
TABLE I 
liecrystd prodiict 

from llydrogenolysi*, 1,-llistiditie, 
X,  m/r [el, deg [a], deg 

589 -13 .5  +12.7  
578 -14.0 +13.3 
546 -16 .5  +16.2 
436 - 32 . 5 +31.1 

I n  another experiment a mixture of 4.36 g of L-2-chloro-3- 
[4(S)-imidazolyl]propionc acid, 3.0 ml of H,O, 2.20 ml of 83% 
hydrazine hydrate, and 50 ml of MeOH was refluxed and the 
rate of liberation of C1- was determined (see Figure 1). Bssiini- 
ing that 1 mole of hydrazine was utilized in converting the a- 
chloro acid to the anion, the concentration of free hydrazine pres- 
ent, at, the start of this reaction was one-tenth that of the mix- 
ture with the standard excess of hydrazine. 

An att'empt was made to determine the rate of racemization of 
a-chloro acid under the refluxing MeOH conditions. L-2-Chloro- 
3-[4(5)-imidazolyl]propionic acid (4.36 g), 8.8 ml of hydrazine 
hydrate, and 40 ml of NeOH were refluxed 1 hr (30% completion 
based on liberated C1-). ,4n aliquot (1% of mixture) was evapo- 
rated to dryness. The residue MTas chromatographed on a 
column of 50 g of silica gel using 4 : l  AIeOH-concentrated 
NH,OH. The chlorine-containing fraction was partially evapo- 
rated and then flushed with 1IeOH. The partly crystalline 
residue, after washing with MeOH, gave 0.16 g (36%) of L-2- 
chloro acid, mp 192" dec, of about 96% optical purity. The 
mother liquor fraction on chromatography on 40 g of silica gel 
using 4 : l  AleOH-H20 gave 0.10 g (23%) of 2-chloro acid, mp 
192" dec, of 35% optical purity. This material gave a single 
spot on t'lc on a silica gel plate using 4 : l  bIeOH-HnO. The 
average optical purity of the recovered a-chloro acid was 727,. 

Diazotization of L-Histidine Methyl Ester.-To a mixture of 
L-histidine methyl ester dihydrochloride (2 .57 g, 0.01 mole) and 

14.3 ml of concentrated HCl at  -3 to +3" was added over 6 
min a solution of 1.92 g of NaEO? in 3.75 ml of water. The 
mixirire was kept at, about -5" for 45 min and then allowed t o  
warm to room temperat,ure over 1.5 hr. Following filtration to 
remove NaCl the solution was evaporated to dryness. After 
flushing t,wice with HzO and t,wice with t-BuOH the residue was 
dissolved in 10 ml of HsO and the solution was neutralized to  
pH 4.2. The product (0.84 g, 48%) was identical with the L-2- 
chloro-3-[4( 5)-imidazolyl]propionic acid prepared from L- 
histidine. In  a blank experiment in which the SaNO? was 
omitted, starting ester was recovered in 90.7% yield. 

Hydrogenolysis of ~-2-Hydrazino-3-14(5)-imidazolyl]pro- 
pionic Acid Hydrochloride.-Raney Ni catalyst (0.5 teaspoon), 
neiitralized by storage iinder EtOrlc, m-as added to a solution of 
~-2-hydraziiio-3-[4(.i)-imidazo13-l]prcipionic acid hydrochloride 
(2.0 g) in 40 ml of NeOH and 50 ml of H?O. The mixture was 
hydrogenated at 2.8 kg/cm2 and 50" for 5 hr. Two-thirds of the 
theoretical quantity of Hz was consumed. Following removal of 
the catalyst, the filtrate was evaporated to dryness. MeOH 
(20 ml) was added and the solution was evaporated to dryness. 
After repeating this step several times a crystalline product' was 
isolated (O..% g, mp 263-266'). A second fraction (0.25 g, 
softened at 207", mp 240') was isolated on evaporation of the 
mother liqiiors. Recrystallization of the fimt fraction from water 
gave n-histidine, mp 272-280". .$mino acid analysis (Spinco) 
showed 96.8% hisitidine. Anal. (CsHgNZ02) C, H, N. The ir 
spectriim was identical with that of L-histidine. The specific 
rotatioils (2s in 6 S HCI) compared t o  L-histidine are listed ill 
Table I. 
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The alicyclic amino acids, ~~-3-cyclopentene-l-alanine, DL-2-cyclopentene-1-alanine, ~~-2-cyclohexene-l- 
alanine, and oL-1-cydoheptene-1-alanine were synthesized, and their effects upon the growth of several micro- 
organisms were determined. DL-3-Cyclopentene-1-alanine inhibits the growth of three Escherichia coli strains 
and the lactic acid bacteria, Lactobacillus p lantamm 8014; the growth inhibition of E. coli 10856 is reversed in a 
competitivelike manner by leucine only in the presence of a small supplement of methionine in a manner suggest- 
ing that the analog inhibits utilization of leucine and the biosynthesis of methionine. ~~-2-Cyclohexene-l- 
alanine and nL-2-cyclopentene-1-alanine inhibit, the growth of Leuconostoc deztranicum 8086, and the toxicities 
of both analogs were reversed in a competitivelike manner over a 10-20-fold range by increasing concentrations 
of leucine. DL-I-Cycloheptene-1-alanine prevented the growth of Leuconostoc dextranicurn 8086 only a t  very 
high levels; no reversal of toxicity could be demonstrated with phenylalanine. 

