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Abstract-The y.lS.rcInrol)I)-a-ammo-I -bu~yric acrd. an analoguc of I:gluramtc acid. was synfhesucd from 
meIh)l ri~ano-a~benr~lox)c~~n~lamino~I.~buI~raIc b) Iransformarron of Ihc nitrde droup inIo IeIrarole nuckus 
hy usmg Irr-n-hut)-l.Irn aridc and removal of proIccIing groups. ‘The synlhcsls of pcpride derivatives conlaming 
r_(‘~IcIrarol~l)-o.amrno-I.-bulyr~l rcsrduc ic also dcvxibcd 

The free carboxyl group of hormones and other hdogi- 
call) acIIve peptides appearing as a C-Ierminal or in 

aspartlc and gluramic acid rcsiducs plays an important 

role in interaclion with a protein rccepror. For example 
in hradykinm’ and angioIensin II’ the presence of C- 
Icrminal carboxyl groups is essential for their hormonal 

acrivities. Likewise Ihe activity of gastrin is connected 

with Ihe presence of the free carboxyl group in aspartic 

acid residue in position 16.’ Excellent sIrucIurc-function 

relationship sIudics in the gasIrin field conducted by 
Morley’ . on Ihc C-terminal Ietrapeptidc responsible for 

Ihc hormonal acIIviIy. revealed Ihat analogucs derived by 

the exchange of Aspt posirion results in loss of acIIviIy. 

The only exception displaying gastrin hormonal activily 
was a pepride conlaining a @-IeIrazole analogue of 
aspartic acid residue in place of Ihc parent amino acid.” 

II conformed with He&I’s well-known hyporhcsis ac- 

cording IO which Ihc replacemcnr of Ihc carboxyl group 

for Ihe chemically and physically similar 5-Ictrarolyl 
group in biologically acIive carboxylic acids may furnish 

compounds of inIeresIing properlies.’ 

The inIroducIion of acidic IeIrazolyl group in place of 

the carbon)1 group may have substantial importance in 
sIudies of structure acIiviIy relaIionship in Ihe peptide 
field. as il may enable the role of carboxyl group in ils 

inIeracIion with the proIein receptor IO bc defined. The 
Ietrazole analogues of hormones in which the carboxyl 

group is bonded through Ihe covalcnI bond should have 
diReren biologIcal activities in comparison IO Ihe parcnI 

hormones. On the other hand, when Ihe hormone car- 
boxy1 group is bonded IO the base centrc in protein 
receptor through acid-base inrcracrion, the IeIrarolc 

analogucs of hormones should have similar biological 
proper&. 

Morcov cr. Ihe Ietrazole analogues can be helpful in 
sIrucIural studies of those peptides in which the con- 
formation IS srahilized by intermolecular acid-base in- 
tcraclion. as for inslance in bradykinin or sccretin. 

To date. the syntheses of opIical active Ietrarole 
analogues of some a-amino acids including n- and B- 
analopues of asparIic acid, as well as a-analogue of 
gluIamic acid were described.“ ” This paper presents 
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*The abhrevurwv follou ICPAC-IUD approved ruk\ (1914) 
In rddlImn the ahhrc\tarmn GluT’ fur y-Ierrazole analoguc of 
plulamlc acid I y-(‘-IeIrarol~lI.a-amr~.buryrlr- acid] has been 
uwd All ammo a;ld\ arc of rhc ! .wnfiRurarwn 

the synthesis of the y-Ictrazole analogue of I.-glutamic 

acid and iIs derivatives. 

The most frequenrly applied method of preparing a 
tetrazole nucleus is a I.)-dipolar cycloaddition of am- 

monium” or aluminium” azides IO nitriles. This reaction 

has. in general. been found IO proceed most rapidly with 
negaIively substituted nilriles. The preparation of te- 

Irazole analogues of amino acids from the appriopriate 

nilriles is a good illustrarion of the influence of inductive 
effects. Yields for Ihe reaction of N-proIecIed a- 

aminonitriles are cu. lKL9S%.e and for the fiderivatives 

despite considerable prolongaIion of rime reaciion only 
40%.‘” On the other hand in analogous conditions 
the y-cyano-a-benzyloxycarbonylamino-buIyric acid 

undergoes praclically no transformation IO the tetra- 
zole derivative. 

