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The synthesis of new photolabeling analogues of luteinizing hormone releasing hormone is described. Peptides 
were prepared by the solid-phasc method, and the photolabeling moiety was introduced as the 4'-nitrophenyl- 
alanine precursor. This amino acid, either of the L or u configuration, was placed at different positions and was 
modified afterwards to 4'-azidophenylalanine. Structures with agonistic or antagonistic character were prepared, 
together with a peptide containing simultaneously the photolabeling moiety and a biotin substituent for future 
receptor isolations. Binding studics on placental and pituitary membranes indicatc thal these compounds represent 
promising candidates for receptor labeling studies. 

Introduction. -The photoaffinity labeling method has gained wide acceptance in most 
areas of biochemistry, particularly in the area of peptide hormones and their receptors [l] 
[2]. Generally, two methods of photolabel introduction are utilized: either by modifica- 
tion of an already existing peptide with e.g. an active ester containing a photosensitive 
moiety or, second, by synthetic introduction of a photolabeling amino acid into the 
chosen sequence during peptide synthesis [3], an approach we propose to name 'intrin- 
sical labeling'. Many peptide hormones have been treated with either one or even both 
approaches, thus helping to characterize their respective receptors. Both methods, the 
intrinsical and the modification pathway, have permitted to identify the receptor of 
angiotensin I1 [4] [5]. Only the intrinsical photolabel, however, achieved a receptor 
incorporation rate over 40 %, sufficiently high to observe very significant irreversible 
biological effects [5] [6], and biochemical isolation of the receptor protein. 

The standard procedure for the introduction of an intrinsic photolabel is the use of 
"-protected 4'-nitrophenylalanine in solid-phase or classical peptide synthesis and the 
conversion of this residue in the completed peptide into 4'-azidophenylalanine, the 
photolabeling moiety. A further advantage of the intrinsic photolabels is the relatively 
small structural disturbance caused by this moiety, compared to a prosthetic photo- 
labeling group (modification pathway) which can disturb strongly the biological action 
and significance of a peptide. 

I )  This work has been financcd by grants from the Medical Research Council of Canada, by the Cunudiun Kidney 
Foundation, and the Canadian Heart Foundutiurz. S. B., N .  G.-P.,  J.-G. L . ,  and E.E. are scholars of the Fonds de 
la Recherche en SantP du Quihcc. Abbreviations of amino-acid residues according to IUPAC/IUB [la]; 
moreover, Glp = pyroglutamyl, CI2Z = 2,4-dichlorobenzyloxycarbonyl, Tos = 4-toluolsulfonyl, HOBt = N -  
hydroxybenrotriazole, DCC = dicyclohexylcarbodiiniid, BNp = 2-naphthy1, Biot = biotinyl. 
Present address: Institute for Organic Chemistry, University of Gdansk, Gdansk, Poland. 2, 
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Several photolabeling studies with closely related, non-intrinsic photolabels of lutei- 
nizing hormone releasing hormone (LHRH) have been carried out on the pituitary [7] [8] 
and on gonadal tissues [9]. In all cases, a [D-L~s'ILHRH analogue was modified with an 
arylazide-containing reagent, e.g. succinimido 4-azidobenzoate 191. Recently, we have 
shown on human placenta the presence of a functional LHRH receptor which regulates in 
a dose-dependent manner human-chorionogonadotropin (hCG) secretion [ 10-1 21. For 
yet unknown reasons, however, receptor affinity for LHRH observed on the placenta was 
lower than that observed on classical target organs for LHRH, such as the pituitary. In 
order to better characterize this placental LHRH rcceptor, we prepared several new 
intrinsical LHRH photolabels, placed the photolabel at  different positions, and produced 
structures with agonistic and antagonistic character. We then compared the binding 
relevance of these new compounds by classical peptide-binding studies on the placenta 
and pituitary. 

Design and Syntheses. -The use of agonistic and antagonistic photoaffinity labels of 
angiotensin I1 has permitted to look into the organization of the native angiotensin-I1 
receptor [ 131. The pharmacological nature of the label influenced the subunit composi- 
tion of the angiotensin-11 receptor, and we wondered if other closely related receptor 
systems present a similar behaviour. 