Several alicylic amino acids have been reported to  
have rather specific antimetabolite activity, and the 
structural relationships between the natural metabolites 
and the active analogs have demonstrated the impor- 
tance of steric factors in the biological activity of 
these compounds. For example, l-cyclopentene-l- 
alanine and 1-cyclohexene-1-alanine have been found 
to  be competitive antagonists of phenylalanine in con- 
trast to the corresponding saturated derivatives, cyclo- 
pentanealanine and cyclohexanealanine, the first of 
which has slight activity only as a leucine antagonist 
and the second of which has no demonstrable anti- 
metabolite activity in the microorganisms studied. 

The emanation of the first carbon of the side chain in 
the plane of the 1-carbon and adjacent carbons of the 
alicyclic ring apparently is important for phenylalanine 
antagonism.2 Other unsaturated alicyclic amino acid 
analogs which have been found to be active include 2- 
cyclopentene-1-glycine, 3-cyclopentene-l-glycine, 2- 
cyclohexene-1-glycine, and 3-cyclohexene-l-glycine, 
all of which are antagonists of i s ~ l e u c i n e ; ~ ~ ~  however, 
2-cyclopentene-1-glycine also inhibits assimilation of 
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night at jO, the crystals were collected, recrystallized twice from 
HcO, and then dried in vacuo (PzO;) to yield 1.3 g of material, mp  
295-297" (dec from 225'). Anal. (CsH1&02) C ,  H, N. Ascend- 
ing paper chromatograms, after treatment with ninhydrin, 
showed only one spot: Rf 0.71 (n-BuOH-AcOH-HzO, 5:1:2) ,  
0.56 (i-AmOH-pyridine-H20, 7:7:6),  0.74 (95% AleOK); 
pmr absorptions 4.26 (singlet, 2 prot,ons), 6.78 (triplet, J = 7 
cps, 1 proton), 7.15-8.65 (complex multiplet, 7 protons). 
DL-1-Cycloheptene-1-alanine was prepared from 2 g of ethyl 

a - acetamino - CY - cyano - 1 - cycloheptene - 1 -propionate by the 
method described above except the hydrolysis was carried out 
under reflux for 12 hr. Recrystallization (HzO, then EtOH-H20) 
yielded 420 mg of fine white needles, mp 214-216" (dec above 

Tlc of this material showed only one yellow spot, after develop- 
ment wit,h ninhydrin: Rf 0.67 (n-BuOH-AcOH-H20, 4: 1: l), 
0.76 (t-BuOH-2-butanone-HzO-287, Tu'HaOH, 4: 3 : 2 :  l), 0.85 
(HzO-RleOH, 1: 1); pmr absorptions, 4.32 (triplet, J = 6 
cps, 1 proton), 6.51-6.8j (multiplet, 1 proton), 7.30-8.13 (mul- 
tiplet, 6 protons), 8.13-8.97 (multiplet, 6 protons). 

5 4  2-Cyclohexenylmethyl)hydantoin.-3-Hydroxycyclohexe1ie 
was converted to 2-cyclohexenyl vinyl ether,'? which in t,arn was 
converted to 2-cycl0hexerie-l-acetaldehyde~~ by previously 
described procedures. The conversion of 2-cyclohexene-l- 
acetaldehyde t,o 5-(2-cyclohexenylmethyl)hydantoin was ac- 
complished by a procedure similar to the method described by 
Henze and Speer for synthesis of hydantoiiis from aldehydes.'* 
2-Cyclohexene-1-acetaldehyde (10 g)  was dissolved in 200 ml of 
50% EtOH in the presence of 13 g of KCN and 43 g of ( NH4)PC03, 
and the mixture was heated to 60" for 4 hr. Crystals of the 
hydantoin appeared in the reaction mixture near the end of 
the react'ion. The react,ion mixt,ure was evaporated in vacuo to  
abont~ 125 ml and then placed overnight in the refrigerator. 
The crystals were then filtered, and after recrystallizat,ion from 
EtOH-H*O, 6.2 g of white crystalline flakes were recovered, 
mp 241-242'. Anal. (ClaH14Nz02) C, H, K. 

