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[57] ABSTRACT 
A peptide of the formula 

wherein R is H, H-Tyr- or R|—Pro—Arg—-, R1 is 
H, H-—Tyr— or R1-Ala—Gly—Ser—Gln—Arg~—, 
and R2 is H, H-Cys- or H-—Tyr-—, or a salt thereof, 
is useful for assaying human parathyroid hormone (h 
PTH). 

1 Claim, 1 Drawing Sheet 
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PEPTIDES FOR ASSAYDIG HUMAN 
PARATHYROID HORMONE 

Matter enclosed in heavy brackets [ 1 appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. ' 

This invention relates to peptides for assaying human 
parathyroid hormone (h-PTH). More particularly this 
invention relates to peptides of the formula 

Human parathyroid hormone (h-P'I‘l-I) is a peptide 
hormone consisting of 84 amino acids, and its biological 
activity is revealed by the S4-amino-acid residue of its 
N-terminal residue [0. W. Tregear, et al., Hoppe-Sey 
ler’s Z. Physio]. Chem, 355, 415 (1974)]. 
We have synthesized C-terminal 32-residue h-PTH 

[53-84], 34-residue [51-84] and 39-residue h-PTH [46-84] 
and injected these peptides to sensitize rabbits. and then 
succeeded in?btaining the speci?c antibody for the 
C-terminal. _p_ ‘ 

Labelling h-P'I'H with iodine 125 is known to be quite 
dif?cult in radio immunoassay (RIA). h-PTH [53-84], 
h-P’I‘H [Si-84] and h-PTH [46-84] do not contain tyro 
sine, which is_easily labelled with iodine 125. On the 
other hand, [Tm-51] h-PTH [52-341, [Tyr5°] h-PTI-l 
[50-84] and lThr‘s] h-P'I'H [45-84] can easily be labelled 
with a radio iostope labelling substance, and are difficult 
to adsorb on an immune reaction tube. Therefore, we 
have found that these h-P'I'H fragments are useful as 
labelled compounds for h-PTH assay due to less non 
speci?c adsorption and accurate quantitative assay on 
RIA. 
h-PTH [53-84], h-PTH [51-84] and h-P'I'H [46-84] do 

not contain amino acid cysteine which can be labelled 
with an SH-binding enzyme. However, we have found 
that these peptides can be quantitatively assayed, based 
on BIA using an antibody against the h-P'I'H C-terminal 
fragment, using a peptide of the formula 

wherein R2’ is H or H—Cys‘5—-, from among the com 
pounds of formula [I]I Le. h-PTl-l [46-84] and [Cys45] 
h-PTH [45-84]. Most preferably, h-P'I'H or the C-termi 
nal fragment of h-PTH can advantageously be assayed 
by using a speci?c antibody obtained by the immune 
reaction of [Cys45] h-PTH [45-85] or its complex with a 
protein such as an immune complex of bovine serum 
albumin (BSA) as an antigen, and using an enzyme 
labelled compound of the formula 
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wherein R’ is H or R1’—Pro5l—Arg52—, R1’ is H or 
R2'—Ala45-Gly47—Ser47—Gln49—Arg5°-, and R2‘ 
is H or H—-Cys‘5—, from among the peptides of for 
mula [1], Le. h-PTl-l [53-84], h-PTH [51-84], h-PTH 
[46-84] and [Cys45] h-FI'H [45-84], as an enzyme 
labelled compound on EIA. 
The synthesis of peptide [I] of the present invention 

can be carried out as follows: 
An amino acid and/or lower peptide is reacted by 

condensation in the order of the amino acid sequence of 
formula [I], and the protective group for the reactive 
group is released at the ?nal stage of the reaction. The 
condensation reaction can be carried out by conven 
tional peptide synthesis by repeating the attaching and 
removal of the protective groups and condensation. 
The protective groups for the synthesis of the starting 
materials or intermediates are conventional protective 
groups for peptide synthesis and are easily removable 
by hydrolysis, acid decomposition, reduction, aminoly 
sis or hydrazinolysis. 
For example, the amino group may be protected 

conventionally by an acyl group such as formyl, tri?uo 
roacetyl, phthaloyl, p-toluenesulfonyl or o-nitrophenyl 
sulfonyl group; a benzyloxycarbonyl group such as 
benzyloxycarbonyl, o-bromobenzyloxycarbonyl, p 
bromobenzyloxycarbonyl, 0- (or p-) chlorobenzylox 
ycarbonyl, p-nitrobenzyloxycarbonyl or p-methox 
ybenzyloxycarbonyl, an aliphatic osycarbonyl group 
such as trichloroethyloxycarbonyl, t-amyloxycarbonyl, 
t-butosycarbonyl or diisopropylmethosycarbonyl, or 
an aralkylosycarbonyl group such as Z-phenyliso 
propoxycarbonyl, Z-tolylisopropoxycarbonyl or 2-p 
diphenylisoproposycarbonly. These amino groups can 
be protected by forming enamin reacted with 1,3-dike 
tone such as benzoylacetone or acetylacetone. 
The carbonyl group can be protected by amide for 

mation, hydrazide formation or esteriflcation. The 
amide group is substituted with a 3,4-dimethosybenzyl 
or bis-(p-methoxyphenyD-methyl group. The hydrazide 
group is substituted with a benzyloxycarbonyl, tri 
chloroethyloxycarbonyl, trifluoroacetyl, t-butoxycar 
bonyl, trityl or Z-p-diphenyl-isopropoxycarbonyl 
group. The ester group is substituted with an alkanol 
such as methanol, ethanol, t-butanol or cyanomethylal 
cohol; aralkanol such as benzylalcohol, p-bromoben 
zylalcohol, p-chlorobenzylalcohol, p-methoxybenzylal 
cohol, p-nitrobenzylalcohol, 2,6-dichlorobenzylal 
cohol, benzhydrylalcohol, benzoylmethylalcohol, p 
bro'mobenzoylmethylalcohol or p-chlorobenzoylme 
thylalcohol; a phenol such as 2,4,6-trichlorophenol, 
2,4,5-trichlorophenol, pentachlorophenol, p-nitro 
phenol or 2,4-dinitrophenol; or a thiophenol such as 
thiophenol or p-nitrothiophenol. The hydroxy group is 
serine, or tyrosine may optionally be protected by ester 
i?cation or etheri?cation. A group protected by esterifi 
cation is, for example, an acetyl group; a benzoyl group, 
benzyloxycarbonyl or ethylosycarbonyl. A group pro 
tected by etheri?cation is, for example, a benzyl, tetra 
hydropyranyl or t-butyl group. Protection of the hy 
drosy group can be effected by a 2,2,2-trifluoro-l-t 
butyloxycarbonylaminoethyl or 2,2,2-trifluoro-l-ben 
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zyloxycarbonylaminoethyl group. However it is not 
always necessary to protect these hydroxy groups. 
The amino group in the guanidino group in arginine 

can be protected by a nitro, tosyl, benzyloxycarbonyl or 
methylene-Z-sulfonyl group. However, it is not always 
necessary to protect the guanidino group. 
The imino group in histidine can be protected by a 

benzyl, trityl, benzyloxycarboyl, tosyl, 2,2,2-tri?uoro-l 
benzyloxycarbonylaminoethyl group, although the 
imino group does not always require to be protected. 
The mercapto group in cysteine can be protected by 

a benzyl, p-methoxybenzyl, p-nitrobenzyl, trityl, ben 
zylthiomethyl, ethylcarbamoyl or acetamidemethyl 
group. 

5 
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The peptide [I] is synthesized by the condensation of 15 
amino acids or lower peptides. For example, an amino 
acid or peptide having a protected a-amino group and 
an activated terminal carbonyl group is reacted with an 
amino acid or peptide having a free a-amino group and 
protected terminal carbonyl group. On the other hand, 
an amino acid or peptide having an activated a-amino 
group and protected terminal carbonyl group is reacted 
with amino acid or peptide having a free terminal car 
boxyl group and a protected a-amino group. 
The carbonyl group can be activated by, for example, 

an acid azide, acid anhydride, acid or active 
ester, such as by converting to cyanomethyl ester, thi 
ophenylester, p-nitrophenylester, p-nitrothiopheny 
lester, p-methanesulfonylphenylester, thiodylester, 2,4 
dinitrophenylester, 2,4,5-trichlorophenylester, 2,4,6-tri 
chlorophenylester, pentachlorophenylester, N-hydrox 
ysuccinimide -ester, N-hydroxyphthalimido ester, 8 
hydroxyquinoline ester or N-hydroxypiperidine ester, 
carbodiimide', N,N'-carbonyldiimidazol or an isox 
azolium salt such as Woodard reagent. 
The ‘preferred condensation reactions are the carbo 

diimide, azide, active ester and acid anhydride methods. 
In thecondenTion reaction, racemization should care 
fully be avoided, and the preferred methods are the 
azide, the active ester method, or the Wiinsch method 
[2. Naturfoisch, 216, 426 (1966)] or Geiger method 
[Chem Ber., 103, 788 (1970)], especially using N-ethyl 
N'-3-dimethylaminopropyl-carbodiimide (WSCI) as a 
condensation agent. 
The process of the present invention is preceded by a 

condensation reaction in the amino acid sequence of the 
formula [I], and it is preferable to synthesize from the 
Oterminal. 

Protected h-PTH [53-84] is preferably synthesized by 
a modi?ed Geiger method using W501 with condensa 
tion of the C-terminal fragment 55-84 and the N-termi 
nal fragment 53-54. The C-terminal fragment 55-84 is 
preferably synthesized with the condensation of frag 
ment 61-84 and fragment 57-60 by a modi?ed Geiger 
method using WSCI, followed by condensation there 
with of the 56th and 55th amino acids by the active ester 
method, then condensation of the fragment 51-54 by a 
modi?ed Geiger method using WSCI. The fragment 
61-84 is preferably synthesized with sequential conden 
sation of the fragment 72-84 and 71st, 70th and 69th 
amino acids and fragment 62-68 and the 61st amino acid 
by the active ester method or a modi?ed Geiger method 
using WSCI. 
The fragment 62-68 is preferably synthesized by the 

azide method with the condensation of fragment 64-68 
and fragment 62-63. The fragment 72-84 is preferably 
synthesized by a modi?ed Geiger method using WSCI 
with condensation of the fragment 77-84 and the 76th, 
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4 
75th and 74th amino acids and the fragment 72-73. The 
fragment 77-84 is preferably synthesized by a modi?ed 
Geiger method using WSCI with condensation of the 
fragment 82-84 and fragment 77-81. 

Protected h-P'TH [51-84] is preferably synthesized by 
condensation of the C-terminal fragment 55-84 as here 
inabove, and the N-terminal fragment 51-54 by a modi 
?ed Geiger method using WSCI. 

Protected h-PTH[46-84] is preferably synthesized by 
condensation of the C-terminal fragment 55-84 as here 
inabove and the N-terminal fragment 46-54 by a modi 
?ed Geiger method using WSCI. The N-terminal frac 
tion 46-54 is preferably condensed by the azide method 
with the fragment 51-54 and the fragment 46-50. 

Protected [Tyr-"°] h-PTH [52-84] is preferably con 
densed by a modi?ed Geiger method using WSCI with 
protected h-PTH [53-84] as hereinabove and the 52nd 
tyrosine. 

Protected [Tyrso] h-PTH [50-80] is preferably synthe 
sized by condensation of protected h-PTH [50-84] as 
hereinbefore and the 50th tyrosine by a modi?ed Geiger 
method using WSCI. 

Protected [Tyr45] h-PTH [45-84] and protected 
[Cys45] h-P'TH [45-84] are preferably synthesized by 
condensation of protected h-PTH [46-84] as hereinbe 
fore and the corresponding 45th amino acid by a modi 
?ed Geiger method using WSCI. 

In the peptide synthesis set forth hereinabove, the 
C-terminal carbonyl group need not always be pro 
tected. For example, in the condensation reaction by the 
azide or active ester method, it is not necessary to pro 
tect that group. The carbonyl group can be protected 
by esteri?cation such as with a methyl, ethyl or benzyl 
ester. The ester group such as methyl ester can be re 
moved with dilute sodium hydroxide solution or by 
conversion to the hydrazide, and the benzyl ester group 
can be removed with anhydrous hydrogen fluoride or 
by catalytic hydrogenation. The a-amino group of the 
peptide is protected by a conventional protective 
group, such as benzyloxycarbonyl, t-butoxycarbonyl or 
t-amyloxycarbonyl group. The benzyloxycarbonyl 
group is removed by catalytic hydrogenation and the 
t-butoxycarbonyl and t-amyloxycarbonyl groups are 
removed with tri?uoroacetic acid. The preferred pro 
tective groups are: for the hydroxyl group of serine and 
of threonine, a benzyl group; for the hydroxyl group of 
tyrosine, a 2,6-dichlorobenzyl group; for the E-amino 
group of lysine, an o-chlorobenzyloxycarbonyl group; 
for the amino group in the guadinino group of arginine, 
a tosyl group; and for the mercapto group of cysteine, a 
p-methoxybenzyl group. These protective groups can 
be removed with anhydrous hydrogen ?uoride. The 
acetamide methyl group can be used as a protective 
group for the mercapto group of cysteine. Since this 
group is stable in the presence of anhydrous hydrogen 
?uoride, it can be removed with mercuric acetate at pH 
4 at the time of removal of the other groups. 
Thus the protected p-PTH [53-84], protected h-PTH 

[51-84], protected h-PTH [46-84], protected [Tyrsz] 
h-PTH [52-84], protected [Tyrw] h-PTl-I [50-84], pro 
tected [Ty145] h-PTH [45-84] and protected [Cys45] 
h-PTH [45-84] are obtained. These protective groups 
are preferably split by acid decomposition such as one 
step removal with anhydrous hydrogen ?uoride to ob 
tain the corresponding compound of formula [I]. 
When mercapto group of the 45th cysteine is pro 

tected with an acetamide methyl group, it can be re 
moved with mercuric acetate at pH 4 after removal of 
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the other protective groups with anhydrous hydrogen 
?uoride. 
The above compound [I] can be puri?ed by known 

puri?cation methods for peptides. For example, it can 
be puri?ed by column chromatography using Sephadex 
LH-20 (trade name), Sephadex G-50 (trade name), 
Dowex I (trade name) and carboxy methyl cellulose. 
The peptide [1] can be obtained in the form of the free 

base or its salt, e.g. its salt with an organic acid such as 
acetic acid. 
The peptides [I] of the present invention, i.e. h-P'I'H 

[53-84], h-P’I'H [51-84], h-PTH [46-84] and [Cys45] 
h-PI'H [45-84] are useful for antibody production and 
enzyme-labelled peptides. The p-P'TH [46-84] and 
[Cysu] h-PTH [45-84] are advantageous for the prepa 
ration of antibodies. Especially h-PTH [53-84] and 
h-PTH [51-84] are advantageously useful as controls for 
antibody preparation. Peptides having N-terminal tyro 
sine, i.e. [Tyr51] h-PTH [52-84], [Tm-5°] h-PTH [50-84] 
and [Tyr45] h-PTH [45-84] are particularly useful as 
labelling agents on RIA. For example, [Tyrsz] h-P'I‘H 
[52-84] or [Tyr5°] h-PTH [50-84] and chloramine T 
were added to aliquot radioactive iodine 125 in a phos 
phate buffer (pH 7.4), the mixture was stirred, sodium 
bisul?de was added, and a small amount of potassium 
iodide and serum albumin were also added. Iodine 125 
labelied fractions were collected by chromatography to 
obtain iodine 125-conjugated compounds of tyrosine 
residue, i.e. the labelled compound iodine l25-[Tyr52] 
h-FI'H [52-84] and the labelled compound iodine 125 
[Tyrw] h-PTH [50-84], which are useful as RIA rea 
semr - 
The labelling with iodine 125 and its absorption on 

the materials of an immune reaction tube using [Tyr51] 
h-P’I'H [52-84] and [Tyrm] h-PTH [50-84] obtained in 
the examples hereinafter explained will be illustrated 
hereinbelow. 