Therefore, the proposed study on the human placental LHRH receptor was pianified 
to include labeling experiments with agonistic labels and antagonistic labels. This need, 
the proposcd variations of the label position for an eventual increase of labeling effi- 
ciency, and the proposed study for receptor isolation led to the peptide structures 1-8. 

1 : LHRH (agonist), Glp-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 
2: [ ~ A l a ' ,  Phe(NJ7]LHRH (agonist), Glp-His-Trp-Ser-Tyr-~-Ala-Phe(4'-NJ-Arg-Pro- 

3: [ D - P ~ ~ ' . ~ . ' , P ~ ~ ( N , ) ~ ] L H R H  (antagonist), Glp-~-Phc-~-Phe-Ser-Tyr-~-Phe-Phe(4'-N,)- 

4: [D-P~~(N,) ']LHRH (agonist), Glp-His-Trp-Ser-Tyr-~-Phe(4'-N,)-Leu-Arg-Pro-Gly- 

5: [D-P~~*. ' ,D-P~~(N,)~]LHRH (antagonist), Glp-~-Phe-~-Phe(4'-N,)-Ser-Tyr-~-Phe- 

6: [AcPro',i~-Phe(N,)2,~-Ala(aNp)'.~]LHRH (antagonist), Ac-Pro-D-(4'-N3)-D- 

7: [D-Lys(Biot)", Phe(N,)']LHRH (agonist), Glp-Hk-Trp-Ser-Tyr-D-Lys(N'-Biot)- 

8: [D-L~s(N,P~CO)']LHRH (agonist), Glp-His-Trp-Ser-Tyr-o-Lys(Nh-(4'-N,-PhCO))- 

Gly-NH, 

Arg-Pro-Gly-NH2 

N H2 

Leu- Arg-Pro-Gly-NH, 

AlauNp)-Ser-Tyr-D-Ala(aNp)-Leu-Arg-Pro-Gly-NH2 

Phe(4'-N3)-Arg-Pro-Gly-NH, 

Leu-Arg-Pro-Gly-N H, 

The antagonistic structures 3, 5, and 6 were designed according to already described 
antagonist structures [ 141 or according to the recently published highly hydrophobic and 
potent antagonist [AcProl, ~-Phe(4'-Cl)', D - A ~ ~ ( ~ N ~ ) ~ . ' ] L H R H  [ 151. We replaced the re- 
ported 4'-chloro-D-phenylalanine modification with 4'-azido-~-phenylalanine, an alter- 
ation stereochemically so small that it should be well accepted. All syntheses were carried 
out by the solid-phase method using N-(tert -butoxycarbonyl)glycine (Boc-Gly) esterified 
to chloromethylated polystyrene resin as the anchor function and stepwise elongation of 
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the peptide with the Boc/CF,COOH scheme. The photolabile function was introduced as 
4'-nitro-~- or 4'-nitro-~-phenylalanine in the appropriate positions. Tryptophan tert-bu- 
tylation during N2-deprotection with CF,COOH was suppressed by the use of N2-ace- 
tyltryptophan as scavenger in the cleavage reagent. Due to the light sensitivity of 4'-nitro- 
phenylalanine, and especially 4'-azidophenylalanine, all manipulations were carried out 
under UV-free illumination (incandescent), and products were stored in the dark. 

Peptide couplings were performed with preformed symmetrical anhydrides, and after 
each step, the completeness of the couplings was controlled with a ninhydrine test. The 
N-terminal pyroglutamic residue was introduced with a HOBt/DCC coupling of N2(tert - 
butoxycarbony1)glutamine (Boc-Gln), which was to be cyclized after deprotection. The 
completed peptides were subjected to ammonolysis, and the recovered crude peptides 
were treated in liquid anhydrous H F  for the removal of the residual side chain blocking 
groups. Finally, the N-terminus was cyclized into pyroglutaniyl by incubation of the 
peptides in AcOH, and the products were subjected to prep. HPLC until acceptably pure 
( > 95 %). Portions of these 4'-nitrophenylalanine-containing precursor peptides were 
modified to the final 4'-azidophenylalanine-~ontaining photolabels according to the 
Scheme [22]. 

.%hem, 

R 

After the modifications, the peptides were again purified by prep. HPLC and recov- 
ered from the pure fractions by lyophilisation. The identity of the products was assessed 
by amino-acid analysis and the purity by TLC and anal. HPLC. The presence of the azido 
function was confirmed by IR spectroscopy. In the case of the doubly labeled analogue 7, 
the 4'-azidophenylalanine-~ontaining peptide was modified with the succinimide-derived 
active ester of biotin at Nh of the D-lysine in position 6. 

