


low activities of the heptapeptides containing E-tri- 
methylamino-Sle (0.37,) or etrimethylaminocaproic 
acid (1.5%) in place of arginine compared with the 
higher activities of heptapeptides containing D-Cit 
(1 1%) or 6-nitroguanidinovaleric acid (7.7y0). Since 
this conclusion nas  based upon n-amino acids and 
desamirio compound- a i  well aq L-amino acids, its 
validity is dependent upon the correct new of their 
li? pothesis M ith regard to the unfavorable role of the 
free S-terminal a-amino group. A b  was discussed 
earlier,8 there are reasoni to doubt the validity of 
Havinga and Schattenkerli's hypothesis, and therefore 
a series of peptides was prepared to test it. 

Havinga and Schattenkerk' had predicted, on the 
basis of their hypothesis, that  des-aspartyl-angiotensins 
containing 6-aminovaleroyl or e-aminocaproyl residues 
in place of arginine would show good activity. These 
analogs n ere therefore synthesized and tested for pressor 
activity. In order to test the alternate theory8 that 
the D-a-amino group might be exerting a favorable 
influence, heptapeptideq were prepared which had no 
qide chain functional group in the S-terminal amino 
acid. These peptide- had butyric acid, L-a-amino- 
butyric acid, n-a-nminobutyric acid, or glycine in place 
of arginine. 

Chemistry.-The solid-phase synthesis was carried 
out as previously describedg J\ i th the following varia- 
tion\. (1) Coupling reactions 75 ere allov ed to proceed 
overnight. ( 2 )  Boc-Hiq(Bz1) was coupled as a suspen- 
sion in D11T-CH2C12 (1 : 1). (3) After incorporation 
of isoleucine, all subsequent deprotections n ere carried 
out by shaking the polymer with two portions of 1.5 
N HC1-AcOH for 30 min each. This last variation \\ as 
made necewary by the finding that the tripeptide had 
not been completely deprotected by shaking with 1.2 
N HCl-AcOH for 30 min. This deprotection problem 
was probably due to dilution of the HC1 by AcOH 
present in the polymer beads since the ratio of polymer 
to solvent was greater in thiq s! nthesis than that which 
i> normally used. 

After liberation from the polymer, the peptides were 
hydrogenated a t  3 a tm over 10% Pd-C. Hydrogena- 
tion for 48 hr waq adequate for removal of the benzyl 
group from histidine, but under these conditions, the 
aromatic rings of tyrosine and phenylalanine were 
partially reduced. 1lodel ftudies Ttith tyrosine itself 
showed that some reduction occurred with thic catalyst 
in S hr a t  atmoqpheric pressure; therefore, it seemed 
unlikely that conditions could be found which would 
permit quantitative debenzylation of histidine without 
concomitant reduction of tyroqine and phenj lalanine. 
Accordingly, it was decided to use these exceqsive 
hydrogenation conditions to enqure that no benzyl- 
histidine remained to furthercomplicate the purification. 

The  peptides n ere purified by chromatographv on 
wlfoet hyl-Sephadex 4nce the sulfoeth! 1-cellulose 
column used in earlier ~ 1 o r l r ~  did not resolve the deqired 
products from the des-isoleucine peptides. 

-4 t tempt~  to evaluate the steric homogeneity of some 
of the peptides n i th  aminopeptidase-11 nere not 
satisfactory because the enzyme used did not attack 
the His-Pro bond at a practical rate;  however, this 

(8) E C Jorgensen G C n indr idpe  I\ Parton and  T C Lee, f'ror 
F a r d  Amrr P e p t z d r  h u m p  I'nle 1,968 in Drev 

enzyme did indicate the possibility of some racemiza- 
tion in histidine. Oxidation of acid hydrolysates nitli 
Crotalus adaman teus L-amino acid oxidase was useful 
for all of the amino acids except proline. This technique 
confirmed that approximately 10% of D-histidine i ras  
present in each peptide but all other amino acids n-ere 
optically pure. Proline  as demonstrated to be 
optically purc in one peptide by the chromatogrnphic 
technique of l\lanning and after the other 
amino acids had been destroyed bj- HSO,." The 
Boc-His(Bz1) used in this work was optically pure as 
s1ion.n by the quantitative enzymatic oxidation of the 
histidine obtained from it by hydrogenolysis arid 
acidolysis, so the presence of D-histidine in the peptides 
indicat>es that racemizat'ion occurred despite the use of 
a urethan protecting group. The caiise of this 
racemization is riot knoirn at  present. 