(.1) Labelling with iodine 125 
A solution (10 pl) of [Tyr?] h-PTH [52-84] (2 pg) or 

[Tyrwl h-PTH [50-84] (2 pg) and a solution (20 pg) of 
chloramine T (3.5 mg/ml) were added to 0.5 M phos 
phate buffer (pH 7.5, 50 pl) containing iodine 125-Nail 
(radioactivity 2 mCi), the mixture was stirred for 30 
seconds and sodium bisul?de (4.5 mg/ml) solution (50 
plwasaddedtostopthereac?omAOJ Naceticacid 
solution (0.5 ml) containing 5% human serum albumin 
was added thereto and the mixture was through 
a column (1X 50 cm) of Sephadex 6-25 for gel-?ltration 
to remove unreacted iodine l25-NaI. There was thus 
obtained a labelled compound iodine 125-[Tun] 
h-PTH [52-84] and a labelled compound iodine 125 
[Tyrw] h-PTH [50-84] developer: 0.1 N acetic acid 
solution containing 0.5% human serum albumin). 
The speci?c activity of the thus-obtained iodine i25 

[Tyr52] h-PTH [52-84] and iodine 125-[Tyr50] h-PTH 
[50-84] were 523 uCi/pg and 545 pCi/ps. respectively, 
and the yields were 75.5% and 76.7%, respectively. 
Two-fold superior speci?c activity and three- to four 
fold yield were obtained as compared with labelling 
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with h-PTH [1-34] or bovine PTH [1-84] (extracted 
product). 
(2) Adsorption of iodine 125-labelled compound on an 

immune reaction tube 

Aliquot portions (10.5 ml) of 0.01 M ammonium ace 
tate solution (300,000 cpm) containing iodine 125 
[Tyrn] h-PTH [52-84], and iodine l25-[Tyr5°] h-PI‘H 
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[50-84], respectively, were added to an immune reaction 
tube, which was allowed to stand, and then the contents 
were removed and washed with an excess of distilled 
water, and the residual radioactivity in the tube was 
measured to measure the adsorbency of the reaction 
tube. 
The adsorption ratios of iodine l25-[Tyr52] h-PTH 

[52-84] were 33.l% for a Pyrex glass tube, 7.7% for an 
Eiken No. 1 tube, 5.0% for a Maruemu tube and 0.5% 
for a Technicon tube. The adsorption ratios of iodine 
125 [Tyrso] h-PTH [50-84] were 30.8% for the Pyrex 
tube, 8.1% for the Biken No. 1 tube, 5.5% for the 
Maruemu tube and 0.4% for the Technicon tube. 
The absorption ratio of a control iodine 125-bovine 

PTH [l-84] were 58.4% for the Pyrex tube, 15.7% for 
the Eiken No. 1 tube, 12.2% for the Maruemu tube and 
4.5% for the Technicon tube. 
The absorption ratio is calculated by the following 

equation: 

tivit ' as! 

added radioactivity (cprn) X 100 Adsorption ratio (%) = 

(3) Stability 
(a) Iodine l25-[Tyr52] h-PTH [52-84] and iodine 125 

[Tyrw] h-PTH [50-84] were stored at —20' C. for two 
days, 18 days, 31 days and 60 days, respectively, and 
subjected to gel ?ltration with Sephadex G-50 (column: 
1X 30 cm, developer: 0.1 M ammonium acetate buffer). 
The radioactivities thereof were observed at positions 
corresponding to [Tyr52] h-P'I'H [52-84] and [Tyr5°] 
h-P'I'H, and were found to be quite stable. 

(b) The adsorption activities of iodine l25-[Tyr52] 
h-P’I‘H [52-84] and iodine l25-[Tyr5°] h-TPH [50-84] to 
talc powder were 92-98% immediately after adsorp 
tion, at —20‘ C. for 2 days, 18 days, 31 days and 61 days. 
No decrease of adsorption activity was observed. 
HumanPTHoritsC-terminalfragmentcanbeas 

sayed with ELA using a peptide of the formula [Ia] or a 
peptide with EIA using a peptide of the formula [Ia] or 
a peptide of the formula [lb] (hereina?er designated as 
peptide [Ia] and peptide [lb], respectively). 
The reagents necessary for assaying PTH with BIA, 

such as antisera, antibodies or enzyme-labelled com 
pounds are preapred as follows: 
For obtaining speci?c antibodies using a peptide [la], 

a peptide [Ia] per se or a peptide [la] conjugated with a 
protein, such as BSA or BSA treated with alkali or 
sodium lauryl sulfate and mercaptoethanol for splitting 
the inner molecular disul?de group, is administered to 
mammals such as rabbits, rats, guinea pigs or mice for 
sensitization. For example, the above peptide [Ia] or its 
protein-conjugated compound is mixed with Freund’s 
complete adjuvant and administered subcutaneously 
4-7 times by injection at two-week intervals to sensitize 
the mammals. Serum is collected from the sensitized 
animals and conventionally treated by, for example, 
centrifugation to obtain an antiserum. The antiserum 
containing a high concentration of speci?c antibodies 
can be stored as is, and can be used with aliquot dilution. 
Speci?c antibodies can also be puri?ed by conventional 
methods such as salting out, isoelectric precipitation, 
dialysis, chromatography or gel ?ltration. 
A protein-conjugated peptide [Ia] can be obtained by 

using a polyfunctional reagent, for example, an aide 
hyde compound such as succinaldehyde, glutaralde 
hyde or adipoaldehyde, a diisocyanate such as hexa 



Re. 33,188 
7 

methylene diisocyanate or 2,4-toluenediisocyanate, 3 
(2’-benzothiazolyl-dithio)propionate succinimide ester 
(Japanese Patent Unexamined Pub]. No. 55-17302), 6 
N[3-(2'-benzothiazolyl-dithio)propionyl]caproic acid 
succinimide ester or N-[2-(2'-pyridyl-dithio)ethyl]-3-(2' 
benzothiazolyl-dithio)propionarnide (Japanese Patent 
Unexamined Publ. No. 55-94367, No. 55-133382 or No. 
55436261), maleimide benzoate succinimide ester, 
N,N'-ethylene bispmaleimide, bisdiazobenzidine or die 
thylmalonimidate. These polyfunctional reagents can be 
selected with regard to the functional groups in the 
peptide [la] or protein, such as amino, carboxyl or thiol 
groups. A preferred example of peptide [Isl-protein 
conjugated compound is prepared from [Cys45] h-PTl-l 
145-841 of peptide [Ia] and a polyfunctional reagent of 
3-(2'-benaothiazolyl-dithio)propionate succinimide 
cater to bind the thiol group of Cys“. 
The preferred ratio for conjugation is one mole of 

protein such as BSA to 1-20 moles of peptide [Is]. In the 
reaction, the peptide [la] is added to an aqueous medium 
of pH 7-8, and the polyfunctional reagent is added. The 
reaction is allowed to proceed at room temperature for 
1-5 hours, and the product is puri?ed by gel ?ltration. 
BSA is added thereto, reacted at room temperature for 
1-5 hours and puri?ed by conventional gel ?ltration 
and dialysis to prepare a peptide [Ia] conjugated with 
BSA. 
The above speci?c antibody is proportionally bound 

with an immobilized carrier, for example, an immobi 
lized protein carrier such as albumin or gelatin, an im~ 
mobilized semi-synthetic polymer such as agarose, cel 
lulose“ or dextrin treated with epichlorophydrin or 
bromocyauate, or a polymer or oopolymer of acryloni 
trile, acrylic acid, acrylic acid ester, methacrylate, 
methacrylate ester, vinyl alcohol, vinyl acetate, amines 
tyrene, acrylamide or ethylene, using the above poly 
functional reagent. 
Examples of enzymes for the preparation of an en 

zyme-labelled peptide [lb] in EIA are oxido-reductase, 
hydrolase, transferase, lyase, isomerase or ligase, for 
example lactate dehydrogenase, malate dehydrogenase, 
malic dehydrogenase, maltose dehydrogenase, lactate 
oxidase, malate oxidase, glucose oxidase, choline oxi 
dase, xanthine oxidase, amino acid oxidase, sarcosine 
oxidase, catalase, a-amilase, B-galactosidase, lysozyme, 
lipase, alkaline phosphatase, amino peptidase, trypsin, 
papaine, a-chymotrypsin, amidase, hesokinase and 
glycerokinase. Appropriate spacers can previously be 
introduced in these enzymes. Examples of these are 
dialdehydes such as glutaraldehyde, reactive deriva 
tives such as m-amino acetic acid chloride, diamines 
such as headings of dialdehyde or dicarboxylic acid 
with hexamethylenediamine or decamethyleneamine, 
S-acetylmercapto succinic anhydride and headings of 
dialdehydes and Z-aminoethane thiol. Aldehydes, or 
amino or thiol groups can be introduced by using the 
above spacer-introducing reagents. 

Peptide [lbl-enzyme conjugates can be obtained by 
conjugating a peptide [Ib] and amino, hydroxy, car 
boxyl or thiol groups in the enzyme, or introduced 
aldehyde, amino, thiol groups in the enzyme, or by 
introducing aldehyde, amino, thiol or carbonyl groups 
therein, by using a polyfunctional reagent. 
An example of preparation of the enzyme-labelled 

compounds of peptide [Ibl-enzyme conjugates is as 
follows: 
A peptide [lb] is reacted with a polyfunctional rea 

gent at 0'40‘ C. in the presence of an organic solvent 
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such as methanol, ethanol, acetone, dioxane, dimethyl 
sulfoxide, dimethylacetamide or tetrahydrofuran in a 
buffer (pH 6-8) or directly in one of these organic sol 
vents. The ratio of the peptide [lb] and the polyfunc 
tional reagent is preferably equimolar. After the reac 
tion, the reaction product is puri?ed, if required, and the 
enzyme is reacted therewith, preferably in a buffer of 
stable pH for the enzyme. The amount of enzyme is 
preferably equimolar or in slight molar excess. The 
thus-prepared peptide [Ibl-enzyme conjugate can be 
puri?ed by adsorption chromatography or gel ?ltration. 

Various conventional EIA techniques can be used in 
the present invention for assaying h-PTH. Examples of 
these are the competition method or the sandwich 
method. 
The details of the competition method are as follows: 
A sample containing h-PTI-l to be assayed, an en 

zyme-labelled peptide [lb] and an antiserum or antibod 
ies of peptide [la] are incubated in an immunoresction 
medium such as a phosphate buffer or veronal buffer at 
4'—5‘ C. for 1-3 days. Then the immunologically-bound 
part (bound:B) and the non-bound free part (free:F) are 
separated (B-F separation). B-F separation is preferably 
carried out by adding normal serum of the same mam 
mal as is used for the antiserum preparation and the 
antiserum thereof, incubating the mixture overnight, 
then centrifuging it at 3000 r.p.m. for 20-30 minutes for 
8-1’ separation. Thereafter, enzymatic activity of the 
precipitated enzyme-labelled compound (B) or that of 
the supernatant (F) is assayed. In a solid phase method, 

antibodies are used, for the competitive 
reaction, in place of the antiserum or antibodies of pep 
tide [la] in the above competition method; then, after 
reaction, B-F separation is carried out and enzyme ac 
tivity is assayed as above. 
Other conventional sandwich methods can be used 

with the desired reagents. 
The h-PTH or its C-terminal fragment can be assayed 

by using antibodies of peptide [la] and enzyme-labelled 
peptide [lb] with good accuracy and simplicity. Prefer 
ably, B-galactosidaselabelled [Cys45] h-PTH [45-84] is 
used for the assay. 
The abbreviations used herein have the following 

meanings: 

DOC: t-butoxycarbonyl AOC: t-alnyloxycarbonyl 
PAC: phenaeyl ester Z-Cl: o-chlorobenzyloxy~ 

carbonyl 
Bel benzyl Ton: tosyl 
Val: L-valine OMe: methyl ester 
OEt: ethyl ester ONP: p-nitrophenyl ester 
01M: benzyl eater Cys: L-cysteine 
OSU: N-hydroxysuccinimide 'l'hr: L-threonine 

elm 
Ser: L-serine Glu: L-glutauu'c acid 
Asn: L-Ispanic acid Pro: L-proline 
Leu: L-leucine Asp: L-aspartic acid 
MeOI-l: methanol Gly: glycine 
Arg: L-arginine Gin: L-glutamine 
Ala; balauine l-lis: L-histidine 
Lys: lrlysine EtOl-l: ethanol 
BuOI-l: butsnol NMP: N-methyl-Z-pyrro 

e 

Tyr: btyrosine Et3N: triethylamine 
TosoH: p-toluenuulfonic acid ether: diethyl ether 
TFA: inllucroacetie acid DMF: dimethylformamide 
THF: tetrahydrofuran TBA: tribenzylamine 
NMM: N'-methylmorpholine l-lOBT: l-hydroxybenzo 

triazole 
WSCl: Nethyl-N'dimethylaminopropylcsrbodimide 
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The following examples illustrate the present inven 
tion. In the example, the following carriers and devel 
oping solvents for thin layer chromatography (TLC) 
are used: 
Carrier: Silica-gel G. 
Developer: 

1. Chloroform-methanol-acetic acid (95:5:3) 
2. Chloroform-methanol-acetic acid (85:15:5) 
3. Chloroform-methanol-acetic acid (85zl0z5) 
4. Chloroform-methanol-acetic acid (80:25:2) 
5. Benzene-ethyl acetate (1:1) 
6. Benzene-ethyl acetate (2:1) 
7. Chloroform-ethanol-ethyl acetate (5:2:5) 
8. Chloroform-ethanol-ethyl acetate (10:1:5) 

Carrier: Merck cellulose. 
Developer: 

9. Butanol-pyridinemcetic acid-water (2:2:2z3) 
10. Butanol-pyridine-acetic acid-water (1:1:lz2) 
Amino acid analysis is carried out as follows: 
The sample is hydrolyzed in 6 N HCl (anisole is 

added for a protected peptide, if necessary) at 110' C. 
for 24-45 hours in a sealed tube and the hydrolyzate is 
dried in vacuo. 