For binding studies, thc peptides were iodinated on tyrosine in position 5 by the 
iodogen method and purified by HPLC as already described by some of us [16]. 

Results and Discussion. - The obtained peptides were assayed for their binding 
potency on human placental membranes using rat pituitary membranes as standards of 
comparison. The radioactive Iigand used was iodinated buserelin, ([D-Ser(t -Bu)']LHRH), 
and the binding parameters are expressed as K ,  from scatchard analysis and the half- 
maximal displacement dose IC5". Both the nitro precursors and the azido peptides were 
tested, but also the photolabel 8 which has been used for ealier studies [7] [9]. The results 
are presented in the Tuble. Compared to the results on the pituitary membranes, the 
values obtained with the human placental membranes indicate much lower affinity of all 
analogues, including LHRH and buserelin towards the placental LHRH receptor [ 101. 

The peptides 5 and especially 6 displayed high nonspecific binding; this is probably 
due to their highly hydrophobic nature and renders these two analogues less useful for 
the proposed studies. All compounds, however, displaced in a dose-dependent manner 
iodinated buserelin and are, therefore, specific ligands for the placental LHRH receptor 
and potentially useful photolubeis for the LHRH-receptor isolation. Peptide 8 could be 



Ta
bl

e.
 A

m
in

o-
A

ri
d 

A
na

lm
i,t

 an
d 

Bi
nd

in
g 

Po
te

nc
ie

s 
of 

L
H

R
H

 A
na

lo
pe

s 
P

 
N

 
N

o.
 

St
ru

ct
ur

e 
A

m
in

o-
ac

id
 a

na
ly

si
s 

G. 

~ 

Se
r 

G
lu

 
Pr

o 
G

ly
 

A
la

 
Le

u 
Ty

r 
Ph

e 
Ph

e(
N

02
) 

Ph
e(

N
,) 

H
is

 
T

rp
 

D
-A

la
 L

ys
 

A
rg

 
W

N
P)

 
2 3 4 5 6 I 8 9 10
 

11
 

12
 

13
 

14
 

B
us

er
el

in
 

[u
-A

la
', 

Ph
e(

N
3)

7]
L

H
R

H
 

0.
95

 
1.

09
 

[u
-P

he
2,

',6
. P

he
(N

J7
]L

H
R

H
 

1.
01

 
1.

07
 

[o
-P

he
(N

$]
 L

H
R

H
 

0.
91

 
1.

00
 

[D
-P

he
'.',

 
o-

Ph
e(

N
,)'

] 
L

H
R

H
 

0.
88

 
1.

14
 

[A
cP

ro
', o

-P
he

(N
,)'

, 
~

-A
la

@
N

p
)~

.~
] 

L
H

R
H

 
0.

93
 

-
 

[u
-L

ys
(B

io
t)'

, P
he

(N
J7

] L
H

R
H

 
0.

92
 

1.
10

 
[D

-L
~

s(
N

,P
~

C
O

)~
] 

L
H

R
H

 
0.

94
 

1.
02

 
[u

-A
la

6,
 Ph

e(
N

0,
)7

]L
H

R
H

 
0.

86
 

1.
03

 
[o

-P
he

2%
3.

6,
Ph

e(
N

0,
)7

]L
H

R
H

 
0.

91
 

1.
02

 
[u

-P
he

(N
O

$]
 L

H
R

H
 

0.
95

 
1.

03
 

[u
-P

he
*,

(',
 ~

-P
he

(N
0,

)~
] 

L
H

R
H

 
0.

95
 

1.
02

 
[A

cP
ro

', 
o-

Ph
e(

N
O

#,
 ~

-A
la

uN
p)

~
.'

] 
L

H
R

H
 

0.
93

 
-
 

[u
-L

ys
6,

 Ph
e(

N
0J

7]
 L

H
R

H
 

0.
99

 
0.

99
 

[u
-S

er
(r

-B
uj

6]
 L

H
R

H
 

-
-

 

1.
03

 
1.

10
 

0.
99

 
-
 

0.
87

 
-
 

-
 

-
 

0.
95

 
2.

96
 

- 
1.

01
 

1.
07

 
0.

