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(DES-GLY) 10-GN-RH NONAPEPTIDE AMIDE 
ANALOGS IN POSITION 6 HAVING 
OVULATION-INDUCING ACTEVITY 

DETAILED DESCRIPTION OF THE INVENTION 
Gn-RH which consists of the sequence of pClu-H- 

is-Trp-Ser-Tyr-Gly-Leu-Arg-Pro 
Gly-NH2 in which all the optically active aminoacids 
are in the L-configuration, has been known for several 
years. It has found utility particularly in animal hus 
bandry where it has been used to induce ovulation. The 
method and systems used have been described in Proc. 
Soc. Exper. Biol. and Med. 143, 55 (1973) by Rippel, 
et al. Unfortunately, this natural hormone has the dis 
advantage of having very little oral activity. 

It is therefore an object of the present invention to 
provide a peptide with oral activity. It is another object 
of this invention to provide a synthetic peptide which 
shows superior hormonal activity over natural occur 
ring peptides. It is a further object of this invention to 
provide a synthetic peptide that can be readily assem 
bled from easily accessible aminoacids. 
These and other objects are accomplished by provid 

ing a compound of the formula: 
pGlu-His-Trp-Ser-Tyr-X-Leu-Arg-- 
Pro-NHCH 

wherein all animoacids are in the L-configuration with 
the exception of X, which represents an aminoacid in 
the D-configuration and having the formula: 

-Nh-h-co 
R 

in which R represents a hydrocarbon chain of between 
1 and 4 carbon atoms in linear or branched configura 
tion. 

In a general embodiment, the compounds of the 
above formula can easily be made by using the method 
described by Merrifield in J. Am. Chem. Soc., 85,2149 
(1963). More particularly, N-blocked proline is esteri 
fied to a chloromethylated divinylbenzene-styrene co 
polymer. After deblocking, N -blocked arginine car 
rying a labile protective group on the imino-N is cou 
pled to the now free imino group of the proline ester 
and after deblocking, this sequence of coupling and de 
blocking steps are repeated with other aminoacids in 
the sequence of the formula shown under formula I. All 
of the aminoacids are used in their L-form except for 
the aminoacid identified as X in said formula. 
After all of these aminoacids are linked in the above 

sequence with the arginine, tyrosine, serine and option 
ally the histidine carrying protective groups, the nona 
peptide is removed from the resin support in known 
fashion; the polyprotected peptide is then transes 
terified/ammonolyzed whereby the resin link is re 
placed by the ethylamide terminal. Subsequent treat 
ment in known fashion removes all the protective 
groups mentioned above, producing the compound of 
the structure shown in formula I in substantially pure 
form and acceptable yield. 
The simplest member of the class represented by X 

in formula I is alanine or the compound wherein R rep 
resents the methyl group. Other aminoacids that can 
take the place of X are the leucine, isoleucine, valine 
and the unnatural a-aminobutyric acid. The nonapep 
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2 
tide of this sequence show a resemblance to the 
aminoacid sequence in Gn-RH but distinguishes 
therefrom in several major respects: Gn-RH is a deca 
peptide, ending with an unsubstituted amido group 
while in the above nonapeptide, the terminal glycina 
mide group of Gn-RH is replaced by the ethylamide 
group which is directly linked to the now terminal pro 
line. An even more striking difference over Gn-RH is 
the use of a dextro-acid in the center of the aminoacid 
sequence. With this change, it was totally unexpected 
that the new aminoacid chain had biological activity in 
general; it was even more surprising to find that the bio 
logical activity of this compound containing a D 
aminoacid had biological activity similar to Gn-RH 
but at a much higher and much improved level, particu 
larly in view of the fact that most of the biologically ac 
tive peptides uncovered in recent years are composed 
of aminoacids exclusively in the L-configuration. 
The compounds of formula I act much in the same 

way as shown in the article referred to above by Rippel, 
et al; however, the compounds of the present invention 
induce ovulation in warm-blooded animals at intrave 
nous, intramuscular or subcutaneous single doses of be 
tween 0.02 and 1.0 pg/kg. and with a single oral dose 
of between 2 and 100 pig./kg. More specifically, a sin 
gle injection to a proestrus rat at a level of 0.05 to 0.3 
pug./kg. or an oral dose of 30 ug./kg. produces almost 
certain ovulation. This effect can be easily and benefi 
cially employed in animal husbandry. 

