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A&&net-The structure of the amino acid, t_-a-amino-/I-tpyrazolyl-N)propionic acid, isolated from 
the semen of the water melon, Cirrullrc~ cul~arfs, has bun confirmed by synthesis. 

a-AMI~B-(PYRAZOI.YL-N)-PROPIO~ acid, isolated from the semen of Citrt&.r 
tu@rti. is so far the only naturally occurring amino acid with a pyratolc structure and 
with the alaninc group directly attached to the N of the hctcrocyclic ring. 

Shinano er u1.l isolated the amino acid (I) from the juice of Cifruilur vul~uris and 
assumed the structure to be either z-amino-~~imidazofyl-N)-propionic acid or CI- 
amino-/?-(imidazolyl-N)-propionic acid. Later, Fowden er ~1.~ proposed the correct 
structure for 1 on partially convincing evidence and this hypothesis has now been 
confirmed by synthesis. 

Pyrazole is readily synthesized in good yield by the reaction of tetramethoxy- 
propane with hydrazine sulphate. The sodium salt of pyrazolc was condensed with 
bromcthylacctal in xylcne yielding x-(pyrazolyl-N)-acetaldchydc. Addition of am- 
monium cyanide and subsequent hydrolysis according to the Strecker synthesis gave 
t,x.-r-amino-b-(pyrarolyl-N)-propionic acid. The jaFtCr was resolved after acetylation 
by addition of acylase from Aspqgiiius or,uoe according to Chibata er ~1.~ As only the 
L-acid is dcacetylatcd, the t-amino acid may be separated from the mixture. This 
synthetic I.-a-amino-~-(pyr~olyI-N)-propionic acid is identical ineveryrcspect with the 
naturally occurring compound isolated from the semen of Ci~ru//u.s ruf@.r. 
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EXPERIMENTAL 

Pyruz5L. A mixture of tct~t~x~rop~~ (297 g) and hydrazinc sulpbate (214 g) was heated 
with stirring for 3 hr. Tbc reaction mixture was concentrated to ) voIumc under reduced prw. 
neutralized with sodium carbonate, ether extracted, dried and evaporated. The residual oil was 
puriftcd by vacuum distillation giving pyrazolc (68 g; 62%) b.p. 10%IlO”/ mm and crystallized 
from benzene in needles m.p. 70”. 

~i~fhyiu-(pyrazolyl-Nhthyfaceral. To sodium amide solution, prepared from scdium (23 g) in 
ammonium hydroxide (200 a;) and ferrous nitrate (0.02 g), pyrazolc (70 g) was added and stirring 
continued for 30 min. Xylcnc (200 cc) was added and the solution warmed until the ammonia had 

’ S. Shinono and T. Kaya. Nippon Nogei Xagaku Kaishl3t, 759 (1957). 
* F. F. NW and L. Fowdcn, h’orwe. Land. 193, 69 (1959); L. Fowdon, F. F. Not. Ridd and White, Prm. 

Ckm. sot. 13t (1959). 
* I Chibata. T. lrhlkawa and S. Yamada. Bull. Agric. Chem. Sot. lopan 21. 304 (1957). 
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&n complctcly eliminated. The sodium pyrazolc in xylene was refluxcd for IO hr with dicthyl-z- 
bromcthylacctal (220 9, and after cooling the xylcnc layer washed with water, dried and evaporated 
under reduced press. The yield of dicthyl-z-(pyrazolyl-N)-cthylacetal. b.p. I I2 I l9”/23 mm was 
56.3 g (32.4”;) and bromacctal (43 g) was recovered. (Found: C. 58.27; H. X.58; N. 1394. 
C.H,,N,D, requires: C. 58.67; H, 8.75; N, 14.21 ‘/,). 