Recently Sisido et al.” described a new method of 

synthesis of 5subsIiIuIed Ietrazoles by 13-dipolar 

cycloaddirion of Irialkyltin azides IO nitriles followed by 

the spliIIing of the N-Sn bond. The authors stated that 

Irialkyltin azide reacted more readily with a nitrile con- 

taining an electron-releasing substituent Ihan with Ihose 
conIaining electron-withdrawing groups. Our successful 

synIhcsis of y-(‘-IcIrazolyl)-a-amino-l-butyric acid 
confirmed Iheir results. 

ILPSULTS 

We sIarted wiIh methyl N-benzyloxycarbonyl-t-glu- 

IamaIe I. The y-carboxamide group was dehydrated IO 
nitrilc by use of benrcnesulphonyl chloride in pyridine. 

The prepared M-protected ycyano-a-aminobutyrate 2 
was rcfluxed with an cquimolar amounI of tri-n-butyltin 
azidc in Ictrahydrofuran. The reaction was controlled 

specIrophoIometrically by observing the decrease of 
CrlG (2250cm ‘1 and 5, (2075 cm ‘1 IR bands. After 70 h 
Ihe reaction was slopped and Ihe tin derivative 3 ob- 
tamed was transformed IO the S-suhsIiIuIed tetrazole 4 

by splilling the K-Sn bond using hydrogen chloride in 
erher. The carboxyl protecting group was removed by 
alkaline hydrolysis. The free y-Ietrazole analogue of 
I.-glutamic acid 6 was ohIamed by removal of the ben- 
zyloxycarbonyl prelection hy the action of hydrobromic 
acid in acetic acid followed by ncutraliration of the 
hydrobromidc formed with hthium hydroxide. 

The struclure of this new amino acid was confirmed by 
IR. NYR. ORD and CD spectra. The ORD and CD 
spectra (Fig. 11 of the y-lclrdrok andoguc of I.-glulamic 
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Fig. I. ORD and CD spectra of I glutamic acid and its yte~razolc analqwe. 
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acid show a good convergence with the parent amino 
acid spectra. The positive Cotton effect on the CD 
spectrum due to the optical active n+ n* of the carboxyl 
soup shows the characteristic dependence on the pH of 
the solution: at pH I A,, = 200 nm. 8 = + 4750. while at 
pH &A.,.,= 197 nm. B = + 3950. 

In the NMR spectrum of y~5-tet~olyl)-a-amino- 
butyric acid (Fig. 2) signals due to the nonequivalent 
protons in the metylene group in ~-position. as well as in 
the y-position were observed. Examination of the 
Dreiding models indicate that the interaction between the 
tctrazole nucleus and carboxylatc anion is a factor res- 
tricting rotation around C&, bond. Thus the specific 
conformation of the side chain is stabihzcd. 

The tetrarole analoguc of N-protected isoglutamine 
was ohtained by the amm(~nolysis of ester 4. The reac- 
tion was carried out using aqueous and methanol solu- 
tions of ammonia. However. in the case of ammonia in 
methanol the reaction was so slow that after 4(1 h a high 
yield of the starting ester was recovered. +.*- -* *.-‘-- ! .- 

The ~“(~-~et~zolyl)-Q-aminohut~yl residue was in- 
2 3 4 5 

a 
corporatcd as N- or C-terminal to two model dipeptidcs. 
Coupling of the p-nitrophenyl ester of N-benzyloxy- Fig. 2. NMR spectrum of I-teh.tole anatogue of t.&tamic acid 
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carbonyk-phenylalanine 7 with the rriethylammonium 
salt of y - (5 - Ietrazolyl) - a - aminobutyric acid afforded 
N-protected dipeptide 8 containing the free carboxyl 
group with a 73% yield. Protected dipeptide with N- 
terminal residue of y-terrazole analogue of I.-glutamic 
acid was prepared in !WZ yield by condensation of 
methyl phenylalaninate 9 with y - (5 - telrdzolyl) - a - 
knzyloxycarbonylamino - I. - butyric acid using dicyclo- 
hexylcarbodiimide. 