EXAMPLE 1 

(1) P6713584): BOC-—Ser(Bzl)—G1n-0Bz1 [1] 
DOC-Gln-OBzl (181.4 g, 0.242 M) was dissolved 

30 

in TFA (270 ml) and the mixture was stirred at room 35 
temperature for 45 minutes. A?er TFA was distilled off 
in vacuo, ether-was added to the residue and the precip 
itate was collected. The precipitate was dissolved in 
DMF (270 ml), and HOHI‘ (32.67 g, 0.242 M), BOG 
Ser(Bzl)--OH (67.35 g, 0.242 M) and WSCI (44.29 ml, 4° 
0.242 M) were added thereto and the mixture was 
stirred overnight. The DMF was distilled off, and the 
residue was dissolved in ethyl acetate (440 ml), then 
washed withlNHCl,$% sodiumbicarbonateand 
water. The solution was dried by adding anhydrous 
sodium sulfate and ?ltered, then dried in vacuo. Recrys~ 
talization was effected from ethyl acetate-hexane to 
obtain substance [1] (101.43 g, yield: 81.6%). 

m.p.: 121'-123' C. 

[a]p17= — 14.12 (c=1.0, DMF) 

Elemen anal ' C H N : 

C % H 96 N% 

Found 62.98 7.03 8.01 
Calculated 63.14 6.87 8.18 

(2) P(82-84): 

TFA (440 ml) was added to substance [1] (98.87 g, 
192.5 mM), and the mixture was stirred at room temper 
ature for 30 minutes. The TFA was distilled off in 
vacuo. The residue was dissolved in DMF (330 ml). 
HOBT (28-6 3). and a DMF solution of BOC-Lys( 
Z—Cl)—OH [BOC-Lys(Z—C1)—Ol-I.TBA (103.33 
3, 1.1 molar excess)] were treated with ethyl acetate-1 N 

45 
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HCl. The ethyl acetate layer was dried with anhydrous 
sodium sulfate and dried in vacuo. and WSCI [38.72 ml 
(1.1 molar excess)] was added thereto. The mixture was 
stirred at room temperature for two days. The DMF 
was distilled off in vacno and ice water was added to the 
residue, then the thus-formed precipitate was collected. 
Recrystallization was effected three times from ethanol 
hexane to obtain substance [2] (111.06 g, yield: 71.2%). 

Elemen anal ' ['1 Cl : 

C % ll % N % 

Found 61.02 6.65 8.74 
Calculated 60.77 6.47 8.65 

BOC——Lys(Z—Cl)-OH.TBA (234.24 3) suspended 
in ethyl acetate was washed with 1 N HCl and water, 
and dried with anhydrous sodium sulfate. The suspen 
sion was dried in vacuo and dissolved in DMF (400 ml). 
l-l--Ala—0Me.HCl (67.0 g), HOBT (64.8 g) and WSCI 
(87.84 ml) were added thereto and the mixture was 
stirred at room temperature overnight. The DMF was 
distilled off in vacuo and the residue was dissolved in 
ethyl acetate (2 lit.) was washed with 5% sodium bicar 
boasts, 1 N HCl and water. After drying with sodium 
sulfate, the solution was dried in vacuo. Recrystalliza 
tion was effected from ethyl acetate-hexane to obtain 
substance [3] (231.8 g, yield: 96.6%). 

[a]D17= - 17.16 (c=1.0, DMF) 

Eleman anal ' C H N Cl : 

c % l-l % ' N % 

Found 54.96 an ass 
Calculated 55.25 ass am 

(4) P(79-8l): 

Substance [3] (174.99 g, 0.35 M) was added to TFA 
(500 ml) and the mixture was stirred at room tempera 
ture for 50 minutes. The TFA was distilled off in vacuo. 
The residue was dissolved in ethyl acetate and washed 
with 5% sodium bicarbonate and water. The solution 
was dried with anhydrous sodium sulfate, and dried in 
vacuo. 

The residue was dissolved in DMF (400 ml). HOBT 
(49.95 g, 1.05 molar excess), BOC—Thr(Bzl)-—0H 
(114.33 g, 1.05 molar excess) and WSCI (67.7 ml, 1.05 
molar excess) were added thereto and the mixture was 
stirred at room temperature overnight. The DMF was 

so removed in vacuo and ice water was added to the resi 
due. The precipitate was collected and recrystallized 
from hot ethanol to obtain substance [4] (99.31 g). 
The mother liquor was concentrated in vacuo. The 

residue was dissolved in chloroform and washed four 
times with 5% sodium bicarbonate, twice with 1 N HCl 
and twice with water. A?er dehydrating with anhy 
drous sodium sulfate. the solution was dried in vacuo. 
The residue was puri?ed by silica-gel column chroma 
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tography [developer chloroform-ethanol-acetic acid 
(5:1:5)] to obtain substance [4] (35.09 g). The fractions 
containing impurities were reserved for use in the next 
column chromatography puri?cation step. 

Substance [3] (22.5 g, 45 mM) was added to TFA (70 
m1) and the mixture was stirred at room temperature for 
45 minutes. The TFA was removed in vacuo and the 
residue was dissolved in DMF (50 ml), then adjusted to 
pH 7 by adding NMM. HOBT (6.68 g, 1.1 molar ex~ 
cess), BOC—Thr(Bz1)-OH(15.31 g, 1.1 molar excess) 
and W801 (9.06 ml, 1.1 molar excess) were added 
thereto and the mixture was stirred overnight. A?er 
distilling o?‘ the DMF in vacuo, the residue was dis 
solved in chloroform (200 ml) and washed with 5% 
sodium bicarbonate, l N HCl and water. The solution 
was dried with anhydrous sodium sulfate and dried in 
vacuo. The residue was mixed with the reserved frac 
tions containing impurities and puri?ed by silica gel 
column chromatography. The corresponding fraction 
was dried in vacuo and reprecipitated twice with chlo 
roform-hexane to obtain substance [4] (48.80 g). Total 
yield: 183.2 g. 

m.p.: l32'—134' C. 
TLC: Rf7=0.85 

Elemen anal ' C N C1 : 

C % H ‘I: N % 

Found 59.06 7.05 7.41 
Calculated 59.08 6.85 8.11 

’(s) P(77-78): BOC-Val-Leu-OEt [s] 
BOC—Val-OH (101.99 g, 0.47 M), H-—Leu—0 

Et.I-ICi (91.98 g, 0.47 M), HOBT (63.45 g) and W801 
(86.01 ml, 0.47 M) dissolved in THF (400 ml) was 
stirred overnight. The TI-[F was distilled off in vacuo, 
and the residue—was dissolved in ethyl acetate (400 ml) 
and washed with 5% sodium bicarbonate, l N HCl and 
water. A?er drying with anhydrous sodium sulfate, the 
residue was dried in vacuo. Recrystallization was ef 
fected from ethyl acetate-hexane to obtain substance [5] 
(153.7 g, yield: 91.2%). 

[a]p17= -25.78 (c= 1.0, DMF) 

Element!!! analm' ICnEuOsNz]: 
C96 H71 N96 

Found 60.35 9.42 8.39 
Calculated 60.31 9.56 7.82 

(6) P(77-78): BOC—Va1—-Leu-—OH [6] 
To substance [5] (134.43 g, 0.375 M) dissolved in 

ethanol (400 ml) was added 1 N NaOH (412.5 ml, 1.1 
molar excess) with ice cooling and the mixture was 
stirred for 1.5 hours. 1 N NaOH (37.5 g, 0.1 molar ex 
cess) was added and the mixture was further stirred for 60 
one hour. 1 N HCl (75 ml) was added thereto to adjust 
to pH 5. The solution was washed with ether. 1 N HC] 
(400 ml) was added to the aqueous layer and the mixture 
was extracted with ethyl acetate. After drying the ethyl 
acetate layer, it was dried in vacuo and recrystallized 
from ethyl acetate-hexane to obtain substance [6] 
(119.66 g, yield: 96.6%). 
TLC: Rf|=0.35, Rf7=0.58 

~12 

Elemen anal ': C N : 

C % 1-1 % N % 

Found 5783 9.40 8.78 
Calculated 58.16 9.15 8.48 

(7) P(77_s1)= 
BOC-Va1—Leu—Thr(Bzl)—Lys(Z—-Cl 

)—Ala—OMe [7] 
Substance [4] (182 g, 0.263 M) was added to TFA 

(500 ml) and the mixture was stirred at room tempera 
ture for 50 minutes. The TFA was distilled off and 
hexane was added to the residue. A precipitated oily 
substance was separated by decantation and dissolved in 
DMF (350 ml), which was adjusted to pH 6.5 by adding 
NMM. HOBT (42.61 g, 1.2 molar excess), substance [6] 
(104.28 g, 1.2 molar excess) and WSCI (57.8 g, 1.2 molar 
excess) were added thereto and the mixture was stirred 
at room temperature for 1.5 hours. When the reaction 
mixture became solid and impossible to stir, further 
DMF (200 ml) was added; then the mixture was al 
lowed to stand overnight at room temperature and at 
30‘ C. for 4 hours. Ice water was added to the reaction 
mixture and the precipitate collected, which was dis 
solved in chloroform (2.5 lit.) and washed with 5% 
sodium bicarbonate, 1 N HCl and water. Chloroform 
was distilled off in vacuo and the residue was recrystal 
lized from chloroform-ether-hexane to obtain substance 
[7] (224.68 g, yield: 94.9%). 

[a]p27= - 11.72 (c: 1.0, DMF) 

Elemengg analysis [91%] 1N§Cl|: 
C.% 1-1 % N % 

Found 59.80 7.56 9.83 
Calculated 59.82 7.48 9.30 

(a) 1>(77-s1)= 

A 90% ethanol solution (800 ml) of 1 N KOl-l was 
added with ice cooling to substance [7] (72.3 g, 80 mM) 
dissolved in chloroform (720 ml) and the mixture was 
stirred at 0‘-5' C. for 40 minutes. 1 N HCl (800 ml) was 
added thereto with ice cooling and the mixture was 
extracted with chloroform (500 m1) twice. The chloro 
form layer was washed with water, dried by adding 
anhydrous sodium sulfate, and then dried in vacuo. The 
residue was purified by silica gel column chromatogra 
phy [developen chloroform-ethanol-ethyl acetate 
(5:1:5)]. The corresponding fraction was dried in vacuo 
and recrystallized three times from chloroform 
methanol-ether-hexane to obtain substance [8]. 
The above operations were repeated three times to 

hydrolyze substance [7] (216.9 g) to obtain substance [9] 
65 (156.07 g, yield: 73.1%). 
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Elemen anal ' 0 N C1. H 0 : Elemental! analgis lc?l-lmonNnCl?: 
C ‘7: H % N % C % H % N % 

Found 5x34 7.67 9.64 5 Found til-0| 6-84 9-54 
calcuhm 51m m, 93, Calculated 61.16 6.66 9.41 

Amino acid analysis [sample 3.1 mg/l ml 6 N 
HC1+0.1 ml anisole, hydrolyzed at 110' C. for 45 
hours]: Thr 0.96 (1), Ala 1, Val. 0.93 (1), Leu 0.94 (1), 
Lys 1.01 (1). 

Substance [2] (104.5 g, 129 mM) added to TFA (400 
ml) was stirred at room temperature for 40 minutes. The 
TFA was distilled off in vacuo and ether was added to 
the residue. The precipitate was collected and dissolved 
in DMF (500 ml). HOBT (20.9 g, 1.2 molar excess), 
substance [8] (137.7 g, 1.2 molar excess) and WSCI (28.3 
ml, 1.2 molar excess) were added thereto, and the mix 
ture was adjusted to pH 7 by adding NMM and stirred 
overnight. The reaction mixture became a gel, and then 
further DMF (150 m1) and WSCI (12.8 ml) were added 
and the mixture was stirred overnight. Ice water was 
added to the reaction mixture, and the precipitate was 
collected and washed ?ve times with hot methanol to 
obtain substance [9] (185.36 g, yield: 90.68%). 

[a]p27= — 12.84 (c= 1.0, DMF) 

Elemen anal sis C N C1 : 

C % l-l % N % 

Found 60.61 7.04 10.38 
Calculated 60.75 6.82 9.74 

Amino acid analysis [sample 3.1 mg/ 1 m1 6 N 
HC1+0.1 ml anisole, hydrolyzed at 110' C. for 45 
hours]: Thr 0.93 (1), Ser 0.91 (1), Glu 1.01 (1), Ala 1, Val 
0.74 (1), Leu 0.75 (1), Lys 2.01 (2). 

Substance [9] (183.5 g, 116 mM) added to TFA (500 
ml) was stirred at room temperature for 65 minutes and 
then the TFA was distilled off. Ether was added to the 
residue, and the precipitate was collected which was 
dissolved in DMF (900 ml). HOBT (18.8 g, 1.2 molar 
excess), BOC—-Asp(OBzl)—0H (45.0 g, 1.2 molar ex 
cess) and WSCI (25.5 ml, 1.2 molar excess) were added 
thereto, and the pH was adjusted to 7 by adding NMM, 
then the mixture was stirred at room temperature over 
night. The DMF was distilled off in vacuo and ice water 
was added to the residue. The precipitate was collected 
and washed twice with hot methanol. The insolubles 
were dissolved in hot DMF and ethanol was added 
thereto. The precipitate was collected, suspended and 
?ltered to obtain substance [10] (205.5 g, yield: 99.14%). 

m.p.: 259°-262° C. 