97
 

1.
00

 
-
 

1.
00

 
0.

95
 
-
 

-~
 

1.
01

 
1.

12
 
-
 

0.
93

 
0.

85
 

2.
03

 
-
 

2.
03

 
1.

15
 
-
 

1.
15

 
0.

84
 

-
 

-
 

1.
07

 
1.

00
 
-
 

-
 

0.
93

 
-
 

-
 

1.
02

 
1.

10
 
-
 

1.
01

 
0.

91
 

-
 

-
 

1.
05

 
1.

06
 

0.
95

 
-
 

1.
03

 
- 

1.
01

 
1.

05
 

1.
05

 
-
 

- 
0.

96
 

2.
97

 
1.

03
 

0.
98

 
1.

00
 

-
 

1.
06

 
0.

96
 
-
 

0.
82

 
0.

99
 

1.
00

 
-
 

1.
09

 
0.

99
 

2.
13

 
0.

85
 

2.
04

 
1.

06
 

-
 

1.
06

 
0.

89
 
-
 

1.
06

 
1.

01
 

0.
99

 
-
 

-
 

0.
91

 
-
 

1.
01

 
-

_
_

-
-

-
-

 

pr
es

. 
0.

95
 

pr
es

. 
pr

es
. 

0.
95

 
pr

es
. 

-
 

pr
es

. 
-
 

pr
es

. 
0.

96
 

0.
92

 
0.

94
 

0.
88

 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

-
 

0.
95

 
-
 

-
 

pr
es

. 

pr
es

. 
-
 

-
 pr
es

. 
pr

es
. 

pr
es

. 

pr
es

. 
-
 

-
 pr
es

. 
-
 

~ 

0.
98

 
0.

93
 

0.
99

 
1.

04
 

-
 

0.
98

 
1.

04
 

-
 

1.
03

 
1.

04
 

I .0
4 

1.
01

 
1.

01
 

0.
93

 
2.

00
 

-
 

0.
99

 

-
-

 

-
-

 

-
-

 

-
-

 

1.
89

 
-
 

1.
03

 

-
-

 

-
-

 

-
-

 

-
-

 

-
 

1.
08

 
0.

94
 

-
-

-
 

N
o.

 
St

ru
ct

ur
e 

B
in

di
ng

 p
ot

en
ci

es
 

i
 I 

H
um

an
 p

la
ce

nt
al

 m
em

br
an

es
 

R
at

 p
itu

ita
ry

 m
em

br
an

es
 

< s 
lo

g 
K

, [
Ivl-

'] 
lo

g 
IC

S,
 

lo
g 

K
, [

M
-q

 
lo

g 
G

o
 2

 
h
 

2 
[D

-A
la

', 
Ph

e(
N

,)'
] 

L
H

R
H

 
6.

61
 

7.
55

 
8.

75
 

8.
94

 
3 

[o
-P

he
2-

3.
6,

 
Ph

e(
N

3)
7]

L
H

R
H

 
6.

94
 

6.
67

 
9.

00
 

6.
91

 
2
 

4 
[o

-P
he

(N
$]

 L
H

R
H

 
6.

47
 

7.
41

 
9.

27
 

9.
08

 
5 

[o
-P

he
2,

6,
 o-

Ph
e(

N
;)'

] 
L

H
R

H
 

6.
10

 
7.

08
 

7.
93

 
8.

94
 

6 
[A

cP
ro

', o
-P

he
(N

3)
?,

 u-
A

la
@

N
p)

'.']
 

L
H

R
H

 
6.

01
 

6.
14

 
-
 

-
 

7 
[D

-L
ys

(B
io

t)'
, P

he
(N

3)
7]

 L
H

R
H

 
6.

67
 

-
 

-
 

8 
[o

-L
ys

(N
,P

hC
O

)']
 L

H
R

H
 

6.
51

 
7.

05
 

9.
40

 
9 

[D
-A

la
6,

 Ph
e(

N
0,

)'I
 

L
H

R
H

 
6.

24
 

5.
91

 
-
 

I
 

10
 

[D
-P

h&
',(

', 
Ph

e(
N

02
)']

 L
H

R
H

 
6.

10
 

6.
17

 
-
 

- 

12
 

[u
-P

he
z,

6,
 o-

Ph
e(

N
O

,)'
] 

L
H

R
H

 
4.