The preparation of analogues of biologically active 
peprides containing terra-role analogues of amino acids is 
in progress. 

Mps are uncorrecred. IR spccIra were dcIermmcd on a Perkm- 
Elmer Model ?.(7 spcctrophoromctcr. NMR spccIra were Iakcn 
on a ‘I’csla RS 4R7 spccIromeIer operaring aI Ro MHr. ORD and 

CD curves were determined uIIh a JASCO 1.20 spccrro. 

polarimclcr al ?C* 
.Wfhy/ S - htn:$ox~urhony/ I &rfomrnufc. A solulion of 

Fr’ bcnryloxycarbonyl I. . glutamine (S 6g-20 mmok5) and 

sulphuryl chlordc (0 OR ml) In dry methanol (40 ml) was MI for 3 

days aI room Icmp. The mcrhanol was Ihcn craporalcd. the 
residue was washed wuh AcOP and cr)sIallircd ~wicc from 
mclhanol. YIcld 4.1 g (73%). m p 141-141 5’. 1.11 ” m p. 14&141c. 
Mtfhyl 7 - cwno . a . hen:~/ox~carh~~n~/amrno I huryrafc. 

Rcnrencsulphonyl chloride (2.3 ml) was added IO a suspension of 
methyl S - knryloxycarbonyl 1. glulaminalc I4.l9g- 
15 mmoksl In dry pyndmc (.C ml1 The soIuIron uas sIirrcd aI .W 

for 20 mm. cookd IO rmm temp. and then acldificd with ! S 
hydrochloric acid. The mixture u-a\ cxlracled three times with 
AcOE1. Thc combined ACOEI layers were washed uith I S 
hydrochloric acid. SaHCO, soluuon. waler. dried over MgSO,. 
and evaporated under reduced pressure The residue uas 

crystallized from ether-hexanc Yield 3.74~ V+O%l. m.p 4!-I1’: 

101”” !I’ IC - 06. MeOH) IR (nulol)~ 3300 Iv SH). 2330 (13 
CN). 1750 rv CO,,:,.). 1675 fv COW.,ba.l. SMR (CDCI,) 6: 7.10 

(SH. s. aromaIicsl. 4 98 I!H. s. henry1 CH:l. 4 30 IH. m. CH). 3.U 

(3H. s. 0CH,l. 2.45 I4H. m. CH,CH,l I&W/. Calc for 
C,,H,,SrO,: C’. 60.85. H. s IId. F;. 10.14. Found. C. 60 72. H. 

5.91: 9. IO 3Wl. 
Mrfhyl 7 (5 rrrro:o/,v/) - n . hm:~/or~curhon~/omIno . I 

hufyroft. A suluIion of mcrhyl Y cyano . (r bcnzyloxy- 

carhonylamino I hulyralc I! ?6g-IO mmoksl and Iri-n-hulyl. 
fin alidc” (3.@!I ml-10 mmoksl in dry ‘THF t IO ml) was rcfluxcd 
for 70 h Then the cooled solution was Ireatcd uith hydrogen 
chloride in cIher and IcfI for I h The cr)stalhne product was 
collected and washed socnl rimes wtth cthcr Yield I Wg 

r6l%l. m p. 13.C-l3w”. RecrysIallication from aqueous mcrhanol 
raised m.p. 14%146” Il.76g-!!Ql; lo]r;‘O - 14.5’ Ic 2 I. McOHl 

IR INujoll: 3290/v NH). I730 /vCO,,l. 167s IvCO,,,,I. 1050 
and 102Ocm ’ ~~c~rarolc ring). SMR I&acc~one) 6, 2 2s (Xl. m. 
8-CH,). 3.06 (!H. I. y-CH,l. 346 I3H. s. WH,l. 42s fH. m. 
CH). ! 00 I2H. s. bcnryl CH,). 7 25 f!H. s. aromaIics1 (And 
(‘ale. for C,,H,.ti,O,: I’. (2 67: H. (.3i: S. !I 94 Found C. 
52.57: H. 5.43. N. 22.32%). 