5 4  2-CyclopentenylmethyI)hydantoin.-2-Cyclopenteiie-l-acet- 
aldehydelg (9 g) was converted t,o t,he corresponding 5-substituted 
hydantoin's by the method described above for the cyclohexenyl 
homolog. There was recovered 6.5 g of white flakes, mp 204-205". 

~~-2-Cyclohexene-l-alanine.-A mixture of 5 g of 5-(2-cyclo- 
hexenylmethyl)hydantoin, 40 g of Ba(OH)*.8HZO, and 40 ml of 
HsO was reHuxed for 3 days. The insoluble material was re- 
moved, and the filtrate was neutralized with concentrated &Sod. 
The precipitated Bas04 was filtered from the hot reaction mix- 
tiire, and the cooled filtrate yielded a crystalline precipitate. After 
recrystallization from HzO, there was recovered 2.2 g of white 
leaflets, mp 252-253' dec. Anal. (CQHlsKO2) C, H, N. Tlc 
of t8his material showed only one spot after development with 
ninhydrin: Rf 0.50 (n-BuOH-BcOH-H20, 4: 1: l),  0.83 ( t -  
BuOH-2-butanone-H20-28% NH40H, 4: 3:2:  l),  0.67 (MeOH); 
pmr absorptions, 4.26 (singlet, 2 protons), 6.66 (triplet, J = 7 
cps, 1 proton), 7.67-8.20 (multiplet, 3 protons), 8.20-9.16 
(multiplet, 6 protons). 

DL-2-Cyclopentene-1 -alanine.--.j-( 2-Cyc1opentenylmethyl)hy- 
dntituin (3 g) was converted to the Corresponding alanine 
derivative by the met,hod described above. There was obtained 
1.7 g of white prisms, mp 295-297' (dec from 250'). Anal. 
( C S H ~ ~ N O ~ )  C, H, N. TIC of this material showed only one spot 
after development with ninhydrin: Ri 0.66 (n-BitOH-AcOH- 
HzO, 4:  1 : l),  0.72 (t-BuOH-2-butanone-H20-28% NHdOH, 
4 : 3 : 2 :  l), 0.84 (MeOH-HzO, 1 : l ) ;  pmr absorptions, 4.17 
(singlet, 2 protons), 6.71 (triplet, J = 7.5 cps, 1 proton), 7.00- 
7.46 (multiplet, 1 proton), 7.46-8.86 (multiplet, 6 protons). 

200"). And. (CioHiiNOz) C ,  H, S. 

Anal. (CgH1zKzOz) C, H, S. 

Results and Discussion 
For the synthesis of 3-cyclopentene-1-alanine and 1- 

cycloheptene-1-alanine, the appropriate bromomethyl- 
cycloalkene (I) was condensed with the sodio derivative 
of ethyl acetamidocyanoacetate to form the corre- 
sponding ethyl a-acetamido-a-cyanocycloalkenepro- 

(17) 
(1961). 

(18) H. R. Henze and R.  J. Speer, tbzd. ,  64, 522 (1942). 
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A .  IT. Riirgstahler a n d  I. C. Nordln,  .I.  Am. Chem Soc , 83, 198 

J .  Ow. Chem., 26, 2814 (1961). 

pionate (II), which upon allisline hydrolysis, gave the 
desired cycloalkene-1-alanine (111) as indicated in 
Scheme I. 

SCHEME I 
CN CN 

I I NaOH RCH2Br + NaCC0,Et - RCH2CCOzEt - 
I 
NHCOCH3 

I 
NHCOCHB 

I II 
NHz 
I 

RCH,CHCOOH 

The preparation of 2-cyclopentene-1-alanine and 2- 
cyclohexene-1-alanine was accomplished by converting 
the appropriate 2-cycloalkene-1-acetaldehyde (IV) to 
the corresponding 5-(2-cycloalkenylmethyl)hydantoin 
(V) followed by alkaline hydrolysis of the hydantoin to 
form the 2-cycloalkene-1-alanine (VI) as indicated in 
Scheme 11. 