Bioassay.-The compounds were tested for pressor 
activity in nephrectomized, pentolinium-treated male 
rats anesthetized with pentobarbital. 111 most cases 
the slopes of the log doseeresponse curves differed 
slightly from that of the standard. The pressor activi- 
ties listed in Table I were determined at  response levels 
which were ~r i th in  the range of measured values for both 
the st'andard and the urilmo\~-n. The figures for duration 
of response were obtained by measuring the widths of 
the blood pressure peaks at  half-height for equipressor 
doses of standard and unlrnoirn. The molarities of the 
peptide solutions (including standard) were calcu1:ited 
from amino acid analyses and the biological results are 
expressed on a molar. basis. 

Structure-Activity Relationships.-The pressor ac- 
tivities of 5-aminovaleroyl-Tal-Tyr-Ile-His-Pro-Phe 
(iyc) arid 6-aminocaproyl-Val-Tyr-Ile-His-Pro-Phe 
(5%) are much lower than one ivould expect from 
Havinga and Schattenkerk's hypothesi$ n.hich predicts 
that  these pept'ides, which laclr the free S-terminal 
a-amino group, should be more active than the corre- 
sponding D-a-amino compounds (D-Orn-T.'al-Tyr-Ile- 
His-Pro-Phe, 23%' and D-Lys-T'al-Tyr-Ile-His-Pro-Plie! 
239;1,).3 These peptides are, in fact, only slightly more 
active than the corresponding L-a-amino compounds 
(each 37c).3 These dat'a do not support Havinga and 
Schattenkerli's hypothesis t,liat the a-amino group is 
deleterious. 

The high pressor activit,y of 1)-Abu-Tal-Tyr-Ile-His- 
Pro-Phe (23%) compared ivith L-Abu-T':il-Tyr-Ile-His- 
Pro-Plie and butyryl-I'd-Tyr-Ile-His-Pro-Phe (each 
lyO) is good evidence that the IT-terminal r)-a-amino 
group c m  exert a strong favorable effect ill the liepta- 
peptide. The magnitude of this effect suggests th:it 
the D-a-amino group might have been primarily re- 
sponsible for the pressor activities of the analogs pre- 
pared by Havinga. et ~ l . ~ - '  Since the relative contribu- 
tions of the n-a-amino group and tlie side chain func- 
tional group to the pressor activities of these analogs 
cannot be deterniined from existing data,  it is imposai- 
ble to draw any coriclusiorls about tlie contribution of 
the guanidino group of arginine in [ ~ l e s - ~ l s p ~ , I l e ~ ] ] -  
angiot'ensin I1 from the pressor activities of analogs 
containing a mamino acid in place of arginine. Thu.: 

110) .J. 11. I fannine  and S. A1uore. .I.  Bioi. C i i r m . .  243, 5591 11908). 
(11) J. P. Greenstein and  11. 11-initz. "Chemistry uf tlie .\mino ;\cid*." 

(12)  R.  Boiicher. R .  Ye>-rat. ,J. d e  rliamplain. and .T. Grnmt .  (.on. .\f?d, 
5'01. 3 ,  .John IViIey & Sons. Inc., Xew York,  S .  Y,, 1961. p 2184. 
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a Relative to [Asn1,Val5]-angiotensin I1 (Hypertensiti-CIB.1) = 100. * 1< = ~ol-T?.r-Ile-fIis-Pro-Phe. 