[a]D27= — 13.7 (c: 1.0, DMF) 
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Substance [10] (196.55 g, 0.11 M) was added to TFA 
(500 ml), the mixture was stirred at room temperature 
for 60 minutes, and the TFA was removed in vacuo. 
Ether was added to the residue, and the precipitate was 
collected and then dissolved in DMF (1.3 lit.) HOBT 
(19.3 g, 1.3 molar excess), BOC-Val-OH (31.1 g, 1.3 
molar excess) and WSCI (26.2 ml, 1.3 molar excess) 
were added thereto with stirring, the pH was adjusted 
to 7 by adding NMM and the mixture was stirred at 
room temperature. After one hour the reaction mixture 
gelled and was allowed to stand overnight. NMP (400 
ml), 2,4-dinitrophenol (20.2 g) and WSCI (26.2 ml, 1.3 
molar excess) were added thereto. Gelling occurred 
after about 10 minutes, and the material was allowed to 
stand overnight. Ice and 5% sodium bicarbonate solu 
tion was added. The precipitate was collected, and was 
washed three times with water and four times with hot 
methanol to obtain substance [11] (203.74 g, yield: 
98.2%). 

m.p.:267‘é270‘ c. 
TLC: Rf; =0.56 

Elemen 'anll sis C H N Cl .1-1 0: 
C % H % N % 

Found 60.25 6.78 9.82 
Calculated 60.55 6.83 9.56 

Amino acid analysis: [sample 3.1 mg/ 1 ml 6 N 
HC1+0.1 ml anisole, hydrolysis for 48 hours at 110° C.]: 
Asp 1.04 (1), Thr 0.83 (1), Ser 0.78 (1), Glu 1.03 (1), Ala 
1.08 (1), Leu 1, Val 1.87 (2), Lys 2.19 (2). 

Substance [11] (151.2 g, 0.08 M) dissolved in methy 
lene chloride (100 ml) and TFA (450 ml) was stirred at 
room temperature for 40 minutes, then the TFA was 
removed in vacuo. Ether was added to the residue. 
DMF (500 ml) and NMP (1 lit.) were added to the 
precipitate to dissolve it. ice and 5% sodium bicarbon 
ate was added thereto. The thus-formed precipitate was 
collected, washed with water and dried. A mixture of 
DMF (500 ml) and NMP (1 lit.) was added to dissolve 
the material and BOC-Asp(OBzl)-OSU (44.0 g, 1.3 
molar excess), HOBT (1.4 g, 0.13 molar excess) and 
NMM (11.4 ml, 1.3 molar excess) were added thereto, 
then the mixture was stirred at room temperature over 
night. The reaction mixture was poured into ice water, 
and the thus-formed precipitate was collected and was 
suspended in hot methanol. After cooling, the precipi 
tate was ?ltered. This operation was repeated twice to 
obtain substance [12] (157.6 g, Yield: 94.2%). 
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(15) P(71-84): 
Elemengg analysis lcman'ignnmcizp BOC—Asp(OBzl)-—Lys(Z—C1)Ala—Asp(OBz 

c % l-l % N % l)—Val-Asp(OBzl)—Val--Leu—Thr(Bzl)—Lys( 
Found 613, 6“ 9,90 5 Z—-Cl)—Ala—Lys(Z-~Cl)—Ser(Bzl)—Gln—-OBzl 
Calculated 61.45 6.65 9.33 [15] 

Amino acid analysis [6 N HCl/anisole, 110' C., 48 
hours]: Asp 1.86 (2), Thr 0.87 (1), Ser 0.71 (l), Glu 1.01 
(1), Ala 1.00 (1), Val 1.91 (2), Leu 1, Lys 2.01 (2). 

1 N NaOl-I (115.2 ml, 1.2 molar excess) was added at 
0' C. to substance [3] (48.0 g, 96 mM) dissolved in etha 
nol (100 ml), and the mixture was stirred for 50 minutes. 
1 N HCl (19 ml) was added to adjust the pH to 6, and 
the ethanol was distilled off at 35' C. Ethyl acetate, ice 
water and l N HCl (96 ml) were added to the residue 
for extraction. The ethyl acetate layer was washed with 
water, dried by adding anhydrous sodium sulfate then 
dried in vacuo. The residue was recrystallized from 
ethyl acetatehexane to obtain substance [13] (45.90 g, 
yield: 98.4%). 

C % H % N % 

Found 54.57 6.91 8.95 
Calculated 54.37 6.64 _ 8.65 

Methylene chloride (60 ml) and 'I'FA (360 ml) were 
added to substance [12] (125.46 g, 60 mM), the mixture 
was stirred at room temperature for 55 minutes, then the 
TFA was distilled off. Ether was added to the residue 
and the precipitate was collected. DMF (600 ml) and 
NMP (600 ml) was added to dissolve the precipitate. Ice 
and 5% sodium bicarbonate were added thereto. The 
thus-precipitated material was collected, washed three 
times with water, again washed with methanol and 
ether and dried. NMP (1200 ml) and DMF (600 ml) 
were added thereto to dissolve the material. HOBT 
(10.56 g, 1.3 molar excess), substance [13] (37.92 g, 1.3 
molar excess) and WSCI (14.28 g, 1.3 molar excess) 
were added thereto, and the mixture was stirred at room 
temperature for 3 days. The reaction mixture was 
poured into ice water, and the precipitate was collected, 
washed three times with water, then washed twice with 
hot methanol. The material was further washed with 
ether, and dried to obtain substance [14] (142.74 g, yield: 
96.7%). 

F‘ “'1! analysis [C1z4I'llm029Nz7€l3l= 
C % H % N % 

Found 6030 6.79 9.70 
Calculated 60.54 6.60 9.68 

Amino acid analysis [6 N I-lCl/anisole, 110° C., 48 
hours]: Asp 1.86 (2), Thr 0.85 (1), Ser 0.67 (l), Glu 1.02 
(1), Ala 1.90 (2), Val 1.93 (2), Leu 1, Lys 2.93 (3). 
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Substance [14] was added to TFA (420 ml), and the 
mixture was stirred at room temperature for 55 minutes, 
and the TFA was distilled off in vacuo. Ether was 
added to the residue, and the precipitate was collected, 
then NMP (720 ml) and DMF (720 ml) were added 
thereto to dissolve the precipitate. The mixture was 
poured into ice and 5% sodium bicarbonate solution; 
and the thusformed precipitate was collected, washed 
three times with water, once each with methanol and 
ether. NMP (840 ml) and DMF (840 ml) were added 
thereto to dissolve the material. HOBT (0.732 g, 0.14 
molar excess), 2,4-dinitrophenol (11.93 g, 1.2 molar 
excess), BOC-Asp(OBzl)-OSU (3.18 g, 1.2 molar ex 
cess) and NMM (5.94 ml, 1.4 molar excess) were added 
and the mixture was stirred at room temperature for 
two days. NMP (120 ml) and DMF (60 ml) were added 
again to the reaction mixture to dissolve the material. 
BOC-Asp (OBzl)-OSU (4.56 g, 0.2 molar excess) and 
NMM (1.19 ml, 0.2 molar excess) were added and the 
mixture was further stirred at room temperature for two 
days. The reaction mixture was poured into ice water, 
and the precipitate was collected and washed with 
water and was suspended in hot methanol. After cool 
ing, the precipitate was ?ltered. This operation was 
repeated for three times to obtain substance [15] (136.72 
3, yield: 95.0%). 

Elements anal sis C H N C1 : 

C % H % N % 

Found 60.33 6.55 9.76 
Calculated 60.83 6.5 l 9.46 

Amino acid analysis [6 N HCl/anisole, 110° C., 48 
hours]: Asp 2.60 (3), Thr 0.83 (1), Ser 0.65 (l), Glu 1.00 
(1), Ala 1.81 (2), Val 1.92 (2), Leu 1, Lys 2.85 (3). 

Substance [15] was added to TFA (325 ml), and the 
mixture was stirred at room temperature for 70 minutes 
and the TFA was distilled off in vacuo. Ether was 
added to the residue. The precipitate was collected and 
NMP (600 ml) and DMF (600 ml) were added thereto 
to dissolve the material, then 5% sodium bicarbonate 
was added. The precipitate was collected and washed 
three times with water and once with methanol. The 
precipitate was dissolved in NMP (720 ml) and DMF 
(720 ml), 2,4-dinitrophenol (9.0 g), HOBT (0.55 g, 0.1 
molar excess), BOC—-A1a—OSU (17.52 g, 1.5 molar 
excess) and NMM (6.72 ml, 1.5 molar excess) were 
added and the mixture was stirred at room temperature 
overnight. Further BOC-—Ala-OSU (2.34 g) and 
NMM (0.9 ml) were added thereto and the mixture was 
stirred at room temperature for 5 days. The reaction 
mixture was poured into ice water, the precipitate col 
lected, and washed three times with water and twice 
with methanol to obtain the substance [16] (109.78 g, 
yield: 98.3%). 
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m.p.: over 280' C. (decomp.) 
Amino acid analysis [6 N HCl/anisole, 110' C., 48 

hours]: Asp 2.57 (3), Thr 0.84 (1), Ser 0.67 (l), Glu 1.00 
(1), Ala 2.53 (3), Val 1.98 (2), Leu 1 , Lys 2.79 (3). 

Substance [16] (85.38 g, 31.2 mM) was added to TFA 
(280 ml), the mixture was stirred at room temperature 
for 60 minutes and the TFA was distilled off. Ether was 
added to the residue, the precipitate was collected, 
dissolved by adding DMF (540 ml) and NM? (540 ml) 
and the solution was added to a mixture of 5% sodium 
bicarbonate and ice. The precipitate was washed three 
times with water and once with methanol. This was 
dissolved in DMF (600 ml) and NM? (780 ml). 2,4-dini 
trophenol (6.89 g, 1.2 molar excess), HOBT (0.59 g, 0.14 
molar excess), BOC—-Glu(OBzl)—-OSU (18.97 g, 1.4 
molar excess) and NMM (4.8 ml, 1.4 molar excess) were 
added thereto and the mixture was stirred at room tem 
perature for three days. BOC—Glu(OBzl)-OSU (2.71 
g, 0.2 molar excess) dissolved in DMF (60 ml) and NM? 
(50 ml) and NMM (0.64 ml, 1.4 molar excess) were 
added thereto and the mixture was stirred further at 
room temperature for three days. Additionally, the 
same amount of BOC--Glu(OBzl)-OSU and NMM as 
above was added and stirred at room temperature over 
night. The reaction mixture was poured into ice water, 
and the thus-formed precipitate was collected and 
washed three times with water. The precipitate was 
suspended in hot methanol, cooled and ?ltered. This 
operation was repeated three times to obtain substance 
[17] (88.97 g, yield: 96.5%). 
Amino acid analysis [6 N HCl/anisole, 110' C., 24 

hours]: Asp 2.66 (3), Thr 0.91 (1), Ser 0.78 (l), Glu 1.76 
(2), Ala 2.65 (3), Val 1.97 (2), Leu 1, Lys 2.88 (3). 

WSCI (33.69 ml) was added dropwise to DOC- 
Leu-—OH.H2O (45.64 g), H—Gly—OBzl.TosOH 
(61.87 g) and HOBT (24.87 g) dissolved in THF (200 
ml) with cooling and the mixture was stirred at room 
temperature overnight. The reaction mixture was con 
centrated in vacuo to obtain an oily material which was 
dissolved in ethyl acetate (600 ml), and washed each of 
three times with 5% sodium bicarbonate, l N HCl and 
water. The organic layer was dried by adding anhy 
drous sodium sulfate and dried in vacuo to obtain an 
oily substance (69.0 g, yield: 99%). This was dissolved 
in methylene chloride (10 m1), TFA (250 ml) was added 
at 5° C. and the mixture was stirred at room temperature 
for 20 minutes. The TFA was distilled off in vacuo, 
DMF (200 ml) was added to the residue and the mixture 
was neutralized by adding NMM at 0° C. HOBT (20.7 
g, 0.19 M), BOC—-Ser(Bzl)-—OH (56 g, 0.19 M) and 
WSCI (34.8 ml, 0.19 M) were added thereto and the 
mixture was stirred at room temperature overnight. The 
DMF was removed in vacuo, and ethyl acetate was 
added to the residue, which was then washed with 5% 
sodium bicarbonate, 1 N HCl and water. After drying 
with anhydrous sodium sulfate, the mixture was con 
centrated in vacuo. Hexane was added to the residue 
and the precipitate was collected by ?ltration. Recrys 
tallization was effected from ethyl acetate-hexane and 
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ethyl acetat'e'ether-hexane to obtain substance [18] 
(72.47 g, yield: 72.0%) 

m.p.: l12"—113° C. 
TLC: Rf5=0.55 

Elemen anal sis C O N : 
C % H % N % 

Found 65.06 7.75 7.56 
Calculated 64.84 7.44 7.56 

TFA (250 ml) was added at 5’ C. to substance [18] 
(72.47 g, 0.13 M) dissolved in methylene chloride (20 
ml), and the mixture was stirred at room temperature 
for 20 minutes. The TFA was removed in vacuo and 
ether was added to the residue. The precipitate was 
collected and DMF was added thereto. NMM was 
added at 5' C. to neutralize the solution. 

Ethyl acetate (200 ml) was added to BOC—Lys( 
Z--Cl)-OH.TBA (70 g, 0.143 M) and the mixture was 
washed twice with 1 N HCl and water. The ethyl ace 
tate layer was dried with anhydrous magnesium sulfate 
and concentrated in vacuo. DMF (100 ml) was added to 
the obtained oily material to prepare a DMF solution of 
BOC--Lys(Z—Cl)—0l-I. 
To the above neutralized DMF solution were added 

HOBT (19.3 g), 8 DMF solution of BOC—Lys(Z-Cl 
)—OH and WSCI (26.2 ml, 0.143 M) and the mixture 
was stirred at room temperature overnight. The DMF 
was distilled off in vacuo, ethyl acetate (400 ml) was 
added to the residue and the mixture was washed three 
times with 5% sodium bicarbonate, twice with l N HCl 
and twice with water. The organic layer was dried with 
anhydrous magnesium sulfate and concentrated in 
vacuo. Ether and hexane were added to the residue, and 
the thus-precipitated material was collected and recrys 
tallized from ethyl acetate-methanol~hexane to obtai 
substance [19] (104 g, yield: 94.6%). 

Elementary analysis |CMHQ§O gN;Cl|: 
C % H % N % 

Found 61.96 7.02 7.91 
Calculated 62.00 6.86 8.22 

Amino acid analysis [1 uM/b N HCl 0.3 ml, 105° C., 
20 hours]: Ser 0.92 (1), Gly 0.98 (1), Leu 1, Lys 0.99 (1). 

Methanol (600 ml) was added to substance [19] (85.3 
g). and l N NaOH (120 ml) was added thereto with 
stirring at 5° C.; then the mixture was stirred at room 
temperature for three hours. After adding 1 N HCl (20 
ml) at 5° C., the methanol was distilled off in vacuo. l N 
HC] (100 ml) was added to the aqueous solution of the 
residue at 5° C., which was then extracted with chloro 
form (500 ml). The chloroform layer was washed with 
water, dried with anhydrous sodium sulfate and con 
centrated in vacuo. Hexane was added to the residue, 
and the precipitate was collected and rcrystallized from 
ethyl acetate to obtain substance [20] (66.21 g, yield: 
87%). 
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m.p.: 156‘~l58' C. 
TLC: Rf2=0.63 

Elemen anal ' C H 0 C1 : 

C % H % N % 

Found 58.49 6.95 9.09 
Calculated 58.30 6.88 9.19 

Amino acid analysis [1 pM/OJ ml, 6 N HCl, 105' C., 
20 hours}: Ser 0.92 (1), Gly 0.97 (1), Leu 1, Lys 0.99 (1). 