32
 

4.
70

 
-
 

-
 

13
 

[A
cP

ro
', 

o-
Ph

e(
N

O
*)

?,
 ~
-A

la
(B

N
p)

~
.~

l 
L

H
R

H
 

-
 

-
 

14
 

[D
-L

Y
S~

, 
Ph

e(
N

0,
)7

] L
H

R
H

 
-
 

-
 

- 
B

us
er

el
in

 
[o

-S
er

(t-
B

u)
'l 

L
H

R
H

 
7.

32
 

7.
01

 
10

.9
0 

10
.0

7 

-
 

-
 

11
 

[~
-P

he
(N

o,
j']

 L
H

R
H

 
6.

39
 

5.
77

 
-
 

- 



HtLVF'IICA CHIMICA A C I A  vol 70 (1987) 421 

useful to purify the photoaffinity-labeled LHRH receptors by affinity chromatography 
on avidin-substituted supports [ 171. These studies are currently under investigation and 
will be published elsewhere. 

Experimental Part 

General. N-(tert-Butoxycarbony1)-L-amino acids, peptide reagents, and chloromethylated resin (copoly- 
styrene/l % divinylbenzene; 0.75 mmol of Cl/g of resin) were obtained from Rachem Fine Chemiculs lnc., if not 
othcrwise stated, and were used without further purification. DCC was purified by dissolving the commercial 
product (Aldrich Che~nicals) in Et,O: the insoluble material was removed by filtration and the Et,O was 
evaporated. All solvents and reagents used for solid-phase synthesis were of anal.-reagent quality and were 
redistilled before use. A11 mixtures of liquids are given in ujti. HPLC: Waters-M-4.7 system; VYDAC 218 TP 104 
column; 214 nm UV detector; gradients from 0 to 85% CH,CN in 0.1 '% CF,COOH; peptides were considered 
pure if the peak integral was at least 95 % of the combined peptide-peak integrals. TLC: Merck precoated silica1 gel 
plates (type G60-F2.54); BAW = BuOH/AcOH/H,O 5 : 2 : 3 ,  BAWP = BuOH/AcOH/H,O/Pyridine 15:3:10:12; 
visualization with UV fluorescence, Puuly reagent (4-diazoniumphenylsulfonate in 2~ Na,CO,), or a modified 
ReinddHoppe procedure [18]. Amino-acid analyses: Reckmunn 119C analyzer; peptide samples were hydrolyzed 
for 24 h at  1 lo" in CF3COOH/conc. HCI soln./mercaptopropionic acid 50:49:1 in vacuum-sealed tubes; Phe(4'- 
NO,) was recorded as such, Phe(4'-N,) and Trp were partially destroyed. IR spectra (in cm-'): Perkin-Elmer-457 
instrument, KBr pellets. 

Pepfide Synthesis. Thc syntheses wcre carried out with a Pepiomat automatic peptide synthesizer, using 
procedures previously described [19]. N*-BOC protection was used for all the amino acids, and it was removed prior 
to the next coupling by reaction with CF,COOH/CH,Cl, 2:3 for 20 min. In the case of Trp-containing peptides, 
500 mg of Ac-Trp were added to 1 1 of CF,COOH soln. in order to protect Trp against tert-butylation. A 5 % soh. 
of Et(i-Pr),N in CH,CI, was used for neutralisation of the free amino function of the growing peptide and which 
was then reacted with the symmetrical anhydride of the next amino acid. A 4 to 6-fold excess of the Boc-amino acid 
was used for cach coupling. Boc-Gln was coupled with 1 equiv. of DCC and HOBt, all in 4-fold excess. The 
completion of every coupling was checked with a ninhydrin test [20]. 