the pressor activity ivhich Havinga and Schnt tenlierh' 
fourid for [deq-11sp1,~-Cit2,Ilei']-angioten.iri I1 (11%) 
cannot be considered ai: valid wpporl for tlieir theor? 
that the contribution of the argiriyl re4due in [de-- 
A~pl , I le~]-ai igioteni i~i  I1 i5 due to the  H-bondiug 
capncity of the guariidirio group. A more valid ev:tlu:i- 
tiori of the contribution of the argitij 1 residue to thil 
preswr activity of [de+ ~',Ile']-angioteiisiii I1 n oultl 
h r  ~ ' i a  t fie :lriaIog* cont iiig :L frcc S-terminal ~ - a -  
:imiiio group since tlii5 group i:, present 111 the argin? 1 

wm:tbly influence< the  preisor activity. 
o far prepared, only the guariidino group 
eIf convey:, appreciable pressor activity 

to the peptide. Replacement of thi- guaiiidino group 
1 ) )  riitroguariidirio (1.:3%),6 ureido (0..5%),{ or l I e&T 

ups7 gave compounds nitli eiseritiallj the 
r activit; us the peptidt. n-it11 no functionul 
it' side cliairi ( [dei-r~ip',~--Abu~,Ilei]-arigio- 

feii4ii 11, 1:;). This nould indicate that the contrihu- 
tioii of the  guariidino group c:miot be explained in  
tcrms o f  :I hirigle p:iramcter iiicli :ii cationic charge or 
h? drogen boiidirig capabilit\ . 

r act ivit? of [de~-.Aip',Glj 2,11e5]-arigiot en- 
indicated that i t  i S-termitial a-amino 

group i i  capable of exerting the same effect as the n-a- 
amino group of jde4-~~~pL,D-,AbiiL,Ilei]-angioterisiri 11. 
I t 4  loner activity might be a w i b e d  to the lack of u i  

: i I k j  1 hide c h i n  nhicli htericallj facilitatea inteructio,i+ 
ot the :imino group nitli the i)-umino binding site. 111 
additiun, i t5  I O U  cr aiativit\ coi be due to its gre:itw 
buaceptihiht> t o  itniiiiopeptidn iiiicc i t h  duration oi 
wtiori n:i.: IC+\ tli:iii 0 .i tli:it of t l i t l  i)-Abu conipoiiritl. 

[Dr.:-.4~p~,Gly~,Ile3 J-angioteniin I1 l i d  the wmc dura- 
tion of :iction :irid therefore preyumabl? imilnr  eiizi - 
tnatic *usceptibilitj to that of [de.s-Asp' .~-.~b~i ' ,I l i~~]- 
nugiotensin 11. The  high activity of [de+Ahp',G1y2.- 
Ile~]-angiotezisizi I1 therefore dion-ed that the diff erenct, 
in  prebsor activity betn-een [des-AspL.r)-Abn?,Ile~]- 
:uigiotensin I1 :md [d~~~-Aspl,~-hbu?,Ile']-aiigiotcrisiti I1 

only partly due to difference:, in rate of attuch b\ 
iiopeptid:m+. The most import:tnt contributiott 01' 

the i)-a-aminobut! ryl residue was probably due to :I 
direct effect of i t  3 a-amino group. This effect could hi, 
ducx to en1i:iriced binding of tlie peptide to :L receptor or 
to  \tabiIizatioii of :L preferred conformation. n'hcn t l i c s  

terminal :imino group of [d ',C;lyL, Ile']-:tiigiot e i i -  

h i l i  I1 \ \a< acetylated, the p activit? dropptd t o  
the same lo\\ lcvel (-lu/c) n esapeptide. \*:il-Tyr- 
Ile-His-Pro-['lit.. I t  may he t entatively coricludcd from 
the-e data tli:it tlie positive charge of the S-tcmiin:il 
i)-a-:iniiiio group i>  tlic feature hich i. whpo1ihihle f(J1' 

the group's contribution t o  the prersor :tctivity I)[ 

des-aspartyl :ingiotensiris containing n n-amino :tcitl i i r  

place of arginine. 
If this S-terminal i)-a-nniirio group function.; tlirougli 

enhniiced binding t o  the receptor, it  probabl? inter:icts 
ni th  :t group in tlie receptor \I hich is riot tiorm:tlly 
involved in tlic hiiidiiig of angiotensin I1 or de+ 
usptirtyl-:tngioi eiiiin 11. Such an "accidental" biriding 
4 t c  need not occur in other ipecie, or in receptor hitpb 
:thsociated \vith other pliyiological or ph:irmiicolo~ic:il 
:tctionr of arigiot i n  I1 so [de~-Asp',rj-Ah~i*.Ile']- 
:tiigiot etisiii 1 I n i q  ion a diff erent spectrum of' t)iologi- 
w1 :ictivitic- th:m do('* :itigiotcw5iir 11. 
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Experimental Sectioni3 
N-t-Butyloxycarbonyl-D-a-aminobutyric Acid (I).-To a solu- 

