VIII) is readi ly  formed in the react ion of 4-methyl thiouraci l  with 
1-chloro-3 ,3-die thoxypropane;  XVIII can be converted to 1-(Nl-cytosinyl)-3,3-diethoxypropane (XIX) by 
t rea tment  with ammonium hydroxide.  

Since no bathchromic shift is observed in the UV spect ra  of monosubsti tuted derivat ives  when the pH 
of the medium is increased  (see Table 1), one can conclude that the side chain in the acetals  obtained is a t-  
tached to the nitrogen atom in the 1-posit ion of the pyrimidine ring. 

In a study of the acid hydrolys is  of the indicated acetals we found that be t ter  resul ts  are obtained 
when aqueous ammonium chloride ra the r  than dilute hydrochlor ic  acid is used as the hydrolyzing agent. We 
obtained Nl -u rac i ly l -  , Nl- thyminyl-  , and Nl-cytosinylpropionaldehydes , which were then subjected to the 
cyanohydrin synthesi  s to obtain y - (Nl -u rac i ly l ) -~ -aminobu ty r i c  acid (XX), y - (Nl - thyminy l ) -~ -aminobu ty r i c  
acid (XXI), and y - (Nl -cy tos iny l ) -~ -aminobu ty r i c  acid (XXII). 

* After  the completion of this investigation, a communicat ion regarding the synthesis  of some N l -pyr imidy l -  
~-aminobutyr ic  acids by another method was published [14]. 
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I t  should be noted that the synthes is  of the aldehydes of the pyrmidine  s e r i e s  noted above can also be 
accompl i shed  by reduct ion of f l - (Nt -pyr imidy l )p rop ion i t r i l e s  (previously obtained by us) with Raney nickel 
in anhydrous fo rm i c  acid [15]. However ,  this  method is l e s s  eff icient  s ince compl ica t ions  a r i s e  in the 
pur i f icat ion of the des i r ed  compounds when it is used.  

Compounds XX-XXII d issolve  read i ly  in dilute acids and alkal is ,  a re  soluble in water ,  and give a 
b lue -v io le t  co lor  when t r e a t e d  with ninhydrin.  The e l ec t rophore t i c  mobi l i t i es  of these  compounds indicate 
the i r  amphote r i e  c h a r a c t e r .  

We are  continuing our  inves t igat ions  of the synthes is  of Nl -pyr imidyl -c~-amino  acids and the c o r r e -  
sponding pept ides .  

EXPERIMENTAL 

l-(Ni-Thyminyl)-2,2-diethoxyethane (VII). Sodium hydride [3.8 g (0.158 mole)] was added all at once 

to a suspension of 15.7 g (0.125 mole) of thymine in 150 ml of dimethylformamide, and the mixture was 

stirred for 2 h. A solution of 50.0 g (0.25 mole) of l-bromo-2,2-diethoxyethane in 25 ml of dimethylform- 

amide was added, the mixture was held at 80 ~ for 12 h, and 25.0 g (0.125 mole) of l-bromo-2,2-diethoxy- 

ethane was added. The temperature was then raised to 149-150 ~ and held there for 30 rain. After removal 

of the solvent in vacuo (I mm), the residue was extracted with ethyl acetate. The organic layer was sepa- 

rated, washed with water, and dried with magnesium sulfate. Removal of the solvent in vacuo gave an oily 

residue which crystallized on standing in a refrigerator. The product was treated with I00 ml of petroleum 

ether-diethyl ether (i �9 I) to remove the disubstituted derivative, and the crystalline residue was filtered. 

Compounds VIII and IX were similarly obtained, while XVI-XVIII were obtained from 3-chloro-l,1- 

diethoxypropane. 

l-(Ni-Cytosinyl)-2,2-diethoxyethane (X). A mixture of 2.0 g of IX and I00 ml of ammonium hydroxide 

was heated for 14 h in a sealed ampule. The mixture was cooled, filtered, and washed with ammonium 

hydroxide. Compound XIX was similarly synthesized. 

l-(Ni-Thyminyl)acetaldehyde (XII). Compound VII [2.42 g (0.01 mole)] was heated on a water bath 

with 20 ml of 0.5 N HCI for 45 rain. The mixture was cooled, and the monohydrate of XII was filtered. 