Methylene chloride (300 ml) was added to substance 
[20] (66.2 g, 87 mM), and TFA (250 ml) was added at. 5° 
C. and the mixture was stirred at room temperature for 
45 hours. The TFA was distilled off in vacuo and ether 
was added to the residue. The precipitate was collected 
and dissolved in DMF (100 ml), which was neutralized 
by adding NMM at 5' C. DMF (500 ml) was again 
added due to the formation of a precipitate. DOC 
Glu(OBzl)—OSU (50 g, 113 mM) and HOBT (1.53 g, 
11.3 mM) were added thereto, and the mixture was 
neutralized with NMM and stirred at room temperature 
overnight. DMF was removed off in vacuo and the 
residue was poured into water. The thus-obtained pre 
cipitate was washed with water and dried. Recrystalli 
zation was effected twice from acetone-methanol to 
obtain substance [21] (63.85 g, yield: 73.5%). 

m.p.: l65‘-l67° C. (decomp) 
TLC: Rf4=0.72 

Elementar anal sis H Cl: 
C % l-l % N % 

Found 59.61 6.76 8.31 
Calculated 59.00 6.57 8.42 

Amino acid analysis [0.927 mg/0.3 ml 6 N HCl, 105° 
C., 24 hours]: Ser 0.92 (l), Glu 0.99 (1), Gly 0.97 (1), 
Leu 1, Lys (0.99 (l). 

(22) P(62-63): BOC—Ser(Bzl)—His-NHNH2 [22] 
THF (150 m1), H—I-Iis—OMe.2HCl (31.5 g, 0.13 M) 

and HOBT (17.6 g, 0.13 M) were added to BOG- 
Ser(Bzl)-OH (37 g, 0.125 m). WSCI (23.8 ml, 0.13 M) 
was added thereto, and DMF (150 ml) was added and 
the mixture was stirred at room temperature overnight. 
HOBT (4.4 g) and WSCI (6 ml) were again added, then 
the mixture was stirred at room temperature overnight. 
The solvents were distilled off in vacuo. The residual 
oily material was dissolved in ethyl acetate and washed 
three times with 5% sodium bicarbonate and water. 
After drying with anhydrous magnesium sulfate, it was 
concentrated in vacuo. Hexane was added to the resi 
due, the precipitate was collected and recrystallized 
from ethyl acetate-ether-hexane to obtain crude 
BOC—Ser(Bz1)—His—0Me(TLC: Rf3=0.56) (46.1 g). 
The above produce (44.6 g) was dissolved in DMF 

(300 ml). Hydrazine hydrate (100%) (100 ml) was added 
thereto and the mixture was stirred at room temperature 
overnight. The DMF was removed in vacuo. The resi 
due was extracted eight times with ethyl acetate and the 
extract was washed with a small amount of water, then 
dried with anhydrous magnesium sulfate. The solution 
was concentrated in vacuo, hexane was added to the 
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residue and the precipitate was collected, which was 
puri?ed by silical-gel chromatography [developen 
chloroform-methanolethyl acetate (5:0-l:5)]. The cor 
responding fractions were collected, dried in vacuo and 
recrystallized from benzene-hexane (small amount). 
After being allowed to stand in a refrigerator, the pre 
cipitated crystals were recrystallized twice from ethyl 
acetate-methanol-hexaue to obtain substance [22]. 

m.p.: 129-129‘ C. 
TLC: Rf4=0.70, Rf7=0.14 

Elm!!! analysis [Cg] HmQzNgl: 
C % H % N % 

Found 56.30 6.98 18.54 
Calculated 56.49 6.77 l 8.82 

A dioxane solution (52 ml) of 4.32 N HCl and isoa 
mylnitrile (20 ml) were added to substance [22] (33.5 g) 
dissolved in DMF (200 ml) at —50° C., and the mixture 
was stirred at -20° C. for 10 minutes. Et3N (31.6 ml) 
was added at —50° C. 
Methylene chloride (20 ml) was added to substance 

[21] (63.85 g, 64 mM). TFA (200 ml) was added thereto 
at 5° C. and the mixture was stirred at room temperature 
for 50 minutes. The TFA was distilled off in vacuo, 
ether was added to the residual oily substance and the 
thus-formed precipitate was collected and was dis 
solved in DMF (200 ml), then neutralized with NMM at 
5° C. 
The neutralized DMF solution was added to the 

above triethylamine-treated solution and stirred with 
refrigeration overnight and then at room temperature 
overnight. The DMF was removed in vacuo and the 
residue was dissolved in methanol. The solution was 
poured into water, then the precipitate formed was 
washed with water and dried. The resulting material 
was recrystallized from DMF-ether, and washed twice 
with methanol to obtain substance [23] (59.16 g, yield: 
60.1%). 

m.p.: 209’-213° C. (decomp.) 

Elementary analysis [C?HnOuNmg : 
C % H % N % 

Found 5943 6.58 10.67 
Calculated 59.51 6.38 10.68 

Amino acid analysis [1.549 mg/ 0.5 ml 6 N HCl, 105° 
C., 21 hours]: Ser 1.82 (2), Glu 1.01 (1), Gly 0.98 (1), 
Leu 1, Lys 1.01 (1), His 0.94 (1). 

TFA (250 ml) was added to substance [17] (75.35 g, 
25.5 mM) and the mixture was stirred at room tempera 
ture for 60 minutes. The TFA was removed in vacuo 
and ether was added to the residue. The precipitate was 
collected and dissolved in NMP (500 ml) and DMF (500 
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ml). The reaction mixture was poured into ice and 5% 
sodium bicarbonate, and the precipitate was collected 
and washed with water and methanol. The precipitate 
was dissolved in NM? (1 lit.) and DMF (I lit.), 2,4-dini 
trophenol (5.61 g, 1.2 molar excess), HOBT (4.08 g, 1.2 
molar excess), substance [23] (40.16 g, 1.2 molar excess) 
and WSCI (5.6 ml, 1.2 molar excess) were added thereto 
and stirred at room temperature for four days. The 
reaction mixture was poured into 5% sodium bicarbon 
ate-ice, and the precipitate was collected, which was 
washed with water, hot methanol and twice with meth 
anol to obtain substance [24] (93.53 g, yield: 88.4%). 
Amino acid analysis: Asp 2.67 (3), Thr 0.81 (1), Ser 1.37 
(3), Glu 2.59 (3), Gly 0.76 (1), Ala 2.68 (3), Val 2, Leu 
1.74 (2), Lys 3.66 (4), His 0.66 (1). 

TFA (150 ml) was added to substance [24] (41.5 g, 10 
mM); the mixture was stirred at room temperature for 
60 minutes, and the TFA was removed in vacuo. Ether 
was added to the residue, and the precipitate was col 
lected which was dissolved in DMF (300 ml) and NMP 
(500 ml). The solution was poured into 5% sodium 
bicarbonate-ice, and the precipitate was collected and 
washed with water and methanol. DMF (700 ml) and 
NMP (600 ml) were added to dissolve the precipitate. 
2,4-dinitrophenol (2.2 g, 1.2 molar excess), BOC--— 
Glu(OBzl)-OSU (6.08 g, 1.4 molar excess), HOBT 
(0.23 g, 0.14 molar excess) and NMM (1.52 ml, 1.4 
molar excess) were added and the mixture was stirred at 
room temperature overnight. BOC—-Glu(0Bzl)--OSU 
(0.87 g, 9.2 molar excess) and NMM (0.22 ml, 0.2 molar 
excess) were added and further stirred overnight. The 
reaction mixture was poured into ice and 5% sodium 
bicarbonate, and the precipitate was collected and was 
washed with water and methanol, DMF (700 ml) and 
NMP (600 ml) were added to dissolve the precipitate. 
2,4-dinitropheno1 (2.2 g, 1.02 molar excess), BOC— 
Glu(OBzl)-OSU (6.08 g, 1.4 molar excess), HOBT 
(0.23 g, 0.14 molar excess) and NMM (1.52 ml, 1.4 
molar excess) were added thereto and stirred at room 
temperature overnight. BOC—-Glu(OBz1)—-OSU (0.87 
g, 0.2 molar excess) and NMM (0.22 ml, 0.2 molar ex 
cess) were further added to the reaction mixture and 
stirred overnight. The reaction mixture was poured into 
ice and 5% sodium bicarbonate, and the precipitate was 
collected, washed completely with water, then washed 
three times with hot methanol to obtain substance [25] 
(4.07 g, yield: 93.2%). 
Amino acid analysis [6 N HCl/anisole, 110° C., 48 

hours]: Asp 2.66 (3), Thr 0.85 (1), Ser 1.56 (3), Glu 3.14 
(4), Gly 0.71 (1), Ala 2.65 (3), Val 2, Leu 1.73 (2), Lys 
3.67 (4), His 0.63 (1). 

Ethyl acetate (100 ml) was added to l-I—Val-—-OBzl 
.TosoH (17.8 g, 47 mM), and the mixture was washed 
with 5% sodium bicarbonate and water, dried with 
anhydrous sodium sulfate and the ethyl acetate was 
removed in vacuo. The residue was dissolved in DMF 
(100 ml). BOC—Leu—-OH.HZO (11.7 g, 56.4 mM), 

' HOBT (9.3 g, 1.2 molar excess) and WSCI (10.3 ml, 1.3 
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molar excess) were added and the mixture was stirred at 
room temperature overnight. The DMF was removed 
in vacuo, and the residue was dissolved in ethyl acetate 
(300 ml) and washed with 5% sodium bicarbonate, 1 N 
NCl and water. After drying with anhydrous sodium 
sulfate, the solution was dried in vacuo. The residue was 
recrystallized from ethyl acetate-hexane to obtain sub 
stance [26] (17.55 g, yield: 88.3%). 
TLC: Rf4=0.85 

TFA (50 ml) was added to substance [26] (17.2 g, 41 
mM), the mixture was stirred at room temperature and 
the TFA was removed. Ether was added to the residue, 
and the precipitate was collected which was dissolved 
in DMF (300 ml). HOBT (7.7 g, 1.2 molar excess), 
BOC—VA1—OH (1.07 g, 1.2 molar excess), and WSCI 
9.0 ml, 1.2 molar excess) were added thereto, and the 
pH was adjusted to 7 by adding NMM; then the mixture 
was stirred at room temperature overnight. The DMF 
was removed in vacuo, and the residue was dissolved in 
ethyl acetate (300 ml) and washed with 5% sodium 
bicarbonate, 1 N HCl and water. The solution was dried 
with anhydrous sodium sulfate and dried in vacuo. The 
residue was recrystallized twice from ethyl acetate-hex 
ane to obtain substance [27] (17.38 g, yield: 81.6%). 

Elementary analysis K311550913]: 
. C % H % N % 

Found 64.80 8.81 8.20 
Calculated 64.71 8.73 8.09 

(28) P(57-60): BOC—Asn—VAl—Leu—Val-OB21 
[281 

TFA (50 ml) was added to substance [27] (17.15 g, 33 
mM), the mixture was stirred at room temperature for 
25 minutes, and the TFA was removed in vacuo. Ether 
was added to the residue, the precipitate was collected 
and dissolved in DMF (100 m1). HOBT (0.62 g, 0.14 
molar excess), and BOC-Asn-ONP (16.32 g, 1.4 
molar excess) were added thereto, and the pH was ad 
justed to 7 by adding NMM; then the mixture was 
stirred at room temperature for two days. The DMF 
was removed in vacuo, and the residue was poured into 
5% sodium bicarbonate and ice. The precipitate was 
dissolved in chloroform and washed with 5% sodium 
bicarbonate and water. The solution was dried with 
anhydrous sodium sulfate and dried in vacuo. The resi 
due was recrystallized twice from ethanol-ether to ob 
tain substance [28] (13.82 g, yield: 79.5%). 

P‘ y analysis [C32H51O3N5]: 
C % H % N % 

Found 6083 8.19 11.09 
Calculated 60.64 3.11 11.05 

Substance [28] (13.2 g, 25 mM) was dissolved in etha 
no] (50 ml) and DMF (60 ml). 5% Pd/C (1 g) was added 
thereto and the material was hydrogenated for 3 hours. 
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The catalyst was ?ltered off and the ?ltrate was concen 
trated in vacuo. The residue was recrystallized twice 
from ethanol-ether to obtain substance [29] (9.70 g, 
yield: 71.4%). 

Amino acid analysis: Asp 1.02 (1), Val 1.95 (2), Leu 1 
(l). . 

Elemental! analysis “325E501 1N5]: 
C 7; H % N % 

Found 55.02 8.13 13.06 
Calculated 55.23 3.34 12.88 

(30) P(57-84): 

TFA (150 ml) was added to substance [25] (39.75 g, 
9.1 mM) and the mixture was stirred at room tempera 
ture for 60 minutes. The TFA was removed in vacuo 
and ether was added to the residue. The precipitate was 
collected and was dissolved in DMF (600 ml) and NMP 
(600 ml). The reaction mixture was poured into ice and 
5% sodium bicarbonate, and the precipitate was ?ltered 
off and then washed three times with water and once 
with methanol. NMP (1.2 lit.) and DMF (1.2 lit.) were 
added to dissolve the precipitate. HOBT (1.60 g, 1.3 
molar excess), 2,4-dinitrophenol (2.18 g, 1.3 molar ex 
cess), substance [29] (6.43 g, 1.3 molar excess) and 
WSCI (4.32 ml, 2.6 molar excess) were added thereto, 
and the mixture was stirred at room temperature for 
two days. Further substance [29] (0.99 g, (0.2 molar 
excess) dissolved in DMF (100 ml) was added thereto, 
and the mixture was stirred at room temperature over 
night. The reaction mixture was poured into 5% sodium 
bicarbonate and ice, and the precipitate was collected 
and suspended in DMF (100 ml) and heated. After cool 
ing the mixture, the insolubles were ?ltered off. Then 
the insolubles were treated with methanol and ethanol 
while heating, in the same way as the above, to obtain 
substance [30] (42.25 g, yield: 97.2%). 
Amino acid analysis: Asp 3.34 (4), Thr 0.93 (1), Ser 

1.60 (3), Glu 3.24 (4), Gly 0.85 (1), Ala 3, Val 3.39 (4), 
Leu 2.58 (3), Lys 4.24 (4), His 0.79 (1). 