tion of 2.06 g (20 mmol) of D-a-aminobutyric acid in 40 ml of HpO 
were added 1.60 g (40 mmol) of MgO and 5.72 g (40 mmol) of 
t-butyloxycarbonyl azide. This mixture was stirred at  45" for 
48 hr, extracted wit,h Et20 (2 x 40 ml), then acidified to  pH 3.5 
with citric acid. The oil which sepd was extracted into AcOEt 
(4 x 40 ml). The AcOEt washes were combined, washed with 
KzO (4 x 40 ml), then dried (ltgSO4). Evaporation of AcOEt' 
a t  4,5" on a rotary evaporat'or gave 3.2 g (80yo) of a colorless oil 
which could not be crystallized. Tlc revealed 3 C1 + spots,14 
Rt I: 0.00 (faint), 0.49 (strong), 0.65 (faint), and Rf 11: 0.00 
(faint), 0.81 (st,rong), 0.99 (faint). 

The oil was dissolved in 50 ml of Et20 and 3.9 ml (20 mmol) of 
dicyclohexylamine was added. The EtzO was removed on a 
rotary evaporator and the resulting oil was triturated with h e p  
tane giving a white powder. This was recrystd from heptane 
giving 2.3 g (30o/c) of colorless needles, mp 138-139', [aIz3D 
-,5.7" (c 2, MeOH). .Anal. (Cz&&zOd) C, H, N. 

The salt, 1.8 g (4.7 mmol) was dissolved in 5 ml of LIeOH, 
diluted with 25 ml of HrO, and basified with 5 ml of 1 N NaOH. 
The amine was removed by extraction wit'h heptane (2 X 50 ml) 
then t,he aq solution was acidified with citric acid. The resulting 
oil wag extracted into CHZClz (4 X 50 ml). The CHzC12 washes 
were combined, washed with H20 (2 X 100 ml), dried (AIgSOd), 
and then evapd on a rotary evaporator; yield 0.62 g (66%) of a 

-t-Butyloxycarbonyl-L-rY-aminobutyric Acid (II).-This 
compd was prepared as described for the D isomer (I) and purified 
via the dicyclohexylammonium salt (mp 138-139"), [a] z3D +6.0" 
(c 2, MeOH). Tlc as for compd I. Anal. ( C Z I H ~ ~ N ~ O ~ )  C, H, N.  
,\;-t-Butyloxyearbonyl-6-aminovaleric Acid (III).-This compd 

was prepared as described for I from 2.3 g (20 mmol) of Lamino- 
valeric acid. An oil was obtained which crystallized when 
triturated with hexane; yield 2.0 g (45'3$), mp 49-52'. Tlc 
showed one C1+ spot, Rf I: 0.53, Rr 11: 0.77 Anal. (CloHlgNOd) 
C, H, N. 
N-t-Butyloxycarbonyl-e-aminocaproic Acid (IV).-This compd 

was prepared as described for I from 2.6 g (20 mmol) of e-amino- 
caproic acid. IT' was obtained as an oil which crystallized when 
cooled to -20": yield, 3.6 g (807',); mp 39-41". Tlc showed 
one C1 + spot, Ri I: 0.54, Rf 11: 0.80. Bnal. (C11Hz1N04) 
C, H, S. 

Boc-Tyr(Bz1)-Ile-His(Bz1)-Pro-Phe-polymer (V).-Boc-Phe- 
polymer (18 g, 3.6 mm0l)g was placed in the reaction vessel,I5 
deprotected, and neutralized as previously described,9 then 
acylated overnight with 3.1 g (14.4 mmol) of Boc-Pro and 3.0 g 
(14.4 mmolj of IICCI in 50 ml of CHZC12. The peptide polymer 
was then analyzed and acetylated as before.9 This same proce- 
dure was used with 5.0 g (14.4 mmol) of Boc-His(Bz1) suspended 
in  50 ml of DMF-CH?Cl, ( 1 : l ) .  When acylation with 3.3 g 
(14.4 mmol j of Boc-lle was carried out using the same procedure, 
approx 30yo of the tripeptide [His(Bzl)-Pro-Phe] was detected 
by electrophoresis. This contaminant was reduced to approx 
10cG by repeating the acylation but the remaining contaminants 
could not be acetylated. Since this indicat'ed that deprotection 
may have been incomplete, all subsequent deprotections were 
carried out by shaking the peptide polymer with 1.5 A\r HC1-AcOH 
for two 30-min periods. Incorporation of Tyr(Bz1) by this proce- 

oil. Tlc showed one spot, Rf I: 0.49, Rt 11: 0.81. 