The completed, CF,COOH-deprotected peptide resins were subjected to ammonolysis in pressure bottles at 
30" for 6 days in 100 ml of DMF/i-PrOH 1 : I ,  saturated at 0" with NH, (gas). The bottles were cooled in ice prior to 
opening, the content filtered, and the residue washed with additional 100 nil of DMF. The filtrate was evaporated, 
redissolved in DMF, and subjected to gel filtration on Sephuder LH20 (2 x 40 cm; elution with DMF). The 
peptide-containing fractions were pooled (detection by TLC), evaporated, diluted with H20, and directly applied 
onto a prep. reversed-phase liquid chromatography system (glass column Michel-Miller 2.2 x 30 cni (Ace Glass, 
Vineland, N. J,) ;  Nucleosil-C,, 30 pm, Mucherry Nugel, Dueren, Germany; gradient elution with 20-60% CH,CN 
in 0.05% aq. CF,COOH at a mean pressure of 6 atm (FMilab pump, model RP G50, Oyster Bay, N.Y.)). Because 
of the photosensitivity of the nitro function [21], the peptide-containing fractions were not checked by UV 
absorption of the eluate but by spotting to small TLC strips, developing them without migration, and applying the 
peptide-containing fractions to 10 x 20 cm TLC sheets followed by migration in BAW and coloration. Pure 
fractions wcre pooled, dilutcd with H,O and lyophilized twice. The remaining protecting groups were removed by 
exposure for I h at 0" to 1-2 ml of liq. anh. HF, containing CQ. 10% anisole and 1 %  Et,S as carbonium-ion 
scavengers. The cleavage reagent was removed by flushing with dry N,, followed by 2x 15 min of evacuation 
through KOH pellets, first in vacuo, then under high vacuum. The peptides were extracted with 2~ AcOH, 
lyophilized, redissolved in a few ml of 50 "/o AcOH and left standing at r.t. overnight for glutamyl cyclisation. After 
the cyclisation was completed (TLC), the soh. was diluted with H,O and directly applied to reversed-phase 
chromatography as indicated above. If after this chromatography the pooled peptide fractions were less pure than 
95%, the purification was repeated after partial evaporation and dilution with H20.  In refractory cases, another 
gradient was used: 0 . 2 5 ~  NH40Ac(pH 8.0), 7.5% i-PrOH with agradient of20-60% CH,CN. All nitro-contain- 
ing peptides 9- 13 were obtained as AcOH salts (14: 2 AcOH). 

Nitro-fo-Azido Conversion. According to [22], 5-10 mg of the nitro-precursor peptides 9- 14 were hydroge- 
nated over Pd/C in 50% AcOH. The lyophilized amino derivative wds redissolved in 2 nil ofO. I N  HCI, stirred either 
at 0" for 3,S, and 6 or, after addition of 1 ml of i-PrOH, at -15" (ice/MeOH bath) for the Trp-containing peptides 
2, 4, and 7. The peptides were diazotized by addition of 15 pI of freshly prepared I N  NaNO, which always 
produced, after 10 niin, a positive I,/starch reaction. Excessivc NaNOz was destroyed by addition of 15 pi of I N  
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sulfamic acid, and the a i d e  was formed by addition of 10 11 of I N  NaN,. After 10 min, the soln. was diluted to 15 
ml, neutralized with solid NH,OAc, and loaded directly onto a smaller scale prep. reversed phase column (8 X 250 
mm). Further treatment was as  described abovc for the peptide synthesis. All azido-containing peptides 2-8 were 
obtaincd as AcOH salts. 

Birrding E .~~~er ; f i i en~s .  All compounds were tested on their capacity to displace iodinated huserelin from 
cell-memhrane preparations from human term placenta [I01 and from rat pituitary glands [23]. The binding 
experimcuts were carried out as published earlier [lo], including the displacement of iodinated labels 2-8 with 
non-radioactive buserelin. 

rij-Alu6, Phe( NO2} 7]LHRH (Clp-His-Trp-Ser-Tys- o-AIn-Phi~(4'-NOl)-ArX-Pso-Gly-NHZ; 9). Boc-Gly was 
esterified to chloromethylated resin by the cesium-salt method [24] to produce a substitution of 0.41 mequiv./g 
resin. T o  10 g ofthis resin were addcd successivcly Boc-Pro and Boc-Arg(N'-Tos), and the rcsin was separated into 
2 equal portions. The first was elongated with Boc-Phc(4'-NO2), and J/4 of this tetrapeptidyl resin were spared for 
other sequences. The peptide was completed hy the addition of Boc-u-Ala, Boc-Tyr(C12Z), Boc-Ser(Bzl), Boc-Trp, 
Boc-His (N'-Tos), and Boc-Gln. Ammonolysis and a first purification yielded 138.3 mg, and after H F  cleavage and 
cyclisation, 60.1 mg of crude 9.  AcOH were obtained. Final and satisfxtory purification gave 29.6 mg of 9 .  AcOH 
(4.5% overall yield from 0.492 mmol of amino-acid resin). R, (BAW) 0.43, R, (BAWP) 0.50. 