TFA (150 ml) was added to substance [30] (28.7 g, 6 
mM) and the mixture was stirred at room temperature 
for 50 minutes. The TFA was removed in vacuo and 
ether was added to the residue. The precipitate was 
collected and dried over NaOH overnight. The precipi 
tate was dissolved in DMF (300 ml) and HM? (500 ml). 
HOBT (0.16 g, 0.2 molar excess) and BOC—Asp(OBz 
l)—OSU (5.04 g, 2 molar excess) were added, and the 
mixture was adjusted to pH 7.0 by adding NMM and 
was stirred at room temperature overnight. Further 
BOC——-Asp(OBzl)—OSU (2.50 g, equimolar) was 
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added and the mixture was stirred overnight. The reac 
tion mixture was poured into ice water; and the precipi 
tate was collected, washed with water, then heated in 
methanol. After cooling, the insoluble material was 
?ltered off. The heating in methanol was repeated three 
times to obtain substance [31] (27.75 g, yield: 92.5%). 
Amino acid analysis: Asp 4.00 (5), Thr 0.92 (1), Ser 

1.69 (3), Glu 3.57 (4), Gly 0.81 (1), Ala 3, Val 3.22 (4), 
Leu 2.62 (3), Lys 4.12 (4), His 0.62 (1). 

TFA (150 ml) was added to substance [31] (27.50 g, 
5.5 mM) and the mixture was stirred at room tempera 
ture for 50 minutes. The TFA was removed in vacuo, 
ether was added to the residue, and the precipitate was 
collected and dried over NaOH for two days. The pre 
cipitate was dissolved in DMF (300 ml) and NMP (500 
ml). 2,4-dinitrophenol (1.01 g, equimolar amount), 
HOBT (0.11 g, 0.15 molar excess) and BOC—Glu(OBz 
l)—OSU (3.10 g, 1.3 molar excess) were added thereto, 
and the mixture was stirred at room temperature over 
night. Further BOC-—Glu(OBzl)-OSU (3.10 g, 1.3 
molar excess) was added and the mixture was stirred for 
two days. The reaction mixture was poured into ice and 
5% sodium bicarbonate. The precipitate was washed 
twice with 5% sodium bicarbonate and three times with 
water. Methanol was added to the precipitate, which 
was heated, and after cooling, the insolubles were ?l 
tered off. The heating and ?ltration were repeated three 
times to obtain substance [32] (26.77 g, yield: 93.3%). 
Amino acid analysis: Asp 4.11 (5), Thr 0.92 (1), Ser 

1.59 (3), Glu 3.99 (5), Gly 0.83 (1), Ala 3, Val 3.28 (4), 
Leu 2.49 (3), Lys 4.08 (4), His 0.71 (l). 

BOC—Lys(Z—Cl)—Ol-l.TBA (36.6 g, 75 mM) was 
suspended in ethyl acetate (300 ml) and washed with 
ice-cold l N HCl and water. The ethyl acetate layer was 
dried with anhydrous sodium sulfate, dried in vacuo, 
and dissolved in DMF (50 ml). Phenacylbromide (19.40 
g) and Et3N (13.60 ml, 1.3 molar excess) were added 
thereto and the mixture was stirred at room temperature 
for four hours. Sodium acetate (3.68 g, 0.5 molar excess) 
dissolved in ethyl acetate (500 ml) was added to the 
reaction mixture, which was then washed three times 
with 5% sodium bicarbonate, l N HCl and water, re 
spectively. After drying the ethyl acetate layer with 
anhydrous sodium sulfate, the material was dried in 
vacuo. The residue was puri?ed by silica-gel column 
chromatography [developerz benzene-ethyl acetate 
(2:1)], and the fractions showing Rf1=0.77 on TLC 
were collected and dried in vacuo. The residue was 
recrystallized from ether-hexane to obtain BOC-Lys( 
Z——CI)—PAC (23.46 g, yield: 60.5%). 

TLC: Rfi=0.86 
TFA (60 ml) was added to the above product (20.68 

g, 40 mM) and the mixture was stirred at room tempera 
ture for 20 minutes. The TFA was removed in vacuo, 
ether was added to the residue, and the precipitate was 
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collected and dissolved in DMF (50 ml). (This solution 
is hereinafter designated as DMF solution A)._ 
BOC—-Lys(Z--Cl)—-OH.TBA (23.42 g, 1.2 molar 

excess) suspended in ethyl acetate (200 ml) was washed 
with ice and l N HCl (200 ml) and water (100 ml). After 
drying the ethyl acetate layer with anhydrous sodium 
sulfate, the material was dried in vacuo. The thus 
obtained oily material was dissolved in DMF (50 ml). 
(This solution is hereinafter designated as DMF solu 
tion B). 
DMF solution B, HOBT (6.48 g, 1.2 molar excess) 

and WSCI (8.78 ml, 1.2 molar excess) were added to the 
DMF solution A, which was then adjusted to pH 7 by 
adding NMM and stirred at room temperature over 
night. The DMF was removed in vacuo, and the residue 
was dissolved in ether (500 ml), and washed three times 
with 5% sodium bicarbonate. Ethyl acetate (300 ml) 
was added to the ether layer, which was then washed 
twice with l N HCl and three times with water. The 
organic layer was dried with adhydrous sodium sulfate 
and concentrated in vacuo. The residue was recrystal 
lized three times from ether to obtain substance [33] 
(18.73 g, yield 57.5%). 

m.p.: 72'-75' C. 

Elemen anal is H N Cl : 

C % H % N % 

Found 59.22 5.98 6.81 
Calculated 59.35 6.07 6.75 

Substance [33] (4.07 g, 5 mM) was dissolved in acetic 
acid (30 ml). Zinc powder (20 g)/acetic acid (30 ml) was 
added and the mixture was stirred at room temperature 
for 1.5 hours. The zinc powder was removed by ?ltra 
tion and the ?ltrate was concentrated in vacuo to re 
move the acetic acid. The residue was dissolved in ether 
(100 ml) and extracted three times with 5% sodium 
bicarbonate (70 ml). The aqueous layer was adjusted to 
pH 2 by adding 1 N HCl with ice cooling. Then the 
mixture was extracted with ethyl acetate. The ethyl 
acetate layer was washed with water, dried with anhy 
drous sodium sulfate and dried in vacuo. The residue 
was recrystallized from ether-hexane to obtain sub 
stance {3-4] (3.08 g, yield: 85.8%). 

TLC: Rf2=0.45 

Elementary analysis CQHHOQNQCIZIZ 
C % H % N % 

Found 55.58 6.40 7.58 
Calculated 55.69 6.23 7.87 

TFA (50 ml) was added to substance [32] (7.83 g, 1.5 
mM) and the mixture was stirred at room temperature 
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for 55 minutes. The TFA was removed in vacuo, and 
ether was added to the residue. The precipitate was 
collected and was dissolved in DMF (150 m1) and NMP 
(150 ml). HOBT (0.41 g, 2.0 molar excess), substance 
[34] (2.13 g, 2.0 molar excess) and WSCI (0.55 ml, 2.0 
molar excess) were added thereto, and the mixture was 
stirred at 5'-l0' C. for 3 days. The reaction mixture was 
poured into ice water, and the precipitate was collected, 
washed with water and heated with methanol. After 
cooling, the insolubles were collected by ?ltration. This 
heat treatment was repeated three times to obtain sub 
stance [35] (8.31 g, yield: 95.3%). 
Amino acid analysis: Thr 0.92 (1), Ser 1.60 (3), Glu 

4.06 (5), Gly 0.85 (1), Ala 3.00 (3), Val 3.33 (4), Leu 2.48 
(3), Lys 5.41 (6), His 0.70 (l). 

(36) h-PTH [53-84] 
(a) Substance [35] (3.49 g, 0.6 mM) and anisole (3 ml) 

were added to anhydrous HF (25 ml) at 0‘ C. and stirred 
for 75 minutes. After reaction, the HF was removed in 
vacuo, and ether was added to the residue. The thus 
formed precipitate was collected, dissolved in 0.1 N 
acetic acid (50 ml) and passed through a Dowex X1 
column (2.7)(35 cm). The eluate was lyophilized to 
obtain a crude product (2.18 g). This was dissolved in 8 
M urea solution (50 ml), and the solution was adjusted 
to pH 9.5 by adding aqueous ammonina, and allowed to 
stand for 50 minutes. The solution was charged on a 
column (4.4x 12 cm) of CM-cellulose packed with 8 M 
urea solution, which was eluted with 0.01 M ammonium 
acetate (pH 4.5, about 100 ml) and eluted by linear 
gradient elution with 0.01 M ammonium acetate (pH 
4.5, 700 ml)-0.l M ammonium acetate (pH 4.5, 700 ml), 
then eluted with 0.2 M ammonium acetate (pH 4.5, 300 
ml). The eluate was fractionated into fractions of 13.5 
ml each. Each fraction was checked by the Folin 
Lowry method (500 nm). Fractions Nos 30-50 (fraction 
Cl), fractions Nos. 56-119 (fraction C2) and fractions 
Nos. 120-150 (fraction C3) were obtained. 
Each of fractions C1-C3 was desalted by passing it 

through a Sephadex LH-20 column. The eluate was 
fractionated into fractions each 8.5 ml, whose activities 
were checked the same way as above. Fraction C1 was 
passed through the column (3.4Xll3 cm) to obtain 
fractions Nos. 31-40 (fraction L1; fractions Nos. 41-44 
(fraction L2); and fractions Nos. 45-54 (fraction L3). 

Fraction C; was passed through such a column 
(3.4x 120 cm) to obtain fractions Nos. 34-45 (fraction 
L1); fractions Nos. 46-52 (fraction L1); and fractions 
Nos. 53-60 (fraction L3). 

Fraction C3 was passed through such a column 
(3.4)(120 cm) to obtain fractions Nos. 31-4-4 (fraction 
L1); fractions Nos. 45-52 (fraction L2). Each of the 
fractions was lyophilized to obtain the components 
shown in the following Table l. 

(b) Puri?cation of C214: 
CZLZ (565 mg) dissolved in 0.1 N acetic acid (5 ml) 

was charged on a column (4.4 X 70 cm) of CM-cellulose, 
which was eluted with a linear gradient elution of 0.01 
M ammonium acetate solution (pl-1 4.5, 500 ml)-0.l M 
ammonium acetate solution (pH 4.5, 500 ml). The eluate 
was fractionated into fractions of 6.0 ml each, and each 
fraction was checked by the Folin-Lowry method to 
obtain fractions Nos. 113-136 (fraction C2L2-C1), frac 
tions Nos. 137-151 (fraction CgLg-Cg) and fractions 
Nos. 152-190 (fraction C2L2-C3). 
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TABLE 1 

22mm _wma___ 
frac- yield: Asp Thr Ser Glu Gly Ala Val Leu Lys His 
rim (ms) (5) (1) (3) (5) (n (3) (4) (1) (6) (1) 
C(Ll 182 3.81 1.12 2.06 3.21 0.63 3 3.04 2.15 4.21 0.46 
C(L; 353 3.79 1.01 2.07 3.71 0.79 3 3.09 2.35 4.45 0.66 
C|L3 304 3.31 1.01 1.70 2.94 0.55 3 2.74 1.96 4.11 0.43 
C11. 1 166 4.26 1.00 2.28 4.44 0.96 3 3.57 2.80 5.67 0.87 
(11L; 568 4.76 0.97 2.33 4.80 0.96 3 3.88 2.93 5.89 0.87 
C3L3 120 4.19 1.04 2.03 4.02 0.82 3 3.44 2.56 4.97 0.66 
C3L1 170 4.55 1.02 2.29 4.65 1.03 3 3.82 2.95 6.00 0.83 
C3Lz 157 4.58 0.96 2.36 4.69 1.09 3 3.81 3.00 6.49 0.95 

,5 (1) P(51-84): 

Each of these fractions was passed through Sephadex 
LH-20 for desalting. The eluates were fractionated into 
fractions of 5.2 ml each, and each fraction was choked 
by the same method as above. Fraction C1L1-C1 was 
passed through such a column (3.4x 120 cm) to obtain 
fractions Nos. 55-72 (fraction czLz-ClLl) and fractions 
Nos. 73-80 (fraction C2L2-C1Lz). Fraction CzLz-Cg was 
passed through such a column (3.4x 110 cm) to obtain 
fractions Nos. 50-59 (fraction czLz-CzLl) and fractions 
Nos. 60-67 (fraction C1L1-C1L2). Fraction CzLz-C3 was 
passed through such a column (3.4x 110 cm) to obtain 
fraction Nos. 45-60 (fraction C2Lz-C3L1) and fractions 
Nos. 61-72 (fraction C1Lz-C3Lg). Each fraction was 
lyophilized to obtain the following components: 

Puri?cation Of czLz-clLlz 
The above CzLz-C1L1 dissolved in 0.1 N acetic acid 

was charged on a column (2.0x 15 cm) of CM-cellulose, 
and eluted by linear gradient elution with 0.01 M ammo 
nium acetate (pH 4.5, 300 ml)—0.1 M ammonium ace 
tate (pl-I 4.5, 300 ml). The elutes were fractionated into 
fractions of 7.4 ml each, and each fraction was checked 
by the Folin-Lowry method (500 nm) to obtain frac 
tions Nos. 46-56 (fraction CzL2-C1L1-C). This fraction 
was concentrated in vacuo and charged on a column 
(3.0x 90 cm) of Sephadex LH-20 and eluted with 0.1 N 
acetic acid. The eluate was fractionated into fractions of 
6.0 ml each. The fractions were checked by the same 
method as hereinabove to obtain fractions Nos. 25-35 
(fraction C2L2-C1L1-CL), which was lyophilized to 
obtain h-PTH [53-84] (90.0 mg). 
TLC: R9=0.76 (one spot) 
Amino acid analysis: Asp 4.45 (5), Thr 0.92 (1), Ser 

2.16 (3), Glu 4.94 (5), gly 0.96 (1), Ala 3, Val 3.96 (4), 
Leu 2.92 (3), Lys 6.22 (6), His 1.01 (1). 