In order to show the preparation and use of the com 
pounds of the present invention, reference is made to 
the following examples which, however, are not in 
tended to limit the invention in any respect. 

EXAMPLE 1 

Proline carrying as a blocking group the t 
butyloxycarbonyl substituent (elsewhere herein re 
ferred to as Boc-) on the amino group is esterified by 
combining it with a chloromethylated divinylbenzene 
styrene copolymer (marketed by Schwarz-Mann as 
Merrifield resin) containing 2% of cross linking, using 
the method described by Stewart, et al. in "SOLID 
PHASE PEPTIDE SYNTHESIS," (published in 1969 
by Freeman & Company), San Francisco, (page 1). In 
this manner, a resin is produced which by hydrolysis 
and aminoacid analysis shows to contain 0.47 milli 
moles of proline/g. of resin. In an automatic synthesizer 
developed according to the previously cited Merrifield 
apparatus, 4.6 g. of this resin/aminoacid material is 
used for the synthesis of the desired nonapeptide. Each 
N-blocked aminocacid is added in a three-fold access 
and allowed to couple to the existing aminoacid-resin 
ester in the usual coupling cycle. The coupling reaction 
is carried out for 4.5 hours with continuous shaking and 
the reaction is subsequently washed six times with me 
thanolchloroform 1:2for 1.5 minutes each and 4 times 
with ethanol for 1.5 minutes each. In each instance, a 
total volume of 48 milliliters is used and the drain time 
after shaking usually is about 1.5 minutes. 
After coupling, the mixture is washed four times for 

1.5 minutes each with dioxane, twice with 4N hydro 
chloric acid/dioxane for 5 minutes and 25 minutes, re 
spectively, five times with dioxane for 1.5 minutes 
each, three times with ethanol for 1.5 minutes each, 
three times with chloroform for 1.5 minutes each, three 
times with 10% triethylamine/chloroform for 1.5 min 
utes each, four times with chloroform for 1.5 minutes 
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each and six times with dichloromethane for 1.5 min 
utes each. Ordinarily the solvent used for the coupling 
reaction is dichloromethane or, when the solubility of 
the blocked aminoacid is low, a mixture of dichloro 
methane and dimethylformamide. Coupling is effected 
by the addition of a solution of dicyclohex 
ylcarbodiimide in dichloromethane at a 2.9 fold excess. 
The sequence used for deprotection, neutralization 

and coupling of the next aminoacid is done in a fully 
automatic system as described above. In this manner, 
the peptide is assembled using in turn Boc-Arg(Tos), 
Boc-Leu, Boc-D-Leu, Boc-TyrcClBzl), Boc-- 
Ser(Bzl), Boc-Trp, Boc-His(DNP), and pGlu 
wherein all aminoacids are in the L-form except in the 
leucine so designated. 
The resin is removed from the vessel and suspended 

in 200 ml. of 5% triethylamine/methanol and 100 ml. 
of distilled ethylamine is added thereto. After 24 hours, 
the resin is removed by filtration and the solution evap 
orated to yield a solid. The solid is taken up in glacial 
acetic acid and applied to a 3 X50 cm. column of silica 
gel equilibrated with 5% methanol/chloroform. 
The column is eluted with 5% methanol in chloro 

form until all traces of N-ethyl dinitroaniline, the yel 
low by-product of the histidine protecting group DNP 
is removed. The eluant is then changed to 33% me 
thanol/chloroform and fractions of about 30 ml. each 
are collected. The compound is located by thin-layer 
chromatography of aliquots of the fractions (Silica gel 
G. 33% MeOH/CHCl, Cl/tolidine spray). The frac 
tions containing the product are pooled and evaporated 
to give a solid which is precipitated from methanol with 
ether. This triprotected nonapeptide (protective 
groups at Ser, Tyr and Arg) is thus obtained in an 
amount of 1.69 g., representing an overall yield of 43% 
of theory. 
A 250 mg. sample of the above is placed in a hydro 