7 . (5 . 7‘flru:o/y/) a . bn~~lorvro~on~lomino . I . hufytic 

ucid McIhyl Y . (5. ~c~razolyll . a . bcnzyloxycarbonylamino . I. 
buIyraIt (I.!ggA mmolcs) was dissolved in IN NaOH (R.g ml). 

The solution was IcfI for I h aI room temp. and then acidiIkd 
wiIh IN hydrochloric acid The crysIallinc produci was collccrcd 
and washed wiIh waler. Yield I I!g (92%l. m.p. 7&R?” Rccrys- 
Iallizarion from waler gabe 09g (74%) a malerial melling al 

IO 

&&I’: [alI,“. 6.6 Ic = I. M&H). IR (Nujoll: 3270 Iv HNl. 

1705 (V CD,,). 1680 (VW,,,,&. 1069 and IOIJcm-’ (tetrazok 
nn8). NMR Ih.accIoncl 6: 2.29 f!H. m. B-CH,). 3.06 I2H. I. 

y-CH,). 4.37 tH. m. CH). 5.02 (?H. s. benzyl CH,). 7.24 UH. s. 
aroma&). (Anal. (‘ale. for C H N 0 .H,O: C. 48.30; H. S.30; I, I, 3 4 
S. 21.67. Found: C. 48.55; H. 5.37; N. 21.79%). 

y (.’ . T~rru:o/y/l . o . hm:y/oxyrar+ony/amino . I. - bu- 

fyrumidr Methyl 7 - Is . ~e~rardyll . a . bcnzyloxycar- 

bonyhmino I. bu~yra~c (0.64 g-2 mmolcs) was dissolved in 
cont. aqueous ammonia I3 ml) and Ihe soluIron was kfI aI room 

rcmp. for 4 days. The solvent was removed under reduced 

pressure. the residue dissolved in wafer and the amide was 
scparaIcd hy acrdificaIron wiIh 2 S hydrochloric acd The 

prrxlucI was collccIcd and washed several rimes wiIh waler. 
Yield 0 4Rg (7%): m p I%193 The material rccryslallircd 

from mcIhanol mclrcd aI 19FI94’ IO.Mg-60%); [alo”- 5.V 
IC - 0 R. McOHl IR (Sujoll: 3370 and 3X0 Iv NHl. l6I3O (broad. 
PC0 u-W _,A), 1090 and lOc4cm ’ (IcIrazolc ring). tiMR (4- 
INSOI 6- ! 3 I!H. m. fJXH,l. 3 I3 I!H. I. r-CH,l. 4.2.5 IH. m. 
(‘HI. 5 20 (?H. s. bcnryI’CHIl.‘7 13-7 75 IKH.‘m. aromarics. NH) 

(Ano/. Calc. for C H S 0 : C. 51.31; H. .C3O: S. 27.62. Found: Ii ,e 6 , 
(‘. SI.36; H. s 03; N. 2: 98%). 

7 . (5 . Ttrro:o/v/) . (I . amino . L hufvrorr. 7 - (5 - 
‘TcIrarolyll . a . hcn~yk~rycarhonylamino . I. . bu~yric acid 
(0.327 g-l 07 mmok) was treated with hydrobromlc acid In accric 

acid (I ml). AfIcr 4Omm dry ether was added; the separaIed 
hygroscopic hydrohromidc uas washed several rimes wiIh dry 

ethyl ether by dccanrarmn and dried in a dessicaIor over KOH 
and P:O,. The hydrohromidc was dissohcd in merhanol and [hc 

soluuon was ncuIraJired by rhc addiIion of 2 N LXJH, and IcfI 
o\ermghI in a refrigeraIor. The CryrIallinc producr was collcc~cd 

and Bashed wiIh ether. Yield 0 IXg I9RQl; m.p. 231” (dcc.1. The 
maIenal rccrysusllircd from waIcr-accIone mclied with dec. aI 