(13) Melting points mere measured in a Thomas-Hoover Uni-Melt ap- 
paratus and are corrected. Amino acid analyses were performed on a Spinco 
Model 116 amino acid analyzer using the  standard 4-hr methodologg. 
Peptides vere  hydrolyzed under N? a t  110' in constant boiling point HCI con- 
taining aspartic acid or alanine as  internal standards. Peptide content was 
calculated in terms of free peptide rather than  the  hydrated salt. Micro- 
analyses were performed by the  Microanalytical Laboratory, Department of 
Chemistry, University of California, Berkeley, Calif. Where analyses are 
indicated only by symbols of the  elements, analytical results obtained were 
within 10.4% of the  theoretical values. Rotations were measured with a 
Ilendix-KPL automatic polarimeter, Type  143.4, equipped v i t h  a digital 
readout and printer. Precoated silica gel G plates (E. Nerck) were used 
for tlc. The  following solvent systems were used: I. xylene-pyridine-&OH 
(100: 15: 5) ; 11, i-PraO-CHCls-AcOH (6:3: 1) : 111, n-BuOH-.AcOH-HtO 
(:3:1:1): I\'. sec-BuOH-3% KHa (100:44); V. pyridine-H20 ( 4 : l ) ;  VI, 
n-lhOH-hcOH-H,O (4: 1 : 5) ,  upper phase. Electrophoresis was carried 
out  on Whatman N o .  1 paper a t  BOO0 V using AcOH-HCOOH buffer. p H  
1.85, in a Savant apparatus.  EH indicates the  electrophoretic mohility 
relative t o  histidine = 1.00. 

(14)  D. E. Nitecki and J. W. Goodman, Biochemistry, 5, 665 (1966). 
(1.3 R. D. Merrifield, J .  Amer. Chem. Sac., 85, 2149 (1963). 

dure nsing 5.4 g (14.4 mmol) of Boc-Tyr(Bz1j was satisfactory but 
analysis was complicated by the presence of Tyr-His(Bzl>Pro- 
Phe. 

Boc-Val-Tyr(Bz1)-Ile-His-(Bz1)-Pro-Phe-polymer (VI).-The 
protected pentapeptide polymer (V), 15.3 g (2.5 mmol), was de- 
protected and acylated with 2.2 g (10.0 mmol) of Boc-Val and 
2.1 g (10.0 mmol) of DCCI in 50 ml of CHzClz. 

Val-Tyr-lle-His-Pro-Phe (VII).-A portion of the protected 
hexapeptide polymer (0.9 g, 0.13 mmol) was washed with CFa- 
COOH ( 3  x 20 ml) then siispended in CFsCOOH (10 ml) and 
anisole (1 ml). HBr (scrubbed wit,h satiirated resorcinol in CsH6 
and with CaC12) was bubbled through t.he suspension for 1 hr. 
The suspension was filtered by suction and the polymer was 
washed with CF,COOH (2 X 10 ml). The filtrate was evapd 
on  a rotary evaporat,or at, 30" and the residue lyophilized from 
AcOH. The resulting powder was washed m-ith dry Et20 and 
dried in UUCUO giving 170 mg of off-white powder. 