~-(~~ru~~/yl-h’~-~~r~W~hy~~. Dicthyl-z-(pyrazolyl-N)-ethylacctal (20 g) was added IO 5 7; HCI 
(IO0 LX) at 9&95” and the tcmp maintained for 5 min. The solution was cooled rapidly with ice 
water. the pfT adjusted IO 7.0 with sodium bicarbonate. cxtractcd with chloroform, dried. evaporated 

R, VA1 lJFS OF SY3-TlItSIZED ASO NATURAL AMINO AClDS 

R, Values 

Solvent used 
Synthaizcd Natural 

-- - --- -_-_ ._ __ .- _- 
BuOH:AcOH:H,O 0.42 0.41 

(4:2: 1) 
___ ..-. -- ..- --- 

RuOl~:AcOII:H,O 0.45 0.45 
(2: 2: I) 

-_.-.- - -.----. 

Ph0H:O.I 4, NH, aq. sol. 0.74 
(4: I) 

0.73 

and distilled under reduced press in an atmosphere of nitrogen, yielding x-(pyrarolyl-N)-acctaldchyde 
7.4 g (59%) b.p. 6&70’/@7 mm. Tbc 24dinitrophenylhydrazonc crystallized from ethanol in yellow 
nccdls m.p. I73 173.5’. (Found: C, 45.56; H, 3.X5; N;, 28.97. C,,H,,O,N, requires: C, 45.52; 
H. 3.47; N, 28.%%). 

(,I.-z-Amino-~~-(pymro/y~--N)-pro~ionic mid. z-(Pyrrrolyl-N)-acetaldchydc (22.X g) rn ether (100 cc) 
was saturated with dry ammonia at 0’ and the resulting solution allowed IO stand overnight. The 
rcsrduc, after evaporation of the ether. was dissolved m a small portion of WdICX. 12”; HCN solutron 
(48.3 cc) added and stirring continued at room tcmp for IO hr. The aminonitrilc was hydrolyscd by 
rcfluxing wrth 25:; TTCI (210 cc) for 2 hr. the solution was evaporated to dryness under rcduccd press. 
the residuedissolved in water and dccolourrled with animal charcoal. Ammonium hydroxrdc was added 
IO the filtrate till pH 7.0 and an equal volume of ethanoladded. The product,(2.1 g; 9.5 5;) crystallircd 
from water in colourlc?is plates m.p. 243-244 . (Found: C. 4658; H. 6.01; N, 26.87. CH,O,N, 
requires: C, 46.44; H. 5.85; N. 27Q79,). 

[,I.-z-Accramlno-,pyrololyl-N~propionic acid. The m-amino acid (I.7 g) dissdlvcd m 10:. 
NaOlT (4.4 cc) wan acctylatcd with acetic anhydride (I.34 g) and IO’,: NaDH (5.2 cc) in the usual 
manner yielding the acetyl derivative as colourlcss needles (I .4 g) from water m.p. I53 153.5 . (Found 
C. 48.76; H, 5.54; N. 2094. C.iI,,D,N, rcquircs: C. 48.72; H. 5.62; N. 21.31 9;). 

L-z-An:incr~-(pyro;olyl-N~~ropionic o&f. The r>t.-acctamino acid (I .2 g) was dissolved in water 
(6 cc) and the pH adjusted IO 7.2 wrth 2N NaOH. To this solution, 5 x IO ’ mole cobaltous chloride 
(O-6 cc), crude acylasc (32 mg: extracted from Aspqillus oryroe with water and precipitated by 
addition of an equal volume of acetone) and a drop of toluene was added. After incubation at 37 ’ for 
50 hr. the pH was adjusted to 5 with dil HCI and the mixture boiled for 5 min to coagulate the protein. 
tiltcrcd and concentrated to I!3 volume under reduced pms. Ethanol (IOcc) was added and the 
solution allowed to stand overnight. yielding (.-I-amino-/L(pyrazolyl-N)-propionic acid (200 mg) 
uhich crystallized from water in colourlcss plates m.p. 243-244” (dccomp). (Found: C, 45.86; II. 
5.52: N. 26.78. C,lI,O,N, requires: C. 4644; H. 5.85; N. 2747%). The synthetic t-z-amino-/L 
(pyrazolyl-N)-propionic acid is identical in all respects wrth the natural product. 
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