SCHEME I1 
,NH-C-0 

KCN / Ba(OH), RCH2CH0 - RCH,CH I 
\.C-NH (NH,),CO, 

Iv 
0" 

V 
NH* I 

RCHzCHCOOH 
VI 

In microbiological studies, 3-cyclopenterie-1-alanine 
was fourid to prevent visible gron th of Escherichia coli 
9723, 10S56, and W and Lactobacillus p lan tarum SO14 
at  concentrations of 6, 6, 30, and 300 Fg/ml, respec- 
tively, after an 18-hr incubation period. Competitive 
reversal of the growth inhibitions by 3-cyclopentene-l- 
alanine was not obtained with any single amino acid 
in any of the several organisms studied. Detailed 
studies of the effect of the amino acid analog upon E .  
coli 10856 revealed that  leucine alone reverses the in- 
hibition at  low levels of the inhibitor but has no effect a t  
higher concentrations, as shown in Table I. However, 

T . W L E  I 
b V E R S . \ L  OF THE IKHII3ITIOS OF 

D I , - 3 - C r C L O P E N T E ~ E - l - . \ L . \ S I S E  IS E. Coli 10856 _ - _ ~  Galvanometer -7 

uL-Leucine. pv:ml -------- 
Inliil~itur 0 0.03 3 0 0 0.01 0.03 0 . 1  

concn, r------uL-Methionine, pg ml------- 
rp /ml  0 0 0 3 3 3 3  

0 66 60 62 59 59 39 59 
1 67 61 
3 7 64 63 61 59 60 

10 63 64 3 61 61 60 
a0 0 1 (1 1 6.5 

100 0 0 20 27 
::00 0 

A measure of cu1tiu.e tiubidity; distilled water reads 0, an 
opaque object 100. 



:L miriim:Ll supplement of methionine, hi hich aloiie has 110 

c>steiiiivcl effect iri rcverying the inhibitictri, permit- 
leucine to reverse the growth iiihibitioii in a comlietitivc 
maiiiier over :t limited raiige ( i f  conceiitration 
>mall amount of methionine requircd to exert t 
ib  upproximately the same at diflereiit coriceiitratioiis o f  
iiihibitor. These reiultr suggest that this atlalog not 
only iiihibiti the utilization of leucine but also inhibit\ 
111 so rw  iii:miier the biuoyrithesi- of methioiiiiic~. Thi- 
effect i- caoniparable to that fourid iu \tidie\ ith i3- 
cyc1tq)eii tciie-1-glycinc, the gron t h  inhibitory effect o f  
11 hich 15 reversed con11)etitively ljy i-olericiiicl oiily i l l  

the prezeiice of sniitll aniounti  of inethioiiiiie 1 
~-Cyclohexene-l-alariiiie, though riot ~ i i  effecti\ (J :t- 

:~-cyclohe~ciic-l-alaiiiiie, inhibit - the growth of L 
de.r fmti icu/ / i  :I> indicated iri Txhlc  I1 The inhibition i- 

1)rw cntetl over a 10 20-fold r:uige of iiicrcawig coil- 

cwitratioiii of lcucirie in  :t c*oinl)etiti\ clikc iiiai1iiw 

The iiiliihitioii index (ratio of coiicc~itr,itic)ii of :iiialog t ( ~  

ion period) i h  ~ t l ) l ) i  osiinately 1000. 
The  niutrinl  m t a g o i i i y i n y  of ltlucine, i-oleucine, a i i c l  
viiliiich i n  thii particular orgaiiiiiii 1)revciit ii denioiistra- 
tioii of :L competitive relationship ovw :t hroadcr rmgc 
of c~oricciitrutioii~. 

I-('yc.Io~~eiitenc-I-aluuine n a i  fourid to he -oiiic\\ hat  
iiiorc li'iteiit than ~-cycl~tliexeric-l-al;lHlrlc ii- :L gron 111 
illhibit or of I,. (le auzcz~tii. The growth inhibition i- 
rcveiwtl over :t 2O-fold r~ttigc of iiicre:t-iiig coiiceiitr,t- 

iiihihitioii indcx of al)proximatcly 400 :ib iiidic;itcd 111 

T:iblt> 111. 111 coiitruit t o  :2-cvcloI)eiiteiic~-l-:ilaiiiii(~. 
2-cyclopciit (we-1-alanine did not inhibit the growth of 
t h c  t h r w  .;trailis of E. (d?. Thiii, the -eciiiingly 

's' for ~,reventlllg dctcctnblc gro\\ tll 

tloll- ot Irurlllc~ 111 iL collll~etltlvellhe Iliullller \\ l t h  :ti1 


