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13ccau>e of the reported role of asparaginase in rer- 
t aiii nip:iragiiie-recluiri~ig t i ~ n i o r s , ~ - ~  the study of 
:iiinlogs of thiy amino acid vxriied desirable. We 
1i:ivv prepared t lie :ispnragiiic xiialog Y-hydroxyai- 
l);ii:~gitic through an cxteii4on of n gerieral procedure 

.\tt cinpts to preparc tlie benzal ~iitroiie of succiiiic 
:witl or of dieth>.l wcciii:Lte from their respective a- 
1)ioiiio c o ~ i ~ p o ~ i i i ( l ~  \\ ere iiiiqati\f:ictory, as was an at- 
t clnnptcd cotidriis:itioir of p-benzaldoximc with a- 
t,i,omosucririaniic :wid. The rc:iction succeeds through 
the methyl ester (1) of the latter, iii tlie presence of 2 
vcjuiv of sodium niethoxide. Condcrisation with the 
d-beiiznldoxinie probablj occurs after formation of a- 
~)roiiiosuccininiide to give the imide derivative of the 
i i i t  ronc (2) .7 Ililute hydrochloric acid led to cleavage 

mino  acidy publiqhed previously.5 

CII,----CO\ 
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J31cHcoocl-I~ CsTT,CH-NJIT---CO/ 
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of thc riitrone to ')-hrdrox\-ltliiiiIiosucciiiimide which 
identified in the reaction mixture by pmr. It failed to 
open without further decomposition. Treatment of 2 
with only 1 equiv of base (pH 9.3) did not give com- 
plete opening of the imide, but maximum yield of open- 
ring material could be achieved by maintaining the pH 
at 11-12. This nitrone of 2-aminosuccinamic acid (3) 
proved to  be homogenous by thin layer chroma- 
tography. Cleavage of the nitrone 3 was then effected 
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Experimental Section'II 

Benzalnitrone of Succinimide (2).--To <L ~o lu t ion  oi \ i p 
(0.043 mole) of L-a-bromosucciiiamic acid prepaied from I - 
asparagines in 20 ml of MeOH n:i< added an exteys oi ( ' I  
in 100 ml of dry ether. The ieactioii mivture n as taken i o  di) iiei, 
under vacuum and the crude ebter 13 as dissolved iii 5 0  1n1 ut 
EtOH and added 10 a solrition of p-ben7aldo.iimel1 (5 .3  g) mid 
XaOCH3 ( 2  g of Na)  i n  100 ml of AIeOH. Xfter standing at 
room temperature overnight, the reaction iniutare wci3 m r i w i i -  

frated 2.n oucuo and the residue was takeii up in 200 nil oi  I 1 2 0 .  
Neutralization mith -4cOII yielded a precipitate (7 g, T i ' ,  
which was recrystallized from LIeOR, nip 1'3i-lOl" dec 1 irtri  

Benzalnitrone of 2-Aminosuccinamic Acid (3).  --To 2 33 g (, 0 11 12 
mole) of 2 was added 60 ml of 0.2 I' NaOH plii., eiiough additioiinl 
alkali to bring the solution to pH 12. .4fter I 7  til a1 room [(wi- 
perature, the solution nas adjusted to pII 3 b j  the ,dd i t io i i  111 

1 .V HC1. On \tanding, glistening plates yepalateti ( I  5 g, i ic ) 
which after recrvitallization from absolute EtOII melted a1 
175-176O. Thin lajer chromatogiaphy on *ilic:t gel M ith I3IiOIT- 
EtOH-H,O (3. 1 1) and nith uv light OI Tollen> rengeni tor  
visuali~ation iiidicatrd one coniponeiit. I nul (C'3111,2Y-Ot) 
C, 13, N. 

N2-Hydroxyasparagine Hydrochloride (4).-To 1 .3 g of i i i l i c ~ i i c  

3 u as added 10 ml of 1 LV HC1. The HC1 as theu removed untlc~i 
vacuum below 30". The residue wai dissolved thiee time, 111 

10 ml of EtOH and taben to dynes>  zn U U C I L O .  The resulting white 
gum was taken up in 10 nil of EtOH, filtered, and precipitated 
bv the addition of ethei. After repeating this twice the reiidue 
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was dried to  constant weight in  vacuo. The  resulting powder 
was very hygroscopic, sintered at  50', and decomposed a t  62". 
Fehling's solution was reduced and one major spot was noted on 
thin layer chromatograms on silica gel developed with BuOH- 
EtOH-H20 (visualized by Tollens reagent). Snal. (C4H8?rT20a. 
HC1) C, H;  3 :  calcd, 15.18; found, 15.74. 

Hydrogenolysis of 4.-A solution of 184 mg of N-hydroxy com- 
pound (4)  as its hydrochloride in 25 ml of EtOH was hydrogenated 
at atmospheric pressure with PtOz (50 mg). After 6 hr the theo- 
retical uptake was complete, the catalyst was removed, and the 
filtrate was taken to dryness. The product, dissolved in a few 
milli1,tera of H20, gave a negative Fehling's test. Electro- 
phoresis performed with authentic samples of isoasparagine, 
asparagine, and aspartic acid at pH 3.5 (acetate buffer, 500 v, 
4 hr) with ninhydrin as an indicator, or paper chromatography 
with 88yG phenol, showed the product to contain but traces of 
isoasparagine and aspartic acid. The major component, DL- 
asparagine, precipitated on adjusting the solution to pH 3, had 
essentially zero rotation, and contained no isoasparagine. 