‘33” (O.l!g6661: [(I]l,.W. II” rc 7 0 6. H,O). IR (Nujol): 33W 

2400 rvh’H,l. 1650 I~..,,SH,). Is82 fvCO,,..,,.,.l. ISII 

I&,, SH,). IOll!and IOUcm ’ IIeIrarokrmgl NURIDOj6: 2.61 
r!H.m./3-CHrl. 3 Ml!H m. y-CHrl.4 IOrH.I.CHl.(Anu/.Calc 
for C,H,N.O~~H+j- C. 31.74; 11. s I%. 9. 3.02 Found: C. 3l.g?; 
H. C.9II. N. 3g.334). 

Rtvvvloxyr-urhon~l . I . phcrr~/u/uny/ 7 (5 frfw:o/y/) a 
umino . I bufync uctd. The suspension of p-nirrophcnyl esfer 
of s . bcnryloxycarbonyl I. phcnylalanmc (0462% 

I.1 mmolcl. y.(‘-IcIra7olgl)-o.amino-I-hulyric acid /O.l71g- 
I mmolcl. SF.1, IO.!Rml-2 mmolcs) in DMF (2ml) and waler 
(0.3 mll was suned for 20 h Then aqueous NaHCO, was added 
and Ihc soIuIwn was cxIracIcd three II~S wi1h AcOEI. The 
aqueous layer was acidified wiIh 2 N hydrochloric acid IO pH 2 
and lhcn cx1racrcd with Ac0F.l. The organic layer was washed 
with waler. dried over MgSO, and e\aporaIed. The rcsiduc was 

crysIallizcd from accIonc<Ihcr Yield 0.33~ (73%). m.p l4& 
IW. IR (Sujol): 3265 (vNH). 1712 (vCO.,,_,). 1682 
(PC-0 --). 1645 (v COP,,.+,). 1070 and I045 cm i-ilclrazok 
nngl (And Calc. for C,,H&O; C. s8.39. H. 5.35; N. lg.sg 
Found: C. 58.53, H. 5 69; N; 19.12%). 

Y . (5 Tefru:+l) . o . h~~yloxycorhon~lomino . I. . buryryl . 
L. . phmdol~nmr methyl exrfr The dicyclohcxylcarbodiimidc 
IO 2061 I mmok) uas added IO the solulron of 7 (5 . 
IcIrazolyll a . bcnryloxycarbonylamino . I. - hutyric acid 
(0305 g-1 mmolc) and mc1hyl csicr of l:phenylalanine (0.22 g- 
I.!mmolcb in D.MF (4ml) The mix1urc was srined ovcrnigb1. 
drlu1cd wl1h AcOEl (20 mll. and the repararcd dicyclohcxylurca 
was filtered ofl and washed uith AcOEI. The combined hl~ra~es 
were &a&d with IS hydrochloric acid. waler and dried over 
MgSO, The residue obIaincd after $oIven! evaporation was 



cqrdllzcd from AcOt’r. Ytcld 0.42~ (905). m.p. 164-166”. 
loloB- IP (c- I. acetone). IR (Nujol): 3330 (oSH). 1738 

(PC (L.,,, I. 1692 (VCO,,,). 1660 ~vC(‘opr,~). I080 and 

1064 cm ’ (retralok ring). ‘r;SIR Id+.accrone) 6. 2.23 t!H. m. 
&CH:). 2.99 (4H. m. bcnryl (‘Hz. CH+wazok). 3.55 (3H. I. 

NH,). 3.N-478 (!H. m. tiH. CH). 4.9R I!H. urethane CH?). 
7 10 (5H. s. aromatics). (Anal. (‘ale. for C,,H,S,O; C. C921; H. 
562. S. 1802. Found- C. 5918. H. 590. h’. I791’k) 
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