[ ~ A l d ,  Phe( N,)']LHRH (Clp-His-Trp-Ser-Tvr- o-Alu-Phe(4'-N~)-.4rg-Pro-GI~?-NH,; 2). As described in 
the gcneral procedures. 5.0 mg of 9.  AcOH (3.76 pmol) were hydrogenated, diazotired, and converted to 4.8 mg 
(96%) of pure 2.AcOH. R,(BAW) 0.475. R, (BAWP) 0.51. I R :  2100. 

[ D- Phe2.',', Phr i  NO,) ' ILHRH (Clp- 0- Phe-Ser-Tyr- L)- Phe- Phe(l'-NO,)-Arg- Pro-Gl.v-NH,; 10). One third 
of the rcsin ester Boc-Phe(4'-N02)-Arg(Tos)-Pro-Gly-OR (cu. I .3 g; see under 9) were elongated with Boc-D-Phe, 
Boc-Tyr(C12Z). Roc-Ser(Brl), and Boc-Gln to the desired decapeptidc, cleaved, and purified as mentioned above. 
Ammonolysis yielded 158.1 mg, and after H F  cleavage, cyclisation, and purification, I 13.8 mg (1  6.7 % with respect 
to the rcsin ester) of IO.AcOH werc obtained. R,(BAW) 0.65, R,(BAWP) 0.60. 

, PheiN,f) 7]LHREI (Glp- 1)- Phi> -u-Phe-Ses-Tyr- 1j-Phi~-Phc(l'-N~)-,1 rg-Pro-Gly-NH2, 3). Peptide 
1U.AcOH (5.0 mg) was hydrogenated, diazotized, and converted to homogenous 3. AcOH (after purification, 2.8 
mg of (56%)). R,(BAW) 0.62, R,(BAWP) 0.70.1R: 21 10. 

[o-Phc~(N02j ']LHRH (Glp-His-Trp-Srr-T~'r-~~-Phei4'-NO2)-Lru-Ar~-Pro-CIJ?-NH2; 11).  T o  5 g of the 
resin ester Boc-Arg(Tos)-Pro-Gly-OR (see under 9) was coupled Boc-Leu. and the resulting tetrapeptide ester was 
separated. One lourth was used to continue this synthesis with the following amino acids: Boc-o-Phc(4'-N02)Boc- 
Tyr(CI,Z), Boc-Ser(Bzl), Boc-Trp, His( N'-Tos), and Boc-Gln. After ammonolysis, H F  cleavage, cyclisation, and 
final purification 71.2 mg (ca. 14%) of 11.  AcOH were collectcd. R, (HAW) 0.39, R, (BAWP) 0.64. 

[ ij-l'he f N,) '1 LHRH (Glp-Hi.~-Tsp-Sei--T1~- I>- Phe(4- N3 j -  Leu-Arg- Pro-Gly- NH, ,  4 j . Peptide 1 1 . AcOH 
(5.3 mg) was treated as describcd under 2 and 3. After 2 chromatographic separarions, only 0.47 nig (8.9 %) of 
4 -AcOH wcrecollected. R, (BAW) 0.51. R,(BAWP) 0.66. IR: 2105. 

[ L- Plu?, u-Phe( NO2) ']LHRH (Glp-~-Phe-  1)- Phe(4'-N02)-Ser-Tyr- u-Phe-Leu-A~g-Pro-Gly-NH~; 12). 
The tetrapcptide resin ester described under 11 (0.3 mmol) was elongated with Boc-r,-Phe, Boc-Tyr(CI,Z), Boc- 
Ser(BzI), Boc-o-Phe(4'-N02), and Boc-Gln. After ammonolysis, H F  cleavage, and purification 130 mg (32%) of 
pure 12.AcOH were collccted. R,(BAW) 0.55. R,(BAWP) 0.73. 

[D-PheZ,6, I>-PIii~(Nj)3]LHRH (Glp-1j-Pl~r-o-Phi~(4'-N.,)-Sur-Tyr-~-Phe-Leir-Arg-Pro-G~~-NH~; 5 ) .  Pep- 
tidc I2.AcOH was converted as usual to 3.41 mg (68%) o f p ~ i r e  5-AcOH. R,(BAW) 0.56, R,(BAWP) 0.75. IR: 
1205. 