EXAMPLE 2 

as 

55 
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TFA (50 ml) was added to substance [32] (7.82 g, 1.5 
mM) obtained in Example 1, and the mixture was stirred 
at room temperature for 60 minutes. The TFA was 
removed in vacuo and ether was added to the residue. 
The precipitate was collected and was dissolved in 
DMF (120 ml) and NMP (120 ml). HOBT (0.30 g, 1.5 
molar excess), a substance (2.52 g, 1.5 molar excess) of 
the formula BOC—Pro—Arg(Tos)-—Lys(Z-—Cl 
)—Lys(Z-—Cl)—OH and wscr (0.41 ml, 1.5 molar 
excess) were added thereto, the the mixture was stirred 
at room temperature for two days. The reaction mixture 
was poured into ice water. The thus-formed precipitate 
was washed with water and methanol was added to the 
precipitate and the mixture was heated. After cooling, 
the insolubles were collected by ?ltration. The above 
heating, cooling and ?ltration operations were twice 
repeated, and the product was washed with ether to 
obtain substance [39] (8.20 g, yield: 87.9%). 
Amino acid analysis: Asp 4.09 (5), Thr 1.05 (1), Ser 

2.30 (3), Glu 4.08 (5), Pro 0.52 (1), Gly 0.83 (1), Ala 3, 
Val 3.42 (4), Leu 2.53 (3), Lys 5.11 (6), His 0.69 (l), Arg 
0.51 (l). 

(2) h-PTH [51-84] 
Substance [39] (3.73 g, 0.6 mM) and anisole (4 ml) 

were added to anhydrous HF (40 ml) at 0° C. and the 
mixture was stirred for 60 mins. The RF was distilled 
off in vacuo, and ether was added to the residue. The 
precipitate was collected and passed through a column 
of Dowex X1 (acetate form, 2.7 X 33 cm) after dissolved 
in acetic acid (50 ml). The eluate was lyophilized to 
obtain a crude product (2.18 g). 

This was dissolved in 8 M urea (50 ml), and the solu 
tion was adjusted to pH 10.0 by adding aqueous ammo 
nia, then allowed to stand for 30 minutes. The solution 
was charged on a column (4.2x 11.5 cm) of CM-cel 
lulose packed with 8 M aqueous urea, and the urea was 
removed by adding 0.01 M ammonium acetate (pH 4.5). 
Then the column was eluted by linear gradient elution 
of 0.01 M ammonium acetate (pH 4.5, 700 ml)—0.l M 
ammonium acetate (pH 4.5, 700 ml), and eluted with 0.2 
M ammonium acetate (pl-1 4.5, 250 ml). The eluate was 
fractionated into fractions each 8.5 ml and each fraction 
was checked by the Folin-Lowry method (500 nm) to 
obtain fractions Nos 30-63 (fraction C1), the fractions 
Nos. 105-150 (fraction C1) and fractions Nos. 151-195 
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(fraction C3). The fractions C2 and C3 were passed 
through Sephadex LH-20 for desalting. The eluate was 
fractionated into fractions of 5.2 ml each. The fraction 
C; was passed through a column (3.4)(120 cm) to ob 
tain fractions Nos. 51-63 (fraction C214) and fractions 5 
Nos. 64-80 (fraction CZLZ). The fraction C3 was passed 
through such a column (3.4)(120 cm) to obtain frac 
tions Nos. 50-69 (fraction C3L|) and fractions Nos. 
70-78 (fraction CJLZ). Each fraction was lyophilized to 
obtain the components shown in the following Table 2. 10 
The above fraction CgLz (375 mg) dissolved in 0.1 N 

acetic acid (4 ml) was charged on a column (2.0X 31 
cm) of CM-cellulose and eluted by linear gradient elu 
tion with 0.01 M ammonium acetate (pH 4.5, 500 
ml)——0.1 M ammonium acetate (pH 4.5, 300 ml). The 15 
eluate was fractionated into fractions of 7.5 ml each, and 
fractions Nos. 85-130 (fraction CzLz-C) were obtained. 
This was passed through a column of Sephadex LH-20 
(3.0x 123 cm) for desalting. The eluate was fractionated 
into 6 ml fractions to obtain fractions Nos. 34-42 (frac- 20 
tion CzL1-CL1) and fractions Nos. 43-50 (fraction CzLz 
GL1). Each fraction was lyophilized to obtain the fol 
lowing fractions: 
C1Lz-CL1: 80.0 mg 
Amino acid analysis: Asp 4.95 (5), Thr 0.98 (1), Ser 25 

2.47 (3), Glu 5.14 (5), Gly 1.01 (1), Ala 3 (3), Val 4.05 
(4), Leu 3.02 (3), Lys 6.16 (6), His 0.96 (1), Arg 0.97 (1), 
Pro 1.06 (1). 
CzLrCLz: 197.6 mg 
Amino acid analysis: Asp 5.00 (5), Thr 0.93 (1), Ser 30 

2.30 (3), Glu 5.17 (5), Gly 1.01 (1), Ala 3 (1), Val 4.03 
(4), Leu 3.00 (3), Lys 6.15 (6), His 0.95 (1), Arg 1.01 (1), 
Pro 1.04 (1). 

Fraction C2L1-CL2 (195 mg) hereinabove, dissolved 
in 0.1 N acetic acid (2 ml), was charged on a column 35 
(2.0X 15 cm) of CM-cellulose and eluted by linear gra 
dient elution with 0.01 M ammonium acetate (pH 4.5, 
300 ml)—0.2 M ammonium acetate (pH 4.5, 300 ml). 
The eluate was fractionated into 6.4 ml fractions to 
obtain fractions Nos. 55-64 (fraction C1Lg-CLz-C1) and 40 
fractions Nos. 66-72 (fraction CzLz-cLz-cz). Each frac 
tion was passed through Sephadex LH-20 for desalting. 
Fraction CZLZ-Ch-Cf was passed through a column 
(3.0x 123 cm) and the eluate was fractionated 

TABLE 2 
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TFA (80 ml) was added to substance [32] in Example 
1 (10.44 g, 2 mM) and the mixture was stirred at room 
temperature for 60 minutes. The TFA was removed in 
vacuo and ether was added to the residue to form a 
precipitate which was dissolved in DMF (160 m1) and 
NM? (160 ml). A substance (4.28 g, 1.15 molar excess) 
of the formula BOC—Ala—Gly—Ser(Bzl)—-Gl 
n—-Arg(Tos)—Pro--Arg(Tos)-—Lys(Z—Cl)-Lys( 
Z-—Cl)-OH, HOBT (0.32 g, 1.2 molar excess) and 
WSCI (0.44 ml, 1.2 molar excess) were added thereeto, 
and the mixture was stirred at room temperature for 
two days. The DMF was removed in vacuo. Ice water 
was added to the residue and the precipitate was ?ltered 
off and was heated after adding methanol (200 ml). 
After cooling, the insolubles were collected. This oper 
ation was repeated twice to obtain substance [46] (12.17 
g, yield: 87.4%). 

(2) h-PTH [46-84] 
The substance [46] (4.18 g, 0.6 mM) and anisole (10 

ml) were added to HF (60 ml) at 0° C. and the mixture 
was stirred for 60 mins. After reaction,' the HF was 
distilled off in vacuo and ether was added to the residue. 
The precipitate was collected, dissolved in 10% acetic 
acid (50 ml) and passed through a column of Dowex X1 
(acetate form, 2.5X24 cm). The eluate was lyophilized 
to obtain 2 crude product (2.82 g), which was dissolved 
in 8 M urea (pH 9.0, 50 ml), and allowed to stand at 
room temperature for 60 minutes. The solution was 
charged on a column (2.0X 33 cm) of CM-cellulose 
packed with 8 M urea solution, and eluted by linear 
gradient elution with 0.01 M ammonium acetate (pH 
4.5, 500 ml)-—0.3 M ammonium acetate (pH 4.5, 500 ml). 
The eluate was fractionated into 7.5 ml fractions which 

comgnent 
frac- yield Asp Thr Ser Glu Gly Ala Val Leu Lys 
tiom m8- (5) ( l) (3) (5) (1) (3) (4) (3) (6) 
C11.‘ 100 4.38 1.07 2.18 4.28 0.84 3.65 2.65 5.23 
C214 378 4.78 0.95 2.30 5.02 0.99 3.95 2.98 5.97 
C31.‘ 196 4.45 1.06 2.24 4.52 0.94 3.75 3.01 5.63 
CJL] 458 4.70 0.93 2.31 4.92 1.03 3.89 2.94 6.05 wwwua 
into 7.4 ml fractions to obtain fractions Nos. 31-38 (frac 
tion C2L1-CL2-C|L1) and fractions Nos. 39-43 (fraction 
czLz-cLz-clLz). Fraction C2L1-CLz-C1L1 was lyophi 
lized to obtain h-PTH [53-84] (77.2 mg). 
TLC: R10=0.89 (one spot) 

EXAMPLE 3 60 

amino acid analysis 
His Arg Pro 
(1) (1) (1) 
0.69 0.56 0.59 
0.89 0.96 0.99 
0.77 0.71 0.76 
0.93 0.99 1.00 

55 were checked by the Folin-Lowry method (500 nm) to 
obtain fractions Nos 1-22 (fraction C1), fractions Nos. 
23-45 (fraction C2), fractions Nos. 46-80 (fraction C3) 
and fractions Nos. 81-120) fraction C4). Each fraction 
‘was passed through a column of Sephadex LH-20 for 
desalting. Fraction C1 was passed through such a col 
umn (3.0x 120 cm) to fractionate into 7.5 ml fractions to 
obtain fractions Nos. 28-42 (fraction C1L). Fraction C2 
was passed through such a column (3.4x 120 cm) to 
fractionate it into 7.6 ml fractions to obtain fractions 
Nos. 33-40 (fraction C2L1) and Nos. 41-62 (fraction 
C2L2). Fraction C3 was passed through such a column 
(3.0)(120 cm), to fractionate it into 6.0 ml fractions to 
obtain fractions Nos. 31-40 (fraction C3L1) and N05. 
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41-51 (fraction C3Lz). Fraction C4 was passed through 
such a column (3.4x 120 cm) to fractionate it into 7.5 ml 
fractions to obtain fractions Nos. 35-48 (fraction C4L). 
Each part was lyophilized to obtain fractions C1L (312 
m8), CgLl (142.3 mg), CzLz (1380 mg), C3L1 (104 mg), 
CL; (510 mg) and C41. (130 mg). 
The above fraction CzLz (1380 mg) dissolved in 0.1 N 

acetic acid (13 ml) was charged on a column (4.3 ><6.0 
cm) of CM-cellulose and eluted by linear gradient elu 
tion with 0.01 M ammonium acetate (pH 4.5, 500 
ml)—0.l M ammonium acetate (pH 4.5, 300 ml). The 
eluate was fractionated into 7.6 ml fractions to obtain 
fractions Nos. 40-50 (fraction CzLz-C 1) and Nos. 53-77 
(fraction czLz-Cz). Each fraction was passed through 
Sephadex LH-20 for desalting. Fraction C2L2-C1 was 
passed through such a column (2.9x 120 cm), and the 
eluate was fractionated into 8.0 ml fractions to obtain 

fractions Nos. 26-30 (fraction CzL2-C1L|) and Nos. 
31-39 (fraction CzLz-clLz). Fraction CzLz-Cz was 
passed through such a column (3.4x 120 cm) and frac 
tionated into 8 ml fractions to obtain fractions Nos. 

34-44 (fraction czLz-CzLi) and Nos. 45-53 (fraction 
czLz-CzLz). Each fraction was lyophilized to obtain 
fraction C2Lz-C1L( (79 mg), CzLz-C1L2 (455 mg), 
CzLz-C2L1 (157.3 mg) and CzLz-CzLz (551.7 mg). 
Amino acid analysis of fraction C2L2-C2Lz: Asp 4.65 

(5), Thr 0.97 (1), Ser 3.47 (4), Glu 5.99 (6), Pro 0.93 (1), 
Gly 1.96 (2), Ala 4 (4), Val 3.97 (4), Leu 3.01 (3), Lys 
6.13 (6), His 093(1), Arg 1.96 (2). 

Fraction czLz-CzLz dissolved in 0.1 N acetic acid (5 
ml) was charged on a column (4.2><7.0 cm) of CM-cel 
lulose and eluted by linear gradient elution with 0.01 M 
ammonium acetate (pH 4.5, 300 ml)—0.3 M ammonium 
acetate (pH 4.5, 300 ml). The eluate was fractionated 
into 8.0 ml fractions to obtain fractions Nos. 39-45 (frac 
tion CzLz-CzLz-C), which was passed through a col 
umn (2.9x 120 cm) of Sephadex LH-ZO for desalting. 
The eluate was fractionated into 8 ml fractions to obtain 

fractions Nos. 24-30 (fraction C2L2-C1L1-CL1), frac 
tions Nos. 31-35 (fraction czLz-CzLz-CLz) and frac 
tions Nos. 36-39 (fraction CZLZ-C2LZ-CL3). Each frac 
tion was lyophilized to obtain the fraction CzLz-czLz 
CL; (200 mg) and the fraction CgLz-C2L2-CL1 (h-PTH 
[461-841, 94.9 mg). 

Amino acid analysis: Asp 4.86 (5), Thr 0.99 (1), Ser 
3.58 (4), Glu 6.17 (6), Pro 0.96 (1), Gly 1.97 (2), Ala 4 
(4), Val 4.02 (4), Leu 2.93 (3), Lys 6.05 (6), His 0.90 (l), 
Arg 1.87 (2). 

EXAMPLE 4 
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TFA (60 ml) was added to substance [46] (6.27 g, 0.9 
mM) in Example 3, and the mixture was stirred at room 
temperature for 60 minutes. The TFA was removed in 
vacuo and ether was added to residue. The precipitate 
was ?ltered to obtain de-BOC compound (6.30 g). 
The above de-BOC compound (2.10 g, 03. mM) was 

dissolved in DMF (35 ml) and NM? (35 ml). BOG- 
Tyr(Bzl—Clz)—0H (0.16 g, 1.2 molar excess), HOBT 
(0.05 g, 1.2 molar excess) and WSCI (0.07 ml, 1.2 molar 
excess) were added thereto at 0° C., and the mixture was 
stirred at room temperature overnight. DMF was re 
moved in vacuo and ice water was added to the residue. 
The precipitate was- ?ltered to obtain substance [47] 
(2.00 g). 

Substance [47] (2.00 g, 0.27 mM) and anisole (1.0 ml) 
were added to anhydrous HF (20 ml) at 0° C., and 
stirred for 60 minutes. HF was distilled off in vacuo and 
ether was added to the residue. The thus-formed precip 
itate was collected, dissolved in 0.1 N acetic acid (20 
ml) and passed through a column of Dowex XI (acetate 
form, 2.5 X15 cm). The eluate was lyophilized to obtain 
a crude product (1.37 g). 