Benzalnitrone of Succinamide.-A solution of 2 g of 2 in 30 
ml of 287, aqueous XHB was allowed to  stand at room tempera- 
ture for 24 hr. The diamide precipitated (600 mg, 28%) and 
was collected and recrystallized from 75% EtOH. I t  melted at' 
204-20.7" dec. Anal. (CllHi3N303) C, H, N. 

2-Hydroxylaminosuccinamide Hydrochloride.-A solution of 
330 mg of the above nitrone in 10 ml of 1 -1- HC1 was concentrated 
in zlaaio keeping the bath temperature below 30'. The resulting 
precipitate was taken up twice in EtOH and precipitated by the 
addition of ether. The white powder, dried in vacuo to constant 
weight, decomposed at  about 80". Chromatography with 
BitOH-EtOH-H2O indicated one component with Tollens 
reagent at, Xr 0 .3 .  ,lnal. (CaHqNaO3~HCl)  C, H, N.  

Some 3-YIethyl-2-butenylaminopurines 
and -pyrimidines1 
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G-(3-l\lethyl-2-butenylam~1io)-9-~-~-ribofuranosyl- 
purine has been recently reported as a minor component 
of yeast and liver soluble ribonucleic acid2 and of yeast 
serine transfer ribonucleic 6-(3-AIethy1-2-bu- 
teny1amino)purine has been found in extracts of Cory- 
nebacterium fa~cians.~ Both compounds have been syn- 
thesized and exhibit' a high level of cytokinin activity.*,G 
I t  was therefore of int'erest to synt'hesize other 3-methyl- 
2-butenylamino pyrimidines and purines and to test 
them for biological activity. 

In all cases the syntheses were carried out by reflux- 
ing an excess of r,r-dimethylallylamirie with the appro- 
priate niercapto or alkylmercaptopuririe or -pyrimidine 
according to t'he method of Elion, et aL7 The reactions 
were followed spectrophot'oniet'rically in ethanol and 
were terminated when the absorption maximum of the 
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starting material (297-31.5 nip) was no longer present. 
Proof of structure of the products la-c and 2a, b was 
shown by the similarity of their ultraviolet absorption 
spectra to the purine IT6- or pyrimidine S4-mono- 
alkylated parent compounds (Table I). That the 
double bond in the side chain is in the position shown is 
demonstrated by the nmr methyl signals at  6 1.75 

In  the leaf senescence testg all of the compounds 
(1 and 2) showed about one-tenth the activity reported 
for 6-furfurylaminopurine (kinetin) .lo Sone of these 
compounds exhibited any activity against mouse leu- 
kemia 1,1210 in vivo.11 Compounds 2a and 2b were 
also inactive against Burkitt's cell The 
cytidine analog 2b was not deaminated by human liver 
or mouse kidney enzyme systenis.Ila 

- R - 

(D;\ISO-&, TJIS) . * r 8  

Experimental Section 
Melting points were taken on a Nel-Temp apparatus and 

are corrected. Spectra were determined using a Cary Model 15 
spectrophotomet.er. Analyses were done by Spang Microanalyti- 
cal Laboratory, Ann Arbor, hIich., and Galbraith Laboratories, 
Inc., Knoxville, Tenn. Where analyses are indicated only by the 
symbols of t,he elements, analytical results obtained for those 
elements were within =!c0.4yc of the theoretical valiies. 

2-Amino-6-(3-methyl-2-butenylamino)purine (la).-2-Amino- 
6-methylthiopurir1e~~ (1.25 g, 6.9 mmoles) and r,r-dimet,hyl- 
allylamine13 (5.0 g, 59 mmoles) were refluxed for 30 hr. A precipi- 
tate which formed on cooling was washed with petroleum ether 
(30-60') to remove the excess amine and was dissolved in 95% 
EtOH. After the addition of concentrated HC1, 1.18 g (677,) of 
l a  hydrochloride was obtained. A sample for analysis was 
recrystallized from EtOH after treating with charcoal; mp 250- 
251' dec. Anal. (C1OH14NS.HCl) C, H, N, C1. 

2-Amino-6-( 3-methyl-2-butenylamino)-9-p-~-ribofuranosyl- 
purine (Ib).-6-Ethylthiog~anosine~~ (2 .0 g, 6.1 mmoles) and 
-,,r-dimethylallylamine (6.0 g, 71 mmoles) were refluxed for 60 
hr. After the addition of petroleum ether (30-6O0), a dark oil 
separated. The oil was triturated several times with petrolenm 
ether to remove any excess amine and was then dissolved in 95F6 
EtOH, treated with charcoal, and filtered. The crystals which 
formed were washed with cold EtOH and dried (yield 1.31 g, 
487,). A sample for analysis was recrystallized from EtOI-I, 
mp 93-97". Anal. (CljH22S~04.EtOH) C, H, N.  

2-Hydroxy-6-(3-methyl-2-butenyIamino)purine (lc).-2-Hy- 
droxy-6-methylthiopurine15 (0.42 g, 2.3 mmoles), y,r-dimethyl- 
allylamine (4.0 g, 47 mmoles), and EtOH (5.0 ml) were refluxed 
for 90 min. The crystals which formed on cooling were washed 
with EtOH, dried, dissolved in 1 .Y XaOH, and reprecipitated 
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