[AcPro I ,  D- Phe( NO2) ', o-Alu ipNpj',6]LHRH ( A c -  Pro- 0-Phe(4'- NO2 j -  o-AIii(8NpJ-Ses-Tyr- u-Alu(pNp)- 
LL'u-Arg-Pro-GI~~-N112, 13j .  Starting with 2 g of the peptide resin Boc-Leu-Arg(Tos)-Pro-Gly-OR (0.3 mequiv./g), 
prepared undcr 1 I ,  Boc-~-Ala(/INp), Boc-Tyr(C12Z), Roc-Ser(Bz1). Boc-o-Phe(4'-K02), Boc-Pro, and Ac20 were 
used to complete the sequence. Ammonolysis gave 1.06 g. Alter H F  cleavage and purification (gradients of 
20-75'X CH,CN), 691 mg (80%) of pure 13 -AcOH were obtained. Rr(BAW) 0.67, Rr (BAWP) 0.82. 

(Ac-Pro- wPhe(4'-N3 j- D-Alu(pNp)-Srr-Tyr- ~ -Alu (aNp) -  
Leu-Arg-Pro-Gly-NH:; 6 ) .  Peptide 13. AcOH (8.9 mg) was converted as usual. For the reversed-phase purifica- 
tion, 0.1 % CF,COOH gradients of 20-750/0 CH,CN were utilizcd, and 4.3 mg (4X%) of pure 6 'AcOH were 
collected. R,(BAW) 0.68, R,(BAWP) 0.84. IR:  2110. 

[ 1)- Lys', Phi. i NO,) '/L H R H  (Clp- His- Trp-Siv- Tyr- ~-t .y .s-  Phr (4'- NO,) - Arg- Pro- Glv- NH,; 14). Resin ester 
Boc-Phc(4'-NO&Arg(Tos)-Pro-Gly-OR (1.2 g, 0.4 mmol) from the synthesis of 9 was elongated by condensing 
consecutively Boc-1>-Lys(Cl2Z), Boc-Tyr(Cl,Z), Doc-Ser(Bzl), Boc-Trp, Boc-His( N'-Tos), and Boc-Gln. After 
ammonolysis, H F  cleavage, and cyclisation, 750 mg of crude 14.2 AcOH were obtained. The purifications were 
performed on 210 mg ofthis  material yielding 50 mg (30%) o l  14 .2  AcOH. R,(BAW) 0.40, R, (BAWP) 0.43. 

[ AcPro o - P h ~ (  N j  j ', u-Alu(pNp) -'.']LHRH 
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fGll,-His- Trp-Stv- Tvr- D- Lys( Nh-Biolj-Phe(4'-N,)- Arg- Pro-Gly-NH,; 
7). Peptide 14.2 AcOH (15 mg) gave after 2 reversed-phase separations. X.1 mg of the corresponding azide. R, 
(BAW) 0.36, R, (BAWP) 0.61. This product (5.58 pmol) was dissolved in a soh .  of 1.5 mi of DMSO/H,O/sat. 
NaHCO, soln. 1 : 1 : 1 .  To this were added 4.8 mg (2.5 equiv.) of the succinimido ester of biotine (Pierce Chemicals, 
Rockford, 111.). The mixture was stirred overnight, diluted with H,O, and directly loaded onto a small scale 
reversed phase column. Pure fractions from the eluate yielded 4.5 mg (27%) of 7 .  AcOH. Rf(BAW) 0.48.1R: 2100. 

r u-Lvs(N1PhCO) "LHRH (Glp-His- Trp-Ser- Tyr- o-Lys( N6-(4'-NjPhC0 j)-Leu-Arg-Pro-Gly-NH,; 8 ) .  [D- 

Lys6]LHRH (2.5 ing, 2.1 pmol; Eachem Inc.)  was dissolved in DMSO/H20/sat. NaHC03 soln. I : I  : I  and reacted 
with 1.5 mg (5.8 pmol) of the succinimido 4-azidobenzoate. Reaction conditions and workup as for 7 yielded 2.2 
mg(72%)ofpurc8.AcOH. R,(BAW)ofeduct0.39, R,.(BAWP)of8.AcOH0.51. IR: 2100. 

[I>- Lys( Bio t j ', Phri N j  j 7]LHRH 
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