Compounds XIII-XV were similarly obtained. In the synthesis of XIV and XV the solution was evapo- 

rated to dryness after the hydrolysis, and the residue was recrystallized from methanol. 

2-(Ni-Thyminyl)propionaldehyde. A mixture of 2.56 g (0.01 mole) of X-VI with 5.0 g of NH4CI in 25 ml 

of water was heated on a water bath for 3 h. The other pyrimidylpropionaldehydes were similarly obtained. 

The products were used for the subsequent syntheses without additional purification. 

fi -(Ni-Thyminyl)-~-alanine (1). A mixture of 1.63 g (0.01 mole) of XII, 6 ml of water, 1.5 ml of am- 

monium hydroxide, 0.8 g of KCN, and 0.7 g of NHr was heated at 55-60 ~ for 5 h, 20 ml of I0 N HC1 was 

added, and the mixture was refluxed for 1 h and allowed to stand overnight. After removal of the solvent in 

vacuo, 12 ml of I0 N HCI was added, and the mixture was refluxed for 3 h. The residual HC1 was removed 
by distillation, two 15-ml portions of water were removed by distillation, and the residue was dissolved in 

a small amount of water and neutralized to pH 4 with concentrated ammonium hydroxide. The precipitate 
was separated and washed with water. 

Compounds II, V, and VI were similarly obtained. 

fi-(5-Bromo-N1-uracilyl)-~-alanine (III). Bromine (2 ml) was added dropwise with stirring to a sus- 

pension of 2.17 g (0.01 mole) of ~ -(N1-uracilyl)-~-alanine* in glacial acetic acid. The willardiine dissolved 

as the bromine was being added, and the solution was allowed to stand at room temperature overnight. The 

mixture was then evaporated to dryness, and the resulting crystals were washed with water to give 2.1 g 
(74%) of a product with mp 211-212 ~ (water). 

fl - (5-Chioro-Nl-uracilyl)-(~-alanine (IV). A mixture of 2.17 g (0.01 mole) of willardiine and 2.0 g of 
N-chlorosuccinimide in 50 ml of glacial acetic acid was heated on a water bath for 4 h. The mixture was 

cooled, and the resulting crystals were filtered and washed with water and ethanol to give 0.95 g (41~) of a 
product with mp 220-221 ~ (from water). 

* Obtained by the method in [14]. 
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7 - ( N 1 - T h y m i n y l ) - ~ - a m o n o b u t y r i c  Acid (XXI). A mix tu re  of 1.82 g (0.01 mole) of Nl - thyminylprop ion-  
aldehyde, 40 ml  of wate r ,  0.65 g of po tass ium cyanide,  and 0.2 ml  of ammonium hydroxide was s t i r r e d  for  
2 h at r oom t e m p e r a t u r e .  The bath t e m p e r a t u r e  was r a i sed  to 55-60 ~ and held the re  for  10 h. The mix tu re  
was then cooled to 5-7 ~ 40 ml  of 10 N hydrochlor ic  acid was added dropwise ,  and the mix tu re  was allowed 
to stand overnight .  Af ter  this ,  the mix tu re  was heated on a water  bath for  2 h and evapora ted  to d ryness .  
The res idue  was d isso lved  in 10-12 ml  of water ,  the solution was neut ra l ized  with ammonium hydroxide 
(pH 5-6), and the mix tu re  was introduced into a column containing Dowex-50 (H+) ion-exchange res in .  The 
column was washed with wa te r  until the washings gave a negative t es t  fo r  chlor ide  ions, and the amino acid 
was then eluted with ammonium hydroxide (20 ml  of concent ra ted  ammonium hydroxide was diluted to 500 
ml  with wate r ) .  The p re sence  of an amino acid in the eluate was moni tored  by means  of its r eac t ion  with 
ninhydrin.  The eluate was evapora ted  to d rynes s  to give a co lo r l e s s ,  amorphous  substance  which was 
ch roma tog raph ica l l y  pure  and had mp  254-256 ~ (50% ethanol).  
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