This powder was dissolved in 15 ml of 50y0 MeOH containing 
27, AcOH, 150 mg of lOy0 Pd-C was added and the suspension 
was stirred under 3 atm of HZ for 48 hr at room temperature. 
The catalyst was filtered off (filter aid) and washed with 95'70 
hcOH. The filtrate was evapd in vacuo at 40" and the residue 
lyophilized from AcOH giving 120 mg of white powder. This 
was dissolved in 5 ml of 0.1 Af "10.4~-1 Jf AcOH and the solu- 
tion applied to a 2.5 X 100 ern column of Sephadex-C25-SE 
(NH4+) packed in the same buffer. The coliimn was eluted at  
34 m1;'hr with a linear gradient of NHlOAc in 1 ,If AcOH using 
a concentration change of 2.0 X IO-* ;Zf,'ml. The effluent was 
monitored at 280 mp and 8-ml fractions were collected. Frac- 
tions which were homogeneous on tlc in solvents I11 and I V  
were pooled and lyophilized giving 46 mg (317,). After further 
purification via the picrate saltg there was 30 mg of chromato- 
graphically homogeneous material, tZi 111: 0.67, Rt IV: 0.43, 
Rr V: 0.88, Pauly and ninhydrin +. A 72-hr acid hydrolysate 
had the following amino acids: Val 1.03, Tyr 0.97, Ile, 1.02, 
His 1.00, Pro 1.00, Phe 1.01: peptide content, 797,. 
Butyryl-Val-Tyr-Ile-His-Pro-Phe (VIII).-To a solution of 15 

mg (0.01d mmol) of the purified hexapeptide VI1 in 1 ml of 
purified DAIFlO were added 0.003 ml (0.045 mmol) of EtaN and 
0.007 ml (0.032 mmol) of p-nitrophenyl butyrate.'? .4ft,er 24 hr 
at 25", electrophoresis showed a single Pauly +, ninhydrin - 
spot a t  E A  0.27. The peptide was pptd by the addition of 10 ml 
of dry EtzO, centrifuged, washed with 10 ml of EtzO, and lyo- 
philized from AcOH to yield 14 mg (91 % j. Tlc revealed a single 
Pauly +, ninhidrin - spot, Rt 111: 0.65, Rt IV: 0.50, Rt V: 
0.65. A 72-hr acid hydrolysate had the following amino acids: 
Val 1.04, Tyr 0.95, Ile 1.02, His 1.00, Pro 1.01, Phe 0.98; peptide 
content, 837,. 

B 1-mg sample of the purified peptide was hydrolyzed under 
N2 in constant boiling HC1 at 110" for 48 hr. The solution was 
evapd in a vacuum desiccator over NaOH pellets, the residue was 
dissolved in 0.2 ml of HzO and 5 mg of Tris was added. The solu- 
tion was adjusted to pH T.2 with 1 LV HC1 and 0.04 ml (2.25 
units) of C. adamanteus hamino acid oxidase (Worthington) was 
added. The solution was incubated at  37" for 24 hr, another 
0.04 ml of enzyme solution was added and the solution was 
incubated for another 24 hr. The solution was diluted with 1.0 
ml of 0.2 S sodium citrate, pH 2.2, and 0.5-ml portions were 
subjected to amino acid analysis. The following amino acids 
remained:'* Val 0.00, Tyr 0.00, Ile 0.00, His 0.11, Pro 1.00, 
Phe 0.00. 
Abu-Val-Tyr-Ile-His-Pro-Phe (IX).--a sample of the protected 

hexapeptide polymer VI (0.9 g, 0.15 mmol) was deprotected and 
acylated with 122 mg (0.60 mmol) of Boc-Abu (11) and 125 mg 
(0.60 mmol) of DCCI in 20 ml of CHZClz. After acetylation, the 
peptide was cleaved and hydrogenated, as described for VII,  
giving 155 mg. The crude product was purified on a 2.3 x 100 
em column of Sephadex-C25-SE (XH,+) packed in 0.05 M 
KH40-4~-1 df AcOH. The column was eluted at 60 ml/hr with 
a linear gradient of NH,OAc in 1 31 AcOH using a concentration 
change of 3.3 X Jl /ml .  The effluent was monitored at 280 
mp and 8-ml fractions were collected. The fractions from the 
center of the main peak were lyophilized to give 75 mg of an off- 
white powder. After further purification via the picrate salt,S 

(16) A. B. Thomas and E. G. Rochow, ibid., 79, 1843 (1957). 
(17) S. Kreisky, Acta Chem. Scand., 11, 913 (1957). 
(18) These values are corrected for t h e  amount of racemization occurring 

when a mixture of these amino acids was subjected to t h e  same hydrolytic 
conditions. 