This crude product was dissolved in 8 M urea solu 
tion (pH 9.5, 50 ml) and the solution allowed to stand at 
room temperature for 60 minutes. The solution was 
charged on a column (4.3X8.0 cm) of ,CM-cellulose 
packed with 8 M urea solution, and eluted by linear 
gradient elution with 0.01 M ammonium acetate (pH 
4.5, 400 ml)-0.1 M ammonium acetate @H 4.5, 400 ml). 
The eluate was fractionated into 6.5 ml fractions. Each 
fraction was checked by the Folin-Lowry method (500 
nm) to obtain fractions Nos 30-43 (fraction C1), frac 
tions Nos. 51-68 (fraction C2), fractions Nos. 69-83 
(fraction C3) and fractions Nos. 84-100 (fraction C4). 
Each fraction was passed through a column of Sepha 
dex LH-20 for desalting. Fraction C; was passed 
through such a column (3.4x120 cm) to fractionate it 
into 7.5 ml fractions to obtain fractions Nos. 25-41 (frac 
tion C|L). Fraction C; was passed through such a col 
umn (3.0X120 cm) to fractionate it into 7.5 ml fractions 
to obtain fractions Nos. 25-36 (fraction CZL). Fraction 
C3 was passed through such a column (2.9x 120 cm) to 
fractionate it into 8.0 ml fractions to obtain fractions 
Nos. 24-27 (fraction C3L1) and Nos. 28-38 (fraction 
C3L2). Fraction C4 was passed through such a column 
(2.9-95 cm) to fractionate it into 7.6 ml fractions to 
obtain fractions Nos. 20-25 (fraction C4L1) and Nos. 
26-30 (fraction C4152). Each fraction was lyophilized to 
obtain fractions C(L (230.2 mg), C3L1 (41.8 mg), C3L2 
(222.4 mg), C4L1 (74.3 mg) and C4L2 (48.9 mg). 

Fraction CZL hereinabove dissolved in 0.1 N acetic 
acid (3 ml) was charged on a column (2.1 X25 cm) of 
CM-cellulose, and eluted by linear gradient elution with 
0.01 M ammonium acetate solution (pH 4.5, 300 
ml)—0.l M ammonium acetate (pH 4.5, 300 ml). The 
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elute was fractionated into 8.0 ml fractions to obtain 
fractions Nos. 30-36 (fraction C1L-C) which was passed 
through a column (2.9x 90 cm) of Sephadex LH-20 for 
desalting. The eluate was fractionated into 8.0 ml frac 
tions and fractions Nos. 20-29 were lyophilized to ob 
tain [Tyr45]—h--PTH [45-84] (163.3 mg). 

Amino acid analysis: Asp 4.86 (5), Thr 1.02 (1), Ser 
3.51 (4), Glu 6.05 (6), Pro 0.93 (1), Gly 1.90 (2), Ala 4 
(4), Val 4.00 (4), Leu 2.93 (3), Tyr 0.88 (l), Lys 6.02 (6), 
His 0.86 (l), Arg 1.81 (2). 

EXAMPLE 5 

The remaining de-BOC compound (4.20 mg, 0.6 mM) 
from Example 4 was dissolved in a mixture of DMF (70 
ml) and NMP (70 ml). HOBT (0.10 g, 1.2 molar excess), 
BOC—Cys(Acm)-OH (0.20 g, 1.02 molar excess) and 
WSCI (0.13 ml, 1.2 molar excess) were added at 0' C. 
thereto, and the mixture was stirred at room tempera 
ture overnight. The DMF was distilled off in vacuo, ice 
water was added to the residue and the precipitate was 
collected. The precipitate was suspended in ethanol, 
heated, and thereafter cooled, and the insoluble material 
was collected by ?ltration. This operation was twice 
repeated to obtain substance [48] (4.07 g, yield: 95.0%). 

(2) [Cys(Acm)45] h-PTH [45-84] 
Substance [48] (4.00 g, 0.57 mM) and anisole (10 ml) 

were added at 0° C. to anhydrous HF (60 ml), and the 
mixture was stirred for 60 minutes. The HF was dis 
tilled off in vacuo and ether was added to the residue. 
The precipitate was dissolved in 20% acetic acid (40 ml) 
and passed through a column of Dowex X1 (acetate 
form, 2.8 X 35 cm). The lyophilized eluate was dissolved 
in 8 M urea solution, adjusted to pH 9.0 by adding aque 
ous ammonia, the allowed to stand for 30 minutes. The 
solution was charged on a column (3.4x 35 cm) of CM 
cellulose packed with 8 M urea solution and eluted by 
linear gradient elution with 0.01 M ammonium acetate 
(pH 4.5, 700 m1)—0.3 M ammonium acetate (pH 4.5, 700 
ml). The eluate was fractionated into 8 ml fractions and 
checked by the Folin-Lowry method (500 nm) to obtain 
fractions Nos 25-35 (fraction C1), fractions Nos. 36-45 
(fraction C2) and fractions Nos. 46-84 (fraction C3). 
Each fraction was passed through Sephadex LH-20 for 
desalting. Fraction C; was passed through such a col 
umn (3.0)(120 cm) and fractionated into 8.0 ml frac 
tions to obtain fractions Nos. 27-33 (fraction C114) and 
Nos. 34-40 (fraction CZLZ). Fraction C3 was passed 
through such a column (3.4x 120 cm), and fractionated 
into 8.0 ml fractions to obtain fractions Nos. 35-47 
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(fraction C3L1) and Nos. 48-53 (fraction C3L2). Each 
fraction was lyophilized to obtain fractions CzL1 (148 
mg), CzLz (620 mg), C3L| (212 mg) and C3L2 (605 mg). 
The above fraction C2L2 dissolved in 0.1 N acetic 

acid (6 ml) was charged on a column (5.0x 12 cm) of 
CM-cellulose and eluted by linear gradient elution with 
0.01 M ammonium acetate (pH 4.5, 400 ml)--0.3 M 
ammonium acetate (pH 4.5, 400 ml). The eluate was 
fractionated into 6.0 ml fractions to obtain fractions 
Nos. 110-126 (fraction CzLz-c), which was passed 
through a column (4.0 X 120 cm) of Sephadex LH-20 for 
desalting. The eluate was fractionated into 8 ml frac 
tions. Fractions Nos. 38-54 (fraction CZLI-CL) was 
lyophilized to obtain [Cys(Acm)45] h-PTH [45-84] 
(246.8 mg). 

Amino acid analysis: Asp 4.91 (5), Thr 0.98 (1), Ser 
3.50 (4), Glu 6.11 (6), Pro 0.98 (1), Gly 1.98 (2), Ala 4 
(4), Val 4.04 (4), Cys 0.42 (0.5), Leu 2.90 (3), Lys 5.99 
(6), His 0.87 (1), Arg 1.87 (2). 

EXAMPLE 6 

[Cys(Acm)45] h-PTH [45-84] (88 mg, 0.02 mM) ob 
tained in Example 5 was dissolved in 50% acetic acid (2 
ml).‘Mercuric acetate (52.24 mg, 0.18 mM) was added 
thereto, and the mixture was stirred at room tempera 
ture for 70 minutes. B-Mercaptoethanol (3.4 ml) was 
added, and the mixture was stirred at room temperature 
for 24 hours. The reaction mixture was centrifuged and 
the supernatant solution was charged on a column 
(3.2X42 cm) of Sephadex LH-20 and eluted with 0.1 M 
acetic acid. The eluate was fractionated into 5 m1 frac 
tions and the ninhydrin-positive fractions Nos. 9-14 
were collected and lyophilized to obtain [Cys45] h-PTH 
[45-84] (76.1 mg). 

EXAMPLE 7 

mM) obtained in Example 1 and the mixture was stirred 
at room temperature for 50 minutes. The TFA was 
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removed off in vacuo, and ether was added thereto. The 
precipitate was dissolved in DMF (150 ml) and NMP 
(150 ml). HOBT (0.27 g, 2 molar excess) was added 
thereto to dissolve the same, then WSCI (0.37 ml, 2 
molar excess was added), and the mixture was stirred at 
room temperature for two days. The ‘reaction mixture 
was poured into ice water, and the precipitate was col 
lected, washed with water, suspended in methanol, 
heated and cooled. The insoluble materials were col 
lected by ?ltration. The precipitate was suspended in 
methanol, and heated. This suspension was cooled and 
the precipitate collected to obtain substance [49] (5.59 g, 
yield: 91.0%). 
Amino acid analysis: Asp 4.09 (5), Thr 0.90 (1), Ser 

1.65 (3), Glu 4.10 (5), Gly 0.88 (1), Ala 3 (3), Val 3.41 
(4), Leu 2.50 (3), Tyr 0.82 (1), Lys 5.40 (6), His 0.71 (1). 

(2) [Tyr-l2] h-PTH [52-84] 
Substance [49] (3.68 g, 0.6 mM) and anisole (5 ml) 

were added to anhydrous HF (50 ml) at 0' C., and the 
mixture was stirred for 60 minutes. The HP was dis 
tilled off in vacuo and ether was added to the residue. 
The precipitate was collected and dissolved in 0.1 N 
acetic acid (50 ml). The solution was passed through a 
column of Dowex X1 (acetate form, 2X45 cm), then 
eluted with 0.1 N acetic acid. The eluate was lyophi 
lized to obtain a crude material (2.30 8), which was 
dissolved in 8 M urea solution (50 ml), adjusted to pH 
9.5 by adding aqueous ammonia, then allowed to stand 
at 0' C. for 60 minutes. This solution was charged on a 
column (4.4x 12 cm) of CM-cellulose packed with 8 M 
urea solution, and eluted with 0.01 M ammonium ace 
tate (pl-l 4.5, about 100 ml), thereafter eluted by linear 
gradient elution with 0.01 M ammonium acetate (pH 
4.5, 700 ml)—0.l M ammonium acetate (pH 4.5, 700 ml), 
then eluted with 0.2 M ammonium actate (300 ml). The 
eluate was fractionated into 13.5 fractions, which were 
checked by absorbency at UV 280 nm to collect frac 
tions Nos. 54-110, which were lyophilized. The lyo 
philizate dissolved in 0.1 N acetic acid (5 ml) was passed 
through a Sephadex LH-20 column (3.4)( 120 cm). The 
eluate was fractionated into 8.5 ml fractions, and frac 
tions Nos. 47-53 were collected and lyophilized to ob 
tain a material (510 mg). This material was dissolved in 
0.1 N acetic acid (20 ml) and charged on a column 
(4.5 X70 cm) of CM-cellulose which was eluted by 
linear gradient elution with 0.01 M ammonium acetate 
(pH 4. 5, 500 ml)—0.1 M ammonium acetate (pH 4.5, 500 
ml). The eluate was fractionated into 6.0 ml fractions. 
Each fraction was checked by absorbency of UV at 280 
nm and fractions Nos. 109-120 were collected and ly 
ophilized. The lyophilizate was dissolved in 0.1 N acetic 
acid (5 ml) which was passed through a column 
(3.4x 120 cm) of Sephadex LH-20. The eluate was with 
drawn as 3.4 ml fractions, and fractions Nos. 56-73 were 
collected and lyophilized to obtain [Tyr5Z] h-PTH 
[52-84] (102 mg). 
TLC: Rf9=0.75, one spot 
Amino acid analysis: Asp 4.55 (5), Thr 0.93 (1), Ser 

2.20 (3), Glu 4.98 (5), Gly 0.96 (1), Ala 3, Val 3.98 (4), 
Leu 2.93 (3), Tyr 0.90 (1), Lys 6.10 (6), His 1.00 (1). 

EXAMPLE 8 
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TFA (50 ml) was added to substance [39] in Example 
2 and the mixture was stirred at room temperature for 
55 minutes. The TFA was distilled off in vacuo and 
ether was added thereto. The thus-formed precipitate 
was dissolved in DMF (160 ml) and NMP (160 ml). 
HOBT (0.27 g, 2 molar excess) and BOC—Tyr(B 
Zl-—Cl1)-—OH (0.88 g, 2 molar excess) were added to 
dissolve the same, and the solution was cooled to -20° 
C. WSCI (0.37 ml, 2 molar excess) was added and the 
mixture was stirred at room temperature for three days. 
The reaction mixture was poured into ice water. The 
precipitate thus formed was collected, washed with 
water, suspended in methanol, and heated. Thereafter 
the methanol suspension was cooled and the insoluble 
materials were filtered off. The precipitate was again 
suspended with heating in methanol, and cooled to 
collect the precipitate. This operation was repeated 
again, and the precipitate was washed with ether to 
obtain substance [50] (2.00 g, yield: 90%). 
Amino acid analysis: Asp 4.21 (5), Thr 0.95 (1), Ser 

2.32 (3), Glu 4.50 (5), Pro 0.75 (1), Gly 0.88 (1), Ala 3, 
Val 3.45 (4), Leu 2.60 (3), Tyr 0.70 (1), Lys 5.21 (6), His 
0.72 (1), Arg 0.71 (1). 

(2) fTyrso] h-PTH [so-s4] 
Substance [50] (3.98 g, 0.6 mM) and anisole (6 ml) 

were added to anhydrous HF (60 ml) at 0° C., and the 
mixture was stirred at 0° C. for 60 minutes. The HF was 
distilled off in vacuo, ether was added to the residue and 
the precipitate was collected and dissolved in 0.1 N 
acetic acid (50 ml) and passed through a column of 
Dowex Xl (acetate form, 3X45 cm). The eluate was 
lyophilized to obtain a crude product (2.30 g). This was 
dissolved in 8 M urea solution, which was adjusted to 
pH 10.0 by adding aqueous ammonia, and allowed to 
stand at 0° C. for 30 minutes. The solution was charged 
on a column (4.2Xll.5 cm) of CM-cellulose packed 
with 8 M urea solution, and eluted with 0.01 M ammo 
nium acetate solution (pH 4.5) to remove the urea, 
thereafter eluted by linear gradient elution with 0.01 M 
ammonium acetate (pH 4.5, 700 ml)—0.l M ammonium 
acetate (pH 4.5, 700 ml), then eluted with 0.2 M ammo 
nium acetate solution (pH 4.5, 250 ml). The eluate was 
fractionated into 8.5 fractions, which were checked by 
absorbency at 280 nm, then fractions Nos. 110-I55 were 
collected and lyophilized. The lyophilizate dissolved in 
0.01 M acetic acid (6 ml) was passed through a column 
of Sephadex LH-20 (3.4x 110 cm). Fractions Nos. 
66-82, each of 5.2 ml, were collected and lyophilized to 
obtain the lyophilizate (360 mg). This lyophilizate was 
dissolved in 0.1 N acetic acid (10 ml), charged on a 
column (2.0x 31 cm) of CM-cellulose, and eluted by 
linear gradient elution with 0.01 M ammonium acetate 
(pl-I 4.5, 500 ml)—0.2 M ammonium acetate (pl-I 4.5, 500 
ml). The eluate was fractionated into 7.5 ml fractions. 
Fractions Nos. 90-100 were collected, lyophilized and 
dissolved in 0.l N acetic acid (3 ml). The solution was 
passed through a column (3.0X 123 cm) of Sephadex 