gen fluoride reaction vessel with 250 mg. of anisole and 
about 5 ml. of anhydrous hydrogen fluoride is distilled 
into it. After 1 hour at 0°C., the hydrogen fluoride is 
removed with a stream of dry nitrogen and the residue 
is taken up in 1% acetic acid. This solution is extracted 
with ether, and the aqueous phase applied to a 1 x 30 
cm. column of a highly basic ion exchange resin (mar 
keted by Bio-Rad as AG1 X 2 resin) in the acetate form. 
The product is eluted with 0.1 N acetic acid and local 
ized using thin-layer chromatography 
(CHCl/MeCH/32%HOAc: 120/90/40, silica gel G. 
Cl/tolidine). The product bearing solution is lyophi 
lized, rechromatographed on a Sephadex G-25 (mar 
keted by Pharmacia of Uppsala, Sweden) column. The 
product eluted is collected and lyophilized to yield a 
fluffy white solid (a) = -31.7 (c = 1, 1 % HOAc) 
in a 25% overall yield. An aminoacid analysis shows the 
expected ratio of all desired aminoacids assembled in 
the above fashion. 
When in the above synthesis, the Boc-D-leucine is 

replaced by the correspondingly protected a-aminobu 
tyric acid, alanine, isoleucine or valine, the above syn 
thesis proceeds in the same fashion, again in all in 
stances, using the automatic synthesizer described 
above. 

EXAMPLE 2 

The nonapeptide made in the previous example and 
having the structure of formula I wherein X is the D 
leucyl link, was dissolved in physiological saline for in 
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4 
jection into a group of mature, female rats weighing an 
average of 200 g. Each animal received only one injec 
tion and the number of animals ovulating was counted. 
For comparison, a group of rats were also injected with 
Gn-RH and the results are given in parentheses in the 
table below: 

TABLE 

Dose/Rat No. of Number 
Plg. animals ovulating (Gn-RH) 

0 6 6-1 
0,004 6 1 5-1 
0.012 5 1 
0.02 5 4 7-1 
0. 4 4. 5-5 
0.5 2 2 2-2 

While the above table shows that the compound of 
structure I shows ovulatory effect at a much lower dose 
than the same effect with Gn-RH, the even more sur 
prising fact is that ovulation can be induced in rats at 
a dose of 0.003 mg/kg. upon oral administration while 
Gn-RH requires 62 - 250 ug/kg. orally to produce 
the same results. 
Since the above compounds are easily soluble in 

physiological saline, the preparation of injectable solu 
tions is simple and solutions containing 1 - 10% of the 
above compound can easily be prepared. If desired, a 
preservative such as benzyl alcohol is added to improve 
storage stability of solutions that are not intended to be 
used promptly, although this is not necessary since the 
peptide chain does not decompose rapidly. 
For oral preparations, any number of pharmaceutical 

forms can be used, e.g., syrups, elixirs, suspensions or 
the compounds can be processed into wafers, pills, tab 
lets and the like. However, since the dosage producing 
ovulatory effects is extremely small, the usual tableting 
methods require the use of fillers and other excipients 
to prepare tablets of manageable size. In a preferred 
embodiment, the oral dosage form consists of a tablet 
containing between 0.1 to 5.0 mg. of the above peptide 
per tablet. Such tablets can be coated in the usual fash 
ion, preferably using a readily soluble coating material, 
e.g., sugar, etc. or the above amount can be incorpo 
rated into gelatin capsules which promptly dissolve 
upon introduction into the stomach. In any event, the 
usual flavoring and coloring agents can be used without 
effect on the active peptide so incorporated. 

In practice and as well known by those skilled in the 
art of animal husbandry, ovulation can obviously be in 
duced only in animals that have a suitably mature ovar 
ian follicle. Thus, a female in the reproductive age can 
be given the above dose of the compound of formula 
I in repeated administrations until ovulation occurs. 
Once this has been accomplished, no further ovulation 
can be induced until a mature follicle has been formed 
again at which time the administration of the new com 
pounds will have the desired effect again. 
What is claimed is: 
1. The process of inducing ovulation in a warm 

blooded animal possessing a suitably mature follicle 
comprising administering to said animal a dose suffi 
cient to induce ovulation of a compound of claim 1 the 

- formula: 
pGlu-His-Trp-Ser-Tyr-X-Leu-Arg-- 
Pro-NHCH 
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wherein all aminoacids are present in their optical L- 1 - 4 carbon atoms. 
configuration and wherein X represents an aminoacid 2. The process of claim 1 wherein said dose is admin 
in the D-configuration and having the formula: istered orally and contains between 2 and 100 pig./kg. 

of said compound. 
-NH-CH-CO- 3. The process of claim 1 wherein said dose is admin 

I istered parenterally and contains between 0.02 and 1.0 
pug./kg. of said compound. 
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